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This series of studies represents an effort to extend the subtractive
method of Donders to the analysis of depth of processing in siple

classification tasks.
nonsense forms, digits) to which S
as quickly as possible,
(eg, AA), name identity (eg.,
vowels).
level are analyzed. The emphasis

selves but upon their relevance fo

mechanisms involved in perceptual

Nearly 100 years ago the Dutch
physiologist Donders presented a paper
(Donders, 1868) on the time for sim-
ple cognitive operations. This well-
known paper initiated the use of the
subtractive method of latency analysis
to measure the time for internal mental
processes  such as recognition and
choice.  Although the subtractive
method has received a good deal of
criticism (Boring, 1950), there is once
again active interest in pursuing it.
Recent work includes detailed analysis
of successive stages in simple reaction
time (McGill, 1963), separation of
recognition from choice time (Taylor,
1966), effect of task variables such as
S-R compatibility upon the compaonent
times (Broadbent & Gregory, 1965),
and development of dynamic decision
models to predict and explain various
components of choice time ( Fitts, 1966 ;
Stone, 1960).

! This research was supported in part by
the National Science Foundation through
Grant GB 3939 to the University of Ore-
gon and in part by the Graduate School of
the University of Oregon. The authors wish
to acknowledge the assistance of K. E.
Welton, Jr., R. Kane, and W. Eichelman in
various parts of these studies,  Portions
of this paper were presented at the meet.
ing of the Psychonomics Socicty, October
1966.

The stimuli are always pairs of items (letters,

must respond “same” or “different”

Levels of instruction are physical identity

Aa), and rule identity (e.g., both

By use of the subtractive method, times for matches at each

is not placed upon the times them-
r understanding the operations and
matching, naming, and classifying.

The “c” technique of Donders was
the first effort to study a simple classi-
fication task. Five stimuli were used
but only one required an overt re.
sponse. Donders subtracted the sim-
ple reaction time (RT) from the time
obtained in the classification task in
order to obtain the speed of discrimina-
tion. Recently a number of investiga-
tors have applied this general technique
to the study of cognitive processes in-
volved in simple classification. Neisser
(1963) embedded a single target in
hundreds of nontargets and found a
linear  relationship between items
searched and latency. He computed
the slope of the function in order to
obtain the time necessary to classify a
stimulus as a nontarget. Egeth (1966)
and Sternberg (1966) have extended
this slope analysis to multidimensional
stimuli and to stimuli stored in recent
memory,

Neisser and Beller (1965) proposed
a rather different use of the sub-
tractive method. They suggested two
depths at which a stimulus could be
examined. The first involved the phys-
ical properties of the stimulus (look-
ing for a K), the second required ex-
amining stored information (looking
for a proper name). In both situ-
ations the authors were able to caleu-
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late slopes relating latency to items
searched. The rate of scanning for
stimuli involving memory examination
was significantly slower than for
stimulus examination. This suggested
that the a priori distinction between
the two levels was also reflected in the
performance of their subjects (Ss).
The present paper represents an at-
tempt to develop a more detailed analy-
sis of the buses upon which Ss make
classifications of simple stimuli, The
goal is to find levels of processing
which depend primarily upon the phys-
ical attributes of the stimulus and
levels which depend upon more de-
tailed analyses such as naming or re-
lation to a superordinate. To obtain
this goal a single experimental para-
digm is developed which provides an
opportunity to ohserve processing at
different levels within the same experi-
ment.  The stimuli are pairs of letters,
digits, or forms and the response is
always pressing one of two keys
“same” or “different”). What is
varied is the level of instruction upon
which S is to base his classification.
The instructions used to define “same””
are physical identity (e.g., AA), name
identity (e.g., Aa) and rule identity
(e.g., both vowels). This technique al-
lows the same stimulus-response com-
bination (e.g., AB-different) to occur
with instructions at quite different
levels. The experiments are designed
to determine if the different levels of
instruction produce orderly differences
in the rate at which § can make the
classification and then to obtain addi-
tional information concerning the vari-
ables which affect processing of infor-
mation at each level of instruction,
Since the process of matching or
recognition at various levels of com-
plexity is basic to much human cogni-
tion (Price, 1953), it is hoped that this
analysis will open a variety of covert
processes to experimental investigation,
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METHOD

Most of the experiments involve the simul-
taneous visual presentation of pairs of letters.
The letter pairs are selected from popula-
tions consisting of capital and small letters,
The populations are shown for each ex-
periment in Table 1.

In Experiment 1 the letters were presented
by two in-line displays. FEach letter was up
to 1 inch high and the total display was 3}
inches wide and was viewed from about
25 inches. The letters remained present
until S responded by pressing a switch. In
most other experiments the letters were
printed from a Rapi Design letter guide
with a Rapidograph #0 tip pen on 4X6
cards. The display subtended about 23 de-
grees of visual angle. The cards were ex-
posed in a Polymetric Tachistoscope for one
second. In all experiments the intertrial
interval was 10 seconds.

Typically, each experiment had from three
to five S5 who practiced for 1 day on digit
pairs and 3 to 7 days on the letters. There
were approximately 90 trials per day, the
exact number depending upon the experi-
mental conditions. The Ss were all male
students at the University of Oregon and
were paid $1.50 per hour.

The Ss were instructed to classify pairs
of stimuli either as same by pressing a re-
sponse key labeled “same” or as different
by pressing a key labeled “different.” The
two response keys were counterbalanced for
hand across Ss. Level 1 instructions were
to classify each pair of stimuli “same” if
they were physically identical and “differ-
ent” if they were not. Level 2 instructions
were to classify letters “same” if they
had the same name and “different” if they
did not. Level 3 instructions were to
classify letters “same” if they were both
vowels or both consonants and “different”
if they were mixed. The particular level
of instructions given to the Ss is shown in
Table 1 for each experiment.

A standard deck of 88 cards was em-
ployed in Experiments TI, I, and 1V. Of
the 88 cards, 24 had physically identical pairs
(e, AA), 24 had pairs that were physi-
cally different but had the same name (eg.,
Aa), and 40 were physically different and
did not have the same name (e.g., AB).

The Ss were instructed to classify each
pair as rapidly as possible, trying to keep
errors to a minimum.  After each trial
they were provided with feedback concern-
ing time taken and correctness of their re-
sponse.  In Experiments I1, TI1, IV, and V
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TABLE 2

MiAN RTS (MILLISECONDS) OVER ALL Sun-
JECTS AND Days ror ExpErIMENT [

TABLL 3
COMPARISON OF SAME AND DIFFERENT Ri-
SPONSES WITH LEVEL 1 INSTRUCTIONS

Different
Sume i =
Differe 5 -
lettoea® | Aa+Bb | Fr4 Kk
4168 464 485 550

controversy may depend upon the pur-
ticular population of materials used.
For Experiment Il the mean cor-
rect RTs are shown in Table 4. The
top line represents the results for
Level 1 instructions and basically
replicates the data obtained in Ex-
periment 1.2 The bottom line shows
the results for Level 2 instructions,
With Level 2 instructions there are
two types of “same,” those for physical
identity and those for name identity

in this case the probability of same and
different responses was not equated,

8 One exception is that in this condition
the time for “same" is much faster than in
Experiment 1 and also faster than the
“different” response. This appears to be due
to the low probability of a “same” re-
sponse in this condition. On the practice
day and when Level 2 instructions were used
there was an approximately even split be-
tween same and different. This may lead
S5 to anticipate more “same” responses and
thus be fast on these occasions when they do
occur.  The control experiment, in which
response probabilities were equated, appears
to confirm this since the RTs ta physically
identical stimuli closely approximated those
obtained in Experiment I.

RT
: (milliseconds)
Experi- = ¥ Level of
mene | Materials |
Same | Different

I Letters | Mean 4 days | 468 464

1 Digits First day | 477 481

1 Digita First day 474 487

v Digits Firat day 595 519

Note.—Frequency of the two responses is approxi-
titely equal in all these studies.

(Aa, Bb, Ee). These values are 71
milliscconds apart.  The error rates
were 6% for Level 1 and 129 for
l.evel 2 instructions. In general, pairs
which had long R'l's also had higher
Error rates,

LEVELS 0F PROCESSING

A comparison of data with Level 1
and Level 2 instructions shows clearly
that the different instructions lead to
differences in the RT. [f one con-
siders only those stimuli which have
different names (e.g., AB), both the
stimulus pairs and the response re-
quired are identical at the two levels,
hut the time to respond increases (see
Table 4). This finding is true both in
Iixperiment 11 where stimuli  were
identical at the two levels and in the
control experiment where response
probabilitics were held constant,

The results of Experiment 11 sug-
gest that another distinction beside the
level of instruction is necessary, 11 the

TABLE 4
Mean RTs (MILLISECONDS) FOR ALL SubjEcEs IN EXpEriMENT I FOR

LEVEL 1 AND LEVEL 2 INSTRUCTIONS

Saie
Instructions = ~=x
Physical Name
identity identity
Level 1 428
Level 2 452 523

Different
Ce Different [ Aa -t Bb - e Ce
464 443 553
461 556
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“same” responses with Tevel 2 in-
structions are compared, it is clear that
Those based on physical identity Leg,

AA) are much faster than. those based
upon name idculity_,w;ii_a‘ng Ee).
This difference is ahout millisec-

onds. The difference is significant and

consistent for every S.

Based upon the obtained RTs two
different processing nodes can be in-
ferred.  The first is based on physical
identity and includes letter pairs which
are identical in form. This is close to
Neisser’s (1963) concept of stimulus
examination.  Since both letters are
present together in the perceptual field
it is logically possible for this match
to be made even if the stimuli had
never been seen before. Therefore, it
is possible for this kind of match to
be free of prior learning effects. The
sccond node is based on name identity.
This involves matching letters which
have no obvious physical similarity so
that & must derive something like the
name of the letter in order to make the
match. The speed at which a “differ-
ent” response is made should vary de-
pending upon the level of instruction.
Il Level 1 instructions are given, a pair
may be considered different if it fails to
match at the first node. If Level 2 in-
structions are used, it will be necessary
to test at Node 2 before a pair may be
classified as different. This analysis
corresponds quite well to the data ab-
tained by comparing the “different”
responses at the two levels.

The time between the nodes can be
estimated by three different subtrac-
tive techniques. The first method
(Different-Different) is to take the
time to respond “different” to all
stimuli which have different names in
an experiment with Level 1 instruc-
tions and subtract that from the “dif-
ferent” responses in an experiment
with Level 2 instructions. This com-
parison is quite clean because the

stimuli and responses involved are
identical, only the instructions are dif-
ferent. A second method (Same-Dif-
ferent) is to take the time needed to
classify identical stimuli as “same”
from the time needed to classify stimuli
with different names as “different.”
Both stimuli and responses vary with
this procedure. Finally, one may esti-
mate the difference by taking the time
for  classifying  physically  identical
stimuli as “same” from the time to
classify stimuli which are physically
different but have the same name
(Same-Same method). This pro-
cedure involves the same response but
requires a decision on which letters
are not physically similar. The mean
RTs and standard errors for each §
are shown for the “different” responses
at the two levels of instructions in the
first part of Table 5. The final three
columns show the mean difference be-
tween the nodes as obtained by each of
the three subtractive methods. The
three methods give relatively good
agreement on the whole, but it is clear
that §s show the widest variation with
the same-same method. The agree-
ment obtained by these procedures and
verified in later experiments gives
added support to the notion of two
nodes of  processing in these tashs.
There is, however, less interest in the
exact values obtained by subtraction
than in the relations between the nodes
which can be inferred from more de-
tailed analysis.

ANALOG PROCESSES BETWEEN
THE NODEs

The discussion so far has identified
two nodes of processing. These in-
volve matching based upon physical
identity and name identity respectively.
Although the time to match at each
node differs somewhat among the vari-
ous letter pairs, even the fastest Node
2 match is more than 50 milliseconds
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BLE 5
IWEEN Noot | ann Nopi 2

— =
Differcut Subtractive methods
e — -
Subject Level | Level 2
N e v T e Different Sume Same
i o T o —Ditferent | —Different —Same

1 552 15.5 607 28 55 115 IU¥

2 445 10.5 579 15.5 134 105 99

3 394 11.5 445 13.9 1 73 65

4 466 19.7 593 13.8 127 119 1

Note.—Data from Experiment 11,

* Mean difference between notes, differeny — different, 92;

slower on the average than any Node 1
match.  Moreover, the time to respond
“different” with Level 2 instructions
closely corresponds to the Node 2
“same” RTs, This would he expected
if 55 tested pairs to determine if they
had the same name before responding
“different.” It is not surprising that
there is some variability among the
times for Node 2 “sames” depending
upon the particular letter pair, It has
been shown before (Fitts & Switzer,
1962) that the time to name letters
depends upon their frequency in the
language, etc.

However, it is possible to obtain
times which lie between Node 1 and
Node 2. This occurs when a stimulus
pair is not physically identical but has
considerable similarity.  Consider the
pair Ce. The tine to respond “same”
to Ce in Iixperiment 11 is about 19
milliseconds longer than the average
response times to CC and ce.  This
increase is apparent in all four s, and
is significant over S by a correlated ¢
test (df = 3). Moreover, it is con-
firmed in the control replication. “I'lie
value of 19 milliseconds is very small,
but the similarity of C and ¢ is also
great since they differ only in size
while the other patterns also differ in
shape. It would not be difficult to ob-
tain stimulus pairs which would be

i same — different, 104; sume — sume, 71,

less similar and these would be ex-
pected to show greater increases over
the Node 1 times. In fact this is
demonstrated with Gibson Figures in
Experiment 111 (see Table 8).

The increase in processing time for
a pair like Ce over Node 1 matches
may come about in two ways. It
might be an average of trials in which
Ss respond to Ce as if the two were
identical and trials in which the re.
sponse is based on deriving the names,
or it might mean that less processing
is required on each trial to arrive at
“same” for Ce than for less similar
pairs. 1f the former were the casc,
it would be expected that the relative
variability of Ce would be greater than
for other same name pairs, In order
to test this, the cocflicient of variation
for Ce (SD/mean) was computed,
This value is not higher than  that
found for other same name pairs,
Thus it appears classification of (¢
is not due to an average of first and
second node responses but that the
amount of processing required for Ce
classification is less than for the other
nonidentical pairs,

Having shown that it is possible to
obtain RTs which lie between the first
and second node, it may be useful (o
conmipare these data with a (uantitative
treatment of similarity presented in a
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previous paper (Posner, 1964).  In
that paper similarity between pairs of
patterns was manipulated by statistical
distortion rules, The Ss first learned
to associate the sume name separately
to each member of the pair. In later
RT work it was shown that the time
to classify a pair as “same” was a
linear function of the rated similarity
(I'osner, 1964). In that study, RT
performance and Tevel of learning were
confounded.  Although Ss liad learned
to call both patterns by the same name
to a criterion of two perfect trials, the
learning could not be called complete,
The present study demonstrates that
with lifetime learning of the names,
differences due to depth of processing
still remain. Letter pairs like AA
represent physical identity, while letter
pairs like Aa appear to have little or
no physical similarity, thus requiring
the judgment to rest entirely on the
learned correspondence.  Clearly Ce
lies somewhere in between these two
extremes. The earlier work (Posner,
1964) provides a psychophysics of
similarity, while the present study
shows that similarity effects in classi-
fication remain even with highly over-
learned material. Taken together, they
show that RT for classification is af-
fected by the similarity of the pair,
even after a lifetime of calling two
stimuli by the same name,

There are at least two fundamental
mechanisms which might account for
times intermediate between the nodes,
The first is basically serial and sug-
gests that physical identity and name
identity are at the ends of a continuum
involving the degree of similarity be-
tween the pair. The second view is
basically parallel and suggests that the
naming process goes on independently
of any matching on the basis of similar
features. If.S succeeds in matching on
the basis of similar features lie simply
terminates prior to obtaining the name.

Information related to these two basic
models is considered below.

RELATIONSIHIP OF THE NODES

Our data do not allow specification
of whether physical identity matches
and naming matches involve different
levels of the same mechanism or two
different mechanisms. However, it is
possible to specify somewhat the rela-
tionship between the nodes, This ma-
terial may serve to constrain the types
of models which would be appropriate.

The first question is: Do the times
for first-node processes change when
embedded in instructions at differing
levels? The data of Experiment I1
provide a tentative answer to this ques-
tion, but only for low levels of practice
and for a situation in which Ss are
switched back and forth between nodes.
In this case, the first node responses
do increase when embedded in second
level instructions. The increase is 24
milliseconds and a t test of the mean
times for the four Ss shows that this
increase is significant statistically (p
< 01). Tt should be noted that while
the stimuli were identical at the two
nodes, the frequency of “same” re-
sponses required was twice as great at
Node 2. However, the control ex-
periment  with response probability
held constant confirmed this basic find-
ing. On the first day the Node 1
responses were 17 milliseconds higher
at Level 2 than at Level 1. This de-
clined somewhat over days of prac-
tice, but the improvement differed
among Ss. By the last day only one
of the four Ss showed Node 1 re-
sponses at Level 2 to be longer than
at Level 1. Thus it appears that this
small effect can De further reduced by
practice.

An analysis of performance with
Level 3 instructions (Experiment 11)
shows the Node 1 responses to have a
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mean of 455 milliseconds over the 2
days of training, This represents no
further increase in Node 1 RT in
going from Level 2 to Level 3 instruc-
tions, However, when this condition
was run, Ss had more practice (Days
4 and 5) than for Tevels 1 and 2
(Days 2 and 3).

In summary, it does appear that RTs
for Node 1 responses are affected by
higher levels of processing but the ef-
fect is relatively small and has been
demonstrated only between Nodes 1
and 2. Moreover, as might be ex-
pected, higher levels of training fur-
ther reduced this effect,

A second question concerning the
relationship between the nodes is: Does
having a common name affect the time
to classify the pair as “different” at
Node 1?7 For example, does it take
longer to call Aa physically different
because they have been paired with the
same name? If name effects can be
shown on the first node, this would be
strong evidence against purely per-
ceptual processes being involved at
this level. Tt is difficult to know which
particular pair of letters to take as rep-
resentative of the second node because
it is impossible to have a pair of letters
which has both the same name and
different names. Thus the comparison
of times always involves other factors
which differ between letter pairs.

TABLE 6

MEAN RT FOR ALL LETTER PAtrs AT
LevEL 1, ExperiMENT I1

A i B ¢ ’—I", a b {1 (3
Al 397
B 449|421
C 547 | 465
E | 442 | 527 452
Wl 420 487 459
b | 4062|470 134477 | 422
C 395 | 553 492 | 421 | 409
e | 457 [ 410 [ 489 [ 440 | 504 472 | 388

Table 6 shows the mean RT to all
letter pairs (irrespective of order)
from the Level 1 instructions of Iix-
periment II. TIf, for example, Aa is
compared with other “different” com-
binations involving A and a, it ap-
pears to be one of the fastest responses.
However, it must be noted that these
two letters involve a size difference
and this may work to their advantage,
This same comparison can be made for
Bb and Ee. Such coniparisons fail
to provide evidence that RTs for these
letter pairs are slowed by the common
name. This result is also true of Aa
and Bb in Experiment I when they
are compared with the appropriate con-
trol letters.  Of course, the time for Ce
is longer than any other pair, but in
this case a common name is confounded
with great physical similarity. Table
6 may, therefore, be taken to indicate
that there is no consistent increase in
RT at Node 1 from overlearned nam-
ing responses,

If the two nodes represent the ends
of a single serial process the complex-
ity of that process may be affected by
the types of letters within the [ist.
‘That is, having letters which are simi-
lar but not identical may require cer-
tain processes of stretching and rota-
tion to be added to the processing
between the nodes. If this is s0, RTs
at Node 2 (name identity) will be
longer for a list which contains pairs
like Cc which require matching on the
basis of similarity but not identity,

In order to consider this question,
an experiment was run involving three
Ss (Experiment V). Each § worked
through two lists of cards on each day.
Ilach list was one-half the standard
pack (44 cards), as in Experiment 11,
except that in one list all Ce pairs
were omitted, while the other list had
six Ce pairs. A comparison of the
times for all second node responses
except Cc was made between the two
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lists. In every case the times for the
list containing Ce pairs were no longer
than for the lists without Ce pairs,
This finding leads us to reject the hy-
pothesis that analog processing  in-
volved in matching two similar letters
is added serially to the processing
necessary in deriving the names.

Unfortunately, rejecting the model
mentioned above still leaves a number
of possibilities. For example, the pro-
cesses which allow matching of similar
items may only be invoked on those
trials where a similar pair occurs,
This would imply that a more primitive
process first detects similarity and that
the process which governs the match-
ing of similar but nonidentical pairs
occurs only on those trials. Another
possibility is that the processes which
allow matching on the basis of physi-
cal identity or similarity may be en-
tirely parallel to those which concern
derivation of the name. Thus having
to perform these processes together
would not lengthen the time, Finally,
the processes which lead to matching
of similar letters may be identical with
the processes which lead to a deriva-
tion of the letter's name so that they
always occur whether or not letter
pairs like Cc are in the list. After all,
naming itself involves matching the
new input to stored information about
the appearance of a letter. Fach of
these models implies a variety of em-
pirical predictions which go beyond
the scope of this paper.

RoLE oF LEARNING

Letters are patterns which are highly
familiar both in terms of perceptual
form and names. Thus the data pre-
sented so far represent highly over-
learned classifications. In order to as-
sess the role of such lifetime learning
in first and second node processes, the
classification of letters was compared

with the classification of letterlike forms
(Gibson, 1965). In Experiment ITI
four Ss were given 2 days of trials
with Level 2 instructions using the
standard pack described in Experiment
II (see Table 1). On the next day,
they were given a few minutes of learn-
ing trials with a population of paired
forms shown in Figure 1. The learn-
ing trials were sufficient for the Ss to
learn to give a number (1,23, 4) to
cach pair (see Figure 1) to a criterion
of three correct trials. After the learn-
ing, which took from 4 to 6 trials, S
were given 4 days of R trials with the
forms. The RT task with the forms
was identical to the Level 2 instruc-
tion task that was discussed previously
for the letters,

The results for the second day of
letters are shown in Table 7 and the
results for the first day of Gibson forms
are shown in Table 8, It should first
be noted that the results of Experi-
ment I1T with letters are in substantial
agreement with the results reported
previously. The major difference is
that the second node “different” re-
sponse is in this case somewhat faster
than most of the second node “same”
responses.  This lack of a stable
“same”-“‘different” relationship  was
also noted earlier. The shift from
letters to Gibson figures shows little
if any change, either in the RT to phys-
ical identity or in the RT for the “dif-

| 2 3 4
-4

3 4

N

1

b= g £ B

Fie. 1. Gibson figure pairs used in Ex-
periment ITL.  (Labels refer to designations
shown in Table 0.)




TABLE 7
ComprariSON OF RTS FOR LETTERS
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TABLE 8
Comrarison oF RTs For ForMs

Sume
Physical [ Dii-
identity ferent
Au | Bb | Cc | Ee

Letters

Sccoud day | 451 | 542 | 603 | 107 | 597 | sa0

Note.—Data from Experiment 11,

ferent” response. These findings indi-
cate that lifetime familiarity with the
letter forms does not speed the rate
at which a perceptual match is made.
This surprising result is in accord
with results reported for thresholds
(Robinson, Brown, & Ilayes, 1964)
and for RT (Hochberg, 1966) using
words, forms, and nonsense stimuli,
Familiarity does not improve the per-
ceptual matching task at all. Unfortu-
nately, the close correspondence be-
tween the letters and forms in their
“different” responses cannot be inter-
preted so clearly. In the case of the
Gibson figures, only one of the stimu-
lus pairs given the same name was
perceptually unrelated. This was done
to keep the learning task simple and
error rate very low. Since this was
not the case with the letters, it would

Same
Gibson Physical Dif-
figures identity a = _ | ferent
11| 22 | 33 | 44
Thay 1 450 450 [ 463 | 553 | 610 [ 538
Averuge of 421 440 | 438 | 501 | 551 soo
4 days

Note,—Data from Experiment 111,

not be fair to compare the Node 2
results directly. It is certainly to be
expected that as the difficulty of the
learning task was increased by assign-
ing more dissimilar pairs to the same
name, the Node 2 processes for the
figures would be increased over those
for the well-learned letter responses.
However, it would take considerable
training to obtain functions with suf-
ficiently few errors when the learning
task was made more difficult.

The four pairings of Gibson figures
used in this study represent three dif-
ferent types of perceptual transforma-
tions (size, break, rotation) and one
randomly selected pair. Table 9 com-
pares the mean RT over 4 days for the
“same” response to the transformed

pairs (e.g, 1, 1) with the mean RT

TABLE 9
Mian RT For Various Pairs oF Gisson FIGURES

Type of transformation
Subject Size Break Rotation Random
10410 | versus 11 | 22 +22 | versus 22 | 33 +33 | versus33 | 44 +34 | versus4 4

1 415 438 107 466 430 524 464 588
2 405 460 424 424 424 509 416 618
3 412 433 414 434 425 504 408 555
4 401 430 408 426 404 466 399 554
ar 408 440 428 437 421 501 421 579

Main 32 9 80*+ 158**

Note,—See Iiguare | for pletares of figures.
*p <05,
wep < 01
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TABLE 10
Mean RT anp TiMES FOR LEVEL 3 INSTRUCTIONS
Same
Experiment Different
Physical Identity ' Name identity | Vowels Consonants
I 442 550 551 663 653
v 549 0623 099 904 801

for the “same” response to the two
physically identical components of the
pair (eg., 1 1+ 11). In the case of
the size, rotation, and random pairings
these mean differences are significant
statistically (p < .05). The size trans-
formation has an absolute difference of
32 milliseconds, which is quite similar
to the 19 milliseconds by which Cc ex-
ceeds the mean of CC and cc. The
break does not show a significant in-
crease over its physically identical con-
trols. For this pair one § shows no
increase, one shows a decrease of 1
millisecond, and two show increases of
about 30 milliseconds. Thus the break
is the only transformation which gives
evidence for constancy in terms of the
RT criterion, This method appears to
be a good one for determining the
overall similarity of various types of
perceptual transformations. The re-
sults further support the analysis of
the analog processes between nodes
which was outlined earlier.

A Tuirp Nobe

In the Neisser and Beller (1965)
experiments Ss were asked to search
for an animal name. Many different
names and even more perceptual pat-
terns belong to that category. For
example, DOG, dog, and cat. At its
simplest, a category or concept allows
a number of different stimuli to be cor-
rectly classified by the same response,
The name A is itself a category which
allows a and A, among other patterns

to be so classified. The name A may
also be an instance of more complex
categories, such as the class “vowel.”
The class “vowel” is defined for most
of us by rote, although a linguist would
be able to derive a rationale for such
classification.

To assess the processing involved
in a higher order classification, two ex-
periments were run with Level 3 in-
structions (respond “same” to both
vowels or both consonants). The first
was conducted on the last two days of
Experiment IT using the same Ss and
materials, The mean RTs for the sec-
ond day of this procedure are indicated
on the first line of Table 10.

To determine if the responses based
on a common category lead to longer
times than those based on a common
name (Node 2) the subtractive meth-
ods are applied to the data. The re-
sults are shown in Table 11. In gen-
eral the data are rather orderly except
for the estimate obtained by subtract-

TABLE 11

Mean InTERNODE TIMES FOR LEVEL 3
INSTRUCTIONS

Method Iixp?lilmml I-.‘x\n‘uvlrr:lrut
Different — Different 97
Same — Different 103 178
Same — Same
Vowels 1 76
Consonants 113 281
Average 57 178

* Nude 2 to Nuode 3,
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ing Node 2 “same” responses from the
“same” responses based upon vowel
identity. For that case, the results
give almost a zero difference, This
comparison, however, is weak since
only a few responses at each level are
obtained from each §. In addition,
with only 2 day’s practice, there are
still a fair number of errors in the
data. Moreover, since the letter popu-
lation is small, only a few particular
combinations are included at each level
and these are not the same at the two
levels.

Another experiment was run to ob-
tain a better estimate of the differences
in times for matches based on common
rule and those for common names, In
this study (Experiment IV) four Ssre-
sponded at T.evel 3 on each of 4 days.
The only difference from previous
studies was that a letter population of
three consonants and three vowels was
used (see Tahle 1). The total num-
ber of “same” responses at the three
levels was 48 while 36 responses were
“different.” The “same” responses
were 12 each at Nodes 1 and 2 and 24
at Node 3,

The mean RTs obtained in this study
for the final day of training are shown
on line 2 of Table 10 and in Figure 2.
Error rate on this day was 11%. The
first point of interest is the relatively
long RTs of these S5 in all conditions,
This apparently was a matter of §
sampling since the same inflation of
overall RTs is apparent on the prac-
tice day (see Table 3). The difference
between the first and second nodes for
these Ss, estimated by the same —
same method, was about 74 millisec-
onds, quite similar to that previously
obtained by that method (Experiment
IT). The difference between Node 2
matches and those based on rule iden-
tity can be estimated by the same —
same and by the same — different
method.  These methods give, on the

Node |

Fi6. 2. Tree diagram for Experiment IV,
(Numbers refer to mean RTs on last day for
all §s. For description of nodes see text.)

average, the same result of about 180
milliseconds.  This is much longer
than was obtained in Experiment 1T,
but is far more stable since more data
are available. The difference between
consonant and vowel pairs which was
pointed out previously is also striking
in these data. The exact correspond-
ence of the mean “same” and “differ-
ent” responses at Node 3 is not (see
Figure 2) characteristic of any one S,
but only of the pooled data,

Thus it appears that matches based
on common name are reliably faster
than those which are based on a com-
mon rule (vowel-vowel or consonant-
consonant). On this basis, rule iden-
tity may be considered as a third node
of processing. One way of conceiving
of the differences between Nodes 2
and 3 is to suggest that the output of
the naming detectors is fed into a
system which searches for vowels,
Since there are so many consonants
in the alphabet, it is reasonable to
suggest that a consonant pair is proh-
ably defined by the absence of a vowel
and thus takes much longer. In fact
this seems to correspond to the verbal
definitions obtained from S,
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An alternative to such an hierarchi-
cal hypothesis is that the difference be-
tween those nodes is merely a matter
of practice and would go away given
sufficient training on identification of
vowels and consonants. This hy-
pothesis is consistent with the ohserved
differences in speed for vowels and
consonants. It is also suggested by
the lack of any differences between
the nodes in Ixperiment II, where
only the vowels A and E were used.
However, Figure 3 shows practice data
from Experiment IV for all nodes and
also for differences between nodes.
While there is considerable practice
effect evident in that data, there is no
evidence of a reduction in the Node 2
and Node 3 difference over days,
Since these estimates were obtained by
the same — different method, they are
quite stable. It appears likely, there-

1000
%
L%
900} .
3
800} — e Node 3
20} \\
T Node 2
-~ 800}~ -
: \_H Neds |
3 sool-
= acof-
300 \\
e, 12
s “(3-1)
200} L
£ T ei3-2)
\ ‘\v/
100}~ = S
B! ~—t2-1

DAYS

FiG. 3. Practice data for Experiment 1V,
(Lower curves refer to differences between
nodes.  Differences between Nodes 3-1 and
3-2 obtained by same — different subtractive
method, for Node 2-1 same — same method
was used.)

fore, that the Node 2 to 3 differences,
like those between Nodes 1 and 2,
are hierarchical characteristics of in.
formation processing and are not due
merely to amount of practice. Of
course, it is also possible that more
practice than provided here is required
to show evidence for a reduction be-
tween nodes,

Cross Moparrty Marcuing

One of the earliest learned corre-
spondences between two different en-
¢rgy patterns is the association of a
visual stimulus with its auditory name,
Thus the visual digit 1, for example,
becomes associated with the auditory
name. This correspondence is similar
to the one hetween A and a, but is
perhaps even more familiar,

Figure 4 illustrates some data from
an earlier unpublished experiment con-
ducted at the University of Wisconsin
by Kenneth Welton and the first au-
thor. The study compared the times
required to respond to pairs of visual
digits presented one to each eye, pairs
of auditory digits presented one to each
ear, and a pair of audio-visual digits.
In each case the onset of the digits was
as close to simultaneous as we could
make them. In fact, the visual digits
were perfectly simultaneous, the vis-
val-auditory pair involved a 20-milli-
second delay with the auditory always
leading, while the auditory pair in-
volved asynchrony of 0-40 milliseconds
with a mean of about 20 milliseconds,
In each case § was required to press
one of two keys to respond “same” or
“different” to the pair.

Two separate experiments were rumn,
Each involved five S working on each
of 5 days. They received 30 trials
daily with each of the three modality
combinations. In the first experiment
8s were told to say “same” if the two
stimuli were the same digit.  Within




each 30 trials, 15 of the pairs were
the same digits and 15 were different
digits. The second experiment in-
volved Level 3 instructions with
“same” defined as both odd or both
even. For this level no identical pairs
were used and 15 of the 30 trials re-
quired “same” responses. No re-
sponse-time feedback was provided in
these experiments, The digits were
displayed visually on in-line displays
or played from a tape recorder over a
headset. Digits from 0 to 9 were used.
The results are shown in Figure 4,
The three lower lines represent the
Level 1 task where Ss were to respond
“same” if the same digit was presented
over both channels. The audio-visual
pair is about 50 milliseconds slower
than the visual pair and about 80 milli-
seconds slower than the auditory pair,
The extra time required by audio-
visual pairs over those for the same
modality pairs could not be accounted
for by the asynchrony of the stimulus
presentation.  Moreover, this value
closely approximates the times between
Node 1 and Node 2 discussed in pre-
vious studies. The ordering of the
lower three curves in Figure 4 is true
of each § on each day of practice.
On the basis of the material pre-
sented so far in this paper, it seems
reasonable to attribute the extra time
required by audio-visual pairs to the
learned conceptual correspondence of
the audio-visual energies in comparison
to the actual physical identity of intra-
modality pairs. Of course audio-visual
pairs can only be equated at Node 2.
On the other hand, one might also
attribute this difference to some type
of “switching” time between modalities,
In fact, that was the original goal of
this study. The top three curves sug-
gest that a switching-time explanation
is not appropriate. These curves pro-
vide the same input, hut involve Level
3 instructions (respond “same” if the
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FiG. 4. Mean RT for cross modality ex-
periment.  (Lower curves refer to Level 1
instructions, upper curves to Level 3 instruc-
tions—see text.)

digits are both odd or both even). The
difference between audio-visual pairs
with identity instructions (Node 2)
and audio-visual pairs with odd-even
instructions is 180 milliseconds on the
fifth day. This corresponds to the dif-
ferences observed on the fifth day of
Experiment IV. TFor this task the
audio-visual pairs are just as fast as
the same modality pairs. This argues
that when all of the tasks involve
learned conceptual classifications there
is no additional time involved in using
two different modalities and is not
consistent with a “switching time”
interpretation.

CoNcLuUSsIONS

This paper provides a general ex-
perimental paradigm for observing dif-
ferent levels of processing. The same
stimuli and responses can Le used to
study matches based upon physical,
name, or rule identity. This tech-
nique can be used to bridge the gap
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between the very early stage of per-
ception and the complex classifications
underlying learned concepts. The
construct node of processing refers to
the basis on which the match is made,
Depending upon the node involved,
processing times may vary between
450 milliseconds and 900 milliseconds,
The times for different processing
nodes correspond quite well to the tree
structure shown in Figure 2. The or-
dinal relationship between the nodes
and, to a considerable degree, the times
themselves remain relatively constant
with different levels of instruction and
for different subtractive techniques.
This reliability and generality argues
for the utility of viewing processing in
terms of discrete tests conducted at
each node based upon a particular defi-
nition of “same.” It is possible, haw-
ever, to obtain times between Node 1
and Node 2. These occur when two
stimuli are not identical but are simi-
lar. This evidence suggests the pres-
ence of analog processes between the
nodes which allow matching on the
basis of the degree of physical corre-
spondence of the stimulus pairs. Ex-
periment ITT shows that this technique
can be used to scale the similarity be-
tween the two stimuli (Sternberg,
1967). Matching stimuli with size or
rotational differences give times which
lie between those matches based on
identity and those which are based
upon the stimulus names (Node 2),
Perhaps the most striking feature
of the results is that the rate of match-
ing at Node 1 does not change with the
familiarity of the stimulus pair. This
result has also been obtained by Floch-
berg (1966). This cannot be logically
true for Node 2 since the identity of
two perceptually unrelated patterns can
only be established by learning. How-
ever, with the levels of practice em-
ployed in these studies there is little
evidence that the relationship hetween

the nodes changes with practice be-
yond that necessary to establish the
correspondences.

Both the consistency between vari-
ous methods of calculating the time
between nodes and the relative stability
of the node differences with practice
and level of instruction argue for the
utility of the subtractive method., How-
ever, one must be cautious about the
meaning of the values obtained. Tt is
tempting to infer from these data that
the mechanisms involved in matching
operate serially. That, for example, §
first tests for physical identity and
only failing there derives the names
and tests them. Indeed, recent studies
in choice RT have been able to infer
the serial nature of recognition and
choice from the additivity of com-
ponents (Taylor, 1966). No such
analysis is intended from our data. Tt
is possible that increasing times for
the different nodes might result either
from serial or parallel processes. In
addition, some aspects of the process-
ing may be parallel and others serial,
Judging from introspective accounts it
seems reasonable that all Ss derive the
name of the letters before proceeding to
analyze whether they are both vowels
or both consonants. This process may
well Dbe serial. However, the fast
times for matching letters which are
similar but not identical may argue
that this process goes on in parallel
with the task of deriving the letter
names. Tests of these notions will re-
quire much more experimentation.

Cuite apart from a detailed specifi-
cation of the mechanisms responsible
for matching, it is likely to be of in-
terest to study the independent vari-
ables which affect matches at different
levels. The process of matching has
Leen of interest all the way from the
psychophysiology of habitvation to the
analysis of complex cognitive behavior,
Recent analyses of attention (Egeth,
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1967) and of cognition (Miller, Galan-
ter, & Pribram, 1960) have rested upon
the idea of hierarchies of discrete tests
performed upon stimuli. This paper
provides one technique for examining
such tests at various levels,

There has been particular emphasis
on the importance of comparison and
recognition as elementary units of more
complex cognitive processes (Miller,
Galanter, & Pribram, 1960; Price,
1953). Miller et al. argue that the
TOTE  (test-operate-test-exit) unit,
which involves a comparison between
goal and present state, might replace
the reflex as the proper unit for hu-
man information processing. There
has been a paucity of evidence that
such a unit can be meaningfully iso-
lated from ongoing cognitive tasks.

Experiment IT showed that the com-
parison processes at the first node re-
mained relatively stable when em-
bedded in more complex second and
third node judgments. Tt is so typi-
cal for component times to increase
when embedded in tasks of greater
overall complexity that this stability is
striking. If the perceptual compari-
son process remains relatively stable
it may be possible to use it as a unit
in the analysis of many cognitive skills
in much the same way as the reflex
serves as a unit of analysis within S-R
theory. The present experiments seem
to provide some hope that a stable em-
pirical referent can be found for at
least the comparison portion of the
abstract TOTE process.
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