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REFRACTORY PERIOD OF C-REACTIONS?
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Université libre de Bruxelles

On each trial the presentation of a letter calling either a key-pressing re-
sponse or abstention (Donders' c-reaction) was followed, after an inter-
stimulus interval (ISI) varying at random over the range 0-700 msec,
by the onset of one of two lamps calling for the pressure of one of two keys.
The problem was to know if the second reaction would be delayed more after
positive than after negative first stimuli. Experiment I, where two stimuli,
one positive and one negative, were used for the c-reaction, gave ambiguous
results, It seemed possible that the instructions and the payoff system had led
some S5 to prepare selectively for the positive stimulus, To make this
strategy more difficult, four stimuli, two negative and two positive, calling for
the choice between one of two keys, were used for the c-reaction in Exp. II.
Each of the four Ss had longer delays after the positive first stimuli. It was
concluded that analysis of the stimulus and execution of the response con-
tribute independent components to the refractory period. Also, the data
from the positive trials were found to be in general agreement with a single
chaunel interpretation of refractoritiess but not with the strong version as-
suming no overlap of occupation times, and confirmed earlier suggestions
that some residual capacity is still available during the refractory period.

The major part of the work on the psycho-
logical refractory period (PRP) (for recent
reviews see Bertelson, 1966; Smith, 1967)
has dealt with sequences, mostly pairs, of
reactions. Some authors, however, have
started to study what happens to the reaction
to the second of two signals when operations
other than the organization of an immediate
response are called forth by the first signal.
Fraisse (1957) and Davis (1959) have
found that refractory delays can be caused
by a signal calling for no reaction, which
can simply be ignored. Rubinstein (1964)
has shown that refractoriness should be ex-
pected when the two signals are identical
so that the one calling for the reaction can be
identified on the basis of order only, but that
it can be avoided when different sensory
modalities are involved,

Taken together, these results suggest that
the fact of having to analyze the signal is
critical in causing refractory delays, not
the fact of having to respond. On the other
hand, there is some suggestion that delays
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are longer when the first stimulus must be
responded to than when it can be ignored.
This was shown most clearly by Fraisse who
compared the two conditions with two inde-
pendent groups of Ss. Davis obtained com-
parable delays under both conditions, but his
Ss did both conditions in parallel, ie, on
alternate sessions, and good evidence of
transfer effects was found. It is thus pos-
sible that analysis of the signal and organiza-
tion of a response contribute independent
components to refractory delays.

It seemed that informatton regarding the
respective roles of analysis of the signal and
of organization of the response in causing
refractory delays could be gained by studying
the case of Donders’ (1868) c-reaction. In
that experimental situation, some of the pos-
sible signals call for a reaction, others do not.
At first sight, this type of classification could
impose varying demands on central analysis
mechanisms depending on the possibility of
filtering out the negative stimuli at some
peripheral level. The problem in the present
study was not to examine the conditions for
peripheral filtering. It was decided from the
start to use a situation where negative stimuli
would presumably require analysis time in
order to examine whether responding in-
volved additional time,
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negative S; where he had correctly abstained from
responding, he was told “right” On double trials,
nothing was said about the RT to S.. When an
error occurred in either the first or the second
reaction, no information regarding speed was
given,

Results and Discussion

The RTs were analyzed for trials where
both reactions were correct only, In fact,
mistakes, whether reactions to the negative
S, or wrong responses to S,, amounted to
only 1.49% of double trials, Figure 1 shows,
separately for each § the mean correct RTs
to the positive 5, and to S, following either
the positive or the negative S,.

For every S, the second RT shows a clear
increasing gradient at short ISIs after the
two categories of S,, As expected, the nega-
tive S, was not filtered out and was the
sotrce of definite refractory delays. But
when the comparison is made between de-
lays caused by positive and negative S,, a
striking variety of outcomes appears. The
Ss 2 and 3 have longer RTy's following the
positive S, at short ISIs, but S1 shows
exactly the opposite result and S4 shows no
difference. The differences which are ap-
parent in Fig, 1 for Ss 2, 3, and 4 at the level

of the overall means are observed on every
separate session,

A possible explanation for these puzzling
results lies in the way S's reacted to the in-
striction to be fast in the first reaction., It
has been amply demonstrated, in the case of
choice reactions, that S's can prepare selec-
tively for one particular stimulus, as, eg.,
when that stimulus comes more frequently
than the other ones, and so obtain faster
reactions to that stimulus at the cost of
slower reactions to the other stimuli (e.g.,
Fitts, Peterson, & Wolpe, 1963). It is not
unlikely that something similar can happen
with c-reactions. In the present experiment,
S's were rewarded for responding fast to the
positive S,, and it was thus clearly in their
interest to prepare for that stimulus, This
would have caused longer analysis times for
the negative stimulus and may have can-
celled, completely in Ss 1 and 4 and only
partially in Ss 2 and 3, an opposite effect on
refractory delays of having to respond to
positive S,. TLarge individual differences
have already been observed in the size
of the effects of selective preparation on
choice RT (Bertelson & Barzeele, 1965).
Following this reasoning, it was thought that
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F16. 1. Mean correct reaction times as functions of the interstimuli interval in Exp. I, Sessions 2-5.

(Circles: RTs to positive stimuli in the [first] c-reaction,

Triangles: RTs in the [second] b-reaction;

filled: after positive first stimuli; open: after negative first stimuli, C = single trials.)
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The same data, mean RT, over the range
0-200 msec., are given for pairs of succes-
sive sessions in Fig. 3. With the exception
of S5, the difference between the two cate-
gories of RT, decreases with practice. In
any case, it is clear that the difference be-
tween the results of this experiment and
those of Exp. I are not due to the more
extensive training received by Ss.

The error data appear in Table 1. There
are remarkably few errors on double trials,
either in the first or the second reaction, ex-
cept for the second reactions following posi-
tive first signals at long ISIs. The RTs on
these trials are shorter than those observed
at the same ISIs after negative first stimuli,
but they have thus been paid for by a fall
in accuracy, A similar tendency was already
present in Exp. 1. On control S, trials, Ss
tend to be much more inaccurate than in the
first reactions of double trials: they make
more false reactions to negative stimuli and
more errors in their reactions to positive
stimuli. This effect is correlated with the
gain in RT which is apparent in Fig. 2, A
less cautious strategy on isolated S, trials
than on first reactions of double trials has
already been observed in the case of pairs
of b-reactions (Bertelson, 1967). Such find-
ings make one doubt the usefulness of “con-
trol” single trials in refractoriness experi-
ments.
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Fic. 3. Mean correct reaction times to the second
stimulus at short interstimuli intervals (0-200
msec.) as functions of practice in Exp, II, Ses-
sions 2-11, (Filled triangles: after positive first
stimuli; open triangles: after negative first stimuli.)

TABLE 1
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Category Stimulus IsI e
5 6 7 8 | M
Double | positive Si all 22118} L2180y
negative S all K] 2] 6f—1| .3
Saafter o100 Jf—|—]|—]| .2
positive Sy 150-300 1.0} — } — 1§ — 1.25
400-700 ] 2,0 | £.1 § 5.712.0 127
S» after O-100 [ — | — | — | — [|—
negative St 150-300 f — | — | — [ 5] .t
400-700] S| — | — | 5| .2
Single | positive S1 _— tod f 6.1 [10.6]4.0(55
negative Si -—_ 25|12 L9 — (1.7
] ] 121 — Bl—1.5

The Ss 5, 6, and 8 had roughly the same
RT; at all ISIs (Fig. 2). But S7 showed a
definite increase in RT, with increasing IST.
Mean RT, is longer at ISIs 0-150 than at
1SIs 250-700 at each of the eight sessions;
the effect is significant, p = .008, by a simple
sign test. This S presumably has been wait-
ing for S, on some proportion of the trials.

Discussion

With four stimuli the results are much
clearer: significantly longer delays are ob-
served after positive stimuli in all four Ss, It
might be objected that the difference is due to
the fact that abstention occurs on 509% of the
trials, whereas each positive response occurs
on 25¢% only. There are two arguments
against this interpretation. Ifirst it has been
shown (Bertelson & Tisseyre, 1966), in a
four-stimuli, two-responses situation, that it was
stimulus relative frequency, not response fre-
quency, that determined RT. Of course, in an
experiment with three stimuli and two re-
sponses, LaBerge and Tweedy (1964) have
found some evidence of a response effect beside
the stimulus effect, so that the argument is not
wholly conclusive. The second, and more de-
cisive, argument is that one would expect the
sort of frequency effect under consideration to
increase with practice, and the opposite trend
is observed,

It seems that responding contributes a de-
tectable component to the refractory delay.
The length of this component cannot be as-
sessed from the data. The incentive to respond
fast to the positive first stimuli is still present
in Exp. 11, and presumably Ss still try to pre-
pare selectively for them. The fact that RTs
after these stimuli decrease with practice more
than those after negative stimuli is probably
due to the discovery of processing strategies
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