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ON DOING TWO THINGS AT ONCE: 

11. ELIMINATION OF T H E  PSYCHOLOGICAL 
REFRACTORY PERIOD EFFECT 

ANTHONY G. GREENWALD AND HARVEY G. SHULMAN 

Ohio State University 

The psychological refractory period (PRP) effect of interference between 2 
choice reaction time tasks a t  short intertask intervals was eliminated when 
both of the tasks were ideomotor compatible. The P R P  effect was, however, 
obtained when either or both of these tasks were replaced by stimulus-response 
compatible tasks that  were not ideomotor compatible. I t  was concluded that 
a major source of the P R P  effect is a limited capacity mechanism that  (a) 
translates between an  encoded stimulus and a response code, and (b) is not 
needed when a task is ideomotor compatible. 

The psychological refractory period 
(PRP) effect occurs as  a slowing of reac- 
tion time to the second of 2 rapidly succes- 
sive signals, an effect that decreases with 
increasing intervals between signal onsets 
(see reviews by Herman & Kantowitz, 
1970; Reynolds, 1964; Smith, 1967). The 
present research deals with the P R P  effect 
as  i t  occurs in a task involving response 
uncertainty that must be resolved on the 
basis of a decoding of each ~ i g n a l . ~  

The attempt to eliminate the PRP effect 
from a situation involving response uncer- 
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3 A  P R P  effect that  probably does not involve 
response selection processes (i.e., it is found when 
there is response certainty) occurs when there is 
uncertainty about the temporal interval between 
signal onsets. This effect is avoided in the present 
research, a s  in most recent P R P  research, by varying 
signal onset intervals only between blocks of trials, 
not within. 

tainty was suggested by the ideomotor 
(IM) theory interpretation (Greenwald, 
1970; James, 1890, Ch. 26) of the response 
selection process. This formulation holds 
that an action is encoded, for the purpose 
of performance control, in the form of an 
image of its sensory feedback. This may 
be restated so as to avoid the (distasteful 
to some) term "image" by hypothesizing 
an entity to be called a "response code," 
this being the precise form in which infor- 
mation must occur to enable selection of a 
given response. In terms of I M  theory, 
the response code is directly activated by 
signals that closely resemble sensory feed- 
back from the response. A relationship 
between stimulus and response of IM com- 
patibility is defined, then, as one in which 
the stimulus resembles sensorv feedback 
from the response. "Stimulus-response 
(S-R) compatibility" is a term that is also 
important to the present research, but is 
less clearly defined. Stimulus-response 
combinations are said to be S-R compatible 
when "natural" or highly learned associa- 
tions are involved (see, e.g., Welford, 1968, 
pp. 180-189). 

The response selection process involves 
a translation by the nervous system from 
stimulus information to response informa- 
tion-from the encoded stimulus to the 
resDonse code. I t  follows from the IM 
formulation that this. translation process is 
especially simple when S-R relationships 
are characterized by IM compatibility ; 
i.e., i t  is simple because the encoded stimu- 
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FIG. 1. Tasks and procedures. (RT = reaction time; 
IS1 = interstimulus interval.) 
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lus and the response code are very similar. 
On the further assun~ption that the P R P  
effect is due a t  least in part to an over- 
burdening of this translation process, it was 
predicted that  the P R P  effect would be (a )  
reduced by the use of an IM compatible 
task as 1 of the 2 tasks in the P R P  para- 
digm, and (b) perhaps eliminated when 
110th tasks were Ihl  compatible. I t  has 
already Ijeen demonstrated (Greenwald, 
1972) that  time sharing of 2 sin~ultaneous 
decision tasks proceeds without mutual 
interference when both tasks are IRII com- 
patible. Prediction b was, then, an extrap- 
olation of this finding to asyncl~ronous tasks. 

The basic design of the 2 experiments 
reported here was a between-Ss 2 X 2 fac- 
torial, with compatibility conditions for 
Task 1 and 'Task 2 in a I'RP paradigm 
varied orthogonally. Each task could 
occur in either an S-R compatible version 
that  was also In1 compatible or an S-R 
compatible version that was not IN1 com- 
patible. These 2 task versions will hence- 
forth be referred to more simply as  I M  
compatible and S-R compatible, respec- 
tively. Interstimulus interval (1.51) was a 
within-Ss factor, with stimulus onsets for 
the 2 tasks separated by intervals ranging 
from 0 to 1,000 msec. Single-task control 
conditions (Task 1 and Task 2 alone) were 
employed only in Experiment 11. The 
S-R combinations for each task are given 

in Figure 1. These were the same for 1)oth 
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Subjects. Respondents to an  advertisement for 
Ss in the Ohio State University campus newspaper 
were employed. They were paid $1.25 per session 
plus a bonus of up to $1.00 per session for fast and 
accurate performance. Data were analyzed for the 
first 20 male and 20 female volnnteers who had 
normal hearing, vision, and (English) speech. Five 
males and 5 females were assigned randomly to each 
of the 4 cells of the design. The sex factor produced 
only nonsignificant main effects (males faster than 
females) and is not considered in the analyses pre- 
sented below. 

Procedure. The apparatus for presenting tele- 
vised visual signals and recorded audio signals on 
each trial, and for recording reaction times to nianual 
and vocal responses, has been described in an  earlier 
report (Greenwald, 1972). Auditory stimull were 
generated onto magnetic audiotape by a PDP-1 
computer, which equated rise times, amplitudes, and 
durations of the stimuli. 

All Ss participated in 2 sessions on successive 
days, the first session being regarded as practice. 
Each session consisted of 18 blocks of 20 trials, with 
blocks separated by 30 sec. and trials occurring a t  a 
fixed rate of 1 every 4 sec. Interstimulus intervals, 
which were constant withiri blocks, varied over the 
6 values of 0, 100, 200, 300, 500, and 1,000 msec., 
with onset of the visual signal for Task 1 always 
preceding onset of the auditory signal for Task 2 
except, of course, when the two were simultaneous. 
KTithin each of 3 subsets of 6 blocks of trials in each 
session, the 6 IS1 conditions each appeared once, in 
different arbitrary orders. Within each block, each 
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FIG. 2. Results of Experiment I. (Mean reaction times, RTs, are based on 
correct trials only. SK = stimr~lus-response ; J lll = ideomotor.) 

of the 4 possible stimulus combinations (i.e., of the 
2 visual and 2 auditory signals) appeared equally 
often, in a different random order for each block. 

Results 

Errors occurred on fewer than 1% of the 
responses-a frequency too low to warrant 
analysis. Reaction times for correct re- 
sponses, presented separately for Tasks 1 
and 2, are given in the first 2 panels of 
Figure 2. The P R P  effect is typically 
sought in the data  for Task 2, and it may 
I)e seen that an effect with the charac- 
teristics of the PRP effect was ohtained 
for all conditions in the Task 2 data. 
Task 2 reaction times Lvere strongly affected 
by the compatibility conditions, with la- 
tencies being reliably shorter for In1 com- 
patible tasks than for S-R compatible 
tasks, F (1, 36) = 24.46, p < .001. The  
magnitude of the P R P  effect, as indexed 
by the effect of the IS1 factor, was, con- 
trary to predictions, not significantly 
affected by Task 2 compatibility-for the 
Task 2 Compatibility X IS1 interaction, 
F (5, 160) = 2.20, p > .05-although i t  
was strongly affected by Task 1 compati- 
bility, F (5, 160) = 7.07, p < .001. The  

overall pattern of results was somewhat sur- 
prising because, in part, i t  constituted a 
failure to replicate an earlier finding (Green- 
wald, 1972) of nearly perfect time sharing of 
2 simultaneous I h l  compatil)le tasks. In 
the present data, this result should have 
been manifested as no difference between 
the 0-msec. and 1,000-msec. conditions for 
the group of Ss performing with both tasks 
IAI compatible. This difference was, 
in fact, significant a t  the .001 level, 
F (1, 32) = 19.83. 

In an attempt to interpret these data 
further, results for Task 1 were examined 
(first panel of Figure 2). These showed, 
unexpectedly, that reaction times for Task 
1 increased significantly with increasing 
ISIs, F (5, 160) = 14.47, p < .001, a re- 
versal of the usual PRP  effect. Further, 
the IS1 effect for Task 1 was significantly 
affected by the compatibility factors for 
both Task 1 and Task 2, interaction 
Fs ( 5 ,  160) = 4.97 and 2.32, ps < .001 and 
< .05, respectively. The juxtaposition of 
results for Tasks 1 and 2 suggested that  
Ss might have been trading off processing 
capacity between the 2 tasks such that,  as 
ISIs increased, Task 2 received relatively 
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more capacity and Task 1 less. If this 
were the case, i t  would be misleading to 
test, with data from either task alone, any 
hypothesis concerned with allocations of 
processing capacity as a function of ISI. 
Accordingly, the data were combined for 
Tasks 1 and 2 by averaging reaction times 
for the 2 tasks on each trial, as shown in 
the third panel of Figure 2. These com- 
bined results more closely resembled the 
predicted effects, with the PRP effect being 
nearly absent when both tasks were In1 
conlpatible, and most strongly present 
when neither task was IM compatible. In 
the analysis of these combined reaction time 
data, all main effects were significant. The 
Fs (1, 32) for Task 1 compatibility and 
Task 2 compatibility were, respectively, 
16.32, p < .001, and 6.75, p = .01, while 
for ISI, F (5, 160) = 27.83, p < .001. The 
compatibility factors for each task had 
significant impact on the IS1 effect: Task 1 
Compatibility X IS1 interaction, t; (5, 160) 
= 4.59, p < .001, and Task 2 Compatibility 
X IS1 interaction, F (5, 160) = 7.24, 
p < .OOl. 

Discussion 

T h e  results of this experiment did not allow 
firm conclusions regarding the initial hy- 
potheses of the  study. I t  was obvious t h a t  t h e  
compatibility variations were related in  the  
predicted manner t o  magnitude of the observed 
PRP effect when this effect was assessed by 
examining the average of reaction times for the  
2 tasks on each trial. However, 2 aspects of 
the  d a t a  were disturbing. First, the predicted 
results were far from apparent  when only Task  
2 was considered. Second, the d a t a  for the  
condition with both tasks IM compatible 
provided a less-than-satisfactory replication of 
Greenwald's (1972) earlier finding of perfect 
time sharing. Even when averaged for the  
2 tasks, reaction times a t  the 0-msec. interval 
for this condition averaged 18 msec. slower 
than for the 1,000-msec. control condition. 
This  difference, although not  statistically re- 
liable, F (1, 32) = 1.64, p < .20, seemed large 
i n  light of the  no-difference prediction. 

In the instructions given to Ss for Ex- 
periment I, i t  was stressed that Task 2 

always followed Task 1-S was not in- 
formed that some blocks of trials involved 
simultaneous signals for the 2 tasks. I t  
was conceivable that this aspect of the in- 
structions caused Ss to impose a constant 
input processing order on the signals or a 
constant output ordering on the responses- 
first Task 1 and then Task 2. Conse- 
quently, there may have been an unneces- 
sary delay in reaction time for Task 2 when, 
because the signals for the 2 tasks were 
simultaneous, these orderings were in- 
appropriate. A second experiment was 
conducted as a replication, modifying only 
those aspects of the procedure required to 
examine this possibility. 

Method 

Subjects. The same population used for Experi- 
mcnt I was sampled in a different academic term. 
Again, 20 males and 20 females participated, 5 of 
each sex in each of the 4 cells of the design. 

Procedure. The major change from Experiment I 
was in instructions. The Ss were informed that 
most often the 2 signals on each trial would be 
simultaneous and were not given any expecta- 
tion that one signal might reliably precede the other. 
In order to appear consistent with these instructions, 
the sampling of ISIs used was changed. The 6 
within-% conditions included 4 ISIs-0, 100, 200, 
and 1,000 msec.-and 2 control conditions involving 
only Task 1 (visual signal, manual response) or only 
Task 2 (auditory signal, vocal response). I t  was felt 
that concentration of conditions a t  relatively short 
ISIs would appear consistent with the instructions 
that the tasks were most often simultaneous. A 
final change of procedure was the use of only a single 
session. Since Ss had little difficulty learning the 
tasks in Experiment I, it was judged that first- 
session data should be sufficiently reliable and error 
free to provide adequate hypothesis tests. 

Results 

In the 2-task conditions, a trial was 
scored as an error if either resDonse was 
incorrect. Overall, errors were quite in- 
frequent, occurring on fewer than 1.5% of 
trials. The highest error rate was 3.5% 
in the 0-nisec. condition for the group with 
both tasks S-R compatible. Since (a )  
errors were affected by conditions in 
essentiallv the same manner as  were re- 
action times, and (b)  the error data were . , 
less sensitive to design effects, the error 
data will not be detailed further. 
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FIG. 3. Results of Experiment 11. (Mean reaction times, RTs, are based 
on correct trials only. S-R = stimulus-response; I M  = ideomotor; C = 
single-task control. 

The reaction time data, presented in 
Figure 3, conformed very closely to the 
initial predictions. Apparently the change 
of instructions was important, as evi- 
denced by the absence of a PRP effect for 
either task with both tasks Ihl compatible. 
The Task 1 data, as in Experiment I, 
showed for all groups a trend opposite to 
that  which traditionally characterizes the 
PRP effect. Statistical analyses confirmed 
that,  for all effects shown in Figure 3, the 
main effects of Task 1 and Task 2 com- 
patibility and of IS1 were highly reliable, 
and that interactions of IS1 with the com- 
patibility factor for each task were reliable 
(all but 1 of 15 ps < .001). The 3-way 
interaction effects and the 2-way inter- 
actions of compatibility conditions for 
Task 1 and Task 2 were nonsignificant 
(6 Fs < 1). 

The data for the critical condition in- 
volving IR2 compatibility for both tasks 
are shown in detail for both experiments in 
Figure 4. In comparing the 2 experiments, 
it may be seen that the details of results 
for each task taken separately differed sub- 
stantially between the experiments. How- 

ever, for the measure of reaction time com- 
bined over the 2 tasks (right-hand panels 
of Figure 4), the results for the 2 experi- 
ments appeared more similar. In Experi- 
ment 11, the reaction times for the 0-tnsec. 
and 100-msec. conditions were actually 
slightly faster than those for the 200-msec. 
and 1,000-msec. conditions, and were al- 
most indistinguishable from the averaged 
control data for the 2 tasks performed in 
isolation. These latter findings provided a 
clear replication of the earlier finding 
(Greenwald, 1972) of essentially perfect 
time sharing of 2 simultaneous IN1 com- 
patible tasks. 

The results of the 2 experiments, and of 
Experiment I1 particularly, show that it is 
possible to eliminate the PRP effect that often 
occurs with 2 rapidly successive decision tasks. 
The PRP effect occurs quite strongly with 2 
S-R compatible tasks if these tasks are not 
also I M  compatible. When the task for either 
the first or second response is I M  compatible 
the PRP effect is reduced, and the PRP effect is 
eliminated when both tasks are I M  compatible. 
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FIG. 4. Detailed results for the condition with both tasks ideomotor ( I M )  
comoatible. (Mean reaction times. RTs, are based on correct trials only. 
C = single-task control.) 

These findings must  be interpreted as  support- 
ing the 2 a s u m p t i o n s  on which this s tudy was 
based. Accordingly, i t  is concluded t h a t  (a) 
the PRP effect. when i t  occurs in tasks involv- 
ing response uncertainty, is the consequence 
of limited capacity in a process t h a t  involves 
translation from a n  encoded stimulus t o  a re- 
sponse code; and ( b )  the  capacity required for 
this translation process is minimized by em- 
ployment of IM compatible relations of stimuli 
to  responses, presumably because in this ar- 
rangement the response code closely resembles 
the encoded version of the stimulus. 

T h e  present results, and Greenwald's ( 1 9 7 2 )  
earlier time-sharing findings, a re  consistent 
with the idea t h a t  stimulus encoding mecha- 
nisms generally have sufficient capacity t o  
permit perfect time sharing of encoding 2 in- 
dependent signals in  different modalities. T h e  
suggestion t h a t  encoding is not the  locus of a 
limited capacity process is also supported by  
the  analysis of attention presented by Posner 
and  Roies ( 1 9 7 1 ) .  However, i t  remains possi- 
ble t h a t  encoding processes are  altered by the 
I b l  compatibility arrangement such t h a t  (a) 
a different ou tpu t  of the  encoding process is 
produced, and  ( b )  this difference permits by- 
passing of encoding processes t h a t  a r e  other- 
wise too limited in capacity t o  permit perfect 
time sharing. This  possibility, although 
clearly less parsimonious than a n  interpretation 

appealing only t o  operations of stimulus code- 
response code translation processes, cannot be 
ruled out  by the present findings. 

These studies turned up  some effects t h a t  
have not been noted in previous P R P  studies, 
and these are worth some comment. First 
was the reversal of the  P R P  effect in the d a t a  
for responses t o  the  first task. Herman and 
Kantowitz (1970) reported t h a t  Task  1  d a t a  
frequently show the same P R P  effect shown 
in Task  2  data.  However, most of the studies 
on which their conclusion was based differed 
from the present research by  using temporal 
uncertainty in  addition t o  response uncer- 
tainty. T h a t  is, although the IS1 between 2  
tasks was constant within blocks of trials, 
S s  did not know which of 2  signal sources 
would occur first. In  the present research, 
when temporal uncertainty was totally elimi- 
nated, the  d a t a  for Task  1 showed a reversal 
of the  P R P  effect which, however, typically was 
of smaller magnitude than  the  "proper" P R P  
effect shown in the Task  2  data. This  was 
interpreted as  indicating t h a t  Ss were trading 
off processing capacity between the 2  tasks, 
with the  relative proportion of capacity de- 
voted t o  Task  2  increasing directly as  a func- 
tion of ISI. 

T h e  second unusual finding emerged from a 
comparison of the  present Experiments I and 
11. I t  appeared possible t h a t  a small P R P  
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effect in  the  condition with both tasks IM 
compatible in  Experiment I might have been 
a n  artifact due t o  S s  imposing a n  input  o r  
ou tpu t  ordering on 2 tasks when the  experi- 
mental contest  stressed a reliable sequential 
ordering of the tasks. Although no direct 
confirmation of this ordering hypothesis was 
obtained, the  effect in  question was eliminated 
when instructions and  context were redesigned 
t o  avoid stressing t h e  sequential ordering of 
tasks. 

Problems in the Definition of Ideomotor 
Compatibility 

T h e  notion of I M  compatibility has a po- 
tential advantage over t h a t  of S-R compati- 
bility because of t h e  existence of a conceptual 
definition for the  former (as resemblance be- 
tween a stimulus and feedback from its re- 
quired response) b u t  not for the  latter.  This  
conceptual superiority is somewhat c o n -  
promised by  problems t h a t  remain in the  
operational definition of I M  con~patibility. 
I n  the  present research I M  compatibility was 
operationalized as  (a) repeating (speaking) a 
heard word, o r  (b) giving a spatial (switch 
movement) response t o  a spatial visual cue 
(positioned arrow). Task  a clearly conforms 
t o  the  conceptual definition of I M  compati- 
bility but ,  in the case of task b, i t  is necessary 
t o  assume t h a t  spatiality of a visual po4tional 
cue "resembles" the  spatial component of 
kinesthetic and  visual feedback from move- 
ment. T h e  reader probably shares t h e  some- 
what  uncomfortable feeling of the  authors 
tha t ,  had the  results not  turned ou t  as  ex- 
pected, i t  might have been more convenient 
t o  criticize this resemblance assumption than  
t o  criticize the  conception of I M  compatibility. 

Accordingly, i t  must be acknowledged t h a t  the  
operational definition of I M  compatibility has 
limitations t h a t  will remain until clarifications 
are  achieved through further research. T h e  
operational definition is, however, adequate t o  
identify S-R combinations-e.g., moving a 
switch left in response t o  a n  unpositioned 
stimulus such as  hearing or reading the word 
 that that are commonly thought of as  5-R 
compatible b u t  are certainly not  I M  com- 
patible. I t  is this level of operationalization on 
which the present experiments have rested and 
with respect t o  which the results can be fairly 
clearly interpreted. 

REFERENCES 

GREENWALD, A. G. Sensory feedback mechanisms 
in performance control: \\'ith special reference to 
the ideo-motor mechanism. Psychological Rezdew, 
1970, 77, 73-99. 

GKEENWALD, A. G. On doing two things a t  once: 
Time sharing as a function of ideomotor com- 
I)atibility. Journal of Experimental Psychology, 
1972, 94, 52-57. 

HERMAN, L. M., & KANTOWITZ, B. H. The psycho- 
logical refractory period effect: Only half the 
double-stimulation story? Psychological Bulletin, 
1970, 73, 74-88. 

JAMES, W. Principles of psychology. Vol. 2. New 
York: Holt, 1890. 

POSNER, M. I., & BOIES, S. J. Components of 
attention. Psychologzial Re&w, 1971, 78, 391- 
408. 

REYNOLDS, D. Effects of double stimulation : 
Temporary inhibition of response. Psychological 
Bulletin, 1964, 62,  333-347. 

SMITH, M. C. Theories of the psychological re- 
fractory period. Psychological Bulletin, 1967, 67, 
202-213. 

\VELFORD, A. T. Fundamentals of skill. London: 
Methuen, 1968. 

(Received January 10, 1973) 




