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Four experiments examined human ratings of causal effectiveness, and ability to detect causal relationships,
in a nonverbal paradigm. Participants responded on a concurrent random interval, extinction schedule. In the
presence of one stimulus, responses produced an outcome (triangle flash); in the presence of the other stim-
ulus, they did not. Following making a judgment of causal effectiveness, two further stimuli were presented
simultaneously with one another, and participants had to select one depending on which of the previous two
stimuli were associated with effective responses. In all experiments, immediate outcomes were associated
with higher causal ratings and better causal detection than outcomes delayed by 3 s. A signal inserted
between response and outcome improved ratings and detection (Experiments 2 and 4), even when it was
contiguous with the response but not the outcome (Experiments 2 and 3). Stimuli associated with both com-
ponents (marking cues) did not impact judgments or detection (Experiment 3). Stimuli signaling the avail-
ability of an outcome if a responsewas made (signaled reinforcement) did not improve causal judgments, but
did improve detection of stimuli associated with the outcome (Experiment 4). Responses during the delay
interfered with detection of the actual relationship when delays were unsignaled (Experiments 1–4), but not
with fully or briefly signaled delays (Experiments 2–4), or with signaled reinforcement (Experiment 4). The
results suggest a delay stimulus serves to signal the response has been successful and demark the delay
period by serving a discriminative function. These findings mirror those seen in nonhuman conditioning.
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Perceptions and ratings of causal relationships diminish as the
temporal delay between a response and its outcome increases
(Greville & Buehner, 2010; Michotte, 1946; Reed, 1992a, 1992b;
van Elk et al., 2014; Young & Nguyen, 2009), and the presentation
of a stimulus during the delay period can alleviate these effects
(Greville & Buehner, 2010; Reed, 1999; Young & Falmier, 2008).
Unfortunately, few theories have been fully developed to account
for the effects of a stimulus signaling an outcome delay in these par-
adigms (Buehner & May, 2003; Reed, 1999). Similar effects are
found in instrumental conditioning procedures when a reinforcer is
presented following a delay; in that response rates decreases (Lattal,
1984; Renner, 1964; Tarpy & Sawabini, 1974), and a stimulus pre-
sented during the delay alleviates this attenuation (Lattal, 1984;

Richards & Marcattilio, 1978; Schaal & Branch, 1988). In contrast
to the case of causal judgment, a number of accounts of the function
of the delay stimulus have been developed for instrumental learning,
including conditioned reinforcement (Kelleher & Gollub, 1962;
Spence, 1947), the marking hypothesis (Lieberman et al., 1979), per-
ceptual bridging (Rescorla, 1982), and discriminative/informational
views (Ferster, 1953; Keller & Schoenfeld, 1950; see also
Buehner & May, 2003; Young, 1995).

Conditioned reinforcement accounts of the effects of a signal pre-
sented during a reinforcement delay in instrumental conditioning
have been widely considered and long been accepted as having
great explanatory power (Dinsmoor, 1983; Royalty et al., 1987;
Williams, 1991). However, the applicability of the concept across
all paradigms is questionable, and a straightforward application of
this view to human causality judgment procedures, where the out-
come is biologically neutral, and often personally meaningless to
the participant, is far from obvious (Buehner & May, 2003; Reed,
1992a, 1992b). The notion that such delay signals serve as reinforc-
ers is also not always accepted (Rachlin, 1976; Staddon, 1983/2016).
As a consequence, alternative theories have been proposed to
accommodate the action of a signal presented during a reinforcement
delay (Kaplan & Hearst, 1982; Williams, 1994), and these views
may have more face validity when considering the role of a delay
stimulus in human judgment of causality paradigms (Buehner &
May, 2003; Reed, 1999; Young, 1995).

One view that has received empirical support in conditioning pro-
cedures is the “marking hypothesis” (Lieberman et al., 1979, 1985). In
studies of marking, a stimulus is presented contiguously with a
response initiating the delay, but not with the outcome. Schaal and
Branch (1988) noted that unsignaled reinforcement delays decreased
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responding relative to immediate reinforcement, but a brief response-
contingent stimulus presented during the initial portion of the delay
increased rates to near baseline levels (see also Lieberman et al.,
1985; Reed, 1992a, 1992b). As the same effect is noted when brief
stimuli are presented contingent on both correct and incorrect
responses in a discrimination paradigm (Lieberman et al., 1985;
Reed, 1992a, 1992b), it suggests conditioned-reinforcement effects
are not the sole mechanism at play. Rather, the brief stimulus is
taken to make the preceding response more salient in memory, allow-
ing its representation to be retrieved more easily on the delivery of an
outcome (Lieberman et al., 1979, 1985). Such an interpretation has
been given to a variety of effects in instrumental conditioning (e.g.,
Reed, 1989; Reed & Hall, 1989), and similar effects have been
noted in human judgments of effectiveness when there is a
response–outcome delay (Reed, 1996, 1999).
Another similar view has been termed “perceptual catalysis” and

suggests a delay stimulus facilitates target–outcome associations by per-
ceptually bridging the temporal gap andmaking the two events “appear
to go together” (Rescorla, 1982, p. 140). Several within-subject exper-
iments have shown that when one stimulus is followed by a signaled
delayed outcome, and the other by an unsignaled outcome and, sepa-
rately, by the signal, conditioning is improved in the former relative
to the latter condition (Rescorla, 1982). According to this view when
the delay is entirely filled the target and outcome become linked
together perceptually. In support of this, Rescorla (1982) noted that
when a delay was not entirely filled, the facilitatory effect of the stim-
ulus was reduced. This view is very similar to some accounts presented
to explain the effect of a stimulus filling a response–outcome delay in
human causal judgments (Young & Nguyen, 2009).
That facilitating effects of delay signals are not always reducible to

conditioned reinforcement may be important in the context of human
judgments of causality (Buehner &May, 2003; Young, 1995). Pavlov
(1927) highlighted the potential importance of a “second signaling
system” mediating learning with a delayed outcome, and Keller and
Schoenfeld (1950) argued the development of conditioned reinforce-
ment is dependent on the discriminative function of a stimulus (see
also Pliskoff et al., 1964; Wyckoff, 1952). Although such views do
not accommodate all effects seen in all instrumental conditioning par-
adigms with signaled delays (Dinsmoor, 1983; Fantino, 1977;
Williams, 1991), they may be important in discrimination procedures,
and in studies of human decision making, such as are involved in
causal judgments, where informational cues are of prime significance
to the judgment and detection of causal relationships (Buehner &
May, 2003; Young, 1995).
One such discriminative/informational function of a delay stimulus

was highlighted by Ferster (1953), who interpreted a reinforcement
delay as a tandem or chained schedule; responses in the initial link
(the operative programmed schedule) being maintained by entry into
the terminal link (the delay). For example, a random-interval (RI)
60-s schedule with a 3-s delay would be a tandem RI 60 s, fixed-time
(FT) 3-s schedule if the delaywere not signaled; but a chain RI 60 s, FT
3 s if the delay were signaled. It has been well established that behavior
other than the target can be fortuitously reinforced at the end of a delay
period, and can either interfere with response rates (Sizemore & Lattal,
1978), or produce uncertainty or shifts in attributions (e.g., was it a
response to the keyboard or something else?) regarding the cause of
an outcome (Buehner, 2005). This would be the case for the tandem
schedule, where the absence of a change in the stimulus makes it
unclear that one schedule (i.e., RI 60 s) has been satisfied, and the

other (i.e., FT 3 s) has begun. Any learning accruing in the FT part
of the schedule will generalize across the entire tandem schedule.
Ferster (1953) suggested that in the chain schedule, the delay signal
serves a discriminative function; that is, it signals the change in contin-
gency between RI 60 s (which has been satisfied), and the FT 3 s, in a
way that does not happen in the tandem schedule. The presence of a
discriminative stimulus demarking both elements of the schedule (RI
and FT) would restrict the effect of fortuitously reinforced (competing
behaviors) during the FT 3 s (delay) component to that component (see
also Thomas et al., 1989, for a similar interpretation). Although involv-
ing verbal information given to participants, Buehner and May (2003)
demonstrated the detrimental effects of an outcome delay can be
reduced if information about the potential delay is provided. It may
be that the discriminative or informational functions of a delay stimulus
are critical in human ratings of causal effectiveness.

In addition to ratings of causality, several researchers have noted the
role of delayed outcomes in causality detection regarding reinforce-
ment; accuracy of detecting the response–reinforcer dependency is
higher the greater the temporal contiguity of the reinforcer with a
response (Keely, 1999; Killeen, 1978; Kuroda, 2012; Lattal, 1975).
A conditional discrimination task (the “causality-detection” proce-
dure) has examined nonhuman detection of response–reinforcer
dependencies (Killeen, 1978; Lattal, 1975). In this causality-detection
task, a trial comprises sample and choice components. Completion of
the schedule in the sample component is followed by the choice com-
ponent. In the choice component, subjects choose one of two
responses, and the only reliable cue for a correct choice response is
the response–reinforcer relation arranged in the sample component.

Killeen (1978) arranged a random ratio 20 schedule for pigeons to
operate on one central key during the sample component. As pigeons
pecked, computer-generated “pseudopecks” occurred at the same
rate as real key pecks, and the sample component could end either
in a response-dependent or response-independent manner. In the
choice phase, two keys were presented; one was correct if the sample
phase ended response-dependently, and the other key was correct if
the sample phase had ended response-independently. Pigeons cor-
rectly discriminated the relation between responding and the termi-
nation of the sample component, but only when the time between the
last key peck in the sample component and the onset of the choice
component was brief. Keely (1999) replicated and extended these
results by presenting pigeons with a concurrent variable interval
(VI) 120-s VI 120-s schedule in the sample component. The sched-
ule could be completed either by a response to either element (left or
right) of the concurrent schedule. In the choice component, one
response was correct if a left-side response ended the sample compo-
nent, the other was correct if a right-side response ended the sample
component. On some trials, a variable-time (VT) 240-s schedulewas
added to the sample component, meaning the sample could end
independently of responding. On the trials where the choice compo-
nent was produced by the VT schedule, pigeons tended to peck the
choice key associated with the last side-key pecked.

Kuroda (2012) investigated the impact of unsignaled and signaled
delays in the causality-detection task developed by Keely (1999). In
a sample component, a concurrent VI extinction (Ext) schedule
operated, with assignment of the VI to the left or right element
being random. The key peck that ended the VI schedule could imme-
diately produce the choice component of the trial or could initiate a
delay that was unsignaled, fully signaled, or have a stimulus present
during the first second of the delay. Responses in the subsequent
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choice component were deemed correct depending on whether
responses to the left or right elements in the sample had terminated
that component; one alternative was correct if the sample response
had been a left-key response, and the other alternative was correct
if the sample had been a right-key response. Detection accuracy
was high with a full delay signal, slightly lower with a partial
delay signal, and lowest without a signal. Thus, responses producing
delayed reinforcers could be detected, but only when a stimulus
change accompanied the response. Such effects of an outcome
delay have not been investigated in human causality judgment pro-
cedures while, additionally, using a causal detection paradigm.
The current series of experiments examined the potential mecha-

nisms underlying both causal ratings and causal detection in
humans, using a novel paradigm incorporating features from both
types of study. Experiments 1 to 3 explored whether stimuli pre-
sented during an outcome delay acted similarly on causal ratings
and causal detection. They also manipulated the relationship
between the response, delay signal, and outcome, to explore various
predictions from the marking, perceptual catalysis, and discrimina-
tive function views. In particular, they assessed whether brief stim-
uli, not filling the delay period, would enhance ratings and detection
as effectively as stimuli fully filling the delay. This is predicted by
the conditioned reinforcement, marking, and discriminative function
views, but not necessarily by perceptual catalysis, which would
expect a weakened effect (Experiments 2 and 3). Also, they tested
whether stimuli presented following both successful and unsuccess-
ful responses would enhance ratings and detection as predicted by
marking and perceptual catalysis, but not conditioned reinforcement
or discriminative function views (Experiments 3 and 4).
The conjoint use of a causality-detection procedure would allow

further investigation of the role of a delay stimulus in determining
detection of causal relationships. The conditioned reinforcement,
marking, and perceptual catalysis views would all predict similar
impacts of delay stimuli on causal judgments and causal detection.
The discriminative function also typically suggests that there
would be similar impacts, albeit through different mechanisms.
The current Experiments 1 to 3 examined this prediction. However,
there is one circumstance in which a signaling manipulation may
be expected to improve causal detection, but to reduce causal ratings,
and this effect is predicted by the discriminative function view but
not the other views. When the availability of reinforcement is sig-
naled (as opposed to the response that produced the reinforcement,
as with a signaled delay), then most views would suggest that ratings
and detection of causal judgments may be expected to be reduced by
the reinforcement-availability signaling stimulus overshadowing the
response through better predictive validity. The discriminative func-
tion view does not rule out this effect for causal judgments.
However, such a stimulus may enhance causal detection, as it
demarks the effective part of the trial (i.e., the interval schedule)
from the outcome-delay period that follows it satisfaction. This
may allow the response–outcome relationship that is actually opera-
tive in the schedule to be better perceived, by preventing interference
with this judgment by the degraded response–outcome relationship
that occurs as a result of the delay period. That is, a stimulus serves a
discriminative function to signal the end of the operation of effective
component, and the start of a second (delay) component, of a chain
schedule (Ferster, 1953). Such a stimulus may restrict the effect of
any fortuitous response–outcome relationship (or perceived lack of
relationship) occurring during the delay period from generalizing

to the whole schedule (as would be the case on a tandem schedule
where the delay is not differentially signaled) and stop interference
with causal detection. Thus, this stimulus effectively produces a
chain RI RT schedule, with the components differentially signaled,
so that responses emitted fortuitously (or not) close to the outcome in
the delay (RT) period would not interfere with judgments about
responses in the RI element. The final study examined this
prediction.

Experiment 1

Experiment 1 was a systematic replication, using human partici-
pants, of the experiments reported from pigeons by Kuroda
(2012). In an initial part of training, participants were exposed to a
concurrent RI, Ext schedule in a sample part of a trial. Responses
to one of two colored circles produced an immediate triangle flash
on completion of the schedule, whereas responses to the other col-
ored circle did not. Following the outcome, participants rated the
causal effectiveness of their responses. Following this part of the
trial, two different colored stimuli would appear, and a response to
one of these stimuli would make the triangle flash, depending on
the successful color (i.e., that associated with the RI 10 s schedule)
in the previous, sample, part of the trial. Following this initial train-
ing, a second phase occurred, during which each participant received
three types of trial: an immediate outcome in the sample component;
a 3-s unsignaled delayed triangle flash in the sample component; and
a 3-s signaled delayed outcome in the sample component. Based on
previous work with ratings or causal effectiveness (Reed, 1992a,
1992b), ratings of effectiveness should be highest after immediate
outcome trials, then signaled delayed outcome trials, and lowest
after unsignaled delayed outcome trials. Based on previous work
with pigeons (Killeen, 1978; Kuroda, 2012), responses in the choice
component should be most accurate following immediate outcome
trials, then signaled delayed outcome trials, and least accurate after
unsignaled delayed outcome trials. The degree to which responses
in the choice component were based on the last response made
before the sample triangle flash was also assessed.

Method

Transparency and Openness

We report how we determined sample size, data exclusions, and
manipulations. Data are available (including those for the additional
online materials) at the Open Science Framework (OSF) page
(https://osf.io/c7m45/). Data were analyzed using SPSS Version
26. The study was not preregistered.

Participants

A sample of 70 volunteers (25 male and 45 female) was recruited
through the psychology department subject pool. Participants were
aged between 18 and 32 years (M= 21.61+ 3.77 SD). Inclusion
criteria were that subjects had to be 18 years of age or above and
have English as a first language. Participants received no financial
remuneration for their participation, but earned credits allowing
them to use the subject pool. G-Power calculation implied that for
95% power, with a p, .05 criteria, and a medium effect size
( f′ = .25), 68 participants would be required for a repeated-measures
analysis of variance (ANOVA), with minimal correlations between
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measures. As a result, it was decided to recruit 70 participants per
group. In total 185 individuals started the experiment, but 115 did
not complete, and their data were discarded. These individuals all
started the study, but they ceased the study prior to completion.
They were not asked for reasons, but it may have been the complex-
ity of the task and its length (around 30 min) contributed. Those
participants who did not complete, tended not to be learning the
task requirements. Ethical approval was obtained through the
University psychology Ethics Committee.

Apparatus

The experiment was programmed using Visual Basic 6.0.
Participants made responses using a standard PC keyboard and
mouse. The screen was white, and four 5 cm diameter circles
could be presented: Only two were presented at a time, which
could be either two circles equally spaced from each other, with
their centers one-third down the screen (for the sample component);
or two circles equally spaced from each other, with their centers one-
third up from the bottom of the screen (for the choice component).
The top two circles could be filled with either blue or orange colors,
and the bottom two circles could be filled with either green or red
colors. To respond, participants had to move the cursor with the
mouse so that the cursor was pointing at a circle, and then click
the mouse. Clicking the mouse while the cursor was pointing at
either of the two circles shown would sometimes produce a
250-ms white triangle flash in the center of the screen.

Procedure

Participants were presented with instructions on the screen say-
ing that they would receive many trials, with each trial comprising
two parts. In the first part of each trial, their task was to discover the
causal effectiveness of a response in making a triangle appear on
the monitor and to give a judgment of the extent to which their
response was related to the outcome occurring (see Reed, 1999).
In the second part of each trial, they had to make the triangle
flash by responding to one of two stimuli. The response that pro-
duced the triangle flash in the second half of the trial depended
on what happened in the first part of the trial, and participants
were to learn this by trial and error. When they had read the instruc-
tions, participants were instructed to press return, and the trials
began. All trials started after a 2-s presentation of a blank screen
(intertrial interval [ITI]). A schematic of the overall procedure is
shown in Figure 1.
Initial Training. After the 2-s ITI, both of the top two circles

were illuminated: one in blue and one in orange (this is termed the
“sample” part of the trial). The left-right assignment of colors was
quasi-random across trials. During a trial, an RI 10 s schedule was
assigned to one of the colors, and an Ext schedule was assigned to
the other; that is, a concurrent RI 10 s, Ext schedulewas in operation.
During each block of eight trials, the RI 10 s schedule was assigned
to the left circle for four trials and to the right circle for four trials.
The RI 10 s schedule was also assigned to the blue circle for four tri-
als and to the orange circle for four trials. Thus, in any given eight-
trial block, the RI schedule was assigned to each color-position com-
bination twice. In each trial, completion of the RI 10 s schedule was
followed immediately by a 250-ms triangle flash. Responses to the
Ext component had no programmed effects.

Immediately following the triangle flash (outcome), the screen
went blank, and then participants were presented with a 10-cm
line on the screen. Above the line appeared the instructions:
“Overall, to what extent do you feel responding controlled the trian-
gle lighting up?” Over one end of the line (left), was the text: “not
effective at all,” and above the other end of the line (right) was the
text “completely effective.” There was no other text associated
with the line. Participants were told, via instructions on the screen,
to move a cursor on the screen along the line, using the mouse, to
indicate how effective their responses had been in the previous
part of the trial. The degree to which participants moved the cursor
along the line to the right (i.e., toward “completely effective”) was
recorded, and the length of movement converted into a score
between 0 (no movement) and 100 (the complete 10 cm). If the cur-
sor were moved 5 cm, this would give a score of 50; if it were moved
2.5 cm, this would give a score of 25, etc. When the participants had
moved the cursor to the point they wanted, they were instructed to
press “return,” which initiated the comparison part of the trial.

Following the participants giving their rating of causal effective-
ness, the bottom two circles appeared: one green, and one red (for
the “comparison” part of the trial). The left-right position of the col-
ors was quasi-random for each trial, with the restriction that the same
configuration could not occur on more than three consecutive trials,
and equal number of left-right presentations each occurred within a
session. A choice was taken as the first response that was made to the
circles. This response made both of the circles disappear and could
make the triangle flash depending on whether the choice was “cor-
rect.”A “correct” choice depended on which colored circle produced
the triangle in the previous sample part of the trial (i.e., the RI 10 s
associated circle). For half of the participants, the red circle was cor-
rect if responses to the orange circle had produced the flash in the
sample component (i.e., the orange circle had been associated

Figure 1
Schematic Representation of the Trial Structure for All of the
Experiments Reported in This Series

Sa
Sample Component

Conc RI EXT
Blue/Orange

Comparison (Choice) Component

(Green/Red)

Outcome
(Triangle Flash)ITI ITI

Which colour produced triangle flash?

OrangeBlue

RedGreenRedGreen

Note. Based on Figure 3 reported by Kuroda (2012). Conc RI EXT= con-
current random interval, extinction; ITI= intertrial interval.
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with the RI 10 s schedule); the green circle was correct if responses
to the blue circle had produced the triangle flash in the sample com-
ponent (i.e., the blue circle has been associated with the RI 10 s
schedule). The remaining participants received the reverse configu-
ration. A correct choice response resulted in the two circles disap-
pearing, and a 250-ms triangle flash, followed by the 2-s ITI, and
the next trial. An incorrect choice resulted in 2,250 ms ITI, followed
by the next trial.
This training continued for at least 40 trials (five blocks of eight

trials), or until performance in the choice components was at 87%
(i.e., 7/8 in each block of eight trials) for at least two successive
blocks. Following this training, the test phase commenced.
Test Phase. Participants were not informed about the introduc-

tion of the test phase, and training continued as above, with the fol-
lowing alterations. As in the training phase (above), in each trial, two
circles were initially presented in the sample phase (orange and
blue). One of these circles was associated with an RI 10 s schedule
(with different delay contingencies associated with the outcome),
and the other was associated with an Ext schedule. There could be
three types of RI trial: (a) no delay, (b) unsignaled delayed outcome,
and (c) signaled delayed outcome. Therewere four blocks of 12 trials
(i.e., 48 trials in total). In each block of 12 trials, there were four no
delay, four unsignaled delays, and four signaled delays. That is, there
were 16 presentations of each of the three conditions. Each of the
three conditions was associated with each of the four color-position
assignments in the sample phase. The participants were required to
give a causal rating in the sample phase in all conditions.
In the no delay trials, each trial proceeded as described during the

initial training phase; that is, there was a sample component (RI 10 s
Ext) and then a comparison component. The unsignaled delay trials
were the same, except the schedule was altered to a conc (tand RI i-s,
RT j-s), Ext schedule. Here the mean value of jwas 3 s, and, for each
trial, i was 10 s minus j. Following this period, during which the cir-
cles remained present so as not to provide a signal for the start of a
delay period by their removal, a 250-ms triangle flash would occur,
as described above. The signaled delayed outcome condition was the
same, except that immediately following the response that satisfied
the RI i-s part of the tandem schedule, a row of six “Xs appeared
at the bottom of the screen and remained visible until the triangle
flash.”

Data Analysis

The data were analyzed in three ways. Firstly, response rates to the
two components (RI and Ext) in the first (sample) part of the trial
were examined. Secondly, the causal ratings ( judgments given
after the sample part of the trial) were analyzed using a
repeated-measures ANOVA to compare these judgments given
after the three trial types (immediate, delayed, and signaled).
Similarly, the causal accuracy responses made in the second part
of the trials were analyzed by repeated-measures ANOVA to com-
pare these judgments given after the three trial types (immediate,
delayed, and signaled). Finally, the impact of response–outcome
contiguity on causal accuracy was examined by a repeated-measures
ANOVA comparing the degree to which choices in the second part
of the trials followed the component in which the last response was
made prior to the delivery of the outcome (which could be either RI
10 s or Ext in trials with outcome delays), for the three trial types.
For all sets of analysis, in addition to the ANOVA, the effect size

(and 95% confidence intervals [CIs]) and the appropriate Bayes sta-
tistic (using a uniform noninformative prior; Fienberg, 2006) were
calculated. All data are available at the OSF page (https://osf.io/
c7m45/).

Results and Discussion

Initial Training

Participants took a mean of 46.17 (+7.10) trials to reach crite-
rion in the initial training. Over the last two blocks of their initial
training prior to reaching criterion, they emitted a mean response
rate of 19.64 (+6.64) responses per min to the ultimately success-
ful (RI) color, and 19.77 (+5.31) responses per minute to the
unsuccessful (Ext) color. It is worth noting that rates of response
were not discriminated across the two circles. This is because par-
ticipants never knew which color would be associated with the RI
10 s schedule on any given trial (the color associated with this
schedule was random). They received a mean of 4.68 (+1.19) out-
comes per min. There was a mean probability of an outcome given
a response of .24 (+.07) for the successful (RI) color. The mean
judgment of causal effectiveness given after the sample part of
the trial (across all three trial types) was 29.42 (+11.62), and the
mean accuracy in the choice component was 15.04 (+.78) out of
a possible 16. The mean rates of response per min, outcomes per
min, probability of an outcome given a response for each compo-
nent, and the actual delay to outcome experienced in each con-
dition during the test trials are given in the additional online
materials at the OSF page.

Causal Ratings and Causal Detection

The top panel of Figure 2 shows the mean judgments of causal
effectiveness for the three conditions, averaged over the test trials.
There were higher ratings given following immediate outcomes than
signaled delayed outcomes. Unsignaled delayed outcomes received
the lowest ratings. These data confirm previous studies of the effect
of unsignaled and signaled outcome delays (Greville & Buehner,
2010; Young & Falmier, 2008). A repeated measures ANOVA,
along with effect size and appropriate Bayesian value, revealed a sig-
nificant effect of condition, F(2, 138)= 61.71, p, .001, ηp

2= .472,
95% CI [0.348, 0.560], p(H1/D)= .999. Paired tests with a
Bonferroni correction (p= .05/3= .016) revealed a significant
difference between: immediate and unsignaled delay conditions,
t(69)= 11.44, p, .001, d= 1.36, p(H1/D)= .999; immediate
and signaled delay conditions, t(69)= 6.27, p, .001, d= 0.75,
p(H1/D)= .999; and signaled delay and unsignaled delay condi-
tions, t(69)= 4.79, p, .001, d= 0.57, p(H1/D)= .998.

The bottom panel of Figure 2 shows the mean accuracy of detec-
tion scores for the conditions over the test trials (possible total= 16).
The highest accuracy was following the immediate outcomes, fol-
lowed by the signaled delay outcomes, and lowest following the
unsignaled delayed outcomes. These data demonstrate that for
humans in a causal-detection task, detection of a response–outcome
relationship is damaged by a delayed outcome (Keely, 1999;
Killeen, 1978), but that a signal presented during the delay partly
restores this detection (Kuroda, 2012). A repeated-measures
ANOVA revealed a significant effect of condition, F(2, 138)=
99.32, p, .001, ηp

2= .590, 95% CI [0.482, 0.662], p(H1/D)= .999.
Paired tests with a Bonferroni correction (p= .05/3= .016) revealed
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a significant difference between: immediate and unsignaled delay
conditions, t(69) = 7.11, p, .001, d = 2.21, p(H1/D) = .999;
immediate and the signaled delay conditions, t(69) = 5.30,
p, .001, d = 0.63, p(H1/D) = .999; and signaled delay and
unsignaled delay conditions, t(69) = 7.24, p, .001, d = 0.85,
p(H1/D) = .999.
These data demonstrated that both judgments of causal effective-

ness and detection of a response–outcome relationship were reduced
by inserting a delay between the response and presentation of the
outcome (Reed, 1992a, 1992b) and that this attenuation was partly
ameliorated by the insertion of a signal during the delay (Reed,
1992b; Young & Falmier, 2008). These data replicate, for humans
in a causality judgment task, findings concerning detection of
response–reinforcer relationships in nonhumans (Keely, 1999;
Kuroda, 2012) and further suggest correspondences between results
from condition and causal judgment studies.

Effect of Response–Outcome Contiguity

The percentage of choice-component responses that corresponded
to the previous sample component in which the last response was
made before the outcome was presented was calculated. It was pos-
sible for responses to be made to either component during the delay
prior to the outcome). These data presented a different pattern com-
pared to the percentage of choice component responses that were
accurate shown in Figure 2. Percentage choices corresponding to
the component in which the last response was made in the sample

were necessarily 100% for the immediate condition. However,
more choices in the comparison part of the trials corresponding to
the last response made in the sample part were made in the
unsignaled outcome delay (75.27+ 15.76) condition than in the
signaled delay (61.84+ 26.28) condition, t(69)= 3.75, p, .001,
d= 0.448, p(H1/D)= .980. For the immediate condition, necessarily
16/16 trials had the last response prior to the outcome emitted in the RI
schedule. For the unsignaled delay condition, the last response prior to
the outcome was emitted on 9/16 RI trials, and this was 8/16 trials for
the signaled delay condition. The rates of response during the delay
for the various components of the various conditions are shown and
analyzed in the additional online materials at the OSF page and did
not differ from one another (except for the immediate RI condition,
which was zero).

In sum, these data corroborate the patterns of judgment of causal
effectiveness noted in previous studies of unsignaled and signaled
outcome delays (Greville & Buehner, 2010; Reed 1992b; Young &
Falmier, 2008). They also demonstrate that participants’ ability to
detect a causal relationship (irrespective of how strong they believe
that relationship to be) is impaired by a delay and partially restored
when that outcome delay is filled by a signal. These data suggest
that similar findings are seen, in this respect, to those noted in studies
of nonhuman conditioning (Keely, 1999; Kuroda, 2012).

In terms of the signal function, the data suggest that participants
were making a choice concerning the response made in closest tem-
poral contiguity to the outcome in the immediate and unsignaled
delay condition, suggestive of a correspondence with an analysis
of the detrimental impact of a delayed reinforcement by Sizemore
and Lattal (1978; see also Ferster, 1953; Schaal & Branch, 1988),
in terms of the reinforcement of competing behaviors. This did not
occur in the signaled condition, where the last response made during
the signaled delay was not necessarily to the RI component circle
(but could have been made to the Ext component); however, these
responses made during the delay did not interfere with the detection
of causality. Possibly this was a consequence of the signal giving
information that what follows it may be of limited relevance to the
outcome, that is, the signal marked the cause of the event or gave
information that the outcome was to be expected.

One aspect of the data is worth some comment, which was the
high number of participants who did not complete the task.
Informal feedback suggested that this was, in part, due to the length
of the procedure, and the degree of potential confusion generated by
having three different trial types during test. As a consequence, sub-
sequent studies adopted a between-subject approach.

Experiment 2

Experiment 2 sought to replicate the findings from Experiment 1
with respect to the effects of unsignaled and signaled outcome
delays, but also explored whether a brief stimulus would produce
higher ratings of causal effectiveness and promote causal perception,
compared to an unsignaled delayed outcome. Additionally, it ana-
lyzed whether the brief delay signal would ameliorate the interfering
impact of responses made after the termination of the effective
schedule (RI). It has been suggested that the signal between the
response and outcome does not have to fill the entire delay period
in order to be effective (Reed, 1992a, 1992b; Young & Falmier,
2008). This has previously been noted in studies of nonhuman con-
ditioning with a delay of reinforcement (Lieberman et al., 1979;

Figure 2
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Note. Top panel shows the mean judgment of causality ratings for the
three conditions during test. Bottom panel shows the mean accuracy of
detection scores for the three conditions over test. Error bars denote 95%
confidence limits. Immed= immediate outcome; unsig= unsignaled out-
come delay; sig= signaled outcome delay.
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Williams, 1991), and it has been suggested to show that the
response–outcome delay does not have to be perceptually bridged
in order for the stimulus to be effective (Williams, 1991). This result
would still be compatible with conditioned reinforcement (Williams,
1991) and marking (Lieberman et al., 1979) views. Perceptual catal-
ysis would suggest that a stimulus only filling part of the outcome
delay period would not be as effective as one completely bridging
the period (Rescorla, 1982).

Method

Participants and Apparatus

A sample of 120 volunteers (53 male and 67 female), aged
between 18 and 32 years (M= 21.39+ 3.63), were recruited,
with the experiment being presented through an online delivery
platform. G-Power calculation implied that for 95% power, with
a p, .05 criteria, and a large effect size ( f′ = .40), that 112 partic-
ipants would be required for a between-subject ANOVA. In total
182 individuals started the experiment, but 62 did not complete,
and their data were discarded. Group allocation was random until
30 participants had been allocated to any one group, then new par-
ticipants were randomly allocated to the remaining groups. Ethical
approval was obtained through the University Psychology Ethics
Committee.

Procedure

The same procedures were used as in Experiment 1, except that in
the present study any one group received only one of the treatments.
In the test phase, the outcomes following completion of the RI 10 s
depended on group allocation and were either: (a) no delay, (b)
unsignaled delayed outcome, and (c) signaled delayed outcome, as
described in Experiment 1. For the fourth group, there was a briefly
signaled delayed outcome trials. This group experienced the same
contingency as in the signaled delay group, except that the row of
six “Xs remained visible for 1 s, only instead of filling the delay
period, and there then followed a 2-s unsignaled delay until the tri-
angle flash outcome.” This procedure was adopted so that the brief
delay signal was not contiguous with the outcome (only with the
response). However, this meant that the scheduled outcome delay
in this group was always 3 s, whereas the scheduled delay in the
other groups had a mean of 3 s, but was variable. The data were ana-
lyzed as described in Experiment 1, except that between-subject
ANOVAs were employed.

Results and Discussion

Initial Training

Participants took a mean of 44.40 (+5.47) trials to reach criterion.
In the last two blocks of their training prior to reaching criterion, they
emitted a mean of 25.68 (+10.38) responses per min to the ultimately
successful (RI) color, and 25.58 (+10.56) responses per minute to the
unsuccessful (Ext) color. Response rates were not different across the
two circles as participants never knewwhich color would be associated
with the RI 10 s schedule on any given trial (the color associated with
this schedule was random). They received a mean 5.00 (+1.31) out-
comes per min, with a mean of 0.23 (+0.12) probability of an out-
come given a response to the successful (RI) color. The mean

judgment of causal effectiveness following the sample components
across all trial types was 32.14 (+14.70), and the mean accuracy in
the choice component across all trial types was 15.34 (+.75) out of
16. The additional online materials at the OSF page present the
mean rates of response per min, outcomes per min, probability of an
outcome given a response for each component, and the actual delay
to outcome experienced in each condition during the test trials.

Causal Ratings and Detection

The top panel of Figure 3 shows mean judgments of causal effec-
tiveness for the four groups, averaged over the test trials. Higher ratings
were given by the immediate outcomes group than by the signaled, or
briefly-signaled, delayed outcome groups, with the unsignaled delayed
outcome group producing the lowest rating. These data confirm pre-
vious studies using similar designs (Reed, 1992a, 1992b; Young &
Falmier, 2008). A between-subject ANOVA revealed a significant
effect of group, F(3, 116)= 103.54, p, .001, ηp

2= .728, 95% CI
[0.638, 0.778], p(H1/D)= .999. Tukey’s Honestly Significant
Difference (HSD) tests revealed a significant difference between
the immediate and each of the other groups, and between both
the signaled and brief signal groups and the unsignaled delay, all
ps, .05. There was no difference between the signaled and brief
signal groups.

The bottom panel of Figure 3 shows the mean accuracy of detec-
tion scores for the conditions over the test trials (possible total= 16).

Figure 3
Experiment 2
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Note. Top panel shows the mean judgment of causality ratings for the four
groups during test. Bottom panel shows the mean accuracy of detection
scores for the four groups over test. Error bars denote 95% confidence
limits. Immed= immediate outcome; unsig= unsignaled outcome delay;
sig= signaled outcome delay; brief= brief signal for outcome delay.
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Highest accuracy was in the immediate group, followed by the sig-
naled and briefly signaled delay groups, and lowest in the unsignaled
delay. A between-subject ANOVA revealed a significant effect of
condition, F(3, 116)= 91.34, p, .001, ηp

2= .702, 95% CI [0.605,
0.757], p(H1/D)= .999. Tukey’s HSD tests revealed a significant
difference between the immediate and each of the other groups,
and between both the signaled and brief signal groups and the
unsignaled delay, all ps, .05. There was no difference between
the signaled and brief signal groups.
These data from replicated the findings from the current

Experiment 1, and they extended the effect of a delay signal to the
action of a brief signal presented following a response but not tem-
porally contiguous with the outcome. This suggests that the signal
does not have to bridge the response and outcome to be effective
(Williams, 1991). Such findings have previously been reported for
human causality ratings (Reed, 1992a, 1992b; Young & Falmier,
2008), and also for nonhuman conditioning (Lieberman et al.,
1979; Williams, 1991). The effects noted were similar for both rat-
ings and accuracy of causal perception, and suggest that a signals
for an outcome delay have similar effects for human ratings of causal
effectiveness as they do for response–reinforcer detection in condi-
tioning procedures for nonhumans (Kuroda, 2012).

Effect of Response–Outcome Contiguity

The percentage of choice-component responses that corresponded
to the previous sample component in which the last response
was made before the outcome was presented were calculated.
Percentage choices corresponding to the sample component in
which last response was made (i.e., considering responses made dur-
ing any outcome delay), for the immediate condition were necessar-
ily 100%. In the other three groups, this choice was greater for the
unsignaled outcome delay group (72.79+ 12.97), than for the
brief signaled delay group (64.79+ 12.55), and was lowest in the
signaled delay group (53.12+ 10.48). A between-subject ANOVA
for all groups except the immediate outcome group revealed a signi-
ficant effect of group, F(2, 87)= 20.04, p, .001, ηp

2= .315, 95%
CI [0.312, 0.613], p(H1/D)= .999. Tukey’s HSD tests revealed a
significant difference between all pairs of groups, all ps, .05. For
the immediate condition, 16/16 trials had the last response prior to
the outcome emitted in the RI schedule. For the unsignaled and
brief signaled groups, the last response prior to the outcome was
emitted on 7/16 RI trials, and this was 8/16 trials for the signaled
delay condition. The rates of response during the delay for the var-
ious components of the various conditions are shown and analyzed
in the additional online materials at the OSF page and did not
differ from one another (except for the immediate RI component
condition).
As with Experiment 1, these data for causal judgments and causal

perceptions follow those reported previously for nonhuman studies
of instrumental conditioning (Williams, 1991), as well as those
from previous investigations of human judgments of causal ratings
with delayed outcomes (Greville & Buehner, 2010; Reed, 1999).
They also extend the findings reported in Experiment 1 to show
that a brief stimulus presented following a response will serve to pro-
mote otherwise reduced ratings and perceptions of causality (Reed,
1999). This suggests that the signal does not have to bridge the tem-
poral gap between response and outcome to be effective (Lieberman
et al., 1979; Schaal & Branch, 1988). These findings leave open

several alternative theoretical accounts of these effects, including
versions of conditioned reinforcement (Williams, 1991) and mark-
ing (Lieberman et al., 1979; Reed, 1999). However, the data are
more ambiguous for perceptual catalysis, this view would suggest
that a brief stimulus not filling the delay period would be less effec-
tive than a stimulus providing full temporal bridging, and it was not.
However, it could always be assumed that catalysis could occur in
memory as opposed to actually bridging a temporal gap.

The current results also are compatible with the signal serving a
discriminative function to give information about the fulfilment of
the schedule (Ferster, 1953). That is, the delay stimulus actually
serves as a discriminative stimulus to signal the operation of a second
component of the chain schedule. This may restrict the effect of any
fortuitously response (or no response) outcome pairings occurring at
the end of the delay period generalizing to the whole schedule (as
would be the case on a tandem schedulewhere the delay is not differ-
entially signaled) and stop them interfering with judgments of effec-
tiveness regarding the target response. The stimulus effectively
produces a chain RI RT schedule, with the components differentially
signaled, so that responses emitted fortuitously close to the outcome
in the delay (RT) period would not interfere with judgments about
responses in the RI element. That responses (or no responses) emit-
ted during the outcome delay period appeared to interfere with rat-
ings and perception of causality in the unsignaled delay condition,
but not in the signaled and briefly signaled conditions, supports
this latter discriminative view.

Experiment 3

Experiment 3 extended the investigation to explore whether a
stimulus presented during a delay period would facilitate judgments
and detection of causal relationships when it was presented follow-
ing responses to both successful (RI) and unsuccessful (Ext) compo-
nents (Lieberman et al., 1979; Rescorla, 1982; Williams, 1991).
Under these situations, as suggested by Rescorla (1982; see also
Williams, 1991), both marking and perceptual catalysis views still
predict that learning about the target response (in this case, those
made on the RI 10 s component) would be enhanced. If the stimulus
is not thought of as an outcome that can support ratings in its own
right (see Buehner, 2005, for such an argument), this view would
predict higher ratings for the RI 10 s with the stimulus compared
to in its absence. The conditioned reinforcement view suggests
that the impact of the stimulus may be reduced somewhat, as it is
not always followed by an outcome, but its partial association with
the outcome would still allow some elevation of ratings.

In contrast, the discriminative function view derived from Ferster
(1953) would predict that such a stimulus would not enhance ratings
or perceptions of causality. In situations where the stimulus occurs in
both components, it would not serve to signal the operation of the
outcome-delay period, which even brief stimuli can do effectively
(Neuringer & Chung, 1967), as it could come after responses to
the Ext component not followed by an outcome. As its association
with the termination of one component would be degraded, then
its discriminative function would be undermined. Thus, a tandem
RI FT schedule would be in operation, in which the impact of the
final component would generalize back across the entire schedule;
in contrast to where the outcome-delay period is reliably signaled,
producing a chain RI FT schedule and learning in the latter (delay)
portion would not generalize to the initial part of the schedule. If
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this were the case, then the stimulus would not impede the interfer-
ing effects responses made in closer temporal contiguity to the out-
come in the delay (RT) period, and judgments of the effectiveness
and accuracy of responses to the RI schedule would not be enhanced
relative to a no delay stimulus condition.

Method

Participants and Apparatus

A sample of 120 volunteers (56 male and 64 female), aged
between 18 and 31 years (M= 21.15+ 3.31), were recruited as
described in Experiment 1. In total, 165 individuals started the
experiment, but 45 did not complete, and their data were discarded.
The apparatus was as described in Experiment 1.

Procedure

The initial training procedure was as described for Experiment 2.
In the next phase, training was as described as in Experiment 2 for
the no delay, unsignaled delayed outcome, and briefly signaled
delayed outcome groups. For the “marking” group, the 6X stimulus
was presented following the response that satisfied the RI requirement,
as in the briefly signaled delay group, but it was also presented on an
RI i-s schedule in the Ext schedule. There was a 6X stimulus pre-
sented on every trial for the RI component, but it was also presented
once a trial in the Ext component. The data were analyzed as
described in Experiment 1, except that between-subject factors
were employed in mixed-model designs were appropriate.

Results and Discussion

Initial Training

Participants took a mean of 43.33 (+6.92) trials to reach criterion.
During the last two blocks of training prior to criterion, they emitted
a mean of 23.25 (+8.78) responses per min to the ultimately suc-
cessful (RI) color, and 21.89 (+8.48) responses per minute to the
unsuccessful (Ext) color. Response rates were not different across
the two circles as participants never knew which color would be asso-
ciated with the RI 10 s schedule on any given trial (the color associ-
ated with this schedule was random). They received a mean of 5.86
(+1.67) outcomes per min, with a mean probability of an outcome
given a response to the successful (RI) color of 0.28 (+0.13).
The mean judgment of causal effectiveness across all trials was
28.57 (+11.10), and the mean accuracy was 15.04 (+0.77) out
of 16. See the additional online materials at the OSF page for
mean response rate, outcome rate, outcome/response probability,
and the actual delay to outcome experienced in each condition
during the test trials.

Causal Ratings and Detection

The top panel of Figure 4 shows mean judgments of causal effec-
tiveness for the four groups averaged over all test trials. Higher rat-
ings were given by the immediate outcome group than for the briefly
signaled delayed outcome groups, and the unsignaled delayed out-
come, groups produced a low rating. The marking group also gave
a low rating of the causal effectiveness of a response. This is a similar
result to that noted for learning in rats reported by Williams (1991)
and suggests that there is no marking function for humans as there is

in nonhuman studies of delayed reinforcement (Lieberman et al.,
1979). A between-subject ANOVA corroborated these impressions,
revealing a significant effect of group, F(3, 116)= 33.41, p, .001,
ηp
2= .463, 95% CI [0.321, 0.556], p(H1/D)= .999. Tukey’s HSD

tests revealed a significant difference between the immediate and
each of the other groups, and between the briefly signaled and
both the marked and the unsignaled delay, all ps, .05. There was
no difference between the unsignaled and marked groups.

The bottom panel of Figure 4 shows the mean accuracy of detec-
tion scores for the conditions over the test trials (possible total= 16).
There was highest accuracy in the immediate group, followed by the
briefly signaled delay groups, and lowest in the marked and
unsignaled delay. A between-subject ANOVA revealed a significant
effect of group, F(3, 116)= 44.47, p, .001, ηp

2= .534, 95% CI
[0.401, 0.617], p(H1/D)= .999. Tukey’s HSD tests revealed a sig-
nificant difference between the immediate and each of the other
groups, and between the briefly signaled and both the marked and
the unsignaled delay, all ps, .05. There was no difference between
the unsignaled and marked groups.

Effect of Response–Outcome Contiguity

The percentage of choice-component responses that corresponded
to the previous sample-component in which the last response was
made before the outcome was necessarily 100% for the immediate
group. In the other three groups, this choice was greater for the
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Note. Top panel shows the mean judgment of causality ratings for the four
groups during test. Bottom panel shows the mean accuracy of detection
scores for the four groups over test. Error bars denote 95% confidence
limits. Immed= immediate outcome; unsig= unsignaled outcome delay;
brief= brief signal for outcome delay; marked= stimulus presented for
responses in both components.
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unsignaled (79.79+ 20.41), and marked (73.54+ 19.11), delayed
outcome groups compared to the brief-signaled delay group
(62.71+ 21.93). A between-subject ANOVA for all groups except
the immediate outcome group, revealed a significant effect of group,
F(2, 87) = 5.32, p = .007, ηp

2 = .109, 95% CI [0.004, 298],
p(H1/D)= .779. Tukey’s HSD tests revealed a significant difference
both the unsignaled, and marked outcome, delay groups and the
brief signaled outcome delay group, both ps, .05, but not between
the unsignaled and marked groups. For the immediate condition, 16/
16 trials had the last response prior to the outcome emitted in the RI
schedule. For the brief signaled group, the last response prior to the
outcomewas emitted on 7/16 RI trials, and this was 8/16 trials for the
unsignaled and marked groups. The rates of response during the
delay for the various components of the various conditions are
shown and analyzed in the additional online materials at the OSF
page and did not differ from one another (except for the immediate
RI component condition).
Taken together, these data corroborate those for Experiments 1

and 2 for the immediate, unsignaled delay, and brief signaled
delay groups. Both ratings of causal effectiveness, and the detection
of the causal relationship, were improved by a stimulus filling an out-
come delay, and a stimulus filling only the first part of an outcome
delay, as they were in Experiment 2 (see also Kuroda, 2012; Reed,
1992a, 1992b), and as it is for nonhuman instrumental conditioning
(Schaal & Branch, 1988). This was not the case for a stimulus fol-
lowing some responses on both RI and Ext schedules. Although
stimuli presented following correct and incorrect responses have
been found to facilitate learning in some simple conditioning situa-
tions with delayed reinforcement (Lieberman et al., 1979), it has
been shown that, in two-choice discrimination procedures, such
stimuli do not serve to improve learning (Williams, 1991).
That the stimulus following successful and unsuccessful

responses did not improve causal judgment or accuracy in the current
experiment is not compatible with a pure marking interpretation
(Lieberman et al., 1979), which would have predicted this effect.
Similarly, if the Xs served as another outcome (Buehner, 2005),
then causal judgments should have been high in both RI and Ext
components. The implications of this result for conditioned rein-
forcement views are less clear; that is, the stimuli did not elevate rat-
ings may be compatible with a conditioned reinforcement view, as
presentations after incorrect responses would have reduced the effec-
tiveness of the “Xs stimulus as a condition reinforcer. The results are
consistent with the discriminative function view” (Ferster, 1953;
Pliskoff et al., 1964), as the stimulus in the marking group could
not serve to signal the operation of a chain RI RT schedule, as its
association with the termination of one component would be
degraded. As a consequence, it could not impede the interfering
effects on judgments of responses made in closer temporal contigu-
ity to the outcome in the delay (RT) period.

Experiment 4

The final experiment in this series further examined the discrim-
inative role of a signal for a delay. This study explored whether a
stimulus presented to indicate when reinforcement is available for
collection by the next response would facilitate detection and judg-
ments of causality. Such a stimulus is presented on timing out of the
RI schedule, but prior to the successful response, and remains pre-
sent until the outcome delivery. This procedure has been termed a

“signaled reinforcement” procedure (Ferster & Skinner, 1957).
When such a stimulus is presented, it tends to lower rates of respond-
ing on VI schedules, but it makes responding more optimal with
regard to the interval controlling delivery of reinforcement
(McCoy et al., 1976; Tarpy et al., 1986). According to the marking
hypothesis, a stimulus that signals the availability of an outcome for
a response should serve to mark the response as effectively as a stim-
ulus occurring after the response (Lieberman et al., 1985). There is
evidence to suggest that this will occur in some circumstances with
humans (Grindle & Remington, 2005). If this is the case, then both
judgments and detection should be improved with signaled rein-
forcement procedures; however, that it has been found to reduce
response rates on VI schedules in instrumental conditioning may
suggest this will not be the case (Tarpy et al., 1986). In contrast, a
discriminative view of a delay stimulus suggests that a signaled rein-
forcement procedure may have differential effects on causal judg-
ments and causal detection. The stimulus would serve to reduce
the ratings of causal effectiveness, as it serves to reduce response
rates (McCoy et al., 1976). This reduction could be due either to
improved temporal discrimination of when to respond (Ferster &
Skinner, 1957), or overshadowing of the response–outcome relation-
ship by the stimulus–outcome association (see Schachtman &
Reilly, 1987; Tarpy et al., 1986). However, the stimulus in a signaled
reinforcement procedure could simultaneously improve detection of
causal accuracy, as it may demark the delay (RT) period from the
effective (RI) part of a schedule.

Method

Participants and Apparatus

A sample of 120 volunteers (44 male and 78 female), aged
between 18 and 32 years (M= 21.25+ 3.45) were recruited as
described in Experiment 1. In total, 183 individuals started the
experiment, but 63 did not complete, and their data were discarded.
The apparatus was as described in Experiment 1.

Procedure

The initial training procedure was as described for Experiment
1. The test phase was as described in Experiment 1 for the no
delay, unsignaled delayed outcome, and signaled delayed outcome
groups. For the final group (signaled reinforcement), when the RI
i-s schedule had timed out, and the next response to the RI compo-
nent circle would be reinforced, the row of 6Xs appeared on the
screen. The 6Xs remained present until a response had been made
to the RI component circle, when it disappeared, and the outcome
was delivered 3 s later. See Figure 5 for a schematic of the different
conditions. The following “accuracy” part of the trial was as
described for the other groups, with the triangle flash being delivered
if the circle associated with the preceding RI component was
responded to. The data were analyzed as described in Experiment
1, except that between-subject factors were employed in mixed-
model designs were appropriate.

Results and Discussion

Initial Training

Participants took a mean of 44.80 (+6.08) trials to reach criterion.
During the last two blocks of training prior to reaching criterion, they

CAUSAL PERCEPTION 219



emitted a mean of 19.98 (+6.66) responses per min to the ultimately
successful (RI) color, and 19.85 (+7.74) responses per minute to the
unsuccessful (Ext) color. Response rates were not different across
the two circles as participants never knew which color would be
associated with the RI 10 s schedule on any given trial (the color
associated with this schedule was random). They received a mean
of 5.31 (+1.56) outcomes per min, with a mean probability of an
outcome given a response to the successful color of 0.29 (+0.11),
with a probability of 0.14 (+0.06) overall. The mean judgment of
causal effectiveness across all test trials was 33.57 (+11.22), and
the mean accuracy in the choice phase was 14.99 (+0.83) out of
16. The mean rates of response per min, outcomes per min, probabil-
ity of an outcome given a response for each component, and the
actual delay to outcome experienced in each condition during the
test trials are given in the additional online materials at the OSF page.

Causal Ratings and Detection

The top panel of Figure 6 shows mean judgments of causal effec-
tiveness for the four groups averaged over all test trials for the target
trial type. There were higher ratings made by the immediate outcome
and signaled delayed outcome groups compared to the other two
groups. A between-subject ANOVA revealed a significant effect of
group, F(3, 116)= 11.15, p, .001, ηp

2= .223, 95% CI [0.090,
0.332], p(H1/D)= .984. Tukey’s HSD tests revealed a significant
difference between both the immediate and the signaled delay and
each of the other two groups, all ps, .05. There were no other pair-
wise differences. These data replicate the previous findings using the
current procedure for unsignaled and signaled outcome delays (see
also Greville & Buehner, 2010; Young & Falmier, 2008). They
also extend the functional equivalence between instrumental condi-
tioning and human causality judgment results, by showing that a

signaled reinforcement (i.e., presenting a stimulus when reinforce-
ment becomes available to collect) procedure reduces the ratings
of causal effectiveness relative to an immediate outcome, just as it
reduces response rates (McCoy et al., 1976; Tarpy et al., 1986).
This reduction may reflect improved temporal discrimination of
responding (Ferster & Skinner, 1957), or overshadowing of the
response–outcome relationship by the stimulus–outcome associa-
tion (Schachtman & Reilly, 1987; Tarpy et al., 1986).

The bottom panel of Figure 6 shows the mean accuracy of detec-
tion scores for the conditions over the test trials (possible total= 16).
Inspection of these data shows highest accuracy in the immediate
group, followed by the signaled delay and signaled reinforcement
groups, and lowest in the unsignaled delay group. A between-subject
ANOVA revealed a significant effect of group, F(3, 116)= 24.19,
p, .001, ηp

2= .384, 95% CI [0.237, 0.485], p(H1/D)= .999.
Tukey’s HSD tests revealed a significant difference between the
immediate and each of the other groups, and between both the sig-
naled delay and signaled reinforcement groups and the unsignaled
delay group, all ps, .05. There was no difference between the sig-
naled delay and signaled reinforcement groups. In contrast to the
effect of a signaled reinforcement on ratings of causal effectiveness,
this procedure improved detection of causal relationships relative to
an unsignaled delay. That the signaled reinforcement procedure
improved detection of causal accuracy can be explained by the dis-
criminative view (Ferster, 1953), as the stimulus would demark the
delay (RT) period from the effective (RI) part of a schedule.

Figure 6
Experiment 4 Results
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Note. Top panel shows the mean judgment of causality ratings for the
four groups during test. Bottom panel shows the mean accuracy of detection
scores for the four groups over test. Immed= immediate outcome; unsig=
unsignaled outcome delay; sig delay= signal for outcome delay; sig rein=
stimulus presented when response will produce an outcome and remained
on during delay= 95% confidence limits.

Figure 5
Schematic Representation of Experiment 4
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Note. Schematic of the response–signal–outcome relationship in the four
groups. No delay= no response–outcome delay. Unsignaled delay= 3 s
delay from response to outcome. Signaled delay= 3 s delay to outcome
filled by row of 6Xs. Signaled reinforcement= row of 6Xs signals when
the next response can produce an outcome, which is delayed by 3 s from
the response. Sig= signalled.
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Effect of Response–Outcome Contiguity

Percentage choices corresponding to the sample component in
which last response was made were 100% for the immediate
group. In the other three groups, this choice was greater for the
unsignaled group (79.79+ 8.94), than for the signaled delay
(60.21+ 12.33) and the signaled reinforcement (60.42+ 14.61)
groups. A between-subject ANOVA for all groups except the imme-
diate outcome group, revealed a significant effect of group, F(2,
87)= 25.53, p, .001, ηp

2= .370, 95% CI [0.123, 0.592], p(H1/
D)= .999. Tukey’s HSD tests revealed a significant difference
between the unsignaled group and both the signaled delay and sig-
naled reinforcement groups, both ps, .05, but not between the sig-
naled delay and signaled reinforcement groups. For the immediate
condition, 16/16 trials had the last response prior to the outcome
emitted in the RI schedule. For the signaled delay group, the last
response prior to the outcome was emitted on 7/16 RI trials, and
this was 8/16 trials for the unsignaled delay and signaled reinforce-
ment groups. The rates of response during the delay for the various
components of the various conditions are shown and analyzed in the
additional online materials at the OSF page and did not differ from
one another (except for the immediate RI component condition).
This signaled reinforcement procedure lowered judgments of cau-

sality (see McCoy et al., 1976; Tarpy et al., 1986, for similar effects
on response rates in instrumental conditioning), but improved detec-
tion of the causal relationship. These results taken together would
not be predicted by the marking hypothesis, which suggests such
a cue should mark the response as effective and improve both ratings
and detection of causality (Grindle & Remington, 2005; Lieberman
et al., 1985). In contrast, the discriminative view of a delay stimulus
(Ferster, 1953) implies that the signal for reinforcement would
improve detection of causal accuracy, as it would demark the
delay period from the effective part of a schedule, and prevent inter-
ference from delay responses. This is consistent with the present
results obtained from a comparison of the choice responses based
on the last response made. It should be noted that the dissociation
in performance between the judgment and accuracy aspects of the
tasks may imply that these two responses are tapping into different
processes. It may be that the rating measure is assessing causal judg-
ment about the relation between response and outcomes, but the
“accuracy” measure is assessing learning of the biconditional stim-
ulus–stimulus rules. If this were the case, then it may not be so sur-
prising that the signaled reinforcement condition would have
different effects on the two outcome measures. However, the data
from the contingency analysis do suggest that what is most important
is the degree to which responses are contiguous to an outcome, and
the degree to which the impact of this contiguity is restricted to one
particular stimulus. At the very least, this implies some contribution
of the response–outcome association to both of these measures.

General Discussion

The current series of experiments explored the effect of signals
presented during outcome delays on human ratings and detection
of causal relationships, using a novel paradigm for this sort of
task. Participants responding on a conc RI Ext schedule for a triangle
flash in a sample component, then matched responses in a subse-
quent choice component to those causing the flash in the previous
sample component. Immediate outcomes were associated with

higher causal ratings and better causal detection than outcomes
delayed by 3 s (Experiments 1 and 2; Michotte, 1946; Reed,
1992a, 1992b; van Elk et al., 2014; Young & Nguyen, 2009). In
Experiments 1, 2, and 4, the presentation of a stimulus filling the out-
come delay period alleviated these deficits (Greville & Buehner,
2010; Reed, 1999; Young & Falmier, 2008). A signal during the
delay improved ratings and detection even when it was contiguous
with the response but not the reinforcement (Experiments 2 and 3;
Lieberman et al., 1979; Reed, 1992a, 1992b; Schaal & Branch,
1988). However, stimuli associated with both components (marking
cues) did not impact judgments or detection (Experiment 3), as has
been found in studies of two-choice discrimination in rats (Williams,
1991). Stimuli signaling the availability of an outcome if a response
were made (signaled reinforcement) did not improve causal
judgments (cf., McCoy et al., 1976; Tarpy et al., 1986), but they
did improve detection of stimuli associated with the outcome
(Experiment 4).

Many of the aspects of these results mirror those noted in studies
on nonhuman instrumental conditioning and extend the suggestion
that similar processes may control both instrumental learning and
human judgments of causal effectiveness (Allan, 1993; Dickinson
& Balleine, 2000). The novel empirical extension was to causal-
detection paradigms, previously used to show that reinforcement
delays impact nonhumans ability to detect response–reinforcer con-
tingencies (Killeen, 1978; Kuroda, 2012; Lattal, 1975). The current
results also provide some insight into which mechanisms may oper-
ate when the delay period is signaled.

Conditioned reinforcement is traditionally the account of the func-
tion of a stimulus signaling a delay (Royalty et al., 1987; Williams,
1991). Many aspects of the results reported here, such as the action
of a stimulus signaling the entire outcome delay period, are compat-
ible with such a view (see Experiments 1, 2, and 4). However, there
are some aspects of these current data which are harder for this view
to accommodate. For example, the briefly signaled outcome delays
which facilitated judgments and casual detection (Experiments 2
and 3), were not contiguous with the outcome, which would reduce
the conditioned reinforcing strength of the stimulus. Of course, a
stimulus does not need to be contiguous with a reinforcer to acquire
conditioned reinforcing properties, but can acquire such properties
by signaling its relative imminent arrival (Fantino, 1977). The disso-
ciation between causal judgment and causal detection in Experiment
4 also could be difficult for a straightforward version of conditioned
reinforcement to accommodate, if it is assumed that its impact on one
aspect of behavior should be the same as its impact on other aspects.
Of course, causal judgment and causal detection may be based on
different processes, and conditioned reinforcement may impact
one to a greater extent than the other.

The “marking hypothesis” (Lieberman et al., 1979, 1985) could
explain the facilitating action on causal judgment and detection of
the brief stimuli in the current Experiments 2 and 3, as well as the
action of the stimulus presented contiguously with a response initi-
ating the delay but not with the outcome. This would be analogous to
the explanations offered in instrumental responding (Schaal &
Branch, 1988), and nonhuman causal detection (Kuroda, 2012).
However, this effect only occurred when the brief stimulus was asso-
ciated with the successful outcome (Experiments 2 and 3), and not
when it followed both, and only under these situations can a marking
or perceptual catalysis view be accepted over a conditioned reinforc-
ing view of the action of the delay stimulus (Rescorla, 1982). These
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data also correspond to those reported for nonhuman conditioning in
a two-choice discrimination procedures, where Williams (1991)
noted that presentations of a stimulus following only correct choices
facilitated a discrimination by rats (see also Reed, 1996), and there
was little effect of stimulus duration relative to the delay period
(see also Kuroda, 2012). It may also be noted that marking effects
have proved elusive in other human procedures (Grindle &
Remington, 2005; Reed, 1998).
Perceptual catalysis (Rescorla, 1982; Young & Nguyen, 2009)

has some difficulty with results from the current experiments.
According to this view, it would be expected that, when the delay
is completely filled, the target and outcome should be linked
together perceptually. A stimulus only filling part of the delay
would not be as effective in producing this bridging. However, the
delay period did not need to be filled for the stimulus to be effective
(Experiments 2 and 3), which suggests more than a perceptual bridg-
ing effect is operating (Lieberman et al., 1985; Schaal & Branch,
1988; Williams, 1991). Of course, it may be that the bridging occurs
in memory, and, so long as the representation of the response and the
outcome occur together, then they may be processed as jointly
occurring. However, if memory processes are invoked the effect is
not perceptual but memorial, and is functionally identical to marking
(Lieberman et al., 1985). Moreover, perceptual catalysis has been
challenged also by a number of previous findings. For example,
Williams (1991) noted that presentations of a stimulus following
only correct choices (not both correct and incorrect) facilitated a dis-
crimination by rats, and there was little effect of the tone’s duration
relative to the delay period (see also Kuroda, 2012).
Thus, while the empirical similarities between instrumental con-

ditioning with delayed reinforcement, and human judgments of
causal effectiveness with delayed outcomes are clear, the mecha-
nisms often suggested for instrumental conditioning do not easily
accommodate the effects noted. However, this may not mean that
the two systems are driven by different mechanisms, rather just
that the often posited mechanisms of conditioned reinforcement,
marking, and perceptual catalysis, are not ubiquitous. In fact, such
views do not accommodate all effects seen in instrumental condi-
tioning with signaled delays (Dinsmoor, 1983; Fantino, 1977;
Williams, 1991). That facilitating effects of delay signals are not
always reducible to these mechanisms may be important in the con-
text of human judgments of causality (Buehner &May, 2003; Young,
1995). Pavlov (1927) highlighted the potential importance of a “sec-
ond signaling system” for humans, especially, and Keller and
Schoenfeld (1950; Pliskoff et al., 1964; Wyckoff, 1952) suggested
that “conditioned reinforcement” is dependent on the discriminative
function of a stimulus, a concept of importance as “informational”
cues are of prime significance to the judgment and detection of causal
relationships (Buehner & May, 2003; Young, 1995).
A discriminative function of a delay stimulus was highlighted by

Ferster (1953). This account suggests that a delay stimulus serves to
signal the operation of different components of the contingency, and
acts as an occasion setter for responses in either element of the
schedule. Behavior other than the target can become associated
with the outcome, and its reinforcement can interfere with response
rates (Sizemore & Lattal, 1978), or produce uncertainty or shifts in
attributions regarding the cause of an outcome (Buehner, 2005). It
may be that the discriminative or informational functions of a
delay stimulus are critical in human ratings of causal effectiveness
(Buehner & May, 2003; Young, 1995).

In support of this view, the current experiments noted that
responses made during delay outcomes interfered with detection
of the actual relationship with unsignaled delays (Experiments 1–4).
However, this was not the case with fully or briefly signaled delays
(Experiments 2–4), or with signaled reinforcement (Experiment 4).
These results suggest a delay stimulus serves to signal the response
has been successful, and demark the delay period by serving a dis-
criminative function. In Experiment 3, a marking stimulus did not
serve to signal the operation of a chain RI RT schedule, as its asso-
ciation with the termination of one component would be degraded.
As a consequence, it could not impede the interfering effects on
judgments of responses made in closer temporal contiguity to the
outcome in the delay (RT) period. That a stimulus serving as a rein-
forcement signal (Experiment 4) served to reduce the impact of inter-
fering delay responses and elevate causal detection, while
simultaneously reducing causal ratings (see Tarpy et al., 1986), dem-
onstrates the separability of the facilitating and discriminative func-
tion of delay cues. These findings mirror those seen in nonhuman
conditioning, and they are consistent with the discriminative func-
tion view (Ferster, 1953; Pliskoff et al., 1964).

Beyond considerations regarding the mechanisms of stimuli sig-
naling an outcome delay in human causal judgment procedures, the
current results may suggest that the discriminative function view
(Dinsmoor, 1983; Ferster, 1953) may provide a workable hypothesis
to explain conditioned reinforcement effects for humans. Although
this view has been challenged for nonhumans, the current results sug-
gest that a stimulus, which is not the target outcome, only appears to
gain control over human behavior when it also serves a discriminative
function. Such a view has been suggested in other forms in the con-
text of human causal judgments (Buehner & May, 2003; Young,
1995), and this hypothesis may well be worth future investigation
to see its generality across other human learning paradigms.

It is alsoworth noting that participants did not differentiate between
the components of the first part of the trial in terms of their overall
response rates. That is, in all experiments, reported here, response
rates to the RI 10 s and Ext component were highly similar to one
another. This was because the participants did not know, on any
given trial, which colored stimulus would be associated with the RI
10 s schedule. It could be argued that, in some studies involving
the delay stimulus, the participants were processing the task in
terms of the relationships between the sample and delay stimulus peri-
ods. For instance, they could have learned the rules: “if the ‘Xs appear
in orange,’ then choose red; but, if they appear in in blue, choose
green. This would suggest that the choices, and ratings, depended
not on the responses per se, but to the stimuli and their relationships.”

In summary, the current findings extend the range of procedures
under which human causal judgments and instrumental responding
are influenced by similar factors to one another. They highlight that
delay signals may serve a greater variety of functions than condi-
tioned reinforcement and suggest that, in human causal judgments,
one such function may be discriminative. This may begin to allow
a mechanism to be added to the oft suggested view that information,
often verbal, is critical in altering human judgments of causality. The
current set of studies also developed a procedure in which two
aspects of the judgment task—both “causal ratings” and “accu-
racy”—can be assessed. How these two measures might covary
and/or whether they reflect distinct processes from one another is
an issue that can be studies in future research and may help to illu-
minate the process underlying human causal judgments more fully.
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