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Contingency judgements on the fly

Matthew J. C. Crump, Samuel D. Hannah, Lorraine G. Allan, and Lauren K. Hord

McMaster University, Hamilton, Ontario, Canada

The present research was conducted to establish the validity of a novel procedure for measuring
human contingency judgements aimed at shortening the length of conventional procedures. Cues
and outcomes were simple geometric shapes that were presented in a rapid streaming fashion, redu-
cing the length of a block of trials from several minutes to a few seconds. We establish the reliability of
the procedure by replicating two central findings in the contingency judgement literature, and we
elaborate on the importance of this method for future research.

The ability to detect and interpret contingencies
between events in the environment may be one
of the most fundamental processes underlying
human cognition and animal learning. Detection
of contingencies between events is assumed to
mediate the hallmark ability of humans and
animals to predict and control events in the
environment and, more specifically, is assumed to
mediate learning (Gallistel, 2002; Rescorla &
Wagner, 1972), categorization and concept for-
mation (Gluck & Bower, 1988), acquisition of
causal structure (De Houwer & Beckers, 2002),
and decision making (Mandel & Lehman, 1998).
Not surprisingly, research into the processes med-
iating sensitivity to contingency has continued to
be a topic of considerable interest for psychologists
(for reviews see Allan, 1993; De Houwer &

Beckers, 2002). Given the necessity of processing
contingent information across a wide range of
domains, it is important to understand the pro-
cesses contributing to the detection and interpret-
ation of contingent information and the general
constraints  surrounding their detection and
interpretation. Several methods have been pre-
viously employed to assess people’s knowledge of
contingency. We discuss some of the limitations
of these techniques and report a novel procedure
for measuring knowledge of contingency that is
aimed at overcoming previous limitations.

An overview of contingency judgement tasks

Contingency judgement tasks typically involve
rating the strength of relationship between
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binary variables that have been paired over several
trials. In general, participants are exposed to a
series of trials in which a cue is either presented
(C) or not presented (~C), and an outcome
either occurs (O) or does not occur (~Q). As a
result, there are four possible cue—outcome pair-
ings that can be presented with varying frequencies
to manipulate the cue—outcome relationship.
Table 1 displays a 2 x 2 contingency table repre-
senting the four different cue—outcome pairings.
The letters inside each cell (A, B, C, D) denote
the frequency of occurrence of each cue—outcome
pair presented over trials. Conventionally, the con-
tingency between the cue—outcome pairs over

trials is defined by the AP rule (see Allan, 1980):
AP = P(O|C) — P(O] ~ C)
A o
A+B C+D

The most common variant of the contingency
judgement task is the discrete-trials procedure
(e.g., Allan & Jenkins, 1983; Dickinson, Shanks,
& Evenden, 1984; Shanks, 1985, 1986). Here,
each trial consists of one presentation of a cue
event (C or ~C), followed by an outcome event
(O or ~O). For example, the cue could be a ferti-
liser that is present or absent, and the outcome
could be plant growth that occurs or does not
occur. At the end of a series of trials participants
are asked to rate the strength of relationship
between the cue and outcome. Discrete-trial pro-
cedures can involve passive instructions, where
participants merely observe cue—outcome events
over trials, or active (operant) instructions, where
participants either initiate a response or do not

Table 1.4 2 x 2 matrix for cue—outcome pairings in a contingency
task

(0] ~0
C A B
~C C D

Note: The letters in each cell (A, B, C, D) represent the joint
frequency of occurrence of the four cue—outcome combi-
nations. C: a cue is presented. ~C: a cue is not presented.
O: an outcome occurs. ~QO: an outcome does not occur.

initiate a response, and then an outcome occurs
or does not occur. It is also common for partici-
pants to make predictions about the likelihood of
the outcome after the presentation of a cue event
on each trial. Finally, at the end of a block of
trials the participant is asked to make a judgement
about the strength of relationship between the cue
and the outcome, usually in the form of a single
point estimate (e.g., between — 100 and + 100).

Another common contingency judgement task
is the free-operant procedure (e.g., Wasserman,
Chatlosh, & Neunaber, 1983). In this case, cue—
outcome events are not presented in a discrete,
predefined trial-by-trial structure. Instead, partici-
pants are free to respond at any time during the
experimental interval, and the presentation of an
outcome is determined by sampling whether a
response was made inside a moving temporal
window (e.g., 1s). Last, although less common,
contingency judgement tasks have also presented
contingency information to participants in

summary format (e.g., Kao & Wasserman, 1993).

Summary of central findings

Importantly, central findings in the contingency
judgement literature are generally consistent
across tasks. For example, one central finding is
that ratings of contingency correlate highly with
the programmed (nominal) AP values used to
describe the cue—outcome pairings. At the same
time, there are also conditions under which con-
tingency ratings display systematic departures
from AP values. For example, it is well known
that contingency ratings vary as a function of
outcome density (Allan & Jenkins, 1983; Alloy
& Abramson, 1979). Specifically, regardless of
the actual contingency between a cue and an
outcome, ratings of contingency tend to be lower
when few outcomes are presented (i.c., low
outcome density) and higher when many out-
comes are presented (i.e., high outcome density).

The outcome density effect could reveal import-
ant constraints about how humans learn about
contingencies between events. For example, Alloy
and Abramson (1979), in an active version of the
discrete-trials task, demonstrated that outcome
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density effects were absent for depressed partici-
pants. They suggested that mood could mediate
sensitivity to contingencies and that depressed
individuals may be “sadder but wiser”. On the
other hand, Allan, Siegel, and Tangen (2005)
recast contingency judgements in terms of signal
detection theory (Green & Swets, 1966) and
demonstrated that, at least in the passive contin-
gency task, participants’ sensitivity measure (')
to the contingency did not vary with outcome
density, but their bias to report a signal did vary
with outcome density (see also Perales, Catena,
Gonzalez, & Shanks, 2005). This raises the possi-
bility that outcome density effects, and Alloy and
Abramson’s depressive realism effect, reflect a
response bias on behalf of the participant. If so,
this would still leave much unknown about the
processes guiding this response bias. We further
explore this issue in the present research and elab-
orate on its importance in the General Discussion.

Overcoming limitations of conventional

methodology

The length of conventional procedures has placed
several constraints on research into contingency
judgements. Typically, ratings are given at the
end of a block of several trials, which may last any-
where between 5 and 20 minutes. As a result,
researchers are faced with investing an inordinate
amount of time to collect relatively few estimates
of performance across different conditions. For
example, it is often necessary to run large
numbers of participants in order to ensure that
ratings are statistically reliable. Furthermore,
because each participant contributes a small
number of ratings over the course of an entire
experiment, researchers are often forced to
conduct less powerful between-subject designs.
Indeed, there would be little advantage to
running multiple session, within-subject designs,
as participants would need to spend an unreason-
able number of hours in the laboratory in order
for researchers to obtain reliable, within-subject
estimates of performance.

The primary purpose of the present paper is to
describe a novel contingency judgement procedure

CONTINGENCY JUDGEMENTS ON THE FLY

constructed to avoid previous limitations due to
task length. We reduced the length of a block of
trials from several minutes to a few seconds using
a streaming method involving the rapid sequential
presentation of cue—outcome pairs, telescoping an
entire block of trials into a single (streamed) trial.
A presentation stream is depicted schematically in
Figure 1.

The cue and the outcome are coloured geo-
metric forms (a blue square as the cue and a red
circle as the outcome) presented on a grey frame
in the centre of a black monitor screen. Each
100-ms presentation consists of one of the four
cue—outcome combinations (see inset), and pre-
sentations are separated by a 100-ms black screen.

The streaming procedure affords several advan-
tages over previous procedures, and we elaborate
on how the procedure may open interesting
avenues for future research in the General
Discussion. At the same time, it was important
to establish the validity of the streaming-trial tech-
nique. To this end, we replicated two of the central
findings in the contingency judgement literature
using our streamed-trials technique. First, we
establish that participant’s ratings of contingency
correlated  highly with the programmed
(nominal) AP values used to describe the cue—
outcome pairings for each presentation stream.
Second, we investigated whether participant’s
rating of contingency would be influenced by an

\/‘IOOms

Figure 1. Left: a schematic illustrating the structure of a stream.
Right: the four frames used in each. Squares are cues (C) and
were presented in blue. Circles are outcomes (O) and were
presented in red.
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outcome density manipulation. In addition, we
further probed the streamed-trials technique by
including a frequency estimate judgement (see
Wasserman & Shaklee, 1984). Specifically, after
viewing each stream, either participants were
asked for a contingency rating, or participants
were asked to estimate the frequency of occurrence
for each of the cue—outcome events (A, B, C, D)
presented during the stream. Importantly, we were
able to address these issues by manipulating two
levels of contingency (noncontingent: AP = 0, vs.
contingent: AP = .467), two levels of outcome
density (high vs. low), and two levels of judgement
type (contingency rating vs. frequency rating)
using a completely within-participants design.

Method

Participants
Participants were 37 students from undergraduate
psychology classes at McMaster University who

were given course credit for participation.

Apparatus and stimuli

The experiment was controlled by Apple Emac
computers with 17 CRT displays running custo-
mized METACARD software. Participants sat at
a viewing distance of approximately 60 cm from
the computer screen. During each trial, partici-
pants viewed a stream of 60 cue—outcome pairs.
Each cue—outcome pair was presented in a frame
(6.4 cm in height x 5 cm in width), displayed in
the centre of the screen in grey against a black
background. There were four possible cue—
outcome pairs, and examples of each of these
pairs (e.g., A, B, C, D) are depicted in Figure 1.
When the cue was presented it was centred at
the bottom of the frame. The cue was always a
blue square (1.6 cm in height and width). When
the outcome was presented it was centred at the
top of the frame. The outcome was always a red
circle (1.6 cm in diameter).

Design and procedure

We employed a 2 x 2 x 2 within-subjects design
involving contingency (noncontingent: AP = 0, vs.
contingent: AP = .467), outcome density (high

vs. low), and judgement type (contingency rating

vs. frequency estimate). The outcome probability
for the noncontingent streams was .2 for the low
outcome density condition and .8 for the high
outcome density condition. The outcome prob-
ability for the contingent streams was .33 for the
low outcome density condition and .67 for
the high outcome density condition. The con-
tingency and outcome density conditions were
manipulated in four separate blocks, order
counterbalanced across participants. Within each
block we presented 20 trials, each consisting of a
stream of 60 frames of cue—outcome pairs. Each
stream was randomly generated from one of the
four 2 x 2 contingency matrices (previously
employed by Allan et al., 2005) displayed in Figure 2.

Each stream involved the rapid serial visual
presentation of 60 frames depicting one of the
four possible cue—outcome events. Each frame
was displayed for 100 ms, and the stimulus-onset
asynchrony (SOA) between frames was 100 ms.
In total, each stream lasted approximately
12 s. The screen remained black during the inter-
frame interval.

Following each stream participants made one of
two judgements. Participants were not told in

Low High

AP=0 (o] ~0 AP=0 0 ~0

Cc 6 24 Cc 24 6

~C | 6 24 ~C | 24 | 6
AP AP=
=467 | O | ~O wr | 9| O

Cc 17 13 C 27 3

~C 3 27 ~C 13 17

Figure 2. The top two matrices outline the frequency of the four
cue—outcome  pairings in a (left) low outcome density
noncontingent stream, AP = 0, P(0O) = .2, and a (right) high
outcome density noncontingent stream, AP = 0, P(O) = .8. The
bottom two matrices define a (left) low outcome density
contingent stream, AP = 467, P(O) = .33, and (right) high
outcome density contingent stream, AP = 467, P(O) = .67.
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advance of watching each stream which judgement
would be required. Instead, during each block of
20 streaming trials, participants randomly com-
pleted 10 contingency rating judgements and 10
frequency estimate judgements. Contingency
ratings were assessed using a continuous scroll-
bar that participants could vary between a
maximum negative value (—100) and a maximum
positive value (4+100). Frequency estimates were
assessed by presenting participants with four
pictures depicting each of the four possible
cue—outcome events. An empty field was placed
beside each picture, and participants were
instructed to give an estimate of the frequency of
occurrence for each cell presented in the previous
stream (see Figure 3).

After each judgement participants were
required to click a button on the computer
monitor to initiate the next trial stream.

To summarize, every participant provided data
for each of the four experimental conditions
defined by two contingency values and two
outcome density values, with order counterbalanced.
For each condition, there were 20 streamed trials,
each consisting of 60 presentations of cue—
outcome pairs. On half the trials, a contingency
rating was required, and on half the trials a frequency
estimate was required, with order randomized.

Figure 3. Depicts the display shown to participants for frequency
estimate judgements. Each cue—outcome pair is shown beside an
empty text field where participants could input their estimated
Sfrequency of occurrence for each cell. The displays presented to
participants were coloured, with squares displayed in blue and
circles displayed in red.

CONTINGENCY JUDGEMENTS ON THE FLY

At the beginning of the experiment instructions
appeared on the computer monitor. Participants
were told that they would be watching streams of
flashing squares and circles. Following each
stream a test screen would appear, probing their
knowledge of the stream in one of two ways.
First, participants were instructed that the contin-
gency rating should reflect their assessment of the
strength of association between the square and the
circle. It was further described that a positive
rating should be given when the stream contained
several trials in which the square was simul-
taneously presented with the circle (cue/
outcome), as well as several trials in which no
square or circle was presented (no cue/no
outcome). Furthermore, it was explained that
negative ratings should be given for sequences
that contained several trials in which the square
was presented without the circle (cue/no
outcome) or vice versa (no cue/outcome).
Finally, participants were instructed that a contin-
gency rating of 0 would be appropriate if neither of
the previous patterns was observed in the
sequence. Second, in the case of frequency esti-
mates, participants were shown an example
screen displaying how frequency estimates for
each cue—outcome pair were to be recorded and
were further instructed that a frequency estimate
should be given for each possible cue—outcome
pair presented in a stream. Furthermore, during
the instruction phase, example streams were
shown to each participant. Specifically, each parti-
cipant was shown one noncontingent stream and
one contingent stream, labelled “zero contingency”
and “positive contingency”, with example stream
order counterbalanced across participants.

Results

Contingency ratings
Each participant provided 10 contingency ratings
under each of the four experimental conditions.
The mean contingency rating, collapsed across
participants, is displayed in Figure 4 for each of
the four conditions.

For the noncontingent streams, mean ratings

were —29.9 and 5.6 in the low and high
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30 -
——AP=0

—8—AP=.467
20 A

10 A

_10 m

-20 4

_30 -

-40 - 2 .33 .67 .8
Probability of Outcome

Figure 4. Mean contingency ratings (with standard error) as a
Sfunction of AP (0 wvs. .467) and outcome density.

outcome density conditions, respectively. For the
contingent streams, mean ratings were 4.7 and
18.8 in the low and high outcome density con-
ditions, respectively. These data were submitted
to a 2 x 2 within-participants analysis of variance
(ANOVA) with contingency (noncontingent vs.
contingent), and outcome density (high vs. low)
as factors. The main effect of contingency was sig-
nificant, F(1, 36) = 47.84, MSE = 443.59, p <
.001. Ratings were higher for contingent streams
(11.8) than noncontingent streams (—12.2). The
main effect of outcome density was significant,
F(1, 36) = 52.76, MSE = 429.89, p < .001.
Ratings were higher for high outcome density
streams (12.2) than low outcome density streams
(=12.6). There was also a significant
Contingency x Outcome Density interaction,
F(1, 36) = 15.73, p < .001. The difference

30 q
——AP=0
——AP=.467
20 A
10 A i\i
0
-20 4
-30 A
-40 - 2 33 .67 8

Probability of Qutcome

Figure 5. Mean transformed AP scores derived from participant’s
Jfrequency estimates (with standard error) as a _function of AP (0
vs. .467) and outcome density.

in the ratings between the high and low outcome
density conditions was larger for noncontingent
streams (35.5) than contingent streams (14.05).1

Frequency estimates

The frequency estimates from each participant
were collapsed across each cell in the design and
were transformed into AP values using the AP
rule (Equation 1), and the mean transformed AP
scores (x100) are displayed in Figure 5.

For the noncontingent streams, mean trans-
formed AP scores were —12.4 and —9.0 in the
low and high outcome density conditions, respect-
ively. For the contingent streams, mean
transformed AP score were 11.3 and 7.9 in the
low and high outcome density conditions, respect-
ively. These data were submitted to 2 x 2 within-
participants ~ ANOVA  with  contingency

s important to note that the interaction between outcome density and contingency cannot be interpreted due to an exper-
imental confound between outcome density and contingency. The confound owed to the fact that the probability of an outcome was
lower in the low outcome density, noncontingent condition (.2) than in the corresponding contingent condition (.33); similarly, the
probability of an outcome was higher in the high outcome density, noncontingent condition (.8) than in the corresponding contin-
gent condition (.67). The 2 x 2 contingency matrices containing this experimental confound were previously employed by Allan et al.

(2005) and were employed in the current research to ensure that the streamed-trials procedure was as similar as possible to previous

research.
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(noncontingent vs. contingent) and outcome
density (high vs. low) as factors. The main effect
of contingency was significant, F(1, 36) = 46.8,
MSE = 326.07, p < .001. The transformed AP
scores were higher for contingent streams (9.61)
than noncontingent streams ( — 10.7). The main
effect of outcome density was not significant,
F1, 36) < 1, MSE = 169.9. Also, the
Contingency x Outcome Density interaction
was not significant, F(1, 36) = 3.18, MSE =
133.8, p = .08.

Discussion

The purpose of the present experiment was to
evaluate a novel streamed-trial method for
measuring contingency judgements. The results
are remarkably clear, replicating two central find-
ings in the contingency judgement literature.
First, participant’s contingency ratings tracked
the actual contingency between cue—outcome
events presented during each stream. Second, par-
ticipant’s contingency ratings were influenced by
outcome density. We argue that these findings
adequately establish the streaming procedure as a
viable method for measuring knowledge of
contingency.

The frequency estimate manipulation also
revealed a noteworthy finding. The transformed
AP values derived from the frequency estimates
demonstrated sensitivity to the contingency
manipulation, but were not biased by the
outcome density manipulation. This result is inter-
esting for several reasons. First, we have estab-
lished that the streaming-trials procedure can be
probed with at least two dependent measures.
Second, the frequency estimates provide conver-
ging evidence for Allan et al.’s (2005) claim that
outcome density effects in ratings reflect a response
bias and do not reflect participant’s actual sensi-
tivity to the contingency structure learned for
each sequence. If the outcome density effect
reflected changes in sensitivity due to differing
levels of outcome density, then the straightforward
expectation should be that other measures sensi-
tive to contingency should also reveal an
outcome density effect. Instead, it appears that

CONTINGENCY JUDGEMENTS ON THE FLY

response biases may be introduced by the nature
of the judgement question used to probe partici-
pants knowledge of the contingency structure.
Given this result, it is interesting to speculate
on the possibility that outcome density effects
belong to the larger class of statistical reasoning
cognitive illusions. For example, research into stat-
istical reasoning abilities (Kahneman & Tversky,
1996) has demonstrated that systematic biases in
statistical estimates can arise from the format in
which information is presented or tested.
Consider the following Bayesian inference task
that requires participants to estimate the likeli-
hood that a woman has breast cancer given that
her mammogram tested positive. Participants pre-
sented with the relevant base rate information in
single-event probability format demonstrated a
base-rate neglect effect and systematically overesti-
mated the probability of having breast cancer. On
the other hand, participants presented with the
relevant base rate information in frequency
format appeared to integrate base-rate knowledge
into their judgements and were more accurate in
their estimates of the number of women that
would test positive (Gigerenzer & Hoffrage,
1995). Along these lines, an interesting avenue
for future research would be to investigate the
extent to which outcome density effects reflect a
similar cognitive illusion mediated by the format
in which contingency judgements are obtained.

Implications for future research

Research into human contingency judgements has
generated an invaluable set of empirical findings
and has spurred several major theoretical develop-
ments. Most notably, the contingency judgement
literature has offered productive grounds for under-
standing the relationship between processes guiding
animal and human learning. For example, a major
line of inquiry has been to establish the extent to
which human contingency judgements can be
understood in terms of associative learning models
(e.g., R-W model; Rescorla & Wagner, 1972) con-
ventionally used to explain animal behaviour in
conditioning contexts. In a more recent theoretical
development, Allan et al. (2005), suggested that the

processes underlying contingency judgements in
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humans can be described in terms of signal detec-
tion theory (SDT). Allan et al. further argued
that their signal detection analyses of contingency
judgements should not necessarily be taken as an
alternative to an associative interpretation; instead,
they argued that SDT could serve as a more effec-
tive tool for evaluating association learning in the
context of contingency judgement tasks.

One potential limitation of applying SDT to
analysing contingency judgement tasks is that
SDT is often employed in the context of psycho-
physical procedures that demand extensive
within-subject ~ measures  of  performance.
Although conventional procedures are too
lengthy for rigorous psychophysical testing, the
streaming method developed here would lend
itself handily toward direct psychophysical investi-
gations. Indeed, one line of ongoing research has
been to translate our streamed-trials procedure
into a psychophysical design whereby trained par-
ticipants are asked to discriminate between
streams of varying contingency across multiple
training sessions. Using this approach it is possible
to generate psychometric functions describing
each participant’s sensitivity to contingent infor-
mation across varying levels of contingency. In
other words, it is possible to estimate each partici-
pant’s just-noticeable-difference between two
levels of contingency. This psychophysical
approach can be used to directly investigate
Allan et al’s (2005) claim that outcome density
effects are driven by response biases. For
example, the response-bias account would predict
that the slope of a psychometric function describ-
ing a participant’s sensitivity to contingency will
not vary with outcome density; instead the entire
psychometric function should shift as function of
the participant’s response bias.

More generally, the SDT approach to analysing
contingency judgements provides a unique tool for
determining factors that separately influence par-
ticipant’s sensitivity as well as response bias.
Estimates of these separate measures may further
clarify the processes mediating performance
across several areas of interest in the contingency
judgement literature. For example, apart from
outcome density manipulations, contingency

judgements can be influenced by a range of pro-
cesses from those susceptible to classical con-
ditioning phenomena (e.g., blocking and several
others; see Allan, 1993) to processes responsible
for framing information in terms of causal
models (De Houwer & Beckers, 2002). It would
be useful to interpret these influences in terms of
SDT, as the measures of sensitivity and bias
would provide unique insight into the nature of
the processes mediating performance. For
example, would blocking manipulations uniquely
influence measures of sensitivity? The influence
of a blocking manipulation could be measured
using the streamed-trials procedure by introducing
another cue (e.g., a triangle), of varying cue val-
idity, to the stream of trials. Would the influence
of causal models uniquely influence measures of
response bias? It would be interesting to determine
whether participant’s ratings of contingency would
be influenced by varying a cover story aimed at
manipulating participants understanding of the
causal relationship between cues and outcomes
presented during a stream of trials. More gener-
ally, what factors increase sensitivity and sway
response bias in the context of contingency judge-
ments? We are optimistic that some insight into
these questions can be obtained by combining
SDT with a psychophysical approach to measuring
contingency judgements using the streamed-trials
procedure.

In sum, the purpose of this paper was to establish
a novel, streamed-trials procedure for measuring
contingency judgements. Using the streamed-
trials procedure, we replicated two central findings
in the contingency judgement literature.
Specifically, participant’s ratings of contingency
tracked the objective AP values, as well as the
outcome density manipulation for each stream of
cue—outcome events. Furthermore, we demon-
strated that the outcome density effect depended
on the information format of the question used to
probe participant’s knowledge of the contingency
structure of each stream. This result lends further
support to the notion that outcome density effects
are mediated by biases initiated at the time of
response. Taken together, we have established
that the streamed-trials method is a reliable
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procedure for measuring knowledge of contingency,
and we are optimistic that this procedure can be
further augmented to provide many sources of
insight into the processes responsible for detecting
and interpreting contingencies between events.
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