
Generality of the summation effect in human
causal learning

Fabian A. Soto, Edgar H. Vogel, and Ramón D. Castillo
Universidad de Talca, Talca, Chile

Allan R. Wagner
Yale University, New Haven, CT, USA

Considerable research has examined the contrasting predictions of the elemental and configural
association theories proposed by Rescorla and Wagner (1972) and Pearce (1987), respectively. One
simple method to distinguish between these approaches is the summation test, in which the associ-
ative strength attributed to a novel compound of two separately trained cues is examined. Under
common assumptions, the configural view predicts that the strength of the compound will approxi-
mate to the average strength of its components, whereas the elemental approach predicts that the
strength of the compound will be greater than the strength of either component. Different studies
have produced mixed outcomes. In studies of human causal learning, Collins and Shanks (2006)
suggested that the observation of summation is encouraged by training, in which different stimuli
are associated with different submaximal outcomes, and by testing, in which the alternative outcomes
can be scaled. The reported experiments further pursued this reasoning. In Experiment 1, summation
was more substantial when the participants were trained with outcomes identified as submaximal than
when trained with simple categorical (presence/absence) outcomes. Experiments 2 and 3 demon-
strated that summation can also be obtained with categorical outcomes during training, if the partici-
pants are encouraged by instruction or the character of training to rate the separately trained
components with submaximal ratings. The results are interpreted in terms of apparent performance
constraints in evaluations of the contrasting theoretical predictions concerning summation.
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One of the most controversial issues in modern
theories of associative learning is whether the
associated stimuli are processed in elemental or
configural fashion. Elemental theories, such as
that of Rescorla and Wagner (1972), propose
that associative strength is acquired and expressed
to each of the separable components of the stimu-
lus complex, whereas configural theories, such as

that of Pearce (1987), propose that associative
strength is acquired and expressed to entire stimu-
lus configurations.

Certain phenomena aremore agreeable with the
elemental approach, like the fact that the response
tendencies of cues trained separately “summate”
when the cues are presented in compound. The
Rescorla and Wagner (1972) model assumes that
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the associative strength of a compound is equal to
the algebraic sum of the associative strength of its
components. It thus predicts that the associative
strength of the novel compound in a summation
test will be equivalent to the sum of the associative
strengths acquired by each element, and that
responding to the compound should be greater
than that to each of the separate stimuli.

Conversely, a basic configural approach, like
Pearce’s (1987) theory, without qualification, pre-
dicts no summation. The assumption is that com-
pound stimuli are processed as unique exemplars
and form associations independently of those that
might be formed by their component elements.
The component elements do, however, determine
the generalization that occurs between similar con-
figurations. According to the generalization rule
adopted by Pearce (1987), the proportion of associ-
ative strength generalized from configuration j to
configuration i is computed as the proportion of
stimulus elements in the first configuration that
are common to both, multiplied by the proportion
of stimulus elements in the second configuration
that are common to both (NC/Ni ! NC/Nj,
where NC stands for the number of elements
common to both configurations, and Ni and Nj

stand for the number of elements in configurations
i and j, respectively). In a summation test, each
trained element, A and B, provides half of their
respective acquired associative strength to the novel
compound AB, so that responding to the compound
is predicted to approximate to themean of the associ-
ative strength of the elements A and B.

In the Pavlovian conditioning literature, studies
testing summation have produced a variety of
results. A substantial literature involving rats and
rabbits, trained in a number of different circum-
stances, using stimuli from separate modalities, has
reported summation (Kehoe, Horne, Horne, &
Macrae, 1994; Myers, Vogel, Shin, & Wagner,
2001; Rescorla, 1997; Whitlow & Wagner, 1972;
but see Pearce, George, & Aydin, 2002). In con-
trast, studies of summation using pigeon autoshap-
ing and stimuli within the visual modality have
consistently reported the failure of summation
(Aydin & Pearce, 1994, 1995, 1997; Rescorla &
Coldwell, 1995). The different results have led to

different proposals for how they could be reconciled
with elemental and configural theories. For
example, Wagner (2003) has suggested that the
critical difference is in the stimuli involved, with
more separable stimuli producing summation and
more integral stimuli not. Alternatively, Pearce
(2002) has suggested that the critical difference
may be in the influence of contextual stimuli that
need be considered to be in compound with the
training and testing cues, with summation failing
in the absence of such cues, but occurring with
salient contextual cues. We return to these
interpretations in the Discussion section.

A small number of studies have examined sum-
mation in human causal learning. In one of these
studies, van Osselaer, Janiszewski, and Cunha
(2004) trained college students to predict different
levels of quality of bottled wines that differed in
a number of features. Following training on an
Aþ, Bþ, CDþ task, responding to a novel AB
compound was greater than that to CD, an
outcome that is consistent with elemental theory.
Unfortunately, these authors did not report the
magnitude of responding to A and B individually.

More recently, Collins and Shanks (2006)
provided more convincing evidence of elemental
processing, demonstrating summation to an AB
compound relative to its A and B elements
presented individually. Participants were asked to
learn the causal relationship between several radi-
ation types and different levels of mutation in
DNA samples. During the first phase of two exper-
iments, two different radiation types were followed
by the same submaximal level of DNA mutation
(in a scale that ranged from 0 to 80, Cues A and
B produced a mutation level of 20, and Cues E
and F produced a mutation level of 60), and the
participants had to estimate the level of DNA
mutation that each stimulus would produce in a
scale with endpoints labelled “low” and “high”.
When presented with the same individual cues
and their compounds in a further experimental
phase, the mean estimation of DNA mutation
assigned to the compounds was reliably higher
than that for their respective component cues.

Interestingly, these two studies that have found
summation in human casual learning (Collins &
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Shanks, 2006; van Osselaer et al., 2004) used a task
in which the outcome during training was quanti-
tative and submaximal. Collins and Shanks (2006)
argued that training with submaximal magnitude
outcomes may encourage participants to quantitat-
ively differentiate between the causal strength of
compounds and its components, and that this is
less likely to happen after training with maximal
categorical outcomes. Furthermore, they argued
that causal judgements should be assessed using a
continuum of magnitudes, allowing participants
to reflect the differences in their estimation of
causal strength for different events.

The hypothesis that the nature of the outcomes
identified in training (e.g., magnitude vs. categori-
cal; maximal vs. submaximal) is a critical variable in
producing elemental-like results has not been
directly evaluated. The goal of the present exper-
iments was to comment on this possibility. In
Experiment 1, separate groups of college students
were trained in a food-allergy prediction task with
categorical outcomes that were either of unspecified
magnitude (allergy vs. no allergy) or of submaximal
magnitude (0 points vs. 10 points of allergy, out of
a total of 20 points). When training was with
submaximal outcomes the test response to the
training stimuli was lessened, and the response to
the stimuli in compound showed clearer sum-
mation. Experiments 2 and 3 were designed to
further evaluate the summation effect after training
with categorical outcomes, using procedures that
otherwise facilitated submaximal ratings of the
trained elements during test. In Experiment 2, par-
ticipants were explicitly asked during test to use
submaximal values to rate the causal strength of
the stimuli paired with the outcome in training.
In Experiment 3, the submaximal ratings of the
to-be-compounded stimuli, A andB, were achieved
by their training in compound with other cues (i.e.,
ACþ and BDþ). Again, summation was evident
under these conditions.

EXPERIMENT 1

In the task employed by Collins and Shanks
(2006), different stimuli were paired in training

with different degrees of DNA mutation, all of
which were submaximal. In testing, participants
were asked to judge the degree of mutation associ-
ated with the different stimuli and their combi-
nations. It may be critical to the observance of
summation that participants had experience with
different degrees of outcome and had opportunity
to judge the outcomes on the scale with which they
were trained. But it is also possible that identifi-
cation of the outcomes associated with the training
elements as submaximal, or the testing of different
degrees of outcome, is sufficient to encourage the
observance of summation in their novel combi-
nation. In Experiment 1 summation was tested
under three conditions in separate groups, in an
allergy-predicting context. In group qualitative/
likelihood, training was with outcomes of unspeci-
fied magnitude (allergic reaction vs. no allergic
reaction), and testing involved judgements of the
likelihood of allergic reaction to the test stimuli,
on a scale of 0 to 20. In group qualitative/intensity,
training was similarly with outcomes of unspecified
magnitude, but testing involved judgements of the
intensity of allergic reaction on a scale of 0 to 20.
In group quantitative/intensity training was with
outcomes specified as 0 or 10 points of allergy on
a scale of 0 to 20, and testing involved judgements
of the intensity of reactions on the same scale.

Training (see Table 1) involved two single cues
that were independently said to be followed by an
allergic reaction (Aþ, Bþ), two single cues not

Table 1. Design of Experiment 1

Group Training Test

Qualitative/likelihood

Qualitative/intensity

Stimuli
Aþ
Bþ
EFþ

Fillers

A
B
EF
AB

Quantitative/intensity

C–
D–
GH–

C
D
GH
CD

Note: Letters A–H represent different foods that could be
followed (þ ) or not followed (–) by an allergic reaction in a
hypothetical patient.
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followed by an allergic reaction (C– and D–), one
compound cue followed by an allergic reaction
(EFþ), and one compound cue not followed by
an allergic reaction (GH–). The negative cues
were fillers that forced the participants to discrimi-
nate which foods were followed by an allergic reac-
tion and which were not. In test, they were
presented again with all trained cues, A, B, C,
D, EF, and GH, as well as the novel AB and
CD compounds.

Method

Participants
A total of 48 undergraduate students at the
University of Talca participated in the experiment
for course credit. They were tested individually
and had no previous experience in similar research.
Participants were randomly assigned to one of
three groups (n ¼ 16).

Materials
In the training phase, stimuli were presented, and
data were collected with a HP Compaq personal
computer connected to a 14-inch colour screen
and programmed with E-prime software (version
1.1; Psychology Software Tools, Inc., Pittsburgh,
PA). In the testing phase, causal judgements
were assessed by asking the participants to fill
out a rating sheet by pencil.

Procedure
The experimenter told the participants that all
necessary instructions would be presented on the
“instruction screens” included in the computer
program. They then were left to complete the
experiment in a private room and were asked to
inform the experimenter when they finished the
experiment.

At the beginningof the trainingphase the follow-
ing instructions appeared on the screen (in Spanish):

In this experiment we will ask you to imagine that you are an
allergist (someone who tries to discover the causes of allergic
reactions in people). Imagine that just now a new patient
arrives, Mr. X, who suffers from allergic reactions after eating
some foods, but not others. In an attempt to discover which
foods cause allergic reactions in Mr. X, you ask him to eat

several foods for a meal on each day, and observe if he had an
allergic reaction or not.

The computer will show you the foods that Mr. X eats in
each meal. Next you will be asked to predict whether or not
Mr. X will have an allergic reaction. Enter your prediction by
pressing the letter “a” in the keyboard to indicate that Mr. X
will have an allergic reaction after eating that meal, or pressing
“n” to indicate that Mr. X will not have an allergic reaction after
eating the meal. A message will appear in the right side of the
screen indicating whether or not an allergic reaction actually
occurred. You will have to guess at first, but with the aid of
the feedback your predictions should soon start to become
more accurate.

Your reaction times are not important in this experiment.
You may take as long as you like on each trial.

PLEASE PRESS THE SPACE BAR TO CONTINUE

A series of 84 trials was presented to the parti-
cipant. At the beginning of each trial, a stimulus
or pair of stimuli was shown on the left-centre
portion of the screen, followed by the phrase,
“Press ‘a’ to indicate an allergic reaction, and
‘n’ to indicate no allergic reaction” at the bottom
of the screen. After the participant entered a
response, feedback was provided on the right
side of the screen for 2 seconds. The feedback con-
sisted of the phrase “Allergic reaction” in red,
size 30 Arial font for the Aþ, Bþ and EFþ
trials, or the phrase “No allergic reaction” in
black, size 14 Arial font for the C–, D–, GH–
trials. This was the only feedback information
given to participants in groups qualitative/likeli-
hood and qualitative/intensity. For participants in
the group quantitative/intensity, additional quanti-
tative feedback information was provided with the
sentence “0 points of allergy over a total of 20” or
“10 points of allergy over a total of 20”, which
appeared underneath the phrases “no allergic reac-
tion” and “allergic reaction”, respectively.

A total of 14 presentations of each trial type
occurred in random order for each participant.
The assignment of specific foods to the conditions
A–H was partially counterbalanced across partici-
pants by means of their different allocation in one
of eight subgroups, each with a different assign-
ment of foods as A–H. Specifically, in Subgroup
1 the cues A to H were chocolate, milk, cheese,
garlic, peanuts, lobster, coffee, and sardines,
respectively. To create Subgroup 2, each food
was moved forward one position in the list
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(i.e., chocolate was assigned to B, milk to con-
dition C, etc., and sardines was assigned to A).
Subgroups 3 to 8 were obtained by iterating this
procedure. The position (right vs. left) of the
stimuli forming a compound was counterbalanced
across the experiment. That is, in half of the trials
the stimuli were presented in one position (e.g.,
EF), and in the other the relative position was
reversed (e.g., FE).

Upon completion of the 84 training trials, the
participants were presented with the following
message at the top of the screen: “You have fin-
ished your examination of Mr. X and now must
fill out a diagnosis report. For this, please complete
the questionnaire that is in the drawer next to the
computer. You will find the instructions at the
beginning of the questionnaire.”

The printed questionnaire was two pages long.
On the first page, the following instructions were
presented to participants in group qualitative/
likelihood.

Now we will ask you to predict the consequences to Mr. X of
eating various meals. Please, base your predictions on the infor-
mation you learned about which foods provoke allergic reac-
tions to Mr. X and which foods do not.

These meals can contain one food or two. You have to judge
how likely Mr. X is to have an allergic reaction following the
meal (i.e., if the meal contains two foods, you should rate
how likely Mr. X is to have an allergic reaction after eating
both foods together).

To rate the effect of each meal, use a scale of 0 to 20 points,
where 0 points mean that eating the meal is very unlikely to
cause an allergic reaction in Mr. X and 20 points means that
eating the meal is very likely to cause an allergic reaction in
Mr. X. Use intermediate values to indicate different probabil-
ities of allergy in between the two extremes.

To enter your rating, mark your choice. If you make a
mistake or want to change your rating, you can erase the pre-
viously selected alternative and make a new choice.

When you finish, give this booklet to the experimenter.
Thank you for your participation in this experiment.

Participants in groups qualitative/intensity and
quantitative/intensity received similar instructions
to those described above, but every reference to “like-
lihood of allergic reaction” was replaced with refer-
ences to “intensity of allergic reaction”. The test
instructions for these two groups were as follows:

Now we will ask you to predict the consequences to Mr. X of
eating various meals. Please, base your predictions on the

information you learned about which foods provoke allergic
reactions to Mr. X and which foods do not.

These meals can contain one food or two. You have to judge
the level of allergic reactionMr. X will experience following the
meal (i.e., if the meal contains two foods, you should rate
the intensity of allergic reaction experienced by Mr. X after
eating both foods together).

To rate the effect of each meal, use a scale of 0 to 20 points,
where 0 points mean that eating the meal will cause no allergic
reaction to Mr. X and 20 points means that eating the meal will
cause to Mr. X an allergic reaction of maximal intensity. Use
intermediate values to indicate different degrees of allergy in
between the two extremes.

To enter your rating, mark your choice. If you make a
mistake or want to change your rating, you can erase the pre-
viously selected alternative and make a new choice.

When you finish, give this booklet to the experimenter.
Thank you for your participation in this experiment.

The second page of the questionnaire was iden-
tical for the three groups and included a list of the
eight test stimuli outlined in Table 1. Next to each
food there were 21 circles with numbers inside
ranging from 0 to 20. Test stimuli were ordered
in the questionnaire in a different, semirandom
order for each participant.

Results and discussion

One participant in each group failed to rate all
eight cues of the booklet, and their data were dis-
carded from the analyses.

Figure 1 presents the mean causal ratings for the
individually trained cues (A and B), for the trained
compound (EF), and for the novel compound
formed by the individually trained cues (AB), in
the three groups of Experiment 1. The data
depicted suggest that summation, in the form of
more responding to the novel AB compound
than to the previously trained cues A, B, and EF,
was observed to some degree in all three groups.
They further suggest that the level of summation
in AB was substantial in group quantitative/inten-
sity, modest in group qualitative/intensity, and
weak, if at all, in group qualitative/likelihood.
Finally, all negative cues were judged with very
low causal strengths, which indicate that the par-
ticipants learned the discrimination.

A 3 (group) ! 8 (cues: A, B, EF, AB,C,D,GH,
CD) mixed design analysis of variance (ANOVA)
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indicate reliable main effects of group, F(2,
42) ¼ 16.130, p, .001, partial h2 ¼ .434,
and cues, F(7, 294)¼ 510.101, p, .001, partial
h2 ¼ .924, and a reliable interaction between
group and cues, F(14, 294)¼ 6.369, p, .001,
partial h2 ¼ .233.

The main effect of group was due to the lower
ratings in group quantitative/intensity, in which
the participants were trained with an allergy

value of 10/20 for the cues A, B, and EF, in com-
parison to the other two groups, which were
trained with unspecified allergy value. This was
confirmed by least significant difference (LSD)
post hoc comparisons, which indicate that the
ratings of group quantitative/intensity were sig-
nificantly lower than those of the group qualitat-
ive/likelihood, t(42) ¼ –5.481, p , .001, partial
h2 ¼ .518, and of the group qualitative/intensity,
t(42) ¼ –4.030, p , .001, partial h2 ¼ .367,
which, in turn, did not differ from each other,
t(42) ¼ 1.452, p ¼ .154, partial h2 ¼ .070.

The Group ! Cues interaction was examined
by ANOVAs testing the simple main effect of
cues within each group, followed by pairwise
LSD post hoc tests. This analysis indicated no
reliable evidence of summation in the group quali-
tative/likelihood since the rating for AB did
not differ significantly from those for A,
t(42) ¼ 0.651, p ¼ .518, partial h2 ¼ .010, B,
t(42) ¼ 0.658, p ¼ .514, partial h2 ¼ .010, and
EF, t(42) ¼ 1.220, p ¼ .229, partial h2 ¼ .034.
Some evidence of summation was seen in the
group qualitative/intensity, where the ratings
assigned to AB were significantly higher than
those to A, t(42) ¼ 2.540, p ¼ .015, partial
h2 ¼ .133, and those to B, t(42)¼ 2.566, p¼ .014,
partial h2 ¼ .136, but did not reliably differ from
the ratings assigned to EF, t(42) ¼ 0.407, p¼ .686,
partial h2 ¼ .004. Finally, reliable summation was
demonstrated in group quantitative/intensity,
where the ratings to cue AB were significantly
higher than those to each of A, t(42)¼ 4.558,
p, .001, partial h2 ¼ .331, B, t(42)¼ 3.947,
p, .001, partial h2 ¼ .271, and EF,
t(42) ¼ 3.660, p ¼ .001, partial h2 ¼ .242, which,
in turn, did not differ reliably from each other
(ps. .091, partial h2s, .67).

The apparent summation effect observed in
group quantitative/ intensity cannot be accounted
for by assuming that novel compounds were
judged more allergenic than familiar compounds,
since the response to the novel compound CD
did not differ significantly from those to C,
t(42) ¼ 1.225, p ¼ .227, partial h2 ¼ .034, D,
t(42) ¼ 1.225, p ¼ .227, partial h2 ¼ .034, and
GH, t(42) ¼ 0.000, in this group.

Figure 1. Mean causal ratings to the relevant stimuli in the
summation test of Experiment 1. The results are showed
separately for groups qualitative/likelihood, qualitative/intensity,
and quantitative/intensity.
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Finally, a further, more conservative, test of
summation was conducted, in which responding
to AB was compared across subjects with the
responding to whichever was the more responded
to of A or B alone for each subject. This analysis
showed again evidence of summation in group
quantitative/intensity since the response to AB
was reliably greater than the greater of A or B of
each subject, t(14) ¼ 3.055, p ¼ .009, partial
h2 ¼ .40.

These results provide direct evidence that
although summation can be observed in a human
causal learning preparation, there are training
conditions that do not favour it. The failure to
observe reliable summation in groups qualitative/
likelihood and qualitative/intensity, as contrasted
to that observed in group quantitative/intensity,
supports the hypothesis proposed by Collins and
Shanks (2006) that detecting summation may
require training and testing procedures that allow
participants to acknowledge that the outcome
associated with the training elements alone is sub-
maximal. However, it should be noted that doing
this need not require that the participants have
experience with different submaximal outcomes,
or with different quantitative values for some
compounds versus elements, as in the Collins
and Shanks experiments. It was sufficient in
Experiment 1 that participants had the outcome
in training identified as a submaximal 10 out of
the possible 20.

It is notable that the magnitude of the trend
toward summation in the several groups of
Experiment 1 was a function of the level to which
causal ratings assigned to the individual cues A
and B was below the ceiling of the measurement
scale. It is possible that the observation of reliable
summation in group quantitative/intensity was
due simply to the procedures in that group afford-
ing an appropriately low level of response to A and
B in testing. If so, it is possible that a summation
effect could be obtained by pairing the individual
stimuli with a binary outcome during training
and testing with a likelihood scale, as in the case
of group qualitative/likelihood, if the experimental
procedure were otherwise modified to facilitate the
rating of the individual stimuli A and B with

submaximal values during the summation test.
This was accomplished in different ways in
Experiments 2 and 3.

EXPERIMENT 2

The design of this experiment was essentially the
same as that for group qualitative/likelihood of
Experiment 1, which showed very high levels of
response to all of the positive stimuli and no evi-
dence of summation. The critical difference was
an additional set of instructions provided during
test, in which the participants were asked to rate
with submaximal values the likelihood of allergic
reaction to the various foods that caused allergic
reaction during training. Care was taken to indi-
cate that novel meals that might be present in
testing could be rated at a lower level, the same
level, or a higher level.

Method

Participants
A total of 24 undergraduate students at the
University of Talca participated in the experiment
for course credit. They were tested individually
and had no previous experience in similar research.

Materials
All the features of thematerials and procedure were
the same as those for group qualitative/likelihood
of Experiment 1, except for the instructions in
the printed questionnaire that was used in the
testing phase. The printed questionnaire was two
pages long. On the first page, the following
instructions were presented to the participants:

Now we will ask you to predict the consequences to Mr. X of
eating various meals. Please, base your predictions on the infor-
mation you learned about which foods provoke allergic reac-
tions to Mr. X and which foods do not.

These meals can contain one food or two. You have to judge
how likely Mr. X is to have an allergic reaction following
the meal (i.e., if the meal contains two foods, you should rate
how likely Mr. X is to have an allergic reaction after eating
both foods together).

To rate the effect of each meal, use a scale of 0 to 20 points.
During the previous examination, you have already observed
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the effect that some of these meals have on Mr. X. Based on
what you remember, rate as 10 points those meals that you
believe probably will cause an allergic reaction in Mr. X, and
with 0 points those meals that probably will not cause an aller-
gic reaction in Mr. X.

Furthermore, we will ask you to rate some meals that did
not appear in the previous examination. These meals are not
completely new, but could be combinations of two foods that
Mr. X ate separately in the examination. It is possible that
you believe that these new meals are more or less likely to
produce an allergic reaction in Mr. X than those that caused
an allergic reaction during the examination. If you believe
that the new meal is more likely to produce an allergy than
those previously seen, rate it with values above 10 (between
11 and 20). If you believe that the new meal is less likely to
produce an allergic reaction in Mr. X than those previously
seen, rate it with values below 10 (between 0 and 9). Finally,
rate the new meal with 10 if you think that it is equally likely
to cause allergic reaction in Mr. X than the foods that produced
it during the examination.

To enter your rating, mark your choice. If you make a
mistake or want to change your rating, you can erase the pre-
viously selected alternative and make a new choice.

When you finish, give this booklet to the experimenter.
Thank you for your participation in this experiment.

The second page of the questionnaire included
a list of the 8 test stimuli outlined in Table 1. Next
to each food there were 21 circles with numbers
inside ranging from 0 to 20. Test stimuli were pre-
sented in a different, semirandom order for each
participant.

Results and discussion

A total of 2 participants failed to rate all eight cues
of the booklet, so their data were discarded from
the analyses.

Figure 2 presents the mean causal ratings
obtained in the testing phase of Experiment
2. As can be seen, the mean causal rating assigned
to the novel compound AB was substantially
greater than that given to its trained components
(A and B) and to the trained control compound
(EF). The reliability of this result was confirmed
by a repeated measures ANOVA. There was a
reliable main effect of cue, F(7, 147) ¼ 130.623,
p , .001, partial h2 ¼ .861, following which
LSD post hoc comparisons indicated reliable
differences between the novel “positive” com-
pound AB and each of A, t(21) ¼ –3.727,

p ¼ .001, partial h2 ¼ .398, B, t(21)¼ –4.904,
p, .001, partial h2 ¼ .534, and EF,
t(21) ¼24.519, p, .001, partial h2 ¼ .493, and
no significant differences between the novel “nega-
tive compound”, CD, and C, t(21)¼21.283,
p ¼ .213, partial h2 ¼ .073, D, t(21)¼21.033,
p ¼ .313, partial h2 ¼ .048, and GH,
t(21) ¼20.317, p ¼ .755, partial h2 ¼ .005. A
separate analysis showed that the response to AB
was also significantly higher than the greater of
the responses to A or B for each participant,
t(21) ¼ –3.727, p ¼ .001, partial h2 ¼ .398.

These results indicate a clear summation effect
despite training with categorical outcomes and
testing with a likelihood scale. They are consistent
with the suggestion that the failure of summation
in Experiment 1 with these conditions may have
been due to the participants using near-maximal
values to rate the causal strength of the trained
cues. Although an attempt was made to avoid
bias in the testing instructions as to whether
novel foods should be rated higher, lower, or
equal to the trained cues, one may still be con-
cerned about the importance of the instructions
treating the training elements, A and B, differently
from their novel compound, AB. Experiment 3
sought further evidence of summation using the
same testing conditions as those of group qualitat-
ive/likelihood of Experiment 1, but altered train-
ing conditions to create submaximal causal ratings
of the individual stimuli A and B.

Figure 2. Mean causal ratings to the relevant stimuli in the
summation test of Experiment 2.
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EXPERIMENT 3

The outcomes of Experiments 1 and 2 suggest that
an obvious feature needed to observe summation is
that participants rate the trained cues A, B, and EF
with submaximal causal ratings. In Experiment 3,
we evaluated the summation effect using a differ-
ent strategy to get submaximal scores for the A
and B components. This was achieved by training
A and B in compound with other cues (e.g., ACþ,
BDþ), before evaluating the responses to A, B,
and AB. It could be expected, with this training,
that only part of the causal strength acquired by
each compound would be carried by the A and B
components, thus leading to submaximal ratings
during the summation test. Evidence of sum-
mation would be like that in the previous
studies, if the participants rate the novel com-
pound AB with more causal strength than its
elements, A and B. Such summation is predicted
by elemental models of associative learning, such
as that of Rescorla and Wagner (1972), but not
by configural models, such as that of Pearce
(1994), which predict that the causal ratings
given to AB should be identical to that given to
its elements.

The full details of the design of Experiment 3
are shown in Table 2. It included training with
two compound cues, ACþ and BDþ, and

testing with the trained compounds, AC and BD,
the single cues, A, B, C, and D, and the novel com-
pounds, AB, AD, BC, and CD. Thus summation
was evaluated in terms of the response to each of
the novel compounds in comparison to their separ-
ate components. The feedback used in training and
the scale used in testing were identical to those of
group qualitative/likelihood of Experiment 1.

Method

Participants
A total of 25 undergraduate students at the
University of Talca participated in the experiment
for course credit. They were tested individually
and had no previous experience in similar research.

Instruments
The instruments were the same as those of
Experiment 1.

Procedure
The training instructions and the structure of each
trial were essentially the same as those for group
qualitative/likelihood of Experiment 1, except
that the number of presentations of each trial
type in training was increased to 16 and that the
scale used to rate the cues in testing ranged from
0 (eating the meal is very unlikely to cause an aller-
gic reaction inMr. X) to 10 (eating the meal is very
likely to cause an allergic reaction in Mr. X.),
instead of 0 to 20. The foods assigned to A–H
were chocolate, cheese, mushrooms, honey, eggs,
sardines, avocado, and garlic (counterbalanced).

Results and discussion

Figure 3 shows the mean causal ratings for the
trained compounds (AC, BD), their component
stimuli (A, B, C, D), and the novel test com-
pounds (AB, AD, BC, and CD). As expected,
the ratings for the trained compounds were
higher than those for the individual stimuli, indi-
cating that the manipulation was successful in
achieving submaximal scores for the single cues.
It can be also seen that the mean causal rating to
the novel compounds was substantially higher

Table 2. Design of Experiment 3

Training Test

Summation test ACþ
BDþ

AC
BD

Fillers
Eþ
FG–
H–

A
B
C
D

AB
AD
BC
CD

Note: Letters A–H represent different foods that could be
followed (þ ) or not followed (–) by an allergic reaction in a
hypothetical patient.
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than that given to the single elements, consistent
with the view that the participants summated the
causal strength of the constituent components
when they evaluated the novel compounds. It is
notable that the response to the novel compounds
was somewhat less than that to the training
compounds.

The reliability of these observations was
evaluated by a repeated measures ANOVA.
There was a reliable overall difference among the
three groups of test stimuli, F(2, 48) ¼ 11.167,
p , .001, partial h2 ¼ .318. Separate LSD post
hoc tests indicated that the mean causal rating
for the individual cues was reliably lower than
that for the novel, t(24) ¼ –2.905, p ¼ .008,
partial h2 ¼ .260, and the trained compounds,
t(24) ¼ –4.095, p, .001, partial h2 ¼ .411. The
fact that the participants rated the novel compound’s
causal strength higher than its elements is in agree-
mentwith the elemental interpretationof associative
learning and inconsistent with Pearce’s configural
interpretation. According to Pearce’s generalization
rule, there should be the same response to AB, AD,
BD, and CD as to A, B, C, and D.

The post hoc test indicated that the lower
rating of the novel than of the trained compounds
approached statistical significance, t(24)¼21.973,
p ¼ .060, partial h2 ¼ .140. This difference is pre-
dicted by Pearce’s theory, but also by the Rescorla–
Wagner Model with the assumption that there are
some unique configural elements in the training

compounds, the associative strength of which are
not present in the novel compounds (Wagner &
Rescorla, 1972).

The results from this experiment provide evi-
dence of a reliable summation effect, using a
binary outcome and a likelihood scale, under con-
ditions not involving the special testing instruc-
tions used during Experiment 2. Although this is
the first demonstration in causal learning of a sum-
mation effect from stimuli trained as part of com-
pounds independently paired with the outcome,
such a result has previously been demonstrated in
Pavlovian conditioning (Rescorla, 2003).

GENERAL DISCUSSION

The three experiments reported here provide evi-
dence of summation in human causal learning.
If two stimuli are consistently paired with
an outcome either individually (Aþ, Bþ;
Experiments 1 and 2) or in compound with other
cues (ACþ, BDþ; Experiment 3), the perceived
causal strength assigned to the novel compound
AB appears to be an additive function of the per-
ceived causal strength of the separate elements.
The results of the three experiments suggest that
summation is a relatively general finding in human
causal learning, independent of the specific nature
of the outcome used during training (magnitude or
binary) and of the kind of scale used to measure
causal ratings during test (magnitude or likelihood
of outcome). The observance of summation in
human causal learning is not peculiar to training
and testing with different magnitude outcomes, as
Collins and Shanks (2006) have suggested, but can
be obtained with binary outcomes in training and
estimations of the likelihood of the consequence in
testing. What does appear to be important is that
the training and testing conditions allow the partici-
pants to give submaximal causal ratings to the
elemental stimuli—that is, to avoid producing such
high ratings to the elemental stimuli alone that sum-
mation is precluded by a ceiling effect.

These results are most easily explained by
elemental theories of associative learning (e.g.,
Mackintosh, 1975; Rescorla & Wagner, 1972;

Figure 3. Mean causal ratings to the relevant stimuli in the
summation test of Experiment 3.
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Wagner, 1981), which suppose that the associative
strength of a compound is the sum of the associat-
ive strengths acquired by each of its components.
They would generally be considered to be at
odds with configural learning theories (Estes,
1994; Pearce, 1987), which argue that the associat-
ive strength of a compound should be the same or
lower than that acquired by its individual elements.
As compelling as this reasoning may be, it is
important to recognize that both current elemental
and configural theories have been modified in ways
that make the fact of summation alone less than
theoretically decisive.

Pearce (2002) has proposed that the fact of
summation may be due to the contribution of con-
textual cues that influence the responding to both
the elements and their novel compound in cases of
summation. For example, if the experimental
context is processed as a part of the total configur-
ation that is associated with an outcome, then
training with Aþ and Bþ is equivalent to training
with AXþ and BXþ, where X stands for the
context. When A and B are compounded during
test, the effective test stimulus should be regarded
as ABX. By application of Pearce’s generalization
rule, ABX is calculated to receive 2/3 of the associ-
ative strength of AX and 2/3 of the associative
strength of BX, for a total of 4/3, a value higher
than that reached by AX or BX. By this reasoning
Pearce’s configural approach can accommodate
summation effects under some circumstances by
appealing to relatively salient contextual cues. It
is conceivable that studies of Pavlovian condition-
ing where summation has been observed could
involve such contextual cues (e.g., Whitlow &
Wagner, 1972).1

In a contrasting elemental stratagem, Wagner
(2003) has proposed that less than full summation
may result from a process whereby stimuli, when
compounded, experience a replacement of their
representational elements. According to the

replaced elements model (REM) the elemental
representation of a compound is assumed not
only to involve the addition of configural elements,
but the complementary inhibition (replacement)
of elements otherwise representing the com-
pounded stimuli in isolation. Specifically, this
model proposes that any stimulus is represented
by a set of elements, some of which are context
independent and others of which are context
dependent. The context-independent elements
are assumed to be activated whenever the stimulus
that they represent is presented, independently of
the presence or absence of any other stimulus. In
contrast, the activation of context-dependent
elements, although occasioned by the stimulus
that they represent, depends also on the presence
or absence of other “contextual” circumstances.
For example, if Stimulus A alone is represented
by (aiþ a!b), and B alone is represented by
(biþ b!a), the compound AB is represented by
(aiþ abþ biþ ba). By this reasoning, the
phenomenon of summation may fail to occur if
the proportion of elements representing A and B
that is context dependent, and is replaced in the
compound AB, is large compared to the pro-
portion that is context independent. Wagner
(2003) has argued that this is a reasonable assump-
tion in instances of Pavlovian conditioning with
stimuli within the same modality (Aydin &
Pearce, 1994), where summation has not been
obtained.

The testing of these theories invites converging
observations. For example, Wagner and Vogel
(2008) have pointed to the usefulness of concur-
rent testing of summation, where observations
may be in obvious line with elemental theory, as
in the present experiments, and reversal learning,
where the findings may seem more congruent
with a configural account (Shanks, Charles,
Darby, & Azmi, 1998a; Shanks, Darby, &
Charles, 1998b; Williams, Sagness, & McPhee,

1 Pearce’s proposal of contextual cues in compound with A, B, and AB predicts summation by allowing for enhanced general-
ization between AX or BX and ABX in testing, which is not fully offset by the greater generalization between AX and BX during
training. Kinder and Lachnit (2003, see also Pearce, Esber, George, & Haselgrove, 2008) have suggested a more general parametric
variation in Pearce’s similarity function that is in this spirit, but has not been articulated to address the specific requirements that A
and B be effectively more similar to AB but not to each other.
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1994; Williams, 1995). In the latter class of exper-
iments, some cues are paired either alone or in
compound with particular outcomes, and sub-
sequently their predictive relationship with the
outcome is reversed upon the introduction of
novel combinations. For example, training on
Aþ, Bþ, C–, D– might be followed by train-
ing on AB–, CDþ, or training on Aþ, AB–
might be followed by training on Bþ. A
common result is that learning the second
relationship does not interfere with performance
to the cues in the first discrimination, as much as
might be expected from an elemental account,
and suggests that the cues are processed as quali-
tatively different stimuli (configurations) when
presented alone versus in compound.

In fact, persistence in discrimination following
reversal training, like the summation effect, is
approachable by either Wagner’s (2003) REM or
Pearce’s (2002) configural theory. In the case of
REM, it needs to be assumed that the proportion
of replaced elements is large, just as necessarily in
the case of Pearce’s configural theory it needs to be
assumed that the salience of the contextual cues is
small. That is, the assumptions made by each of
the two theories to generate persistence in dis-
crimination are just the opposite in direction to
those required to generate summation. The critical
theoretical test is not whether summation occurs,
or whether persistence in discrimination occurs,
but, rather, whether, with a given assumption
about the degree of replacement or the salience
of the contextual cues, one or the other model
can accommodate both the degree of summation
and the degree of persistence in discrimination
that is empirically observed (see Wagner &
Vogel, 2008, for quantitative simulations that
illustrate the possibilities).

It remains to be seen how well either elemental
or configural theories can deal satisfactorily with
the converging results from these and other differ-
ent tests in human causal learning. A challenging
possibility that has been proposed (Melcher,
Shanks, & Lachnit, 2008; Williams, 1995) is
that stimulus processing involves both elemental
and configural coding (e.g., Fanselow, 1999;
Pearce & Bouton, 2001; Wagner, 2003) and that

the predominance of one or another is a function
not only of the task demands, but of the individ-
uals’ learning history. Consistent with this
notion, there is some evidence that training with
elemental discriminations disposes participants to
use elemental coding in subsequent tasks, whereas
training with configural discriminations disposes
participants to use configural coding in subsequent
tasks (Williams & Braker, 1999; Williams et al.,
1994). It is not known how general is the influence
observed across different stimuli or tasks, but amajor
challenge to our theories becomes how to accommo-
date whatever flexibility of processing exists. From a
Pearcian perspective, it could be via differential
attention to the contextual cues. From a replaced-
elements perspective it could be via differential
attention to context-independent versus context-
dependent elements.
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