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Associative and statistical theories of causal and predictive learning make opposite predictions for
situations in which the most recent information contradicts the information provided by older trials (e.g.,
acquisition followed by extinction). Associative theories predict that people will rely on the most recent
information to best adapt their behavior to the changing environment. Statistical theories predict that
people will integrate what they have learned in the two phases. The results of this study showed one or
the other effect as a function of response mode (trial by trial vs. global), type of question (contiguity,
causality, or predictiveness), and postacquisition instructions. That is, participants are able to give either
an integrative judgment, or a judgment that relies on recent information as a function of test demands.
The authors concluded that any model must allow for flexible use of information once it has been
acquired.

Learning to predict the events in our environment is critical for
survival. Both humans and other animals are known to learn
predictive and causal relations between the events in their envi-
ronment, and the question of how they do it has preoccupied
philosophers and psychologists for many years.

There are many different types of models that have tried to
answer this question, and some of them seem to contradict each
other. For example, according to statistical or computational mod-
els (generally developed in the area of human cognition), when
participants are asked to judge the degree to which a potential
predictor cue,C, predicts a given outcome,O, they will take into
account all of the information they have and will compute their
judgment using a statistical rule such as, for example,�P (Allan,
1980).�P is computed as the probability of the outcome occurring
whenC is present—that is,p(O | C)—minus the probability of the
outcome occurring whenC is absent—that is,p(O | noC).

However, according to associative models, generally developed
in the area of animal learning, predictive and causal judgments are
analogous to the conditioned response that an animal gives in a
conditioning experiment. On observing the occurrence of the con-
ditioned stimulus or cue,C (e.g., light or tone), the animal predicts
the immediate occurrence of the unconditioned stimulus or out-
come,O (e.g., food or foot shock), and hence, salivates or freezes

as a result of this prediction. According to associative theories, the
strength of the expectation of the outcome (whether assessed
through a conditioned response in rats or through a predictive or
causal judgment in humans), will be a function of the strength of
the association that is gradually established betweenC and O
during the acquisition trials (e.g., Allan, 1993; Rescorla & Wagner,
1972). Thus, according to these theories, the strength of the asso-
ciation will be updated on a trial-by-trial basis: Some types of trials
will strengthen the association betweenC andO, whereas others
will decrease it. For example, every time that aC–O trial occurs,
the associative strength will increase, and any time that aC–noO
trial occurs, the associative strength will decrease.

Opposite Predictions of Associative and Statistical Models

Those two sets of models make opposite predictions concerning
recency effects (e.g., Chapman, 1991; Lo´pez, Shanks, Almaraz, &
Fernández, 1998). Associative models predict that the final re-
sponse will differ as a function of the most recent trials, whereas
statistical models predict that the order of trials should have no
effect on the final response. For example, according to associative
theories, a series ofC–O trials followed by a series ofC–noO trials
(i.e., acquisition followed by extinction) should lead to a lower
judgment than a series in which theC–O and C–noO trials are
presented in the reverse order. By contrast, statistical models
predict no difference between those two conditions. According to
these theories, participants will calculate their final judgment using
all the information received during the two stages, and thus, an
integrative judgment, rather than a recency-based judgment,
should be observed at test.

It is true that the predictions of associative models are parameter
dependent (see e.g., Baker, Mercier, Valle´e-Tourangeau, Frank, &
Pan, 1993; Wasserman, Kao, Van Hamme, Katagari, & Young,
1996) and that associative models that give less weight to recent
trials can easily be developed. Moreover, statistical models could
also be developed that compute only the latest trials so that they
could best fit the results of extinction experiments and other
recency effects (see Miller & Escobar, 2001; Shanks, Lo´pez,
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Darby, & Dickinson, 1996, for discussion). However, the cognitive
system may be much more flexible than any of those classes of
models predict. As predicted by associative theories, the predictive
or causal relations that we once learned may no longer be valid
(things change in our environment), and there must be a mecha-
nism that allows us to adapt to these changes. At the same time,
however, it might be quite maladaptive to discard our previous
knowledge and rely only on the most recent information. Quite
possibly, the cognitive system is able to use either the most recent
information or all of it as a function of the demands of the
environment.

However, the many studies on extinction available in the liter-
ature (e.g., Paredes-Olay & Rosas, 1999; Pavlov, 1927) provide
clear evidence in favor of the associative prediction and against the
statistical prediction. For this reason, our approach in these exper-
iments was to use an extinction design to test whether integrative
judgments could also be observed after extinction training as a
function of several testing manipulations.

Variables That Might Affect the Observation
of One or the Other Result

One of the variables that could affect the observation of trial-
order effects is the wording of the test question that is used to
request the participants’ judgments. These questions generally
vary from one published study to another, and the potential influ-
ence of this variable is generally overlooked. However, Matute,
Arcediano, and Miller (1996) presented evidence that the type of
question used to assess participants’ judgments affects the results
of judgmental experiments. More specifically, they used a cue
competition design and observed cue competition effects (i.e.,
judgments that become biased when there are several cues asso-
ciated to the same outcome) when participants were asked to give
predictive and causal judgments, but not when participants were
asked to judge the degree of contiguity (or co-occurrence) between
the cue and the outcome (but see also Cobos, Caño, López, Luque,
& Almaraz, 2000). Although Matute et al. did not directly study
the potential differences between causal and predictive questions
in that study, there are reasons to believe that those two types of
questions could produce differential judgments (e.g., Cheng, 1997;
Miller & Matute, 1996). For example, a predictive test question
(e.g., To what degree do you expect the outcome to occur in this
particular trial?) seems to refer to a particular time and context
and could differ from one time to another (e.g., a light might
predict food in this time and context; the same light might predict
nothing at a different time or context). However, a causal question
(e.g., To what degree do you think that C is the cause of O?) seems
to imply a more general relationship between the cue and the
outcome that does not vary as much with time and context. If this
were true, it would be easier to observe extinction with predictive
than with causal questions. Finally, a contiguity (or co-occurrence)
question (e.g., To what degree would you say that C was followed
by O, even by mere chance?) should show that regardless of the
degree of extinction shown with the other two questions, partici-
pants are aware that C was followed by O in 50% of the trials. In
other words, the knowledge that C was followed by O during the
first phase should not be lost during the second phase in which C
is never followed by O even though extinction might be observed
as a function of some testing conditions. This was tested in
Experiments 1A–1C.

Another variable that might affect the observation of trial-order
effects is whether participants are requested to make their judg-
ments as they are learning or only after the training session is
finished. Several researchers have found that trial-by-trial re-
sponses are more sensitive to recency effects, whereas global
responses given at the end of a sequence tend to integrate the
information received throughout the session. The influence of this
variable has generally been studied in the area of belief revision
(e.g., Hastie & Park, 1986; Hastie & Pennington, 1995; Hogarth &
Einhorn, 1992), but it has been applied to the area of causal
judgments as well (e.g., Catena, Maldonado, & Cándido, 1998;
Wasserman et al., 1996). In general, the results of those studies
suggest that in our acquisition–extinction design, extinction
should be more readily observed if judgments are requested in a
trial-by-trial basis than if they are requested only at the end of
training. This was tested in Experiments 1A–1C.

Experiments 1A and 1B

In Experiments 1A and 1B, three groups of participants received
the identical acquisition–extinction training but differed on
whether they received a predictive, causal, or contiguity question.
Presumably, extinction (i.e., recency) judgments should be ob-
served in response to the predictive question. However, a judgment
integrating the information from the two training phases should be
observed in response to the contiguity (co-occurrence) and causal
questions. The only difference between Experiments 1A and 1B
was that in Experiment 1A judgments were required only at the
end of the training session (i.e., global response mode) whereas in
Experiment 1B judgments were required on a trial-by-trial basis.
As noted in the introduction, in addition to the type of question
used at test, the response mode (global vs. trial-by-trial) could also
affect the participants’ sensitivity to recent trials.

Method

Participants and apparatus. Fifty-seven undergraduate students from
Deusto University volunteered for Experiment 1A. Random assignment of
participants resulted in 17 participants in Group G.contiguity, 20 partici-
pants in Group G.causal, and 20 participants in Group G.predictive.

Forty-seven undergraduate students from Deusto University volunteered
for Experiment 1B. Random assignment of participants resulted in 17
participants in Group T.contiguity, 14 participants in Group T.causal,
and 15 participants in Group T.predictive (in Experiment 1A, G refers to
global; in Experiment 1B, T refers to trial by trial).

The experiments were run using personal computers. For each experi-
ment, participants were run simultaneously and seated about 1.5 m apart
from each other. Each participant was exposed to a different experimental
condition than the two adjacent participants. The experiments were per-
formed with the allergy task (e.g., Wasserman, 1990).

Procedure. Table 1 depicts the design summary of Experiments 1A–
1C. The G groups in Table 1 correspond to Experiment 1A, the T groups
correspond to Experiment 1B. In each of the two experiments, three groups
of participants received identical training consisting of acquisition fol-
lowed by extinction. Groups differed in that they received different types
of questions (i.e., contiguity, causality, or predictiveness). In Experiment
1A, these questions were presented to all three groups once all the infor-
mation had been presented (i.e., global mode). In Experiment 1B, the
questions were presented on a trial-by-trial basis.

In both experiments, the computer showed the records of fictitious
patients, one patient per trial. Participants saw two cards per patient (i.e.,
per trial). The first card indicated that the patient had taken a fictitious
medicine, Dugetil. The second card indicated whether the patient had
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developed an allergic reaction to the medicine. That is, the first card
corresponded to the cue, C; the second card corresponded to the out-
come, O.

In all cases, Phase 1 consisted of 20 trials of C followed by O, and
Phase 2 consisted of 20 trials of C followed by noO. A screen showing the
sentence “Press any key to see the next patient” separated the records for
different patients (i.e., trials). A translation from Spanish of the instructions
used in these experiments reads as follows:

Imagine you are an allergist who wants to study to what degree the
consumption of a medicine called Dugetil causes, as a secondary
effect, an allergic reaction. The medical records of a series of patients
will be presented. Based on them, you will make your predictions. For
each patient, you will first see a card that tells you whether that
patient has taken Dugetil. Once you have read it you will see, on a
second card, whether the patient did or did not develop the allergic
reaction. After that, you will see the cards for the next patient, and
so on.

At some points during the experiment, you will have to indicate to
what degree you think that a particular patient is going to develop the
allergic reaction.

In Experiment 1A, after the 40 training trials were completed, the test
trial showed one more card of a patient that had taken Dugetil. This card
was identical to the ones used during training, but now, a test question and
a rating scale appeared at the bottom of the screen. This test question was
the only variable that we manipulated. These questions were as follows
(translated from Spanish): To what degree would you say that the patients
that have taken Dugetil have developed, even by mere chance, the allergic
reaction? (contiguity question); To what degree do you think that Dugetil
is the cause of the allergic reaction? (causal question); and To what degree
do you think that this patient will develop the allergic reaction? (predictive
question). Below the question, the following phrase was displayed:
“Please, give a number between 0 and 100, with 0 being absolutely not, and
100 being absolutely.” Participants introduced a number by using the up
and down arrow keys and the Enter key on the computer keyboard.

Experiment 1B was identical to Experiment 1A except that judgments
were required not only in the test trial but also in each of the 40 training
trials. The questions and the rating scale used in every trial were identical
to those used in the test trial of Experiment 1A.

Results and Discussion

The critical judgments at test are given in Figure 1 for Experi-
ment 1A and in Figure 2 (right panel) for Experiment 1B. For
reference, Figure 2 also shows the mean judgments during training
in Experiment 1B (left panel).

As can be seen in Figure 1, no differences were observed as a
function of test question in Experiment 1A, which used a global
response mode. This was confirmed by a one-way analysis of
variance (ANOVA), which showed no main effect of type of
question in Experiment 1A, F(2, 54) � 0.91, p � .05. All three
groups in this experiment gave an intermediate judgment, suggest-
ing an absence of extinction when the response mode was global.

The results of Experiment 1B, however, showed differences
between the different types of questions at the time of testing, and
good evidence of extinction was now observed in the group that
received the predictive question (see Figure 2). This was con-
firmed by a one-way ANOVA, which showed a main effect of type
of question in Experiment 1B, F(2, 43) � 4.27, p � .05, and by
planned comparisons, which showed that, as expected, extinction
was evident in Group T.predictive as compared with Group T.con-
tiguity, F(1, 43) � 8.53, p � .01. That is, participants in Experi-
ment 1B were able to make the right prediction for the test patient
according to the temporal context in which they were being tested
(i.e., no one patient was developing the allergic reaction by the end
of Phase 2). At the same time, they were also able to integrate the
information provided during the two stages when they were asked
not to make a prediction for a particular patient but to rate the
degree with which C and O had occurred together during training
(i.e., contiguity question).

Figure 2 also shows a greater tendency to integrate the infor-
mation when the question is causal than when it is predictive.
However, the difference between Group T.causal and the other two
groups did not reach statistical significance (both ps � .05). That
is, the causal question in this experiment yielded a result that was
somehow in between the extinction shown in Group T.predictive
and the integrative judgment shown in Group T.contiguity. Thus,
the next experiment will try to further clarify this result.

Table 1
Design Summary of Experiments 1A–1C

Group
Response

mode Phase 1 Phase 2 Test

Experiment 1A

G.predictive G C–O C–noO Predictive
G.causal G C–O C–noO Causal
G.contiguity G C–O C–noO Contiguity

Experiment 1B

T.predictive T C–O C–noO Predictive
T.causal T C–O C–noO Causal
T.contiguity T C–O C–noO Contiguity

Note. The cue, C, is a fictitious medicine; O/noO indicate the presence or
absence of the outcome, an allergic reaction. Twenty trials of each phase
were presented. Groups differ on the type of question that they received
and on whether the response mode was global (G) or trial by trial (T).
Experiment 1C replicated the critical findings in Experiments 1A and 1B
using a 2 (response mode: global vs. trial by trial) � 2 (type of question:
causal vs. predictive) design.

Figure 1. Mean judgment at test for the three groups in Experiment 1A.
Error bars represent the standard error of the mean. G refers to global
response mode.
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Experiment 1C

The results of Experiments 1A and 1B, taken together, suggest
that a trial-by-trial response mode and a predictive question are
both important to observe the recency effects predicted by asso-
ciative theories as opposed to the integrative effects predicted by
statistical theories. However, because these conclusions are drawn
from a comparison between two different experiments, our next
step was to assess the influence of those two variables within the
same experiment.

Experiment 1C used a 2 (response mode: global vs. trial by
trial) � 2 (type of question: predictive vs. causal) design. We did
not include the contiguity question in this experiment because the
results of Experiments 1A and 1B consistently showed that, re-
gardless of whether the response mode is global or trial by trial,
participants are able to give an accurate judgment of the degree to
which the two events have occurred together during training.

Although the results of Experiment 1B replicated those of
Experiment 1A with respect to the contiguity question and ex-
tended them with respect to the predictive question, they were not
clear cut with respect to the causal question. This question showed
a tendency toward a more integrative judgment than that of the
predictive question, but it was not clear how reliable this tendency
was. It might be worth noting that in Experiments 1A and 1B the
causal question was presented, just as the other questions, in the
same screen in which the cue (i.e., This patient has taken Dugetil)
was presented. Although this makes sense with respect to the
predictive question (i.e., To what degree do you think that this
patient will develop the allergic reaction?), the causal question
was not intended to refer to one particular patient but to the causal
relationship between Dugetil and the allergic reaction in general.
By asking this question in the same screen in which the informa-
tion that a particular patient had taken Dugetil was presented, we
might have confused participants: This screen might have sug-
gested to some of them that we were asking whether Dugetil would
be followed by the allergic reaction in this particular patient. If this
were the case, the causal question might have been interpreted as
predictive by some participants and as causal by other participants.

Therefore, to avoid this possible misinterpretation and to make it
more clear to participants what each question meant, the causal
group in Experiment 1C will first see the cue card, then the
outcome card, and only after they have seen the two cards will they
be asked about the causal relationship between the cue and the
outcome.

Method

Participants and apparatus. Sixty-eight undergraduate students from
Deusto University volunteered for the study. None of the participants had
taken part in any related experiment. Random assignment of participants
resulted in 16 participants in Group T.predictive, 18 participants in Group
T.causal, 17 participants in Group G.predictive, and 17 participants in
Group G.causal. The participants were run in individual cubicles.

Procedure and design. The experiment was run again with the allergy
task, and the design was a combination of Experiments 1A and 1B. The
causal and predictive groups in Table 1 are the ones that were replicated in
this experiment. Participants received again 20 C–O trials followed by 20
C–noO trials, as in the previous experiments. However, there were two
groups trained in the trial-by-trial response mode (T groups) and two other
groups trained in the global response mode (G groups). In both response-
mode conditions, half of the participants received predictive questions, the
other half received causal questions.

The main procedural difference with respect to Experiments 1A and 1B
concerns the causal groups. In these groups, participants were now re-
quested to introduce their judgment only after they had seen both the cue
and the outcome screen, so that they could not assume that they were
supposed to make a predictive judgment for a particular patient. In the
same vein, the second paragraph of the instructions that participants re-
ceived at the beginning of the experiment was also modified as follows for
the causal groups: At some points during the experiment, you will have to
indicate to what degree you think that Dugetil is the cause of the allergic
reaction.

Our presenting the predictive question before the outcome and the causal
question after the outcome implies that participants in the causal groups
would receive one more training trial than the predictive groups before
making their final test judgment. For this reason, the causal groups in this
experiment were tested in the 40th trial rather than in the 41st trial.

Figure 2. Mean judgment during training (left panel) and testing (right panel) for the three groups in
Experiment 1B. Error bars represent the standard error of the mean. T refers to trial-by-trial response mode.
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Results and Discussion

The left panel of Figure 3 shows the training data for the two
groups that responded during training (i.e., the T groups). The right
panel shows the critical data, that is, the mean judgment at test for
all groups.

The results of this experiment replicated the findings of Exper-
iments 1A and 1B that extinction is most clearly observed at test
when a predictive question and a trial-by-trial response mode is
used, and that, by contrast, global and causal questions tend to
favor more integrative judgments. A 2 (response mode) � 2 (type
of question) ANOVA on the final judgments during testing yielded
a main effect of type of question, F(1, 64) � 8.23, p � .01, a main
effect of response mode, F(1, 64) � 14.79, p � .01, and no
interaction, F(1, 64) � 0.74, p � .05. Planned comparisons be-
tween the two G groups replicated the results of Experiment 1A, in
that no differences were observed between predictive and causal
judgments when the response mode was global, F(1, 64) � 2.01,
p � .05. In that case, participants tended to integrate the informa-
tion received during the two training phases regardless of whether
they were asked a predictive or a causal question. However,
planned comparisons between the two T groups replicated and
clarified the results of Experiment 1B, in that they show that the
predictive question produced lower judgments than the causal
question when the response mode was trial by trial, F(1,
64) � 6.95, p � .05. Thus, questions that are trial by trial and
predictive seem to favor the observation of recency effects,
whereas a global response mode or a causal question seem to favor
judgments that integrate the two training phases.

Experiment 2

The results of Experiments 1A–1C, taken together, suggest that
participants making causal or global judgments tend to integrate
the information received through the training session, whereas
those making predictive judgments on a trial-by-trial basis tend to
be more sensitive to the information received during recent trials.

Thus, both the response mode and the question type seem to be
critical factors that modulate the observation of one or the other
type of judgment.

Of importance, it seems that recency effects, which are often
used to discriminate between statistical and associative predictions
(see, e.g., Shanks et al., 1996), tend to occur only in predictive
trial-by-trial situations. Before drawing such a general conclusion,
however, it is important to make sure that our results are not
restricted to the acquisition–extinction design that we have been
using in Experiments 1A–1C. For this reason, in Experiment 2 half
of the participants received the two training phases in the same
order as in the previous experiments, whereas the other half
received the two training phases in the reverse order (i.e., the
C–noO trials presented before the C–O trials). Orthogonally, the
response mode was either global or trial by trial for half of the
participants within each group. The question used was always
predictive. If the above conclusions are correct, trial order should
affect predictive judgments in the T groups (with the group re-
ceiving the C–O trials during the second phase giving a higher
judgment at test than the group receiving C–noO trials during the
second phase), but not in the G groups.

Method

Participants and apparatus. Eighty undergraduate students from Deu-
sto University volunteered for the study. None of the participants had taken
part in any related experiment. Sixty-five participants were run in a large
computer room, as in Experiment 1A. The remaining participants were run
in individual cubicles, as in Experiment 1C. In both testing conditions, the
participants were randomly distributed across the four experimental
groups. This resulted in 20 participants per group.

Procedure and design. Table 2 depicts the design summary of this
experiment. Two groups received trial-by-trial training; the two other
groups received global training. Half of the participants in each condition
received the same acquisition–extinction training of the previous experi-
ments, that is, C was followed by O in all trials during Phase 1 and never
during Phase 2 (Groups G.1.0 and T.1.0). For the other half of participants,
the order of phases was reversed, that is, C–noO trials were followed by

Figure 3. The left panel shows the mean judgment during training for the two trial-by-trial groups in
Experiment 1C. The right panel shows the mean judgment at test for all four groups as a function of response
mode (G vs. T) and type of question (predictive vs. causal). Error bars represent the standard error of the mean.
G refers to global response mode; T refers to trial-by-trial response mode.
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C–O trials (Groups G.0.1 and T.0.1). In all cases, 20 trials of each type
were presented, and the type of question was always predictive.

Results and Discussion

The left panel of Figure 4 shows the training data for the two
groups that responded during training (i.e., the T groups). The right
panel shows the critical data, that is, the mean judgment at test for
all groups. As expected, trial order affected predictive judgments
at test in the two trial-by-trial groups but not in the global groups.
These impressions were confirmed by a 2 � 2 ANOVA, which
showed a main effect of trial order, F(1, 76) � 20.21, p � .01, no
main effect of response mode, F(1, 76) � 0.02, p � .05, and a
Trial Order � Response Mode interaction, F(1, 76) � 10.11, p �
.01. As shown in Figure 4, the results at test depended strongly on
trial order when the response mode was trial by trial but not when
it was global. Planned comparisons showed a significant difference
between the two T groups, F(1, 76) � 29.45, p � .01, but no
significant difference between the two G groups was observed,
F(1, 76)� 0.87, p � .05. Thus, as expected, the two G groups
integrated the information received during the two training phases,

regardless of trial order, whereas the two T groups tended to
respond during testing according to the information received dur-
ing the latest trials. This suggests that the results of Experiments
1A–1C are not restricted to the acquisition–extinction design that
we used, and can be generalized to other situations in which the
order of trials is not randomly distributed through the training
session.

Experiment 3

As expected, the differences that we have observed among the
several conditions tested in Experiments 1A–1C and 2 suggest that
participants can respond differently as a function of how they
interpret the test question. Both the trial-by-trial response mode
and the predictive wording seem to be interpreted as requiring a
specific judgment for a particular case in a particular time and
context; however, the global response mode and the causal and
contiguity questions seem to be interpreted as demanding a re-
sponse that integrates the two training phases.

However, there is also a possibility that the differences observed
between the global and the trial-by-trial conditions are merely due
to a lack of attention in the global conditions. These participants
have nothing to do during training but reading the information on
the screen and pressing the Enter key to go on to the next trial.
Thus, it is possible that they simply keep pressing the Enter key
without even reading the information presented in each trial. The
present experiment tested this possibility.

Method

Participants and apparatus. Forty undergraduate students from Deu-
sto University volunteered for the study. None of the participants had taken
part in any related experiment. The participants were run in a large
computer room, as in Experiment 1A, and were randomly distributed
across the four experimental groups. This resulted in 11 participants in
Group G, 11 participants in Group T, 9 participants in Group G.predict,
and 9 participants in Group G.read.

Table 2
Design Summary of Experiment 2

Group
Response

mode Phase 1 Phase 2 Test

G.1.0 G C–O C–noO Predictive
G.0.1 G C–noO C–O Predictive
T.1.0 T C–O C–noO Predictive
T.0.1 T C–noO C–O Predictive

Note. The cue, C, is a fictitious medicine; O/noO indicate the presence or
absence of the outcome, an allergic reaction. Groups differ in their re-
sponse mode (G vs. T), as well as in the order of the two training phases
(e.g., 1.0 means that the outcome always occurred during Phase 1 and
never during Phase 2; 0.1 means the reverse order of trials). G � global;
T � trial by trial.

Figure 4. The left panel shows the mean judgment during training for the two trial-by-trial groups in
Experiment 2. The right panel shows the mean judgment at test for all four groups as a function of response mode
(G vs. T) and trial order (1.0 vs. 0.1). Error bars represent the standard error of the mean. G refers to global
response mode; T refers to trial-by-trial response mode.
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Procedure and design. Groups G and T replicated the global and the
trial-by-trial conditions of Experiments 1A–1C, with the type of question
being predictive in all cases. To test whether a lack of attention could be
responsible for the results of the global conditions, two other global groups
were used in this experiment that emitted a judgment only at test but that
had to type a yes/no response in each training trial. Group G.predict was
required to give a yes/no prediction for the outcome when the cue was
presented in each trial. The wording of this question was Will this patient
develop the allergic reaction? (y/n). Group G.read was simply forced to
read the screen: While the information on the allergic reaction was still
visible, these participants were required to give a yes/no response to the
question Did this patient develop the allergic reaction? (y/n). In this group,
the program did not go on to the next trial until the information was read
and the correct yes/no response was typed.

Results and Discussion

The left panel of Figure 5 shows the training data from the group
that emitted judgments during training (Group T). The insert in this
figure shows the percentage of “yes” predictions during training
for Group G.predict. This insert shows that, like participants in
Group T, participants in Group G.predict were also paying atten-
tion to the information presented in the screen: they predicted the
occurrence of the outcome during Phase 1 and its absence during
Phase 2. Finally, the percentage of “yes” responses in Group
G.read is not shown in the figure, but these participants were also
paying attention to the screen and their responses were 100%
correct (recall that in this group the program did not continue to the
next trial until the correct response had been typed).

The right panel of Figure 5 shows the critical data in this
experiment, that is, the mean judgment at test for all groups. As
can be seen in this panel, the three global groups behaved homo-
geneously and differed from the trial-by-trial group. This was
confirmed by a one-way ANOVA, which showed a main effect of
group, F(3, 36) � 10.76, p � .01, and by planned comparisons,
which showed that, as expected, extinction was evident in Group
T as compared with Group G, F(1, 36) � 18.96, p � .01, Group

G.predict, F(1, 36) � 20.81, p � .01, and Group G.read, F(1,
36) � 22.51, p � .01. This shows that the results of the previous
experiments cannot be attributed to a lack of attention in the global
conditions.

Experiment 4

Experiments 1A–3 have shown that both the type of question
and the response mode affect the way in which participants make
their judgments at the end of training. With regard to the type of
question, it is not that surprising that participants receiving a
predictive question tend to rely on recent information to make their
prediction because this is probably an efficient way to make
accurate predictions in a changing environment. The large amount
of data existent on extinction in animal research can also be
regarded as a predictive trial-by-trial situation in which, as in the
present experiments, participants tend to make their predictions on
the basis of the most recent information received. At the same
time, it is not that strange that participants that were asked to make
a causal rather than a predictive judgment tended to consider a
greater amount of information that included also the early trials. As
suggested by the results to the contiguity questions in Experiments
1A and 1B, participants were aware of the probability of the
outcome occurring in the presence of C being .5 (i.e., 1 during the
early trials, 0 during the latest trials). However, they also were able
to predict a probability of 0, or close to 0, for the next trial when
the question was predictive, or to infer a causal relation of an
intermediate level between the two events when they were asked to
make causal judgments. That is, participants seemed to be able to
use the acquired information in a flexible way as a function of the
test question that they received (see also Matute et al., 1996, for a
similar finding).

More puzzling is the response-mode effect. Why should partic-
ipants respond differently as a function of whether they are re-
sponding in every trial or at the end of training? The idea that

Figure 5. The left panel shows the mean judgment during training for Group T in Experiment 3. The insert
shows the percentage of “yes” predictions during training for Group G.predict. The right panel shows the mean
judgment at test for all four groups. Error bars represent the standard error of the mean. G refers to global
response mode; T refers to trial-by-trial response mode.
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participants giving global judgments store all trials whereas those
giving trial-by-trial judgments do not (Catena et al., 1998; Hastie
& Park, 1986; Hastie & Pennington, 1995; Hogarth & Einhorn,
1992) is an appealing one. However, this cannot explain the
difference we observed among trial-by-trial participants that re-
ceived different test questions: if they had stored only the recent
trials, then they should have given judgments close to 0 in all cases
(except for Group T.0.1 in Experiment 2).

Our observation that participants receiving contiguity or causal
questions tended to integrate the information of the two phases at
test even when their response mode was trial by trial, suggests that
the locus of their integration was at the response stage rather than
at the acquisition stage. That is, like the global participants, trial-
by-trial participants must also have had all the information at the
end of training to respond at test one way or another as a function
of how they interpreted the test question. If this is true, the
information could probably be integrated at the end of training, not
only as a function of the response mode and the type of question,
but also as a function of many other testing demands. Indeed,
anything that during testing would suggest to participants that an
integrative judgment would be more appropriate than the default
(i.e., recency) judgment in a trial-by-trial situation should produce
an integrative response. This view was tested in the present
experiment.

In this experiment, three groups of participants received the
conditions that should produce the strongest recency effect, that is,
predictive questions in a trial-by-trial response mode. Our primary
manipulation consisted of inserting an instructional screen just
before testing. The purpose of this screen was to suggest that the
test trial should not be interpreted as an additional Phase 2 trial (for
which a recency response would be appropriate), but as a whole
new phase. In this way, all they had learned during the two training
phases, rather than only the information from Phase 2, should
become relevant at test. If the effects we have been observing in
the previous experiments are response effects, participants trained
with the trial-by-trial mode and predictive questions should be able
to produce integrative judgments if they interpret the test phase in
this way. By contrast, if these effects are due to the trial-by-trial
participants failing to store the information received through the
training session, these participants will be unable to give an inte-
grative judgment even if the test instructions suggest that it will be
appropriate to do so.

Method

Participants and apparatus. Sixty-eight undergraduate students from
Deusto University volunteered for the study. None of the participants had
taken part in any related experiment. They were randomly assigned to the
various conditions, which resulted in 17 participants per group. The par-
ticipants were run in individual cubicles, as in Experiment 1C.

Procedure and design. Table 3 shows the design summary for this
experiment. Three groups were exposed to a trial-by-trial response mode
and one group was exposed to a global response mode. Groups G.20 and
T.20 replicated the global and trial-by-trial conditions of the previous
experiments, with the question being predictive in all cases. That is, they
received 20 C–O trials followed by 20 C–noO trials. Two other groups
(Groups T.20.i and T.33.i) were exposed to a trial-by-trial mode, but at the
end of the training sequence, just before testing, they received the follow-
ing instruction (translated from Spanish):

You now should have enough information about the relationship
between Dugetil and the allergic reaction. Now imagine that a patient
of yours has taken Dugetil and she asks you if she is going to develop
the allergic reaction. You will have to tell this person to what degree
you think she is going to develop the allergic reaction so that she can
decide whether or not she should give up the treatment with Dugetil.

One of the instructed groups (Group T.20.i) received the same 20 C–O
and 20 C–noO trials as the T.20 group. If the instruction that they received
before testing was enough for them to integrate what they had learned
during the two training phases, they should give a judgment close to 50 in
our 0–100 scale, that is, significantly higher than that of Group T.20 and
similar to that of Group G.20. However, there was a possibility that
participants in Group T.20.i gave a judgment of 50 not because they
integrated the information of the two phases, but simply because they
wanted to say, “ I don’ t know; so fifty–fifty.” To avoid this possible
interpretation of the expected judgment of 50 in this group, the other
instructed group (Group T.33.i) received 33, rather than 20, extinction
trials. Thus, if the instructed groups were integrating the information that
they had received and were giving an accurate judgment rather than a mere
“ I do not know” response, the judgments of these two instructed groups
should differ from each other.

Results and Discussion

The left panel of Figure 6 shows the training data for the three
groups that responded during training (i.e., the T groups). The
critical results of this experiment are depicted in the right panel for
all four groups. As expected, Groups T.20 and G.20 replicated
during testing the basic response-mode effect, but more important,

Table 3
Design Summary of Experiment 4

Group
Response

mode Phase 1 Phase 2 Instruction Test

G.20 G 20 C–O 20 C–noO No Predictive
T.20 T 20 C–O 20 C–noO No Predictive
T.20.i T 20 C–O 20 C–noO Yes Predictive
T.33.i T 7 C–O 33 C–noO Yes Predictive

Note. The cue, C, is a fictitious medicine; O/noO indicate the presence or absence of the outcome, an allergic
reaction. Groups G.20 and T.20 are intended to replicate the basic response-mode effect of Experiments 1–3.
Group T.20.i was included to assess the prediction that an instruction received just before testing would be
sufficient to produce an integrative judgment in participants that had received trial-by-trial training with
predictive questions. Group T.33.i was a control group that was identical to Group T.20.i except that it received
a larger number of extinction trials (i.e., 33 rather than 20). G � global; T � trial by trial.
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Group T.20.i behaved as the global group rather than as a trial-
by-trial group. Participants in Group T.20.i were able to integrate
the information from the two training phases when giving their
final judgment. Moreover, the judgment of Group T.20.i cannot be
interpreted as an “ I don’ t know” response, because the judgment of
this group differed from that of Group T.33.i, which also showed
an integrative, but lower, judgment.

These impressions were confirmed by a one-way ANOVA on
the mean judgments at test, which showed a main effect of group,
F(3, 64) � 11.94, p � .01. Planned comparison between Groups
T.20 and G.20 showed a basic response-mode effect, with judg-
ments in Group T.20 being significantly lower than those in Group
G.20, F(1, 64) � 30.36, p � .01. Moreover, when an instruction to
integrate the information was inserted in the T.20 group before
testing (i.e., Group T.20.i), the judgment of the T.20 group became
significantly increased in Group T.20.i, F(1, 64) � 16.91, p � .01.
Indeed, the judgment of Group T.20.i is almost as high as that
reached by Group G.20, F(1, 64) � 1.95, p � .05. This suggests
that a global response mode is not necessary for participants to
integrate what they had learned in the two phases. Finally, the
difference between Group T.20.i and Group T.33.i, F(1,
64) � 5.36, p � .05, indicates that these two groups are accurately
integrating the information rather than giving an “ I don’ t know”
response.

Thus, the response of Group T.20.i replicates the results of the
global groups in the previous experiments. In those cases, partic-
ipants did not show recency effects. Instead, they regarded the two
training phases as relevant when making their final judgment. The
same result was now observed in Group T.20.i through a different
manipulation. Therefore, it seems that it is not the frequency with
which judgments are requested, but how the demands of the test
phase are interpreted, that produces one or the other result.

General Discussion

The experiments presented here show that there are some testing
conditions that favor the recency effects predicted by associative
theories, whereas there are other testing conditions that favor the

absence of trial-order effects predicted by statistical theories.
There are probably many other conditions, in addition to the ones
we have tested here, that could also favor the observation of one or
the other type of judgment. Nevertheless, summarizing our results,
these are the variables that we have found to be critical:

First, the type of question used to assess participants’ judgments
was a critical variable. Among the different types of questions that
we assessed, the contiguity question showed that participants ac-
curately store all the information and can give accurate judgments
on the degree with which C and O occurred together through the
session, regardless of whether the response mode is global or trial
by trial (Experiments 1A and 1B). However, participants tended to
use only the most recent information when the test question was
predictive, particularly when the response mode was trial by trial
(Experiments 1B–4). The causal questions, however, tended to
yield more integrative judgments than the predictive questions.
Causal judgments do not normally refer to a particular case in a
particular situation and time, as predictive questions do, but to a
more general relationship between the cue and the outcome (Ex-
periments 1B and 1C). Thus, in general, extinction and trial-order
effects tend to be observed more readily in predictive situations.

Second, we observed a very strong response-mode effect that
was evidenced in the trial-by-trial mode being generally more
sensitive to recent information than the global mode, particularly
when predictive questions were used (Experiments 1A–4). More-
over, Experiment 3 showed that the response-mode effect was not
due to a lack of attention in the global conditions, and Experi-
ment 2 showed that this effect is not restricted to the acquisition–
extinction design that we used in all the other experiments: In
Experiment 2 we tested the reverse order of trials, and the results
were consistent with the results of the other experiments. That is,
trial order affected participants’ judgments in the trial-by-trial
response mode but not in the global response mode.

Third, informing participants just before testing that the test trial
should not be interpreted as an additional Phase 2 trial was suffi-
cient for the trial-by-trial participants that were receiving predic-
tive questions to make an integrative judgment rather than their

Figure 6. The left panel shows the mean judgment during training for the three trial-by-trial groups in
Experiment 4. The right panel shows the mean judgment at test for all four groups. Error bars represent the
standard error of the mean. G refers to global response mode; T refers to trial-by-trial response mode.
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default recency-based judgment (Experiment 4). Thus, as robust as
the recency effect might be in the trial-by-trial conditions, it seems
that it can be counteracted not only by the test question (Experi-
ments 1B and 1C) but also by simply separating the test trial from
the Phase 2 trials, therefore making all previous phases equally
relevant at the time of testing (Experiment 4). This suggests that
the response-mode effect has less to do with the frequency with
which judgments are requested than with how participants inter-
pret the demands of the environment at the time of testing.

At first glance, our results might seem inconsistent with previ-
ous results reported by Wasserman et al. (1996, Experiments 2 and
3). In some conditions, their participants received a positive con-
tingency during the first half of the study and a negative contin-
gency during the second half. In some other conditions, the order
of trials was reversed. Moreover, some participants responded on
a trial-by-trial basis, whereas some responded on a global mode.
Wasserman et al. did not report trial-order effects. However, the
purpose of their experiments was different from ours, and they
used an overall �P of 0 and a rating scale that went from �10
to 10. Thus, all judgments were close to 0 at asymptote, and the
differences we observed could not be observed in their study (note
that if the overall �P is 0, there is no reason to expect our results:
the predictions of associative and statistical models are coincident
at asymptote in that case). However, their training data showed
sensitivity to the order of trials, and the trial-by-trial pattern that
they reported was very similar to the one observed in the present
series of studies: participants having the positive contingency first
gave higher judgments during the first half of the study, and this
was reversed for participants having the negative contingency first.
Translated to their design and scale, our results would probably be
very similar to theirs.

Potential Explanations

Trial-order effects are frequently regarded as one of those phe-
nomena that can best be used to discriminate between the statis-
tical and associative predictions (e.g., Allan, 1993; López et al.,
1998): Statistical theories predict response effects that should
result in integrative judgments, whereas associative theories, such
as that of Rescorla and Wagner (1972), predict acquisition effects
that should result in recency effects (i.e., extinction). However,
because we observed both trial-order effects and an absence of
trial-order effects as a function of several testing variables, none of
those two sets of theories can directly provide a unified account of
the observed results.

One possibility would be to consider the belief revision models.
These models predict that information is processed and stored
differently as a function of the response mode, with only partici-
pants exposed to the global mode storing all the information
(Catena et al., 1998; Hogarth & Einhorn, 1992; Pennington &
Hastie, 1992). These models could at first glance explain the
response-mode effect that we observed in Experiments 1–3. How-
ever, as shown above, our results suggest that the response-mode
effect is not due to differential processing or storing of the infor-
mation but to differential responding at test. In Experiment 4, if
participants in Groups T.20.i and T.33.i had not stored the infor-
mation received in all trials, they would not have been able to give
an integrative judgment at test. However, an instructional screen
presented just before testing was sufficient for these participants to
be able to integrate the information. This suggests that the infor-

mation storing strategies of the trial-by-trial response mode are not
different from those of the global response mode.

Indeed, our results show that participants respond one or the
other way as a function of test demands, which suggests that any
model must allow for flexible use of information once it has been
acquired: Sometimes it might be beneficial to make a prediction
based on recent information, sometimes it might be more adaptive
to integrate the information received at different stages, sometimes
it might be beneficial to rely on information received during the
early trials. But, to be able to use either the most recent or the
oldest information, or all of it, and to respond appropriately to each
of the changing environmental demands, it also seems necessary to
store as much information as possible (e.g., C–O and C–noO
information in the present case) in a simple and efficient way.

Perhaps the most obvious possibility would be to extend statis-
tical theories because they at least do store all the information. One
of the most popular current statistical models of causal learning is
Cheng’s (1997) Power PC model. However, Cheng has explicitly
argued that her model does not apply to predictive judgments, and
those are the only ones that we used in our Experiments 2–4.
Nevertheless, Cheng’s model was a revision of an older model by
Cheng and Novick (1992), which applied to predictive judgments.
This older model introduced the notion of focal sets: not all the
information is used when computing �P, but only the information
in the relevant focal set. These focal sets are formed when there is
more than one potential predictor of the outcome and the two or
more predictors sometimes occur together. However, when there is
only one cue, as in the present experiments, the predictions of the
focal-set �P rule are identical to those of the original �P rule.
Thus, in the present experiments, the predictions of the focal-set
�P rule and those of the original �P rule are coincident. They
predict that participants will use all the C–O and the C–noO trials
when computing their judgments at test. This allows these theories
to explain the integrative judgments observed in some conditions
in the present studies but prevents them to explain the trial-order
effects observed in the other conditions. Indeed, the lack of an
acquisition function prevents these theories to account for any
acquisition-related effects, such as trial order, learning curves, and
preasymptotic judgments (see also Allan, 1993; Baker et al., 1993;
López et al., 1998; Shanks, 1993).

It should be possible, however, to develop statistical models
provided with an acquisition function as well as with time-
sensitive focal sets. This would probably require the addition of a
recency parameter to each focal set, so that at test, participants
could decide whether the most recent focal set, the oldest one, or
all of them should be taken into account when calculating their
judgments. This would also require one to specify how (and when)
such time-sensitive focal sets should be created. As others have
noted (e.g., Shanks, 1993), one of the main problems in trying to
apply the notion of focal sets to a particular experiment is how to
define in advance which focal sets will be created in each partic-
ular situation.

The alternative possibility is to consider associative theories. As
previously noted, the main difference between statistical and as-
sociative models is that statistical models focus on the response
process and associative models generally focus on the trial-by-trial
updating of the associations during acquisition. This updating
process allows them to explain the trial-by-trial results. At the
same time, however, this updating process prevents them from
accounting for the integrative judgments observed in the present
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experiments because it results in the destruction of the C–O
association by the end of the extinction phase (e.g., Rescorla &
Wagner, 1972). This problem has been called “catastrophic for-
getting” by some researchers (e.g., McCloskey & Cohen, 1989;
Ratcliff, 1990). However, there are some exceptions to this rule.

There are some models of animal learning that, unlike the most
prevalent approach (e.g., Rescorla & Wagner, 1972), regard ex-
tinction and other interference effects as retrieval effects rather
than as acquisition effects (e.g., Bouton, 1993). In these cases,
extinction does not imply the destruction of the C–O association
acquired during Phase 1. Instead, the organism acquires two dif-
ferent associations: a C–O association during Phase 1, and a
C–noO association during Phase 2. The problem here is that the
meaning of the cue becomes ambiguous, and when it is presented
during testing, C could predict either O or noO. Thus, it is
necessary to specify when extinction will be observed and when it
will not. According to Bouton (1993), the (physical or temporal)
context in which the test phase takes place plays the disambigu-
ating role. If the test phase is conducted immediately after Phase 2
and in the same physical context, as is usually the case, the most
recently acquired association (i.e., C–noO) is the one that will be
activated by the test context. Thus, extinction will be the default
result. However, if testing occurs in a novel (temporal or physical)
context, the most recently acquired C–noO association does no
longer prevail and good responding will be observed. The many
experiments showing spontaneous recovery when a time interval
elapses between extinction and testing and renewal of responding
when testing occurs in a novel context give support to this view
(see e.g., Bouton, 1993, for a comprehensive review).

Bouton’ s (1993) theory was developed in the area of animal
conditioning and cannot directly account for the results observed
in the present experiments. However, it could be readily extended
to human learning if we assume that in humans the disambiguating
role does not need to be restricted to the (temporal or physical)
context in which testing takes place. In principle, not only con-
texts, but also verbal stimuli and other test demands such as
response mode or mere instructions can help participants disam-
biguate whether the C–O or the C–noO association, or the two of
them, are relevant at a particular time and context. Apparently,
instructions and test questions can also activate one or the other
association just as contexts do. Moreover, according to Bouton
(1993), spontaneous recovery and renewal of responding occur
because the C–noO association acquired in a particular time and
context does not transfer to novel contexts as readily as the C–O
association does. However, it is also possible that because the
novel context cannot be of great help in disambiguating whether O
or noO will occur after C, the two associations might become
partially activated in such cases by the test context. Thus, each of
them could interfere with the expression of the other one. In this
case, the combined excitatory and inhibitory strength of these two
associations could be responsible for the intermediate degree of
responding that is normally observed when testing occurs in a
novel (temporal or physical) context. This could also explain the
integrative judgments observed in the present research.

For example, the response-mode effect can be understood if we
assume that in the T groups the test trial must have been perceived
as an additional Phase 2 trial (there was nothing that allowed
participants to assume that it belonged to a different phase) and in
consequence, the default Phase 2 association (i.e., C–noO) pre-
vailed at test. The G groups, however, could not perceive the test

trial as an additional Phase 2 trial: It was clear that it was a whole
new (i.e., test) situation in which they were required to introduce
a judgment for the first time after the two training phases had been
completed. Therefore, the two associations could become equiva-
lently activated in such testing conditions, thus resulting in an
intermediate (or integrative) judgment.

Similarly, the causal and contiguity questions that we used were
explicitly worded to suggest that we were not referring exclusively
to the latest trials, and in consequence, participants integrated the
information from the two training phases (i.e., the two associations
become activated). However, the predictive test question explicitly
referred to a particular patient in a particular time and context (i.e.,
at the end of Phase 2). Thus, unless responding on a global mode
(Experiments 1–4) or receiving instructions to the contrary (Ex-
periment 4), participants receiving the predictive question tended
to respond as if the test trial belonged to Phase 2 (i.e., “ if patients
are no longer developing the allergic reaction and nothing has
changed for the last 20 trials, why should I predict that the next
patient should be different?” ) The observed type-of-question effect
provides a replication of the basic finding reported by Matute et al.
(1996) in that associations seem to be acquired on the basis of
mere contiguity, and these associations can then be flexibly used at
test. As a function of how the test phase is interpreted, one or more
associations can become activated. In consequence, interference
can be observed when more than one association becomes acti-
vated at test.

In the same vein, the instructional manipulation that we used in
Experiment 4 could readily be interpreted as serving the purpose of
separating the test trial from the Phase 2 trials. That is, these
instructions told participants in the T groups that the next trial (i.e.,
the test trial) was not to be regarded as an additional extinction
trial, but as a new type of trial. In consequence, both the C–O and
the C–noO associations become similarly activated and interfered
with the expression of the other one.

Conditions That We Have Not Tested

There are many conditions that we have not tested. For example,
we have not tested how these variables apply to more complex
manipulations, such as those in which cues are presented in com-
pound (as in forward and backward blocking), or those in which
other trial types are used in addition to the ones we have used here
(e.g., noC–O and noC–noO trials, instead, or in addition to, the
C–O and C–noO trials that we used). These are interesting ques-
tions for future research because, for example, the observation of
both forward and backward blocking (i.e., evidence for an absence
of trial-order effects) in some studies (e.g., Shanks, 1985), along
with the observation that backward blocking is weaker and harder
to observe (i.e., evidence for a trial-order effect) in other studies
(e.g., Chapman, 1991), suggest that the conditions that yield to one
or the other type of result are not yet clear. It is possible that some
of the variables that we have tested here could also have an effect
on those compound conditions as well. Moreover, the results of
Catena et al. (1998), show that the response mode affects the
observation of trial-order effects in situations in which the four
trial types (C–O, C–noO, noC–O, and noC–noO) are manipulated.
Although they did not test the effect of the type of question in their
experiments, it is possible that both the type of question and the
instructions presented just before testing could also affect condi-
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tions in which the four trial types, rather than the two used here,
are distributed throughout the experiment.

Finally, other response-mode manipulations, such as asking
participants to emit one judgment at the end of each phase, rather
than on every single trial, have been used in some studies of human
extinction (e.g., Vila, 2000). The results observed under those
conditions show sensitivity to the extinction trials. Thus, it seems
that as long as there is at least one judgment per phase, participants
tend to respond accordingly to the information provided during
that phase rather than to respond in an integrative manner. This,
again, suggests that trial-order effects depend on whether the test
question is interpreted as referring to the most recent phase or to
the whole training session.
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