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Previous studies have reported that the differential outcomes procedure enhances learning and
memory in special populations with cognitive deficits (see Goeters, Blakely, & Poling, 1992, for a
review). In the present study we extend these findings to healthy adults who were asked to discrimi-
nate between the symbols “. ” and “, ” in mathematical statements. In Experiment 1, the perform-
ance of participants who showed difficulties in discriminating between these symbols was better
(shorter response times) for the differential outcomes condition than for the nondifferential outcomes
condition. In Experiment 2, the difficulty of the task was increased by using signed decimal numbers.
Similar to Experiment 1, participants who initially had difficulties in discriminating between the
symbols showed better performance (higher accuracy) for the differential outcomes condition than
for the nondifferential outcomes condition, but only when both numbers were negative. These find-
ings suggest that the differential outcomes procedure can be used to improve performance of chall-
enged healthy adults on discrimination tasks with mathematical symbols and relations.

The differential outcomes effect (hereafter DOE;
Peterson & Trapold, 1980) refers to increased

speed of acquisition or/and terminal accuracy in
a discrimination learning task when each
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discriminative stimulus–response sequence is
always followed by a particular outcome (i.e.,
type of reinforcer), relative to a condition in
which no particular outcome is linked to a
correct sequence. The DOE has been extensively
explored since Trapold and Overmier (1972) first
reported it (see Goeters, Blakely, & Poling,
1992, for a review). Thus, the DOE has been
observed in different species (i.e., pigeons, rats,
or dogs) and it has also been generalized to a
wide range of qualitatively and quantitatively
different outcomes. However, to our knowledge,
very few studies have investigated this effect with
humans.

Shepp (1962, 1964) was one of the first authors
that suggested a possible positive effect of the
differential outcomes procedure on human learning.
Subsequently, four studies that explored the acqui-
sition of two-choice conditional discriminations
found the DOE in children with autism and
people with mental handicap (Litt & Schreibman,
1981; Malanga & Poling, 1992; Saunders &
Sailor, 1979; Shepp, 1962). More recently, Maki,
Overmier, Delos, and Gutman (1995) concluded
that children, ranging in age from 4 years to 5
years and 5 months, learned more readily a con-
ditional symbolic discrimination when they were
taught with the differential outcomes procedure
(see also Estévez & Fuentes, 2003, for a similar
study). In a more recent study, Estévez, Fuentes,
Marı́-Beffa, González, and Alvarez (2001)
extended these findings to older children, ranging
in age from 4 years and 6 months to 8 years and 6
months. The authors concluded that the DOE is
not limited to early stages of development.
Furthermore, Estévez et al. (2001) suggested that
for the differential outcomes procedure to have an
effect on performance, the task to be employed
must present a challenge to children.

Other research has shown that the differential
outcomes procedure might be effective in impro-
ving learning and memory in neuropsychological
patients. For instance, Joseph, Overmier, and
Thompson (1997) reported that adults with
Prader–Willi syndrome learned concepts and
complex equivalence relations significantly better
when their correct responses were followed by

differential outcomes than when they were fol-
lowed by nondifferential outcomes. Also, patients
with alcohol-induced amnesia showed significantly
better delayed face recognition when a differential
outcomes procedure was employed (Hochhalter,
Sweeney, Bakke, Holub, & Overmier, 2000).

Although the DOE is a robust phenomenon
that can be generalized to different populations
with cognitive deficits, only one study has investi-
gated the differential outcomes procedure in
healthy adults in order to aid teaching (Miller,
Waugh, & Chambers, 2002). In this study, uni-
versity students showed improved learning (fewer
trials were needed) of Japanese kanji characters
when a differential outcomes procedure was
employed, although they did not exhibit a better
terminal accuracy.

This finding suggests that the differential out-
comes procedure could be employed as an effective
teaching method in order to enhance learning and
memory in healthy adults.However, before this pro-
cedure can be proven useful in educational settings,
there must be established: (a) the generality of the
DOE to different tasks and different healthy popu-
lations and, (b) the boundary conditions of this
effect. Given the scarce number of studies on the
DOE involving adults without mental cognitive
deficits, the purpose of this study was to further
explore this effect with undergraduate students.
Participants performed a discrimination task of the
mathematical relation “greater than” and “less
than”, symbolized with “. ” and “, ”, respectively.
Although, this might appear as a simple task, some
undergraduate students consider it challenging.

EXPERIMENT 1

In the present experiment participants had to
decide whether the symbols “ . ” and “ , ” were
used correctly in a mathematical statement. We
were interested in participants who, despite
knowing the formal rule (when to use the
symbol “ . ” or the symbol “ , ”), showed high
response times and/or high percentage of errors
when they had to apply it under time pressure
conditions. Given that this mathematical rule is
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taught during high school in the Spanish
educational system, we assumed that participants
were already acquainted with it. Consequently,
the purpose of the study was not to test whether
the differential outcomes procedure would
improve learning of the discrimination between
these two symbols, but rather whether it would
influence their actual recognition of the correct
use of the rule in a concrete mathematical relation.

Method

Participants
A total of 60 undergraduate students from the
University of Almerı́a (Spain), ranging in age
from 19 years to 30 years, participated in the
experiment. They received course credits for their
participation. All of them had normal or
corrected-to-normal vision.

Stimuli and materials
The stimuli consisted of mathematical relations
expressed between 2 three-digit numbers (with
two digits after the decimal point) connected by
the mathematical symbol “ . ” or “ , ”. On a
third of the trials, all digits in the two numbers
were different (i.e., 3.27 . 2.89), on another
third, only the two decimals changed (i.e., 1.91 ,

1.88), and on the remaining trials only the last
decimal differed from the rest (i.e., 6.37 . 6.39).
On half of the trials the relationship between the
two decimal numbers, indicated by the symbols
“ . ” or “ , ”, was correct; on the remaining half
this relation was incorrect. Stimuli were presented
in white on a dark background on a colour
monitor (VGA) of an IBM/PC compatible compu-
ter. Each digit was 3 mm wide and 5 mm high, and
the total width of the mathematical statement was
approximately 3.5 cm. The MEL program
(Schneider, 1988) controlled the presentation of
the stimuli as well as collection of the reaction
time (RT) and accuracy data.

Experiment 1 used only positive numbers on
both sides of the mathematical relation, which
was judged by teachers as a relatively easy task.

Procedure
The experiment consisted of two phases—an
initial practice phase and a discrimination training
phase—which lasted approximately 5 and 15
minutes, respectively.

The initial practice phase consisted of 18 trials.
No response feedback or outcomes were adminis-
tered during this phase. First of all, each partici-
pant read the following instructions (translated
from Spanish into English here) that appeared
on the computer’s screen:

Welcome to the experiment. The symbols “. ” and “, ” have a

mathematical meaning but I don’t remember now which of

them means “less than” and which “greater than”. Next some

mathematical statements will appear using these symbols;

some of them will be correct and the others will be incorrect.

You have either to press the key “J” if you consider that the

relation is correct or to press the key “K” if you think that it

is incorrect. Remember that you have to respond as accurately

and as quickly as possible. When you are ready please press

the space bar to begin.

On each trial, a central fixation point (an aster-
isk) appeared during 500 ms. After an interval of
500 ms the target display (the mathematical state-
ment) was presented. The target stimuli were pre-
sented during 10 s or until a response was made.
The participants responded by pressing one of
two keys, “J” when the inequality was correct and
“K” when it was incorrect (for half of the partici-
pants the inverse key–response mapping was
employed). No response outcomes were adminis-
tered during this phase.

The discrimination training phase consisted of
72 trials. On half of the trials, the statements
were correct and incorrect on the remaining half
of trials. In this phase, correct responses were fol-
lowed by positive feedback. The instructions were
as follows:

Now, you have to decide again whether the mathematical state-

ments presented on the screen are correct or not. If you believe

that it is correct press the key “J”, otherwise press the key “K”.

When you make a correct response either the word “GREAT”

will appear on the screen or a brief melody will sound. When

you make an incorrect response neither the word nor the

melody will appear. Remember that you have to respond as

accurately and as quickly as possible. When you are ready

please press the space bar to begin.

THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2007, 60 (4) 573
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Figure 1 shows the sequence of events and the
time intervals used in this phase. The main differ-
ence with the practice phase was that in this phase
correct responses were followed by two different
outcomes: the word “GREAT” that appeared in
the middle of the screen during 500 ms, or a
melody that was presented for 500 ms. If the
response was incorrect, the following trial began
after an interval of 500 ms.

Participants were randomly assigned to one of
the two experimental groups. Participants in the
experimental group (differential outcomes con-
dition) received differential outcomes for correct
discriminations: The word “GREAT” followed
correct responses to the symbol “ , ”, and the
melody followed correct response to the symbol
“ . ”. For instance, a response “correct” to the
inequality 2.47 , 2.49 and a response “incorrect”
to the inequality 5.27 , 5.22 were followed by
the word “GREAT”. Participants in the control
condition (nondifferential outcomes condition)
did not receive differential outcomes. That is,
although they were rewarded for each correct
response, either the word or the melody followed
correct responses in a random fashion.

Results

To explore whether the participants showed differ-
ent performance in the two outcome conditions
(differential vs. nondifferential), correct RTs and
percentage of correct responses from the discrimi-
nation-training phase were submitted to a one-way
analysis of variance (ANOVA) with outcomes
(differential and nondifferential) as the between-
subjects factor. The performance in the initial
practice phase was also analysed in order to check
for individual differences in recognizing the
correct application of the mathematical rule. The
results from this phase were used to assign partici-
pants to one of two groups: (a) “low performers”,
whose performance was below the mean percen-
tage of correct responses (85%) and whose response
latency was above the mean of RTs (2828 ms), and
(b) “high performers”, whose performance was
above the mean percentage of correct responses
and whose response latency was below the mean
of RTs. We refer to the first group as “participants
with difficulties to discriminate” and to the second
group as “participants without difficulties to dis-
criminate”. Following this criterion 13 participants

Figure 1. An example of the task used in Experiments 1 and 2.
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in total were classified as “with difficulties” (6 from
the control group and 7 from the experimental
group), whereas 16 participants in total were classi-
fied as “without difficulties” (9 from the control
group and 7 from the experimental group).
Table 1 shows the percentage of correct choices
and the mean RTs, for both groups, as a function
of outcomes in the discrimination training phase.

Accuracy data
Percentages of correct responses from the dis-
crimination training phase were submitted to a
2 � 2 ANOVA with outcomes (differential and
nondifferential) and group (participants with diffi-
culties to discriminate and those without difficul-
ties to discriminate) as the between-subjects
factors. The main effect of group was significant,
F(1, 25) ¼ 7.92, p , .01. That is, participants
without difficulties to discriminate showed a
higher percentage of correct responses than those
with difficulties to discriminate (92% and 85%,
respectively). Neither the effect of outcomes nor
its interaction with group reached statistical sig-
nificance (ps . .05). Thus, the DOE was not
observed when accuracy data were analysed.

Latency data
Correct response times from the discrimination
training phase were submitted to a 2 � 2
ANOVA with outcomes (differential and nondif-
ferential) and group (participants with difficulties
to discriminate and those without difficulties to
discriminate) as the between-subjects factors.

Results showed significant main effects of out-
comes, F(1, 25) ¼ 7.16, p , .05, and group, F(1,
25) ¼ 4.64, p , .05. Most important, the out-
comes by group interaction was also significant,
F(1, 25)¼ 4.31, p, .05. The analysis of the inter-
action revealed a significant main effect of out-
comes for participants with difficulties to
discriminate, F(1, 11) ¼ 8.89, p , .05, but not
for the group without difficulties to discriminate
(F , 1). That is, participants with difficulties to
discriminate between the mathematical symbols
“. ” and “, ”, who received differential outcomes
following their correct response, were faster than
those who received nondifferential outcomes
(2,131 ms and 3,232 ms, respectively). No other
effects were significant (ps . .05).

Discussion

This experiment investigated whether the differ-
ential outcomes procedure would influence per-
formance of healthy adults in a discrimination
task with mathematical symbols (“ . ” and “ , ”).
The results showed that this procedure improved
performance, as evidenced by faster RTs, of
those participants who initially showed difficulties
in discriminating between the two symbols. As
predicted, the performance of those participants
who knew well the correct use of the mathematical
symbols was not influenced by the use of the
differential outcomes procedure.

Although prior studies have reported the DOE
with accuracy data, in the present study the effect
was evidenced only with RT data (a 1,101 ms
effect for the group of participants with difficulties
to discriminate). The lack of effect with accuracy
data might be accounted for in terms of task diffi-
culty. Given that the teachers judged the task with
positive numbers as being relatively easy, we could
have obtained a ceiling effect with the accuracy
data (in fact, the overall average percentage of
correct response was 88%). This hypothesis is sup-
ported by previous studies that reported a modu-
lation of the DOE by task difficulty in children
(Estévez et al., 2001) and animals (e.g., Brodigan
& Peterson, 1976; Peterson, Linwick, &
Overmier, 1987). The present study suggests that

Table 1. Correct responses and median correct reaction times

obtained by participants with or without difficulties to discriminate

in the discrimination training phase as a function of the outcomes

condition in Experiment 1

With difficulties Without difficulties

CRa DO 85 (8.4) 92 (4.9)

NDO 85 (8.2) 91 (4.8)

RTb DO 2,131 (570.92) 2,113 (757.16)

NDO 3,232 (760.91) 2,252 (393.69)

Note: CR ¼ correct responses. RT ¼ reaction time. DO ¼

differential outcomes. NDO ¼ nondifferential outcomes.

Means are shown, with standard deviations are in parentheses.
aIn percentages. bIn ms.
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task difficulty may also modulate the differential
outcomes–accuracy effect in adults. In order to
test this hypothesis, in the second experiment par-
ticipants were asked to perform a more difficult
version of the task used in Experiment 1.

EXPERIMENT 2

In Experiment 2, the difficulty of the task was
increased by changing the sign (positive or nega-
tive) of the two decimal numbers connected by
either the symbol “ . ” or the symbol “ , ”. It
was expected that challenged participants would
now show the DOE with both accuracy and
latency data, whereas the performance of partici-
pants without difficulties would continue to be
unaffected by the differential outcomes procedure.

Method

Participants
A total of 46 undergraduate students from the
University of Almerı́a participated for partial ful-
filment of a course requirement. All of them had
normal or corrected-to-normal vision.

Stimuli and materials
The materials and the stimuli were identical to
those used in Experiment 1, except that the two
decimal numbers could be positive or negative.
This manipulation resulted in four sign conditions:
(a) positive–positive (PP; i.e., þ 5.26. þ 5.29);
(b) negative–negative (NN; i.e., –1.72 . –1.49);
(c) positive–negative (PN; i.e., þ 8.53 , –6.75);
and (d) negative–positive (NP; i.e., –3.58 , þ

3.62).

Procedure
The design was identical to that of Experiment 1,
except that there were two additional trials in the
initial practice phase, resulting in a total of 20
trials (5 trials per condition), and 24 additional
trials in the discrimination training phase,
making a total of 96 trials (24 trials per condition).
As in the previous experiment, in the differential
outcomes condition the word “GREAT” followed
correct responses to the symbol “ , ”, and a

melody followed correct responses to the symbol
“ . ”. In the nondifferential outcomes condition,
either of the two possible outcomes randomly fol-
lowed correct responses.

Results

As in the previous experiment, participants were
assigned to one of two groups, with or without dif-
ficulties to discriminate between the symbols “, ”
and “ . ”, depending on whether their perform-
ance would be below or above the overall mean
of correct responses and RTs in the initial practice
phase (80% and 3,458 ms, respectively). Following
this criterion, a total of 11 participants was
assigned to the group “with difficulties” (6 from
the nondifferential outcomes control group and 5
from the differential outcomes experimental
group), and a total of 16 participants was included
in the second group “without difficulty” (10 from
the control group and 6 from the experimental
group). Table 2 shows the percentage of correct
choices and the mean RTs for both groups, as a
function of outcomes and sign, in the discrimi-
nation training phase.

Accuracy data
Percentages of correct responses from the dis-
crimination training phase were submitted to a
mixed ANOVA with outcomes (differential and
nondifferential) and group (participants with diffi-
culties to discriminate and those without difficul-
ties to discriminate) as the between-subjects
factors and sign (NN, NP, PN, and PP) as the
within-subjects factor. The main effect of sign
was significant, F(3, 69) ¼ 24.10, p , .001.
Fisher’s LSD comparisons showed significant
differences between the NN (78%) and the other
three conditions, NP, PN, and PP (90%, 95%,
and 90%, respectively; ps , .001); and between
the PN and the other three conditions (ps ,

.05). Most important, the results showed a signifi-
cant outcomes � group � sign interaction, F(3,
69) ¼ 2.95, p , .05. In order to analyse this
interaction two separate mixed ANOVAs were
conducted for each group with outcomes (differen-
tial and nondifferential) as the between-subjects
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factor and sign (NN, NP, PN, and PP) as the
within-subjects factor. For the group with difficul-
ties, the results showed a significant main effect of
sign, F(3, 27) ¼ 18.35, p , .001. The interaction
between outcomes and sign was also significant,
F(3, 27) ¼ 5.94, p , .01. This interaction was
mainly due to a significant DOE (a significant
outcomes effect) for the NN condition, F(1, 9)
¼ 6.52, p , .05, whereas this effect did not
reach statistical significance for the other three
conditions, PP, PN, and NP (ps . .05).

For the group without difficulties, the results
showed a significant main effect of sign, F(3, 42)
¼ 8.28, p , .001. Fisher’s LSD comparisons
showed significant differences between the NN
(81%) and the other three conditions, NP (91%),
PN (96%), and PP (90%) conditions (p , .001),
and between the PN and the other three con-
ditions. No other effects, nor their interaction,
reached statistical significance (ps . .05).

Latency data
Correct response times from the practice and the
discrimination training phases were submitted to
a mixed ANOVA with outcomes (differential
and nondifferential) and group (participants with
difficulties to discriminate and those without diffi-
culties to discriminate) as the between-subjects
factors and sign (NN, NP, PN, and PP) as the
within-subjects factor. Results showed a significant

main effect of sign, F(3, 69) ¼ 26.87, p , .001.
Post hoc analyses (Fisher’s LSD) revealed signifi-
cant differences between the NN condition
(3,567 ms) and the other three conditions, NP,
PN, and PP (2,528 ms, 2,570 ms, and 2,989 ms,
respectively; ps, .001). There were also significant
differences between the PP condition and the NN,
NP, and PN conditions (p, .001), but there were
no differences between the last two conditions
(ps . .05). That is, RTs were slowest in the NN
condition, intermediate in the PP condition, and
shortest in the NP and PN conditions. No other
effects reached statistical significance (ps . .05).

Discussion

Experiment 2 was designed to explore the DOE in
healthy adults using a relatively difficult task.
Similar to Experiment 1, challenged university
students exhibited the DOE in a discrimination
task, but unlike Experiment 1, the effect was only
evident with accuracy data. Specifically, the group
with difficulties to discriminate showed higher accu-
racy for the differential outcomes condition than for
the nondifferential outcomes condition, only for the
most difficult trials (when both numbers were nega-
tive). The present findings suggest that task diffi-
culty is an important variable to take into account
when exploring the effects of differential outcomes
training procedures in humans.

Table 2. Correct responses and median correct reaction times obtained by participants with or without difficulties to discriminate in the

discrimination training phase as a function of the outcomes and sign conditions in Experiment 2

With difficulties Without difficulties

NN NP PN PP NN NP PN PP

CRa DO 86 (2.7) 93 (7.6) 98 (3.6) 91 (5.7) 82 (13.9) 93 (3.1) 98 (2.2) 90 (10.2)

NDO 61 (21.9) 85 (19.3) 89 (12.7) 90 (16.5) 81 (9.5) 89 (9.6) 94 (4.9) 90 (9.5)

RTb DO 3,721

(1,397.4)

2,813

(1,491.6)

2,606

(998.5)

3,081

(1,244.6)

3,829

(709.7)

2,549

(558.1)

2,497

(585.7)

2,925

(478.9)

NDO 3,303

(1,487.4)

2,536

(987.5)

2,870

(765.1)

3,267

(831.9)

3,415

(999.5)

2,213

(843.4)

2,308

(944.3)

2,682

(791.2)

Notes: CR ¼ correct responses. RT ¼ reaction time. DO ¼ differential outcomes. NDO ¼ nondifferential outcomes.

NN ¼ negative–negative; NP ¼ negative–positive; PN ¼ positive–negative; PP ¼ positive–positive. Means are shown,

with standard deviations are in parentheses.
aIn percentages. bIn ms.
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GENERAL DISCUSSION

In the present study, undergraduate students from
the University of Almerı́a were rewarded when
they discriminated correctly the use of the mathe-
matical symbols “. ” and “, ”. The rewards con-
sisted of the word “Great” for correct responses to
the symbol “ . ” and a brief melody for correct
responses to the symbol “ , ” (differential out-
comes condition). A control group received also
the same rewards for their correct responses, but
each reward was not linked to a particular stimulus
(nondifferential outcomes condition). Here we
demonstrate that the performance of challenged
participants—those who initially did not discrimi-
nate well the correct use of the symbols—is
improved (faster response times in Experiment 1
and higher accuracy in Experiment 2) when differ-
ential outcomes are employed, as compared to
nondifferential outcomes. Importantly, partici-
pants who initially showed a good knowledge of
the use of the mathematical symbols did not
benefit from the differential outcomes procedure
(group without difficulties in Experiments 1 and
2). Furthermore, task difficulty appeared to modu-
late the DOE for the group of challenged students;
thus, when the task was relatively easy the DOE
was found only with RTs data (Experiment 1),
whereas it was only found with accuracy data
when a more difficult task was employed (NN con-
dition in Experiment 2).

The present findings suggest (a) that the differ-
ential outcomes procedure can be effectively used
to improve performance in challenged but high-
functioning healthy adults, and (b) that response
time is a sensitive measure to observe the DOE.
The latter is important since previous research
has shown the DOE only with accuracy data
(Estévez et al., 2001; Maki et al., 1995). Finally,
they also suggest that task difficulty is an import-
ant factor to take into account because it can
affect differentially response times and accuracy.

An important difference between the present
and other studies is that while in earlier studies
(see Estévez et al., 2001) a particular stimulus–
response mapping (the correct choice of a unique

comparison stimulus) was associated with a specific
outcome in a delayed matching-to-sample task, in
the present study only the discriminative stimulus
(the symbols “ , ” and “ . ”) was associated with
a particular outcome. That is, the mapping
response-key (the keys J and K were used for
correct and incorrect responses, respectively,
regardless of the symbol) was not linked to a par-
ticular outcome (i.e., correct responses using the
key “J” could be followed by either the word or
the melody if the statement included the symbol
“ , ” or “ . ”, respectively). According to the
expectancy theory—the theoretical account of the
DOE that has received more support—establish-
ing a discriminative stimulus–outcome association
is a sufficient condition for DOE to be observed
(Trapold, 1970; Trapold & Overmier, 1972). In
contrast, the backward association account places
the emphasis on the response–outcome associ-
ations (Rescorla, 1992, 1994; Rescorla & Colwill,
1989). Like the expectancy theory, it recognizes
the involvement of differential discriminative
stimulus–outcome associations in performance.
Unlike the expectancy theory, the differential and
bidirectional response–outcome associations are
seen as the source of the DOE. Because the
response–outcome associations were not differen-
tial in these experiments, only the unique discrimi-
native stimulus–outcome associations could have
contributed to the enhanced performance observed,
for the group of participants with difficulties to dis-
criminate between the mathematical symbols “. ”
and “ , ”, when differential outcomes were
arranged. Thus, the results obtained in the
present study support the expectancy theory, and
they are consistent with those from other studies
(DeLong & Wasserman, 1981; Edwards, Jagielo,
Zentall, & Hogan, 1982; Estévez, Overmier, &
Fuentes, 2003; Kruse, Overmier, Konz, & Rokke,
1983; Peterson, 1984; Williams, Butler, &
Overmier, 1990).

In recent years there has been some debate over
the generality of the DOE. Several authors have
suggested that the validity of the differential out-
comes procedure could be limited to early develop-
mental stages and to people with cognitive deficits
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(Goeters et al., 1992; Maki et al., 1995). That is, as
soon as the person would be able to use more soph-
isticated learning strategies such as verbal rules,
the DOE would disappear. Our study suggests
that this is not the case and that the differential
outcomes procedure may be a useful tool in order
to improve performance in healthy adults when
they perform difficult symbolic discriminations.
Furthermore, our findings are in agreement with
the results of Miller et al. (2002). They found
the DOE in a group of university students who
had to learn to associate Japanese kanji characters
with their corresponding English meaning. It is
worth noting that in their experiment, all partici-
pants showed a high terminal accuracy, which
indicates a ceiling effect. We think that the corre-
cting feedback supplied after the incorrect
responses probably also contributed to the learning
observed and may have masked the contribution of
differential outcomes to terminal accuracy.

To conclude, the present findings contribute to
the existing literature on the DOE in elucidating
what are the boundary conditions of this effect
in healthy adults without cognitive deficits.
Moreover, the positive effect of the differential out-
comes procedure on the performance of a group of
students, in a simple discrimination task withmath-
ematical relations, stimulates its future applications
in other nonexperimental settings. Thus, future
research should investigate the adequacy of the
differential outcomes procedure inmore ecologically
valid educational settings such as schools.
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