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Memory for medical recommendations is a prerequisite for good adherence to treatment,
and therefore to ameliorate the negative effects of the disease, a problem that mainly
affects people with memory deficits. We conducted a simulated study to test the utility of
a procedure (the differential outcomes procedure, DOP) that may improve adherence to
treatment by increasing the patient’s learning and retention of medical recommendations
regarding medication. The DOP requires the structure of a conditional discriminative
learning task in which correct choice responses to specific stimulus–stimulus associations
are reinforced with a particular reinforcer or outcome. In two experiments, participants
had to learn and retain in their memory the pills that were associated with particular
disorders. To assess whether the DOP improved long-term retention of the learned
disorder/pill associations, participants were asked to perform two recognition memory
tests, 1 h and 1 week after completing the learning phase. The results showed that
compared with the standard non-differential outcomes procedure, the DOP produced
better learning and long-term retention of the previously learned associations. These
findings suggest that the DOP can be used as a useful complementary technique in
intervention programs targeted at increasing adherence to clinical recommendations.

Keywords: differential outcomes procedure, discriminative learning, long-termmemory, healthy adults, adherence
to treatment

INTRODUCTION
The adherence to treatment, that is, the degree to which patients follow medical recommendations,
is fundamental to improving health outcomes and quality of life. Medication or drug compliance
is a key critical issue, particularly in patient populations, such as the elderly, that have several
medications that need to be managed. Lack of adherence to treatment may have dramatic
consequences not only for health but also for economy. Patients that do not adhere to the
treatment usually show poor control of their diseases, and consequently may require additional
drug therapy or even hospitalization (Hughes, 2004). The costs of care due to reduced adherence
to treatment may vary among the different countries, but they are high enough as for governments
to promote investigation to ameliorate their costly consequences. However, adherence is a
multidimensional phenomenon and in certain populations (e.g., the elderly) a compound of
factors may underlie non-adherence to the medical recommendations. In fact, according to the
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World Health Organization (2003), five dimensions determine
adherence: (1) social/economic factors, (2) provider-
patient/health care system factor, (3) condition-related factors,
(4) therapy-related factors, and (5) patient-related factors. A
comprehensive analysis of each dimension is beyond the scope of
the present study, in whichwe just focus on patient-related factors.
Concretely, we would like to highlight how the complexity of
treatments may burden patients’ memory for specific information
regarding medical recommendations.

Memory for medical information, about all drug treatments, is
a prerequisite for good adherence to the treatment, and therefore
to ameliorate the negative effects of the disease. However, up to
80% of information provided by the clinician may be forgotten
almost immediately and recall is rather inaccurate, especially
when the patients are old or anxious (see Kessels, 2003, for a
review). In a study conducted with type 2 diabetes patients, nearly
half of them mentioned forgetfulness as one of the major non-
intentional reasons for non-adherence to the treatment (Adisa
et al., 2009).

Loss of episodic information is frequently associated with age-
related cognitive deficits (e.g., working memory). Thus, it is not
surprising that elderly people may have more difficulties to retain
and follow medical recommendations than younger people. In
fact, the issue of non-adherence increases notably in older patients
who have multiple morbidities (National Institute for Health and
Care Excellence, 2015), which in turn requires managing multiple
drugs and hencemorememory resources. Both impairedmemory
and a high number of medicines commonly prescribed to older
patients may explain the observed low adherence to medication
that characterizes this population (Kripalani et al., 2007), above
all when patients suffer from three or more morbidities and have
to take three or more drugs (Tavares et al., 2013). Given that
the population is aging and life expectancy is increasing, any
procedure that helps patients to overcome their memory loss
concerning medical treatment would foster their adherence to
medical prescriptions and subsequent health improvement.

Sometimes applied science may benefit from basic science,
and in some of our previous research we have demonstrated
the potential of adapting procedures coming from experimental
psychology to ameliorate learning and/or memory deficits
associated with diverse pathological conditions (for a review, see
López-Crespo and Estévez, 2013; see also Overmier, 2007). The
present research is an example of this. In the following sections
we first describe the main characteristics of a procedure imported
from animal studies in the field of learning. Then, we present
evidence of how that procedure has been adapted to human
studies and its potential benefits as a therapeutic technique.
Finally, we illustrate experimentally how that procedure may
be useful to promote the patient’s adherence to medical
recommendations related to treatment with drugs.

The Differential Outcomes Procedure
The differential outcomes procedure (DOP) applies to conditional
discriminative tasks in which a correct choice response to a
specific stimulus–stimulus association is reinforced with a unique
reinforcer or outcome (Trapold, 1970; Trapold and Overmier,
1972). In a conditional discrimination task a sample stimulus

is associated with one of several comparison stimuli. Each
particular sample-comparison stimulus association requires a
specific response that must first be learned and then reinforced
with a determined outcome. Trapold (1970) published the first
demonstration of the DOP in rats.When reinforcement of correct
choices was arranged according to the DOP rather than the more
standard common outcomes procedure, in which only one type
of reinforcer is administered, the rate with which rats learned the
associations accelerated, and the final accuracy level was higher.

In the last decades several studies have explored the potential
usefulness of the DOP as a therapeutic (and/or pedagogic) tool
to increase discriminative learning in children (Maki et al., 1995;
Estévez et al., 2001; Estévez and Fuentes, 2003; Martínez et al.,
2009, 2013) and adults (Miller et al., 2002; Easton, 2004; Estévez
et al., 2007; Mok and Overmier, 2007). Importantly, the DOP
not only enhances conditional discriminative learning but also
memory (Plaza et al., 2011, 2013; see López-Crespo and Estévez,
2013, for a review).

The DOP in Pathology
The DOP has also facilitated discriminative learning—sometimes
very modestly, sometimes dramatically—in different clinical
populations, such as autistic children (Hewett, 1965; Litt and
Schreibman, 1981), children and adults with mental handicaps
(e.g., Saunders and Sailor, 1979;Malanga and Poling, 1992; Joseph
et al., 1997), children and adults with Down syndrome (Estévez
et al., 2003), and prematurely born children (Martínez et al., 2012).

The results obtained in the aforementioned studies suggest
that this procedure may be useful to facilitate the learning of
symbolic stimulus–stimulus relationships. However, there is also
ample evidence that demonstrates the DOP benefits on memory-
based performance in individuals with memory complaints. For
instance, Hochhalter et al. (2000) trained four patients with
alcohol-induced amnesia who presented short-term memory
deficits, especially for faces and names, to recognize which of two
faces matched a previously seen face. The results showed better
recognition memory when patients performed the task under the
DOP than under non-differential outcomes, a control condition
in which the reinforcers are administered according to correct
choice but randomly with respect to the correct sample-response
pairings (hereafter the NOP condition). Similar DOP benefits
have been reported in elderly people that show the typicalmemory
decline associated to aging (López-Crespo et al., 2009), in children
and adults with Down syndrome (Esteban et al., 2014) and in
patients with Alzheimer’s disease (Plaza et al., 2012). Finally, it
has also proved its potential in transient memory problems as
those derived from sleep-deprived conditions (Martella et al.,
2012).

The Current Study
The DOP benefit is often accounted for in terms of expectancies
functioning as prospective memory representations activated
by the to-be-memorized stimuli for which the outcomes will
be forthcoming (Savage, 2001). Those expectancies provide an
additional source of information so that performance is less
affected by longer delays or greater load in working memory.
Accordingly, the DOP might be easily adapted to be used in
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health promotion contexts, where loss of memory about clinical
recommendations seems to be on the basis of non-adherence to
treatments, mainly in people with memory deficits. Thus, before
applying this procedure in real health promotion situations, where
patients are required to adhere to medical recommendations, we
first conducted a simulated study. We aimed to investigate the
potential efficacy of the DOP under conditions that simulate a
context where “patients” are required to take different drugs due
to multiple morbidities. We assumed that the complexity of the
treatment usually taxes peoplewithworkingmemory deficits (e.g.,
the elderly). To simulate the memory burden that taking several
drugs may impose in a multiple morbidity situation, we ran two
experiments in which young participants were “prescribed” a
treatment that required taking 6 different drugs. To assess the
long-term effects of the DOP, participants were also tested 1 h
and 1 week after completion of the learning phase. The DOP
was expected to help participants to follow the correct treatment
recommendations and to ameliorate the detrimental effects of
time on memory.

EXPERIMENTS 1A AND 1B
In the experiments participants were informed that they were
participating in a study where they had to learn to associate
six different disorders with their respective pills. In Experiment
1A performance in learning the disorder-pill associations and
later recognition memory tests of the learned associations, was
compared when we employed the DOP and when we employed
the non-differential outcomes procedure (NOP). In the NOP,
the control condition used here, the outcomes (reinforcers) were
the same as those in the DOP, but they were administered in
a random way. In Experiment 1B, we replicated the task used
in Experiment 1A but required the participants of both DOP
and NOP conditions to reach the criterion of 75% correct in
the learning phase before the memory testing. Thus, we assessed
the benefits of the DOP in long-term retention of the previously
learned associations once participants of both groups had reached
similar levels of learning.Wehypothesized that participantswould
show better overall performance when trained under the DOP
condition than when trained under the NOP condition (higher
accuracy in Experiment 1A and less trials to reach the established
criterion in Experiment 1B). We also expected to find a higher
long-term retention of the learned disorder/pill associations for
the DOP group in both experiments.

MATERIALS AND METHODS

Participants
Twenty-one and twenty-seven undergraduate students
participated in Experiments 1A and 1B, respectively, in partial
fulfillment of a course requirement. Participants ranged in age
from 18 to 30 years. Written informed consent was obtained from
all participants. The study was approved by the Ethics Committee
of the University of Almería, and was conducted in accordance
with the approved guidelines and the Declaration of Helsinki.
Participants had normal or corrected-to-normal vision and none
had previous experience with the learning procedure.

Stimuli and Materials
The stimuli consisted of the names of six common disorders
(high cholesterol, high blood pressure, migraine, hyperglycaemia,
hyperthyroidism, and poor circulation) that served as the
sample stimuli; the pictures of six different pills that served
as the comparison stimuli; and the pictures of six different
landscapes that served as the secondary reinforcers. The picture
of each secondary reinforcer was displayed along with the
phrase “You may win a” followed by the name of a primary
reinforcer (desk diary, table game, CD wallet, pack of CDs,
pendrive, or book). Primary reinforcers were raffled off at the
end of the experiment. Previous studies have demonstrated
that raffling of the primary reinforcers is an effective way
of assessing the effects of the DOP (e.g., Miller et al., 2002;
López-Crespo et al., 2009; Martella et al., 2012; Plaza et al.,
2012).

The stimuli were displayed on a white background on a
color screen (15-inch VGA monitor) of an IBM-compatible
computer. The E-prime program (Psychology Software Tools,
2012) controlled the stimulus presentation as well as data
collection.

Procedure
Participants were tested individually in a quiet room. The
experiment consisted of two phases, the learning phase and the
memory phase, which lasted for approximately 15 and 5 min,
respectively.

In the learning phase of Experiment 1A, participants performed
a delayed conditional discrimination task. Participants were
instructed that the task required to guess first and then to
retain in memory which pill of the six that composed the
comparison stimuli was associated with the specific disorder
that was previously presented as the sample stimulus. The trial
sequence (see Figure 1) began with a central fixation point (an
asterisk) for 1000 ms. After an interval of 500 ms, the name
of a disorder was displayed for 1500 ms. After an additional
interval of 2000 ms, the pictures of the six pills numbered 1–6,
were presented during 10 s or until the participant responded.
Participants responded by pressing the key that corresponded to
the pill number they associated with that particular disorder. The
picture of a landscape (the outcome) and the phrase reminding the
associated prize followed the correct responses for 2.5 s. Incorrect
responses were followed by a blank screen that lasted the same
time as the outcome presentation for correct responses. The trial
was also scored as incorrect if the participant did not emit any
response in 10 s.

Experiment 1A consisted of 96 trials grouped in two blocks of
48 trials each. Participants performed the two blocks of trials with
a rest period in between at the participant’s discretion. Once the
learning session had been completed, participants were scheduled
for the two memory tests, one taking place 1 h later and the other
1 week later. None of the participants was informed in advance
that the memory tests would be administered after the learning
phase.

Experiment 1B was identical to Experiment 1A with the
exception that (i) it consisted of 108 trials grouped in nine
blocks of 12 trials each. (ii) The learning phase finished once
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FIGURE 1 | Stimulus sequence (from left to right) used in Experiments 1A and 1B. Participants were required to choose the pill (comparison stimulus) that
was associated with the disorder (sample stimulus).

the participant reached the criterion of 75% correct or above
in one block of trials. Participants were also informed that
once they achieved the established criterion, or after 108 trials,
whichever occurred first, the task would end. (iii) A rest
period was provided after every 36 trials so that it could
be one or two rest period depending on the participant’s
performance.

Participants from both experiments were randomly assigned to
one of the two experimental training conditions, the differential
outcomes condition (DOP; 10 and 13 in Experiments 1A
and 1B, respectively) and the non-differential outcomes or
control condition (NOP; 11 and 14 in Experiments 1A and 1B,
respectively). Participants in the DOP condition received specific
outcomes following correct responses. For instance, for some
participants the cholesterol/blue pill association was reinforced
with the picture of a sunset and the phrase “You may win a
desk diary!”; the migraine/red pill association with the picture
of a pine forest in winter and the phrase “You may win a CD
wallet!”; the hyperthyroidism/white and red pill association with
the picture of some water lilies and the phrase “You may win a
table game!,” and so on. Correct responses in the NOP condition
were also reinforced but the outcomes were administered in a
random way. The disorder/pill associations were randomized
across participants.

The memory phase was identical in both experiments. All
participants performed the recognition memory tests 1 h and
1 week after the learning phase. Each memory test consisted of

six trials, one with each trained disorder-pill association, with
the same stimulus sequence that was displayed in the learning
phase (see Figure 1). However, in the memory tests we did not
administer any outcome following the participant’s response. A
trial was scored as correct if the participant chose the pill that
was associatedwith the specific disorder during the learning phase
within a time limit of 10 s.

Statistical Analysis
In Experiment 1A we assessed accuracy differences between the
DOP condition and the NOP condition through an inspection of
the learning curves. We first grouped the 96 trials in six blocks
of 16 trials each. Correct responses were then submitted to a
mixed ANOVA with Outcomes (DOP and NOP) as the between-
participant factor and Blocks of trials (1, 2, 3, 4, 5, and 6) as the
within-participant factor.

In Experiment 1B, the number of trials required by each
participant to reach the established criterion was entered into
a one-way ANOVA, with Outcomes (DOP and NOP) as the
between-participant factor. Data from one participant assigned
to the NOP condition were excluded from the statistical analysis
because of a failure to reach the criterion.

Finally, percentages of correct responses from the two
recognition memory tests were submitted to a mixed ANOVA,
with Outcomes (DOP and NOP) as the between-participant
factor and Test time (1-h and 1-week) as the within-participant
factor. The statistical significance level was set at p≤ 0.05.
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FIGURE 2 | Mean percentages of correct choice responses obtained
by participants in the learning phase of Experiment 1A as a function of
blocks of trials (six blocks of 16 trials each) and outcomes (DOP and
NOP). Error bars show the standard error of the mean.

RESULTS
Latency data did not show any significant effect in any of the
experiments, and therefore only accuracy data are reported.

Experiment 1A
Results from the accuracy data analysis showed significant main
effects of both Outcomes [F(1,19) = 5.14, p = 0.035, η2

p = 0.21]
and Block of trials [F(5,95) = 37.17, p < 0.001, η2

p = 0.66].
Participants in the DOP condition showed higher accuracy (59%
correct) than participants in the NOP condition (43% correct).
Accuracy linearly increased with blocks of trials (20, 62, 64, 75,
75, and 79% correct in blocks 1, 2, 3, 4, 5, and 6, respectively).
Although the two-way interaction did not reach significance
[F(5,95) < 1] it is apparent from Figure 2 that differences in
the learning curves between the DOP and the NOP conditions
emerged from block 2 and on. In fact, the DOP and NOP
conditions did not differ significantly in the first block of trials
[t(19) = 0.53, p= 0.62].

Experiment 1B
The analysis of the number of trials needed to reach the
established criterion (a minimum of 75% correct in one
block of trials) revealed a significant main effect of Outcomes
[F(1,24) = 5.24, p = 0.03, η2

p = 0.18]. Participants in the DOP
condition required fewer trials (42 trials) than participants in the
NOP condition (58 trials) to reach the criterion. Importantly,
there were no significant differences in the overall accuracy
obtained by participants from both conditions in the learning task
(55 vs. 54% correct in the DOP and NOP conditions, respectively;
p> 0.05).

Experiments 1A and 1B: Recognition
Memory
Table 1 shows the percentage of correct responses in the memory
tests. Only 11 participants from Experiment 1A (5 from the DOP
condition and 6 from the NOP condition) and 19 participants

TABLE 1 | Mean percentages of correct responses and standard error of
the mean (SEM; in parentheses) in the memory recognition tests as a
function of Outcomes (DOP: differential outcomes procedure, NOP:
non-differential outcomes procedure) and Time of testing (1 h, 1 week).
Experiments 1A and 1B.

1 hour 1 week

DOP NOP DOP NOP

Experiment 1A 87% (16.64) 50% (10.51) 77% (15.19) 36% (9.6)
Experiment 1B 70% (12.6) 62% (11.95) 75% (8.85) 35% (8.39)

from Experiment 1B (9 from the DOP condition and 10 from the
NOP condition) completed both tests.

In Experiment 1A, the results revealed a significant main effect
of Outcomes [F(1,9) = 5.22, p = 0.048, η2

p = 0.37]. That is,
participants showed better retention of the learned associations
when trained with differential outcomes (82% correct) than with
non-differential outcomes (43% correct). Although recognition
memory decreased from 1-h to 1-week in both outcomes
conditions (see Table 1), such reduction did not reach statistical
significance (p> 0.05).

In Experiment 1B, the results showed that the only statistically
significant effect was the Outcomes × Test time interaction
[F(1,17) = 5.04, p = 0.038, η2

p = 0.23]. Although recognition
memory was lower with the NOP condition in both delays, the
difference between the DOP condition and the NOP condition
was significant only in the 1-week test [F(1,20) = 4.81, p= 0.040,
η2

p = 0.19].
Importantly, when we combined the results from both

experiments the long delay affected recognition memory greatly
and significantly in the NOP condition (20.5 points) [t(15) = 2.6,
p= 0.02], and barely and non-significantly in the DOP condition
(2.5 points) [t(13) = 1.09, p= 0.92].

DISCUSSION
Success in the treatment and control of many diseases depends
on patient adherence to the medical recommendations, including
implementing any specific medications (Jimmy and Jose, 2011).
Currently non-adherence to medication is a serious problem,
as it has been noted by the World Health Organization
(2003) that between 30 and 50% of medicines prescribed for
chronic illnesses are not taken as intended. Consequences of
non-adherence include substantial worsening of disease, severe
relapses, increased comorbid diseases, death, and increased
health care costs (Chisholm-Burns and Spivey, 2003; Peterson
et al., 2003). Although non-adherence results from many
causes, one of the major reasons for non-adherence to medical
recommendations is that patients forget to take their medications
as they were prescribed (Jimmy and Jose, 2011). This might
be especially true for a population usually associated with a
low adherence to medications (Kripalani et al., 2007), namely,
elderly people who have multiple morbidities that must be treated
simultaneously with several medications. Their impaired short-
term memory and their decrease working memory capacity
(Cavanaugh and Blanchard-Fields, 2006) could result in older
adults forgetting the medication associated with a specific
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disease or the scheduled time for administration, as well as
the correct dosage of such medication. Thus, any procedure
that helps patients (especially those with memory impairments)
to ameliorate their memory loss concerning medical treatment
prescriptions by increasing, for example, their ability to choose
the correct medicine, might have a great impact in their
adherence to medical recommendations and hence in their
health.

In the present study we have illustrated the potential benefits
of the DOP, a procedure that has proved its usefulness to
improve both learning and memory of symbolic relationships in
different populations. Concretely, we aimed to explore whether
healthy adults may learn symbolic associations between stimuli
faster and with better long-term retention when trained with
the DOP in a health promotion context. To simulate a situation
in which “patients” with memory deficits (e.g., elderly people)
are told to take different drugs due to multiple morbidities,
our participants had to associate six common diseases with
their correspondent treatments (six different pills), a condition
that clearly taxes working memory. The results observed in the
two experiments showed better performance (higher accuracy
in Experiment 1A and fewer trials to reach the criterion
in Experiment 1B) when differential outcomes were arranged
(the DOP condition) compared with when the same outcomes
were randomly administered (the NOP condition). Importantly,
the present findings demonstrate that the use of such a
simple technique facilitates not only the learning of symbolic
stimulus–stimulus relationships but also the long-term memory
retention of the learned associations. The advantage of the DOP
compared with the NOP in the shorter delay test was more
evident in Experiment 1A than in Experiment 1B, maybe due
to participants in the former experiment having more trials
to consolidate the learned associations than participants in the
latter experiment. However, when the learning level was equated
between the two outcomes conditions (Experiment 1B) the DOP
advantage was still observed. Therefore, the results observed in
the memory tests cannot be attributed to participants from the
DOP condition producing more correct responses on average,
and therefore reaching better learning consolidation compared
with participants in the NOP condition. Importantly, when we
combined the results from both experiments it was apparent
that recognition memory was only affected by the long delay
in the NOP condition but not in the DOP condition. This
finding can be due to the DOP condition improving both the
learning and long-term retention of what had been previously
learned.

It is also worth noting that in the current study participants
had to perform a complex learning task that required to associate
six different stimulus-outcome pairings, more than the 2–4
different stimulus-outcome pairing typically reported in the
DOP’s literature (e.g., Maki et al., 1995; Estévez et al., 2001, 2003,
2007; Martínez et al., 2012). Thus, the fact that we have observed

DOP beneficial effects on both learning and memory using such
high number of pairings is further evidence of its potential as a
technique to improve both processes in clinical and non-clinical
settings.

The superiority of the DOP has been explained by the
expectancy theory (Trapold and Overmier, 1972). When
participants perform a conditional discrimination task they
learn something specific about the properties of the outcomes.
Trained with the DOP participants develop unique expectancies
(or prospective memories) that become discriminative stimuli
that serve as additional guides for choice behavior. In the non-
differential condition expectations are also generated, but they
are common to all sample stimuli, and then participants can rely
only on retrospective memory of the sample stimulus to perform
correctly the task, a process affected by workingmemory load and
delays.

In summary, the present findings demonstrate that the use
of specific outcomes associated with each symbolic relation
in a discriminative task, improves not only the acquisition of
learning but also its long-term retention in healthy adults. It
is worth noting that in this study we simulated daily activity
of many elderly people that have to associate determined pills
to the particular disorder they treat. The ecological nature of
this symbolic discrimination task, allows us to highlight the
therapeutic potential of the DOP as a complementary strategy
for people with learning and memory deficits (e.g., those
with neurodegenerative disorders associated with aging such as
patients with Alzheimer’s or Parkinson’s disease), which seriously
affect their daily life. Techniques based on the DOP are easy to
set up, and may facilitate the learning and retention of relevant
information that will enhance people’s quality of life. The results
of our simulated study suggest that theDOPcan be used as a useful
complement to other intervention programs targeted to increase
adherence to treatment.

AUTHOR CONTRIBUTIONS
MM was responsible for data collection and participated in
statistical analysis, and manuscript preparation. VP contributed
to the design of the study and manuscript preparation. LF and
AF contributed to data interpretation and assisted with writing
the manuscript. AF was also responsible for the design of the
study.

ACKNOWLEDGMENTS
This study was supported by the Spanish Ministry of Economy
and Competitiveness (projects PSI2011-23340, PSI2012-39228,
and PSI2014-53427-P); Fundación Séneca (project 19267/PI/14);
Chilean Ministry of Education (Conicyt-Fondecyt Initiation
11140365); and Universidad Autónoma de Chile (project DPI-06-
2014).

REFERENCES

Adisa, R., Alutundu, M. B., and Fakeye, T. O. (2009). Factors contributing to
nonadherence to oral hypoglycemic medications among ambulatory type 2

diabetes patients in Southwestern Nigeria. Pharmacy 7, 163–169. doi: 10.4321/
S1886-36552009000300006

Cavanaugh, J. C., and Blanchard-Fields, F. (2006). Adult Development and Aging,
5th Edn. Belmont: Thomson Wadsworth.

Frontiers in Psychology | www.frontiersin.org November 2015 | Volume 6 | Article 17806

http://www.frontiersin.org/Psychology/
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Molina et al. DOP and Adherence to Treatment

Chisholm-Burns, M. A., and Spivey, C. A. (2003). The ‘cost’ of medication
nonadherence: consequences we cannot afford to accept. J. Am. Pharm. Assoc.
52, 823–826. doi: 10.1331/JAPhA.2012.11088

Easton, A. (2004). Differential reward outcome learning in adult humans. Behav.
Brain Res. 154, 165–169. doi: 10.1016/j.bbr.2004.02.023

Esteban, L., Plaza, V., López-Crespo, G., Vivas, A. B., and Estévez, A. F. (2014).
Differential outcomes training improves face recognition memory in children
and in adults with Down syndrome. Res. Dev. Disabil. 35, 1384–1392. doi:
10.1016/j.ridd.2014.03.031

Estévez, A. F., and Fuentes, L. J. (2003). Differential outcomes effect in four-year-old
children. Psicológica 24, 159–167.

Estévez, A. F., Fuentes, L. J., Mari-Beffa, P., González, C., and Álvarez,
D. (2001). The differential outcomes effect as a useful tool to improve
conditional discrimination learning in children. Learn. Motiv. 32, 48–64. doi:
10.1006/lmot.2000.1060

Estévez, A. F., Fuentes, L. J., Overmier, J. B., and González, C. (2003).
Differential outcomes effect in children and adults with Down syndrome.
Am. J. Ment. Retard. 108, 108–116. doi: 10.1352/0895-8017(2003)108
< 0108:doeica > 2.0.co;2

Estévez, A. F., Vivas, A. B., Alonso, D., Marí-Beffa, P., Fuentes, L. J., and Overmier, J.
B. (2007). Enhancing challenged students’ recognition of mathematical relations
through differential outcomes training. Q. J. Exp. Psychol. 60, 571–580. doi:
10.1080/17470210600820039

Hewett, F. M. (1965). Teaching speech to an autistic child through operant
conditioning. Am. J. Orthopsychiatry 35, 927–936. doi: 10.1111/j.1939-
0025.1965.tb00472.x

Hochhalter, A. K., Sweeney, W. A., Bakke, B. L., Holub, R. J., and Overmier, J.
B. (2000). Improving face recognition in Alcohol Dementia. Clin. Gerontol. 22,
3–18. doi: 10.1300/J018v22n02_02

Hughes, C. M. (2004). Medication non-adherence in the elderly. Drugs Aging 21,
793–811. doi: 10.2165/00002512-200421120-00004

Jimmy, B., and Jose, J. (2011). Patient medication adherence: measures in daily
practice. Oman Med. J. 26, 155–159. doi: 10.5001/omj.2011.38

Joseph, B., Overmier, J. B., and Thompson, T. (1997). Food- and nonfood-
related differential outcomes in equivalence learning by adults with Prader–Willi
syndrome. Am. J. Ment. Retard. 101, 374–386.

Kessels, R. P. C. (2003). Patients’ memory for medical information. J. R. Soc. Med.
96, 219–222. doi: 10.1258/jrsm.96.5.219

Kripalani, S., Yao, X., andHaynes, R. B. (2007). Interventions to enhancemedication
adherence in chronic medical conditions: a systematic review.Arch. Intern. Med.
167, 540–549. doi: 10.1001/archinte.167.6.540

Litt, M. D., and Schreibman, L. (1981). Stimulus-specific reinforcement in the
acquisition of receptive labels by autistic children. Anal. Interv. Dev. Disabil. 1,
171–186. doi: 10.1016/0270-4684(81)90030-6

López-Crespo, G., and Estévez, A. F. (2013). “Working memory improvement
by the differential outcomes procedure,” in Working Memory: Developmental
Differences, Component Processes, and Improvement Mechanisms, ed. S. H. Clair-
Thompson (New York: Nova Publishers), 145–157.

López-Crespo, G., Plaza, V., Fuentes, L. J., and Estévez, A. F. (2009). Improvement
of age-related memory deficits by differential outcomes. Int. Psychogeriatr. 21,
503–510. doi: 10.1017/S1041610209008576

Maki, P., Overmier, J. B., Delos, S., and Gutmann, A. J. (1995). Expectancies as
factors influencing conditional discrimination performance of children. Psychol.
Rec. 45, 45–71.

Malanga, P., and Poling, A. (1992). Letter recognition by adults with mental
retardation: improving performance through differential outcomes. Dev.
Disabil. Bull. 20, 39–48.

Martella, D., Plaza, V., Estévez, A. F., Castillo, A., and Fuentes, L. J. (2012).
Minimizing sleep deprivation effects in healthy adults by differential outcomes.
Acta Phychol. 139, 391–396. doi: 10.1016/j.actpsy.2011.12.013

Martínez, L., Estévez, A. F., Fuentes, L. J., and Overmier, J. B. (2009). Improving
conditional discrimination learning andmemory in five-year-old children:DOE
using different types of reinforcement. Q. J. Exp. Psychol. 62, 1617–1630. doi:
10.1080/17470210802557827

Martínez, L., Flores, P., González-Salinas, C., Fuentes, L. J., and Estévez, A. F. (2013).
The effects of differential outcomes and different types of consequential stimuli

on seven-year-old children’s discriminative learning and memory. Learn. Behav.
41, 298–308. doi: 10.3758/s13420-013-0105-y

Martínez, L., Marí-Beffa, P., Roldán-Tapia, D., Ramos-Lizana, J., Fuentes, L.
J., and Estévez, A. F. (2012). Training with differential outcomes enhances
discriminative learning and visuospatial recognition memory in children born
prematurely. Res. Dev. Disabil. 33, 76–84. doi: 10.1016/j.ridd.2011.08.022

Miller, O. T., Waugh, K. M., and Chambers, K. (2002). Differential outcomes
effect: increased accuracy in adults learning kanji with stimulus specific rewards.
Psychol. Rec. 52, 315–324.

Mok, L. W., and Overmier, J. B. (2007). The differential outcomes effect in normal
human adults using a concurrent-task within-subjects design and sensory
outcomes. Psychol. Rec. 57, 187–200.

National Institute for Health and Care Excellence. (2015). NICE Guideline 5.
Medicines Optimisation: the Safe and Effective Use of Medicines to Enable
the Best Possible Outcomes. Available at: http://www.nice.org.uk/guidance/
ng5/evidence/full-guideline-6775454 (accessed October 1, 2015).

Overmier, J. B. (2007). La investigación básica con animales fortalece la ciencia y
práctica de la psicología [How basic animal research strengthens the science and
practice of psychology]. Interdisciplinaria 24, 211–228.

Peterson, A. M., Takiya, L., and Finley, R. (2003). Meta-analysis of trials of
interventions to improve medication adherence. Am. J. Health Syst. Pharm. 60,
657–665.

Plaza, V., Esteban, L., Estévez, A. F., and Fuentes, L. J. (2013). El procedimiento de
consecuencias diferenciales mejora el reconocimiento de rostros con independencia
de su valencia emocional [The differential outcomes procedure improves face
recognition irrespective of their emotional valence]. Psicológica 34, 79–95.

Plaza, V., Estévez, A. F., López-Crespo, G., and Fuentes, L. J. (2011). Enhancing
recognition memory in adults through differential outcomes. Acta Psychol. 136,
129–136. doi: 10.1016/j.actpsy.2010.11.001

Plaza, V., López-Crespo, G., Antúnez, C., Fuentes, L. J., and Estévez, A. F.
(2012). Improving delayed face recognition inAlzheimer’s disease by differential
outcomes. Neuropsychology 26, 483–489. doi: 10.1037/a0028485

Psychology Software Tools. (2012). E-Prime (Computer Software). Pittsburgh, PA:
Psychology Software Tools.

Saunders, R., and Sailor, W. (1979). A comparison of three strategies of
reinforcement on two-choice learning problems with severely retarded children.
AAESPH Rev. 4, 323–333.

Savage, L. M. (2001). In search of the neurobiological underpinnings of the
differential outcomes effect. Integr. Physiol. Behav. Sci. 36, 182–195. doi:
10.1007/BF02734092

Tavares, N. U. L., Bertoldi, A. D., Thumé, E., Facchini, L. A., França, G. V. A.,
and Mengue, S. S. (2013). Fatores associados à baixa adesão ao tratamento
medicamentoso em idosos [Factors associated with low adherence to medication
in older adults]. Rev. Saúde Pública 47, 1092–1101. doi: 10.1590/S0034-
8910.2013047004834

Trapold, M. A. (1970). Are expectancies based upon different positive reinforcing
events discriminably different? Learn. Motiv. 1, 129–140. doi: 10.1016/0023-
9690(70)90079-2

Trapold, M. A., and Overmier, J. B. (1972). “The second learning process
in instrumental learning,” in Classical Conditioning II: Current Theory and
Research, eds A. H. Black and W. F. Prokasy (New York: Appleton-Century
Crofts), 427–452.

World Health Organization. (2003). Adherence to Long Term Therapies:
Evidence for Action [Online]. Available at: http://apps.who.int/iris/bitstream/
10665/42682/1/9241545992.pdf (accessed October 1, 2015).

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2015 Molina, Plaza, Fuentes and Estévez. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org November 2015 | Volume 6 | Article 17807

http://www.nice.org.uk/guidance/ng5/evidence/full-guideline-6775454
http://www.nice.org.uk/guidance/ng5/evidence/full-guideline-6775454
http://apps.who.int/iris/bitstream/10665/42682/1/9241545992.pdf
http://apps.who.int/iris/bitstream/10665/42682/1/9241545992.pdf
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive

	The Differential Outcomes Procedure Enhances Adherence to Treatment: A Simulated Study with Healthy Adults
	Introduction
	The Differential Outcomes Procedure
	The DOP in Pathology
	The Current Study

	Experiments 1A and 1B
	Materials and Methods
	Participants
	Stimuli and Materials
	Procedure
	Statistical Analysis

	Results
	Experiment 1A
	Experiment 1B
	Experiments 1A and 1B: Recognition Memory

	Discussion
	Author Contributions
	Acknowledgments
	References


