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The learning of the relations between discriminative stimuli, choice actions,
and their outcomes can be characterized as conditional discriminative choice
learning. Research shows that the technique of presenting unique outcomes for
specific cued choices leads to faster and more accurate learning of such rela-
tions and has great potential to be developed into a training and pedagogi-
cal tool to help individuals with and without learning challenges better learn
complex discrimination problems. We present a brief historical account of this
technique, a theoretical and empirical analysis, and specific examples of the
application of this training technique in everyday discrimination problems and
in several traditional school subject areas. We conclude with the iteration that
cognitive scientists and educational researchers need not overlook basic asso-
ciative mechanisms that may be fundamental in subserving complex learning
and memory processes.
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In everyday life, many of our behaviors are learned and reinforced
through the availability of rewarding consequences. We work to be rewarded
with desirable outcomes, and different people work for different rewards.
Many of us have fond memories of our favorite teacher sticking a fancy star
on an assignment well done and of how we would look forward to these
stickers.

A key aspect of real life is that we are constantly challenged with
decisions to make and, almost without exception, every choice comes with
a consequence. Very often, such consequences are unique to the particular
choices we have made given the presenting problems. For example, when
we want specialty coffee, we learn that we can get some at Starbucks. But
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when we want pizza, we learn that we should go to Pizza Hut instead.
That is, many of our everyday behaviors are actually learned through the
availability of not just (rewarding) outcomes in general but outcomes that
are unique to the choices we make conditionally based on the presenting
problems. In a training or classroom setting, we can view the presenting
challenges as two different types of questions or problems to be solved and
the correct choices as strategies or answers in multiple-choice questions.
But, in the standard classroom, the outcomes of choices—and the teacher’s
“recognition” given to correct choices—are often not unique to the
particular overt choice. In fact, the standard teaching procedure is usually
to reward correct choices with a common outcome, such as verbal praise
(e.g., “good”), or to randomly reward with, say, stars or stickers. That is, no
conscious effort is made to provide unique outcomes that correlate with
correct responses to specific problems. Does this matter?

To model such life-choice behaviors that are conditional on the
presenting problems and how successful behaviors are followed by
specific outcomes, laboratory psychologists have devised the conditional
discrimination choice task. This task takes the general form of two
contrasting discriminative stimuli, S1 and S2, and two or more choice
alternatives. In the presence of S1, the correct choice from among
alternatives is R1; in the presence of S2, the correct choice is R2. In the
standard training procedure, all correct conditional discriminative
choices are followed by either a single, common outcome (the common
outcome procedure) or an outcome randomly selected from two possible
outcomes (the nondifferential outcomes procedure). In contrast, in a
procedure relatively new to practitioners working with human clients
that we herein advocate, the training condition involves unique response
outcomes. Correct responses to the conditional relation S1-R1 are
followed by the unique outcome O1, whereas correct responses to the
conditional relation S2-R2 are followed by the unique outcome 02; all
incorrect responses are not followed by any outcome and terminate
the particular learning trial. This training procedure is termed the
differential outcomes (DO) procedure.

To anticipate, when the differential outcomes procedure is applied,
learning is faster, more accurate, and remembered longer than when the
common outcome procedure is used (see Goeters, Blakely, & Poling, 1992;
Urcuioli, 2005). This effect is termed the differential outcomes effect (DOE),
and it is now a robust and reliable learning phenomenon documented in the
traditional learning literature. The main aim of this article is to describe in
more detail the DOE, provide broad experimental evidence for it, underline
the behavioral and cognitive processes underlying it, and then illustrate
specific examples of how this differential outcomes technique can be
developed into a training and pedagogical tool to be applied to enhance
learning and memory.

Fundamentally, the DOE operates through simple associative
mechanisms, involving the two basic forms of learning that learning
theorists have been most concerned with in the past century—one that
involves the learning of simple pairings of important environmental
stimuli (classical conditioning) and another that involves the idea that
response outcomes affect the future frequency of the behavior they follow
(instrumental conditioning). Thus, we begin by providing a brief description
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of these two familiar forms of learning and then describe how they
overlap to give rise to the DOE. Essentially, embedded in an instrumental
conditional discriminative choice operation is a classically conditioned
outcome expectancy that is specific to the particular outcome that follows
the particular successful behavior. We then describe (a) the theoretical
basis of how such outcome-specific expectancies guide successful choice
behaviors and (b) how mediation by mental representations of such
outcome-specific expectancies can form the basis of a memory process that
would be useful in enhancing learning and memory.

Two Major Types of Learning: A Little Bit of History

In classical conditioning, an initially neutral stimulus (NS) such
as a light or tone, after occurring in a signaling relation with a
second stimulus such as food (US) that reliably and unconditionally
elicits a response such as salivation (UR), acquires the ability to elicit
anticipatory salivation from the organism in the absence of the US.
This initially neutral stimulus that does not originally elicit a UR is
said to have become a conditioned stimulus (CS), and the anticipatory
salivation response that it elicits is termed the conditioned response
(CR). This form of learning describes the simplest mechanism whereby
an organism learns about relations between environmental events and
how such knowledge about the environment affects behavior. First
studied systematically in the 1900s by Pavlov, but almost abandoned
in midcentury, this classical or Pavlovian conditioning has in recent
decades become a reemerging focus of research interest—especially as to
how it relates to modulation of instrumental behavior.

In instrumental conditioning, the organism learns actions
through the consequences of response outcomes. In the presence of an
environmental stimulus (S), when the response (R) that the organism
makes is successful or correct, a response outcome follows. Instrumental
conditioning grew out of E. L. Thorndike’s (1914) work with puzzle boxes
in the late 1890s through the early 1910s. In his view, the outcome of
a successful response serves to strengthen the association between the
presenting stimulus and the response, thereby increasing the occurrence
of the response. When the response outcome is desirable (therefore, a
reward), such learned responses are considered “instrumental” in
producing the particular consequence or outcome and are thus called
instrumental behaviors. Thorndike (1914) was quick to apply these
principles in education. Skinner (1974) termed such learning as operant
conditioning because he was more interested in the way behaviors
“operate” on the environment. His work in operant conditioning
began in the 1930s. He called response outcomes that strengthen the
behaviors they follow reinforcers. Behaviors that are reinforced are
more likely to recur. Skinner was also interested in applying principles
of reinforcement to education. Unquestionably one of the best-known
learning theorists, Skinner wrote extensively about education from
an operant conditioning perspective. He proposed a “technology” of
individualized instruction and made many useful suggestions about
how ideas of positive reinforcement for appropriate behaviors, gradual
shaping of more complex behaviors (e.g., verbal), and maintenance of
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desired behaviors through intermittent reinforcement schedules could
be successfully implemented in the real-life classroom to achieve more
desirable learning outcomes (Ormrod, 2004). Over the last century,
positive reinforcement approaches have had substantial influences on
educational practices.

These two types of learning involve the learning of associations
between either two environmental stimuli (as in classical conditioning)
or a discriminative cue and a response that is reinforced by a response
outcome (as in instrumental conditioning). They are, therefore, also known
as associative learning.

The Differential Outcomes Effect
and the Concept of Outcome Expectancies

In examining instrumental learning, the traditional view, as stated in
Thorndike’s (1914) law of effect, is that the nature of the reward does not
matter. The stimulus-response (S-R) association is merely “stamped in”
by the reward, and the reward only serves to catalyze the S-R association
and is not part of the association. However, the advent of the two-process
theory of learning (e.g., Mowrer, 1947; Rescorla & Solomon, 1967; Spence,
1956) introduced a different view. Apart from the resulting S-R association,
it was argued that there is another association that forms between the
stimulus and the reward/outcome (O), that is, the S-O association, and
this S-O association was thought to motivate the instrumental response.
Later, Trapold and Overmier (1972) extended this view by proposing that
what is learned is not just the simple observable CR within the classically
conditioned relationship (S-O) but also specific knowledge about the
qualitative properties of the response outcome (i.e., the discriminative
properties of whether they are the same or not). This second learning
process is independent of the response itself. Such knowledge about the
response outcome can be viewed in cognitive terms as what constitutes a
learned internal representation of the outcome (MacCorquodale & Meehl,
1953; Tolman, 1932), or rather, an outcome expectancy (Trapold & Overmier,
1972), as it is known in the learning literature.

The DOE clearly demonstrates that the nature of response outcomes
matters. When unique outcomes were arranged in the conditional
discriminative choice task, empirical data supported the notion that a
unique outcome expectancy was formed for each unique outcome (e.g.,
Peterson & Trapold, 1980; Peterson, Wheeler, & Armstrong, 1978). Trapold
and Overmier (1972) presumed unique outcome expectancies to form part
of the particular discriminative stimulus complex of the discrimination
task. They further suggested that these outcome-specific expectancies
have functional stimulus-like properties that can serve as a reliable cue to
guide and mediate subsequent choice behavior, a suggestion that received
empirical support (e.g., Kruse, Overmier, Konz, & Rokke, 1983; Peterson
& Trapold, 1980). This view contrasts with the earlier two-process view
that mediation by unique outcome expectancies simply provides the
discriminative stimulus with general motivational properties (viz., Rescorla
& Solomon, 1967). Although the discriminative stimuli themselves provide
a useful source of information, unique outcome expectancies actually
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provide an even more salient source of discriminative information in
guiding subsequent choice behavior (e.g., Urcuioli, 1990).

Interestingly, a neurochemical double dissociation has been found with
laboratory animals between the memory/cognitive processes theorized to
underlie the DOE in conditional discrimination when rewarding outcomes
are used. The memory process thought to be required for solving the
discrimination task under the common outcome/nondifferential outcomes
procedure—retrospective recall of the discriminative stimulus—appears
more cholinergic dependent but less glutaminergic dependent, whereas the
process based on reward expectancies thought to be relied upon under the
differential outcomes procedure appears more glutaminergic dependent
but less cholinergic dependent (Savage, 2001). Generally, processes of
retrospective recall versus expectation are subserved by dissociable neural
substrates (Mok, Thomas, Lungu, & Overmier, 2009). Taken together,
such behavioral and neurological evidence suggests that the differential
outcomes procedure results in increased success over other training
and teaching methods because it draws upon a neurologically different
expectancy-based memory process.

Experimental Evidence in Humans

To date, the DOE has been reliably and extensively demonstrated in
animals, such as rats (Trapold, 1970), pigeons (e.g., Brodigan & Peterson,
1976), dogs (Overmier, Bull, & Trapold, 1971), and even horses (Miyashita,
Nakajima, & Imada, 2000; see Goeters et al., 1992, and Urcuioli, 2005, for a
review). But does it appear in humans? The answer is a resounding yes. As
it pertains to conditional discrimination, this effect has been established
in individuals with a range of learning difficulties and/or developmental
disorders, for example, in nonverbal children with autism (Litt &
Schreibman, 1981), adults with mental retardation (Malanga & Poling,
1992), and individuals with Down syndrome (Estevez, Fuentes, Overmier,
& Gonzalez, 2003). In adults with Korsakoff syndrome, performance on
the identity matching of face stimuli also benefited from differential
outcomes training (Hochhalter, Sweeney, Bakke, Holub, & Overmier, 2000).

In typically developing individuals, Maki, Overmier, Delos, and
Gutmann (1995) demonstrated the DOE among children at an average age
of 5 years. Estevez, Fuentes, Mari-Beffa, Gonzalez, and Alvarez (2001) found
that the DOE could also be obtained in older children (around 8 years of
age), but only when the discrimination task was more challenging.

With respect to typical adults, there has recently been an increasing
number of studies that demonstrated the facilitative effects of differential
outcomes on complex discriminations. For example, Miller, Waugh, and
Chambers (2002), using a 15-cue, nine-choice task, observed that college
students learned the meanings of kanji characters more quickly when
there were differential outcomes than when outcomes were randomly
given. Mok and Overmier (2003, 2007), in a concurrent-task within-
subjects design, found perceptual discrimination of complex, three-
dimensional geometric shapes to be enhanced among college students
when differential outcomes were delivered as compared to a single,
common outcome.
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Apart from discrimination training, the differential outcomes procedure
has also been successfully applied to training equivalence classes by
associating each stimulus class with a specific response outcome, based
on the theoretical framework developed by Sidman and colleagues (Sidman
et al., 1982; Sidman & Tailby, 1982). Positive results have been yielded in
such diverse populations as youngsters with mental retardation (ages 13-21
years; Dube & Mcllvane, 1995), adults with Prader-Willi syndrome (Joseph,
Overmier, & Thompson, 1997), typical preschool children (Goyos, 2000;
Schenk, 1994), and, more recently, typical young adults as well (Minster,
Jones, Elliffe, & Muthukumaraswamy, 2006).

Typically, conditional discrimination procedures are used to establish
equivalence stimulus classes (Sidman & Tailby, 1982). In this context, it is
useful to differentiate the conditional response (R), defined earlier when the
general form of the conditional discrimination choice task was introduced,
into a matching choice stimulus (C) that can serve as a discriminative
stimulus for the matching choice action itself (e.g., selection or pointing;
resp). This gives a four-term unit of analysis (Sidman, 1986) in terms of
the initial discriminative cue stimulus (S), the matching correct choice
stimulus (C), and the matching choice action (resp), which is followed by the
programmed outcome stimulus (O). One common variant of the training
technique is to first expose participants to identity-matching training trials,
in which selecting the choice stimulus Ax in the presence of the initial cue
stimulus Ax is followed by a unique outcome stimulus Ox, and similarly for
the respective stimulus sets Bx, Cx, and Dx, where x is a numeric descriptor
denoting all possible classes. For our present example, let us assume x to be
equal to 1 or 2. Participants are then taught the conditional discriminations
of Ax-Bx and Bx-Cx. On such arbitrary-matching training trials, each
correct occurrence of the conditional relations Ax-Bx or Bx-Cx is followed
by the unique outcome Ox. Studies have demonstrated the emergence of
new, arbitrary stimulus-stimulus equivalence relations that expanded to
encompass the class-specific outcome stimuli. In our present example,
the training arrangement should result in the emergence of two stimulus
classes: A1-B1-C1-D1-O1 and A2-B2-C2-D2-02. The Dx stimuli never appear
on arbitrary-matching training trials. Their inclusion in the respective
equivalence classes can, thus, only be based on their associations with the
class-specific outcomes Ox during the identity-matching training (Goyos,
2000). In other words, stimulus-outcome relations seem sufficient to give
rise to equivalence class formation (Minster et al., 2006). See Joseph et al.
(1997) in Table 1 for the results of a direct comparison between the effects
of DO versus NDO training on the establishment of equivalent stimulus
classes.

Study details and the specific benefits of applying the differential
outcomes procedure to training both discriminations and stimulus
equivalence are summarized in Tables 1 and 2, classified by individuals with
or without developmental disabilities or memory impairments, respectively.
Enhanced behavioral performance by application of the differential outcomes
training procedure, versus the nondifferential outcomes or the common
outcome procedure, is typically operationalized as higher overall accuracy,
higher terminal accuracy, fewer trials to reach criterion level of responding,
or faster correct response times.
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Table 1
Demonstration of the DOE in Individuals with Developmental Disabilities and/
or Memory Impairments

References Participants Materials trained Results
bal) Fewer trialsI to Teafch
. Receptive (verba criterion level o
hL't-tb& > .nrtl)nve_rbal boys label acquisition  responding under DO
S¢ (qegls]r?an W|t5:a]l§t|s$r(§)ges (2-choice than either NDO or CO
Y discrimination) (a salient, desirable
reinforcer)*
Sign language
4 adults = . .
; letter recognition Higher terminal
Malanga & with mental (2-choice accuracy (DO: M = 84%,
Poling (1992) retardation (ages conditional NDO: M = 57%)***

29-57 years) discrimination)

2D common items Acquired new stimulus-
(e.g., house, dog), stimulus equivalence
identity-matching relations that included
followed by the class-specific
arbitrary matching outcome stimuli (n = 4)

8 individuals

h/lljcblllt\)/%r?e with mental
(1995) retardation (ages

13-21 years)

Acquired new stimulus-
stimulus equivalence
relations that included

5 adults with 2D pictorial © s
Joseph et al. Prader-Willi figures (4-choice outég%glﬁisn?gl?'cmcher
(1997) syndrome (ages conditional correct trans'itivg
22-39 years) discrimination) choices under
DO (M = 81%) than NDO
(M =57%)*
4 adults with . Higher accuracy (n = 3),
Hochhalter Korsakoff (Eefgﬁc:&ceo%rg;'t?tn especially with a 5-sec
et al. (2000) syndrome (ages matching) y delay (DO: M = 90%,
64-86 years) 9 NDO: M = 60%)*

E{4 Ichildrﬁn and 2D pictorial H |
adults with Down : N ; Higher overall accuracy
Estevez et al. syndrome (6-37 objects (2-choice (DO: M = 84%, NDO:

(2003) . . conditional a 2y
yearss&,btj?gé\t/\éeen discrimination) M = 54%)

. Higher accuracy
24 adults with (DO "M = 94%, NDO:

-related .
Lopez- age-related. Face recognition M= 80%)** and faster
Crespo et al. m(ear\];gr?/ ge;'céts (6-choice identity correct reaction times
(2009) e 3ear§). matching) (DO: M=3.06 s, NDO:
between-subjects M= 3'235);; at 30-s

Note. DO = differential outcomes condition; CO = common outcome condition; NDO =
nondifferential outcomes condition; 2D = two-dimensional.
*p <.05. **p < .01. ***p < .001.
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The DO Procedure as a Training and Pedagogical Tool

The ability to make a correct/appropriate response that is conditional
upon the presenting discrimination problem is important for many real-
life encounters and situations, even to the extent of maintaining healthy
relationships with our family, friends, and acquaintances. For example,
the ability to correctly and promptly produce the name of a familiar face
is generally regarded as basic courtesy across many cultures and social
contexts. Unfortunately, more often than not, older or demented individuals
with failing memory find themselves in awkward situations in which they
have difficulties producing the names of even their own grandchildren or
other loved ones. Sometimes, the embarrassment and frustration of the
situation may even escalate to unnecessary misunderstandings or emotional
outbursts. In this respect, the differential outcomes training procedure has
been effectively applied to improve face recognition among adult patients
suffering from alcohol dementia (Hochhalter et al., 2000; see Table 1). More
recently, this training benefit was extended to older adults with age-related
memory deficits (Lopez-Crespo, Plaza, Fuentes, & Estevez, 2009; see Table 1).

In addition, the ability to discriminate, that is, to determine the degree
of similarity or difference between two or more entities, is important for
many high-level cognitive processes, such as concept attainment and
the learning of symbolic relations, as in human language. A large part of
concept attainment involves the organization of complex materials into
categories according to how similar or different object attributes/features
are. For example, animate objects share one set of attributes, whereas
inanimate objects share another set of attributes, although according
to contemporary theories of concept formation, the boundary between
the two sets of attributes is not always clear. In fact, research on concept
attainment typically investigates how individuals learn to solve complex
discriminations.

Particularly relevant to our present discussion is Sidman, Kirk, and
Wilson-Morris’s (1985) reasoning that the phenomenon of acquired stimulus
equivalence in behavioral research is basically a type of conceptual
category learning. For example, the spoken word “three,” the written word
three, the Roman numeral III, and the number 3 are different symbols that
constitute an equivalence set. That is, they mean the same thing and can be
used interchangeably by a mature English speaker and reader. Earlier, we
discussed that, to date, several studies have demonstrated the effectiveness
of the differential outcomes training procedure in facilitating the acquisition
of equivalence stimulus relations across different individuals, ranging from
individuals with mental retardation (e.g., Dube & Mcllvane, 1995) to typical
young adults (Minster et al., 2006; see Tables 1 and 2).

When we introduced acquired stimulus equivalence earlier in the article,
we described arbitrary stimulus-stimulus pairings of S1-C1 and S2-C2.
Human language learning is often essentially the learning of such arbitrary
pairings of symbols, termed symbolic relation learning. For example, in the
English script, the word cow began as an arbitrary symbol that is associated
with the actual animal “cow,” and is eventually represented in the internal
mental lexicon of the fluent English user as a semantic code for the animal
“cow.” Thus, symbolic relation learning is fundamental to the acquisition
of abstract concepts. Applying the differential outcomes procedure to the
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training of arbitrary, symbolic relations has also been shown to benefit a
considerably wide range of individuals, not just individuals diagnosed
with developmental disabilities (e.g., Malanga & Poling, 1992) but typical
children (e.g., Estevez et al., 2001) and typical young adults as well (e.g.,
Mok & Overmier, 2003, 2007). Given existing empirical results, the evidence
is convincing for the universality of the differential outcomes training
technique and encouraging for its potential usefulness in educational and
therapeutic practices.

In the following section, we present specific examples of difficult
discriminations, be they purely perceptual or conceptual, that students may
face in traditional school subject areas. The examples attempt to illustrate
to the interested teacher how one can structure learning situations and even
traditional multiple-choice questions into problems suitable for training
using the differential outcomes procedure. We first present a specific
teaching plan as it pertains to Chinese character discrimination and then
offer specific examples in various traditional school subject areas such as
mathematics, English, geography, chemistry, and art.

A Specific Teaching Plan with Chinese Materials

Traditionally, Chinese teachers have been faced with the challenge of
helping students discriminate between characters that are very visually
similar to each other, such as li§ (eye; pronounced “jing”) and f§ (good
weather; pronounced “qing”), or polyphonic characters such as 77, which
can be pronounced as “hang” or “xing” and means different things when
pronounced differently. A polyphonic character should probably be trained
in the context of the bicharacter (bimorphemic) compound words in which
it frequently occurs. There is an anecdotal account of an expatriate in
China making the observation that Chinese seem to be fond of putting
up encouraging slogans such as “ABC (Company) is very good” in front of
their office buildings, especially in the business district. As it turns out, he
actually misread %217 (bank; pronounced “yin hang”) for 1R1T (very good;
pronounced “hén xing”). The slogans were actually the names of particular
banks (e.g., ABC 4517).

Which choice alternatives the teacher should provide to help the learner
discriminate between two very similar looking characters (%) or bicharacter
(bimorphemic) compound words (i) depends on what the critical element
or elements are that differentiate between the two. In the case of [if (eye)
versus H& (good weather), it is the semantic radical H (eye) versus H (sun)
that differentiates between the two characters; both of these radicals are
semantically related to the respective character of which they are a part.
Thus, the teacher can provide these two radicals as choice alternatives.
For beginning learners, where appropriate, pictorial depictions of the
meaning of these two radicals can also be provided to enhance the students’
understanding of the radicals and their relation to the respective characters
of which they are a part. Figure 1 shows the teaching materials that can be
used. The characters lij (eye) versus i (good weather) can be presented as a
pair of discriminative questions. When students correctly choose the option
H (eye) to the question [i§ (eye), their response can be uniquely followed by
a sensory feedback that consists of flashing/moving pictures (2 sec) of a
popular cartoon character, Pokemon (Outcome 1). When students correctly
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choose the option H (sun) to the question i§ (good weather), their response
can be uniquely followed by a short excerpt (2 sec) of a favorite popular song,
Mambo No. 5 (Outcome 2). Nonhedonic outcomes (sensory-perceptual stimuli
alone such as moving pictures vs. a musical excerpt), instead of traditionally
hedonic outcomes, can serve effectively as differential outcomes (Mok &
Overmier, 2003, 2007).

Problem 1: Problem 2:
Character meaning “eye” Character meaning “good weather”
HEE Hzlz
Choices Choices
(semantic radicals) (semantic radicals)
Choice 1: “eye” Choice 2: “sun” Choice 1: “eye” Choice 2: “sun”

B H =

|

Outcome 1 Outcome 2
(for correct choice) (for correct choice)
(2 sec) (2 sec)

\\m ’ N

\9 0/\,
P, @ (J]
(favorite cartoon) (favorite pop song)

Figure 1. Example materials for teaching the visual discrimination between a pair of
Chinese characters: 5 (eye) versus B (good weather).

For more advanced students, two distractors matched with the former
two radicals for difficulty and visual complexity can also be added as
choice alternatives. The distractors can be H (myself: pronounced “zi”) and [
(white; pronounced “bai”). That is, the student would be presented with four
choices for every question: H, B, H, and H.

These two questions can be repeatedly presented to the student in a
random and concurrent fashion, intermixed within the same learning
session. We call such repeated presentations of the same question
“learning trials” (of the same type). Figure 2 gives a schematic illustration
of the sequence of a typical discriminative question or leaning trial.
These learning trials can be given until the student achieves criterion
performance of, say, 80% correct on each question. Full computer delivery
of the differential outcomes methodology is feasible. Training to criterion
performance level can thus be easily achieved using computer-assisted
instruction. Whenever a correct response is made, the associated unique
outcome or feedback will be delivered. All incorrect responses will result
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in the absence of feedback. Instead, silence and a blank screen of the same
duration as an outcome will be presented, and the learning trial will be
terminated.

[

ey,
. @

i H H

Interval
Outcome
Choices
Delay
Question

Figure 2. Schematic illustration of the sequence of a typical question or learning trial
(Interval = interquestion interval).

If it is more desirable to conduct differential outcomes training without
the use of computers, teachers can also systematically arrange to manually
deliver unique outcomes for each type of correct response. Optimal
training results can be achieved by using the differential outcomes training
methodology to augment other more traditional teaching methods.

Discrimination Training in Other School Subject Areas

Mathematics. Estevez et al. (2007) successfully used the differential
outcomes training procedure as a tool to help college students (ages 19-30
years) discriminate whether the mathematical symbols “>” and “<” had been
used correctly. Their main focus was on individuals who showed difficulties
in using the correct symbol. Performance of such challenged participants
was improved—faster correct response times in Experiment 1 for positive
numbers and higher overall accuracy in Experiment 2 for negative
numbers—when differential outcomes (hearing “GREAT!” vs. a brief melody)
were employed in training as compared to nondifferential outcomes.

Conceptual discrimination between categories of mathematical equations,
for example, y = x? + c versus y = —x? + ¢, and their match to corresponding
graph forms and visual discrimination between statistical symbols, for
example, s? (sample variance) versus o> (population variance), and their match
to corresponding concepts of sample versus population statistics can also
potentially be enhanced using the differential outcomes procedure.

More complex training of derived stimulus relations involving algebraic
and trigonometric functions has recently received significant attention
from researchers such as Ninness et al. (2005) and Ninness et al. (2006).
Their main focus was to train the relations of standard formula-to-factored
formula (A-B) and of formula-to-graph (B-C) using conditional discrimination
procedures. They were interested in assessing the posttraining acquisition of
B-A and C-B relations, as well as C-A and A-C relations. Given the facilitative
effects of differential outcomes on equivalence class formation, one could
consider arranging for class-specific response outcomes in training for the
above derived stimulus relations.
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Our ideas here are consistent with educational researcher De Corte’s
(2004), who emphasized systematic instructional designs in mathematics
education that are conducive to the gradual attainment of competence.

Languages. In teaching English, we may want to enhance students’ ability
to discriminate between parts of speech (nouns, verbs, etc.), visually similar
letters (e.g., u vs. v and e vs. ¢), and phonetically similar sounds (e.g., /th/
vs. /f/, /m/ vs. /n/ and /1/ vs. /r/). Conceptual discrimination between tense
usage can also be trained by presenting, as the discriminative questions, a
short story about something in the past versus something in the present.
Following the story, when the past tense is correctly used, the student can
be presented with a faded black-and-white photo of some historic event or
monument; when the present tense is correctly used, a brightly colored
photo of a present-day event or monument can be presented.

In addition, researchers such as de Rose and colleagues have
successfully employed the stimulus equivalence paradigm in teaching
routines as complex as reading among typical preschoolers, typical and
reading-challenged first graders, special education first graders with global
developmental delay, and nonreading adults who were typically functioning
but received either no schooling or less than 6 months of schooling as
children (e.g., de Rose, de Souza, & Hanna, 1996; Melchiori, de Souza,
& de Rose, 2000). In these studies, the target language was Portuguese,
the participants’ native language. The general procedure was to train
participants to match pictures (A) and printed words (B) to dictated words (C)
and to construct by copying the printed word with letter tiles. Posttraining
testing revealed the formation of A-B-C equivalence classes. In regard to
teaching spelling in English to individuals with mental retardation and
hearing impairments, Stromer, Mackay, Howell, McVay, and Flusser (1996)
were also successful in achieving improvements through the establishment
of equivalence stimulus classes involving pictures, objects, and printed
words. Therefore, the teaching of more complex repertoires such as reading
and spelling could also potentially take advantage of the facilitative effects
of arranging for class-specific response outcomes.

Geography. Geography teachers often find matching geographical areas
on the map with their linguistic labels to be challenging for students.
Thus, discriminative questions can consist of pairs of map locations that
are difficult to discriminate, and choice alternatives can be their associated
names. Each type of correct answer can be followed by a unique feedback
such as the flag or a short excerpt of the national anthem of the country
correctly identified or a picture of the state bird or flower.

Science. In chemistry, associating elements of the periodic table with
their scientific names or associating outcomes of a chemical test with the
identity of the unknown substance present in quantitative analysis has often
proved challenging for students. Discrimination training between pairs of
similar elements or chemical substances can be structured as a conditional
discriminative choice problem. Each correct association can be uniquely
followed by the delivery of a small sample (for solids or liquids) or the
sounded name (for gases) of the element or substance in question.

Art. Johnson (1985) highlighted the importance of the ability to
discriminate between various artistic styles in art education. This ability can
be further enhanced by training the association between the various styles
and their linguistic labels using differential outcomes. For example, training
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can be focused on the discrimination between different degrees of realistic
representation or the use of figural qualities, both of which influence the art
student’s ability to ascertain the specific style to which an artwork belongs.
Correct associations can be uniquely followed by differential outcomes of a
representative picture of the appropriate style versus the sounding of the
name of a representative artist of that style.

The above are but some brief examples. In each academic discipline, one
can aim to eventually design sets of test items with differing difficulty to
achieve further systematic training.

A Summary of Recommendations

To summarize, the facilitative effects of differential outcomes on learning
and memory may be most pronounced in individuals with developmental
disabilities and/or memory impairments, especially those with specific deficits
in short-term/working memory, explicit-type memory acquisition, or both
(Savage, 2001) and those who do not readily acquire complex discriminations
and novel conditional relations. In children, the results are also generally
good. For example, in individuals with Down syndrome (Estevez et al., 2003)
and preschool children (Maki et al., 1995), it was almost impossible for the
participants to learn symbolic relations, which involved two-dimensional
pictorial symbols/objects presented in a two-choice task, beyond chance levels
(in the number of trials allowed) when response outcomes were nondifferential.
When differential outcomes were arranged, Estevez et al. reported quite
dramatic improvements in choice performance, with an overall mean accuracy
of 84% versus 54% with nondifferential outcomes (p < .001; see Tables 1 and 2).
Maki et al. also found considerable improvements when differential outcomes
were applied; by the last 8 of 32 training trials, mean terminal accuracy with
nondifferential outcomes still hovered around chance level of 50% versus 65%
with differential outcomes (p < .05; see Tables 1 and 2).

In older typically functioning individuals, including adults,
the application of differential outcomes can benefit the training of
discriminations with which they find particular difficulties in acquiring
to nominal standards. For example, in college students assessed to have
particular difficulties as compared to their peers in recognizing the correct
usage of the mathematical symbols “>” and “<” for negative numbers on both
sides of the inequality, arranging for differential outcomes in conditional
discrimination training significantly improved their recognition (Estevez
et al., 2007). Differential outcomes training also enhanced difficult
perceptual discriminations of complex three-dimensional visual stimuli
among college students (Mok & Overmier, 2003, 2007). This effect was
early peaking; in the first 16 of 48 training trials, mean accuracy under
the common outcome procedure was at 27% (close to chance level of 25%
in a four-choice task) but under the differential outcomes procedure was
already significantly improved at 45% (p < .01; see Table 2). Such rudimentary
discrimination skills, whether rule based or non-rule based, likely overlap
with those essential for discriminating complex symbolic materials prevalent
in languages, mathematics, and other technically inclined subject matters.
In fact, it is anticipated that virtually any form of perceptual or conceptual
discrimination with which individuals are particularly challenged can
benefit from differential outcomes training.
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Likewise, equivalence stimulus class formation, typically established
using conditional discrimination procedures, can benefit from the
arrangement of class-specific response outcomes. Positive results have
been obtained in both learning-challenged and nonchallenged individuals
and across children and adults (see Tables 1 and 2). Acquiring stimulus
equivalence is directly relevant to learning about conceptual categories.

With respect to the type of materials that can serve as effective
differential outcomes, in individuals with learning difficulties and/or
developmental disorders and in children in general, secondary reinforcers
that are uniquely paired with primary reinforcers are particularly useful
(e.g., red tokens in exchange for food vs. green tokens in exchange for toys
in children; Estevez et al., 2001). A version of this found to be effective in
both young adults (Miller et al., 2002) and elderly adults (Lopez-Crespo
et al., 2009) is to follow each type of correct choice with an immediate
unique outcome (e.g., photographs), whereby each delivery of this immediate
outcome earns an entry into a lottery for unique prizes. Results of the lottery
are announced at the end of training. In another variant of this, Schenk
(1994) effectively used blue versus red beads in preschool children; when
earned beads of the same color reached a specific amount, they could be
exchanged for a preselected picture.

Immediate response outcomes alone, verbal or nonverbal, are also
effective, for example, food (pieces of dried or fresh fruit) versus a verbal
praise (“That is very good”) in children (Maki et al., 1995); chocolates versus
stickers in children (Martinez, Estevez, Fuentes, & Overmier, 2009); a drink
(a sip of coffee) versus food (a cheese cracker) in youngsters with mental
retardation (Dube & Mcllvane, 1995); nickels versus points in elderly adults
suffering from Korsakoff syndrome (Hochhalter et al., 2000); and colored
pictures of movie tickets, cash, or chocolates in typically functioning adults
(Minster et al., 2006).

Immediate response outcomes need not necessarily involve hedonic
stimuli with obvious motivational value. Sensory-perceptual outcome events
alone (visual vs. auditory) have been reported to be effective in typical adults
(Mok & Overmier, 2003, 2007). This can be adapted for younger individuals
to involve an animated segment featuring their favorite cartoon character
versus a segment of their favorite song (see Figure 1). Such visual versus
auditory outcome stimuli can be easily programmed and automatically
delivered using a laptop computer, which makes the training procedure
highly portable and convenient. Moreover, capitalizing on modern digital
media technologies to design differential outcomes may allow us to structure
the entire training procedure into an entertaining and fun computer game
that aims to motivate and capture the interest of the learner, thereby
further enhancing learning outcomes. Previously in children, Goyos (2000)
successfully used as differential outcomes yellow tokens in exchange for
video cartoons versus red tokens in exchange for small toys.

However, if it is judged that the learning situation could benefit from the
additional motivational value of hedonic outcomes (e.g., when students lack
the initial motivation to learn or if they are from clinical populations), primary
reinforcers should be included, especially during initial training. Students'
preferences for the differential outcomes employed should be comparable,
especially when primary reinforcers are used. Where appropriate, the training
can easily be delivered manually, without the use of computers or other
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technological tools. Additionally, we earlier suggested that it will be helpful to
employ unique outcomes that are directly related to the subject matter being
taught. This gives content-based outcomes. Our preceding examples illustrate
that there is considerable flexibility in the teacher’s choice of unique content-
based outcomes to present, depending on the student’s proficiency in the
subject matter and teaching goals. In order for the feedback to be effectively
unique, attention should be paid to one’s existing knowledge realm and what
may be perceived to be unique. The use of content-based outcome stimuli can
further facilitate the acquisition of desired stimulus relations, especially if the
teacher also aims to establish stimulus equivalence.

As learning progresses, from a pedagogical point of view the
discriminability between choice alternatives can progress from the pairing
of an already-learned item with a to-be-learned item to having items that are
comparable in difficulty and complexity. To increase the difficulty of a task,
the number of choice alternatives can be gradually increased. Alternatively,
as suggested in Figure 1, the recognition of choice alternatives can be
guided by first providing pictorial representational aids and then gradually
removing these visual aids as performance improves to criterion levels.

In sum, the facilitative effects of differential outcomes on learning
and memory should be most useful in bringing individuals with learning
challenges closer to nominal standards in the particular materials trained.
This should be most helpful in accelerating or bringing up to par students’
performances in certain more critical aspects of a larger training program
at particular stages of learning. Teachers can systematically identify those
critical areas that could benefit from additional differential outcomes
training and tailor or adjust the training according to the students’
learning profiles. The goal is to enable those who may have some particular
difficulties to progress alongside their peers on other scheduled components
of a preexisting syllabus. Given the considerable flexibility in structuring a
differential outcomes training procedure, there is indeed a lot of room for
the teacher to be creative in making the learning session as interesting and
engaging as possible while achieving learning objectives.

Conclusion

Mediation of choice behavior by unique outcome expectancies learned in
conditional discrimination can be applied to enhance learning and memory
in the context of either real-life situations or the classroom. The idea that
consequences of one’s behaviors matter and that they can be used to teach is
not new. In disciplining misbehaving children, parents have been advised to
enforce a logical consequence, or to stand by and allow natural consequences
to teach a lesson, and to select the right consequence for an individual
child (e.g., Clarke, 1999; Steelsmith, 2000). Outcomes or consequences
that uniquely follow antecedent behaviors are prevalent in our natural
environment, and our cognitive architecture evolves to take advantage of
such systematicities. The differential outcomes training methodology may
thus be considered a variant of the principle of letting natural consequences
teach (e.g., Steelsmith, 2000) and is a systematic extension of existing
teaching practices. In this article, we systematically provided specific
examples for applying this teaching and training technique to enhance
student learning and memory.
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The application of the differential outcomes procedure in the classroom
provides a good example of a direct application to real-life problems of
findings obtained in basic research. The transition from the laboratory to the
classroom has not always been smooth. However, the differential outcomes
procedure offers exciting potential for such a transition to occur. In
attempting to bridge the gap between research and practice, Klahr, Chen, and
Toth (2001) have suggested a useful framework. First, we should recognize
that the transition may require a considerable degree of translation,
adaptation, and enrichment of our laboratory procedures. Additionally, a
variety of assessment procedures may be needed to both enhance student
learning and inform us about the relative effectiveness of our training
procedure. Essentially, both the similarities and the differences between the
laboratory setting and the classroom should be evaluated, bearing in mind
instructional objectives, pragmatic constraints, and assessment methods.
Our preceding illustrations abide by these principles.

As we have illustrated, the first step in defining our training objec-
tives is to identify important discrimination problems upon which to con-
centrate our training efforts. For this purpose, the input of subject mat-
ter experts, usually teachers in the various subject areas, is required. It is
also important to determine the age group and population type to which
training will be applied. The success of these efforts will depend largely on
the magnitude of the resulting performance enhancement, the generalizabil-
ity of training, and the persistence of learning effects (Hochhalter & Joseph,
2001). The study details presented in Tables 1 and 2 provide some clear an-
swers to these issues, which will surely benefit from continued efforts at
practical applications and further empirical investigations. As is the case
with any intervention, the degree of benefit is moderated by a combination
of task-, context-, and person-related factors that can only become increas-
ingly specified with repeated attempts at application.

Next, a convenient way to deliver the differential outcomes training
would be through computer-aided instruction. This would provide the
required one-on-one attention and structured learning environment, while
at the same time cater to the larger student-teacher ratio in the classroom.
Bostow, Kritch, and Tompkins (1995) also advocated the use of computer-
programmed instruction. They argued that with our current better
understanding of the contingency of reinforcement, it is appropriate that we
fully explore the potential of the computer as a teaching tool. Nevertheless,
where manual delivery of differential outcomes training is more appropriate,
it can always be easily arranged. Furthermore, the manner in which the
differential outcomes training method is to be incorporated into the
curriculum can be left flexible and tailored to the specific requirements
of each classroom according to the subject matter, students' proficiency
level, instructor’s teaching style, and available classroom resources. This
high degree of flexibility is a key advantage of the differential outcomes
methodology.

Last but not least, with respect to assessment, after training using
the differential outcomes methodology, competence level can be assessed
through various standardized, domain-specific knowledge tests. Other
methods such as teachers’ written records and observations or videotaped
records of students’ performance on structured tests could also be
important.



244 MOK ET AL.

In turn, findings from the authentic and complex classroom setting
can be returned to the laboratory for further controlled study. In the words
of Klahr et al. (2001), laboratory research and educational and therapeutic
practice need not necessarily be ships that pass in the night. They can,
instead, be mutually illuminating. Both individuals with learning challenges
and those who are typically functioning—from children to adults—can
potentially benefit from differential outcomes training. Importantly, the
success of the differential outcomes training methodology underlines the
notion that modern cognitive scientists and educational researchers need
not overlook basic associative mechanisms that are embedded in complex
learning and memory processes.
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