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Human sensitivity to reinforcement in operant
choice: How much do consequences matter?

SCOTT H. KQOLLINS, M. CHRISTOPHER NEWLAND, and THOMAS 8. CRITCHFIELD
Aulrurn University, Auburn, Alabama

The results of many human operant conditioning experitnents appear to show that husmans are less
sensitive than nonhumans to operant consegquences, suggesting specles disconinuities in basic be-
havioral pracesses. A reanalysis of 311 data sets from 25 studies employing variabic-Interval schedules
of reinforcement designed to assess sensitivity to reinforcement corroborates the claim that human be-
havioral allocation among alternatives often deviates from predictions based on ratles of experimen-
tally programmed consequences. Close inspectivn of the studies in question, however, suggeats that
methodological issues contribute heavily to the differences noted so far between humans and nonhu-
‘mans and that an explanation based upon species discontinuities is not tenable.

Consequences clearly influence the behavior of non- .

human erganisms. The rich operant conditioning litera-
ture shows that reinforcing consequences alter the
strength of behavior that produces them and forge rela-
tions between behavior and antccedent stimuli. These ef-
fects hold across a wide range of species, settings, re-
sponse classes, and types of reinforcers, placing them
among the most widcly replicated outcomss in the bio-
logical and behavigral sciences. As a result, the three-
torm operant contingency, which cncompasses the rela-
tions among antecedent conditions, operant behavior,
and reinforcers, has been proposed as the foundation of
a broad rangc of complex capabilities both in nontiuman
species (¢.g.. Donahoe, Burgos, & Palmer, 1993} and, per-
}llg;;s more speculatively. in humans (e.g.. Skinner, 1953,
n.

Successful applications 10 human affairs, based on the

¢ore notion that human behaviar is sensitive to its conse-

_ quences, provide reason for optimism about the general-

ity of operant principles. As can be expected of a success-
ful science, applications have flewed from the laboratory
since the earlicst days of operant psychology. They in-
clude, but are not limited to, animal models of substance
abuse and treatment (e.g., Young & Herling, 1986), behav-
jor therapy (e.g.. Ullmann & Krasner. 1966), educational
and behavioral interventions for persons with develop-
mental disalities (¢.g., Lovaas, 1993), the management
of problem behavior in educational settings (e.g., Mash
& Barkley. 1989), and strategies for enhancing perfor-
mance in work settings (e.g., Danicls, 1994},

The systematic study of human behavior in the operant

laboratory arose later than-either the laboratory analysis -

Portions of this muaterial were prosented at the annual meeting of the
Southeasiern Association for Behavior Analysis, Suvannah, GA, Octo-
ber 1994, and at the annual meeting of the Association for Behavior
Analysis. Washington, DO, May 1995, Correspondence should be di-
rected 105, H. Kollins, now at the Department of Psychology, Western
Michigan University. Kstamazoo, ML 49008-5052 (¢-mail: kollishix
tiona, umsmed.edut.

of animal behavior or various endeavors in applied be-
havior analysis (e.g.. Hyten & Reilly, 1992}. This work,
which should have provided a natural bridge between an-
imal work and application, instead produced several curi-
ons findings, most notable among which are failures to
replicate outcomes common to the animal laboratory. For
example, under simple schedules of reinforcernent, human
behavior oftcn docs not show finely differentiated re-
sponse patterns, like the fixed-interval (F1) “scallop,.” that
are widely regarded as standard indices of operant control
in nonhuman performance (Baron, Perone, & Galizio,
1991). Some have concluded that such discrepancies il-
lustrate fundamental interspecies differences of behavior
principles (¢.g.. Brewer, 1974), a conclusion that forces
ofie to attribute a disturbing discontinuity to the human
species {Buskist, Newland, & Sherburne, 1921). Others,
however, have argued that methodological considerations
must be overcome before arriving at such a radical con-
clusion (Baron et al., 199§).

Whether humans and animals are affected similarly by
the consequences of their actions is a compelling ques-
tion, but response patterns under conventional schedules
of reinforcement provide a poor test in this matter. Such
response patterns have traditionally been evaluated through
casual visual inspection of kymographic tracings (cumu-
lative records) rather than through more reliable quanti-
tative means, leaving théir typicality open to dispure (Hy-

“ten & Madden, 1993). Second, many instances of response

patterns are the result of indirect variables operating
under a reinforcement schedule and are not directly spec-
ified by the reinforcement. For example, the fixed-interval
“scallop™ is not specified in the schedulc contingency but
instead arises afier much contact with the schedule and
results from such subtleties as the sclective reinforce-
ment of moderate interresponse times and temporal dis-
crimination in nonverbal subjects (see Zeiler, 1994, for
an extended discussion). .

The allocation of behavior across alternatives under
concurrent schedules of reinforcement is a direct mea-
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surc of control of behavior by its consequences. Tradi-
tionally established in the laboratory through concurrent
schedules of reinforcement. behavioral allocation in
choice situations is readily quantified, and the process
of quantification vields objective measures of sEnsitivity
to reinforcing consequences (e.g.. Baum, 1974 Davison
& McCarthy, 1988). Here we review the literature de-
scribing human behavior under concurrent schedules in
laboratory settings. with particular attention devoted to
the question of whether response allocation paraliels that
observed in nonhumans. We do identify differences but
conclude that. pending new research. these can be at-
tributed to idiosyncrasies in the way operam pracedures
have been adapted for use with humans at least as easily
as to species discontinuities in the operation of behav-.
ioral principles. '

A Primer on Concurrent Schedules of -
Reinforcement _

Concurrent schedules permit two or more reinforcers
to “compete” for behavior. In a typical arrangsment with
nonhumans, two response levers are available. sach of
which produces reinforcers according to separate and in-
dependent reinforcement contingencies. Reinforcement
rates are the primary independent variables. and behav-
ioral allocation (measured as ratios of either TESPONSEs or
time) across the schedules is the primary dependent vari-
able. Variable interval (V1) schedules of reinforcement
are commonly emploved because they produce stable,
moderate rates of responding and. unlike ratio-based
schedules. do not constrain the relationship berween re-
Sponse rates and reinforcement rates. Some experiments
compare the relative control by two Qualitatively differ-
ent tvpes of reinforcers. but when global sensitivity to
reinforcement is of interest, everything (reinforcer qual-
ity. lever characteristics. etc.} is held constant across re-
sponse alternatives except for the relative reinforcement
rates provided by the alternatives, which are varied sys-
tematically. Sensitivity, then, is reflected in the extent 10
which relative responding tracks the reative reinforce.
ment rates.

Nonhuman behavior under concurrent schedules is
readily accounted for by the following equation:

ng (B,J'E:j =a 108 (r]/rzj -+ ng k.

where the subscripts refer to response alternatives. 8, and
2 denate behavicr on response alternatives 1 and 2. ryand

r2 Tepresent reinforcement rates on the two aliernatives, -

“and a and k are fined parameters cqualing the slope and
intercepl. respectively, of the function, which is linear in a
iog-log coordinate space (Baum, 1974; Herrnstein, 1961,
1970}. Behavior is usually measured as responses or time
spent on an alternative, The upper panel of Figure ] illus-
trates some possible outcomes of this quantitative rela-
rionship. A slope of 1 indicates that the bechavior ratio
(8,/8) tracks the reinforcement ratio in a one-10-one
fashion. A slope greater than | (“overmaiching”) indicates
hat when the reinforcer miio changes, the change in the
dehavior ratio cxceeds that of the change in the reinforce-
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Figure 1. Examples of various outcomes for the mathematicaf

functions described in
parameter a from

Equationt 1 and 2. Top panet: Variations in
Equation 1. This parameter is considered a mea-

sure of behavioral sensitivity to consequences. Note the iegarithmic

scaling om the axes. The raw ratios

are used 25 axis labels but the jog

- of each ratio is included jn parentheses. Bottom pasel: Example of

fumction and parameters described by Equastion 3,

Ry {™ Sintheex-

ampie) represents reinforcement necessary to maintain hatf-maximat

respondieg. k (= 60 in the exampie) represents
l}ypu'houc function and the maximum rate of responding.

the asympitote of the

ment ratio: behavior may be considered especially sensi-
tive to the discrepancy between the two sources of rein-
forcemnent. Slopes less than | (“undermatching™) indicate
that when reinforcer ratios change, the ratio of the behay-
ioral measures changes less than the change in reinforcer
ratios: behavior may be considered relatively insensitive
to discrepancies between the two sources of reinforce-
ment. An extreme case of undermatching is a siope of 0.
in which behavior is utterly unaffecied by variation in
rates of consequences. In such a case, a strict application

of the interpretation of the slope term, a, indicates that be- ]

havior is insensitive 1o the discrepancy in consequences,
A looser inierpretation is that behavior is insensitive to the
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reinforcer, which is untenable if some behavior is occur-
ring. Thus, it can be said that some consequences are
maintaining responding but that the discrepancy between
the rates on the two responsc alternatives is inert with re-
spect to controlling behavior. [t is relevant to note that,
while we recognize the inabiliry of all consequences to re-
mforce behavior, we will maintain use of the term “sched-
ules of reinforcement” out of convention.

Equation 1 is related to another equation describing the
monotonic relationship between response and reinforce-
ment rate under a single schedule of reinforcement (Her-
rnstein, 1970):

B=krirgtr. 2)

Here, B and r represent behavior (usually leverpress-

ing) rate and reinforcement rate, respectively. The as-
ymptote of the hyperbolic function, k, has the units of
responses/unit time and represents the maximum possi-
ble rate of responding. The other fitted constant, rg. is in
the unit of reinforeers/unit time and is often interpreted
as representing all other reinforcers in the environment
not produced by the arranged response. In this hyper-
bolic function, r, is the value that r obtains when re-
sponse rate reaches half of k, or the half-maximal rate of
reinforcement so ry scales alternative reinforcers in the
units of programmed reinforcers. Equation 2 is impor-
tant because it explicitly expresses the single-response
“situation as concurrent schedules in which the pro-
grammed reinforcer competes with other alternatives
(grooming, exploring, “distractions™). Note that Equa-
tien 2 expresses the classic definition of a reinforcer (a
consequence that elevates the likelihood of the response
that produces it) in a context as defined by ry.

Although there is disagreement as to whether Equa-
tions 1 and 2 represent fundamental or derived processes
(Davison & McCarthy, 1988; Herrnstein, 1970, Myerson

& Hale, 1984; Ziriax, Snyder, Newland, & Weiss, 1993),
there is no dispute that the relationship depicted in Fig-
ure 1 is orderly and widely replicable in nonhuman
species. Furthermore, there is wide consensus that
the parameter a in Equation | (represented by the slope
of the regression line in Figure 1} describes sensitivity
of the behavior to the experimentally controlled conse-
quences {Davison & McCarthy, 1988; deVilliers, 1977).
The concept of sensitivity to reinforcement represented
by the parameter 2 has influenced research in a number
of areas, including food preference (¢.g., Heyman &
Monaghan. 1987}, drug-taking behavior (e.g., Tucker,
Vuchinich, & Gladsjo, 1991), the impact of neurotoxi-
cants on learning {Newland, Sheng, Ligdberg, & Berlin,
1994), and signal detection (McCarthy & Davison, 1981).

Human Concurrent Schedule Performance
Compared with the homogenous findings of nonhu-
man studies, the approximately 26é studies of humnan per-
formance undet VI schedules of reinforcement have pro-
duced mixed results..An understanding of the variables
responsible for these results should breaden our under-
standing not only of human behavior, but also of simi-
larities and differences observed between humans and
nonhuman species. In addition, an understanding of the

conditions under which quantitative models of choice -

describe human behavior will facilitate their application,
at least on a conceptual level, to ¢linical and other non-
laboratory settings. The present review examines studies
that have applied Equations | and 2 to human behavior
in both laboratory and applied settings, and identifies
several variablec that appear to be associated with the
sensitivity of human behavior to its consequences. We
conclude with somc speculation about the relevance of
these findings with respect to future research and appli-
cations to human behavior.

Table 1
Laboratory Studies of Human Performance Under V1 Schdiules of Relnforcement .
Number of
Study Data Peints Schedule - Response Conscquence
Baum, 1975 4 - CONC VI Signal detection Noncontingent
- : money
Bradshaw. Ruddle, Szabadi, 1981 12 CONC VI Lever pull Puints for money
Bradshaw, Szabadi, 1978 6 Single rae Buttonpress Points for money
Bradshaw, Szabadi, Bevan, 1976 2 CONC VI (Findley)- Butlonpress Poinis for money
Bradshaw, Szabadi, Bevan, 1977 3. Single rate Buitonpress Points for money
Bradshaw, Szabadi, Bevan, 1978 4 Single rate Bullonpress Points for money
Bradshaw, Szabadi. Bevan, 1979 6 CONC V! (Findley) Buttonpress Points for money
Bradshaw, Szabadi. Bevan. Ruddle, 1979 3 CONC VI (Findley) Buttonpress Points for money
Buskist, Miller, 1981 ] CONC VI - Wending machine Food
lever putl .

Cliffc, Parry, 1980 6 CONC VI Buttonpress Sexual slides
Horne, Lowe, 1993 27 CONC VI Buttonpress _ Points for moncy
Navarick, Cheilesen. 1983 12 CONC VI (Findley} Buttenpress Points for maney
Ruddle, Bradshaw. Szabadi, Bevan, 1979 [ CONC VI tFindley) Lever pull Points for maney
Schmit. 1974 10 CONC V1 (Findley) Buttonpress Points for money
Schroeder, Halland, 1969 6 caxc vl Eye movement Signal detcelion
Takahashi, [wamoto, 1980 160 CONC VI Buttonpress Points for money
Wurster, Griftiths. 1979 6 CONC VI (Findley) Buttonpross Points for money
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Figure 2. (A) Frequency distribution for slopes from human studies (sofid line) and nonhn-
man stadies (dashed line) reviewed by Baum (1979). (B) Frequency distributions of slopes for
Takahashi and lwamoto (1986) and Baum (1979), - :

Human Sensitivity to Relative Reinforcement
Rate: Laboratory Settings

We located 17 studies that had investigated the per-
formance of human subjects in laboratory settings under
V1 schedules of reinforcement (sce Table 1). Of these 17
studies, 14 involved the use of concurrent VI-V1 sched-
ules to examine the matching relationship described in
Equation 1. An additional three studies used the single-rate
hyperbolic relationship described by Equation 2 (Brad-
shaw, Ruddle, & Szabadi, 1981; Bradshaw, Szabadi, &
Bevan, 1977, 1978). Picrce and Epling (1983) reviewed

tnany of the laboratory studies included in this count and

- concluded that “the matching law description of choice

can be extended to an analysis of human behavior gov-
erned by aliernative schedules of reinforcement” and
that “the reviewed studies confirm matching under
highly controlled conditions with interval schedules”
(p. 72). These conclusions were mostly qualitative in na-
ture, however, and several studies have been conducted
since that time that cast doubt on the ubiquity of this phe-
nomenon. A more recent, quantitative review (Bradshaw
& Szabadi, 1988) concludcd that there had been substan-
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tial differences between human and nonhuman perfor-
mance under apparently similar testing conditions, a
conclusion that we do not dispute. Among these studies,
however, no review to date has explored the contribution
of procedural diffcrences to the variability seen in the
human data. Because the slope parameter. a. in Equation ?
wicasures sensitivity to reinforcement, the present review
focuses on slope values in human matching functions,
Figure 2A illustrates the distribution of 151 individual
subject slope values from 13 of the 17 laboratory studics
conducted since 1969. For comparison, Figure | also
shows the distribution of 105 individual subject slope
values derived frem 23 nonhuman studics (reviewed by
Baum, 1979). Note that although many nonhuman stud-
ies have been published in the past two decudes, none
challenges Baum’s general conclusions, and thus Baum's
review remains the benchmark summary of nonhuman
concurrent-schedule performance. Three studics em-
pioying the single-rate form (Equation 2) and one, by
Takahashi and Iwamoto (1986), employing concurrent
schedules are net included in Figure 2. Because of the
large number of individual data points (160) in the Taka-
hashi and lwamoto study, their data arc considered sep-
arately in Figure 2B. The distribution of slopes was more
variable from studics with humans than from studies
using animals. The important benchmarks of this-distri-
bution point to a conclusion that humans are less sensi-
tsve to reinforcement discrepancies under concurrent
schedules than nonhumans. First, the median value for
humans was 0.70, while that for nenhumans was 0.85.
Secend, the first and third quartiles from the distribution
representing slopes from human studies were 0.31-1.01,
while those obtained from studies of nonhumans were
0.75- 0.97,-indicative that much of the variability lay in
the frequency of shaliow slopes (extreme undermatch-
ing). Finally, slopes from studies of humans fell as low
~as 0.03 (complete insensitivity), while the lowest value
in the nonhuman range was 0.38, These benchmarks
characterize what is evident in the shape of the distribu-
tion: the variability is at the left end of the distribution
where undermatching becomes extreme. The sfopes ob-
tainéd by human subjects in Takahashi and Twamoto
(1986} also diftered from those obtained by nonhuman
species (reviewed by Baun, 1979). The median slope was
—0.09; haif of the slopes from this study were negative.
The experimenters suggested that schedule discrim-
inability was an important consideration in human match-
ing urder concurrent schedules. -
The distributions of slopes from two sets of studics can
be compared by comparing the important benchmarks.
Differences between the distributions are summarized
concisely in an empirical quantile—quantile (Q-Q) plot,
which promotes visual and quantitative comparison of
distributions (Chambers, Cleveland. Kleine, & Tukey.
1983: Newland, in press). Empirical Q—Q plots are similar
to the plots generated by many statistical packages to com-
pare a distribution of data against a theoretical one, such
as the normal distribution. The difference is that, in the
Q—Q plot, the horizontal axis is formed [rom an empiri-

Human Siopes

cally generated distribution and not a theoretical one.
Hence, the Q- plot is nonparametric. As appticd here,
the Q Q plots constitute a form of meta-analysis of the
quantitative relationship described in Equations § and 2,
becausc they summarize information dtawn from multi-
ple studies. This application that the Q- plots will prove
useful when we consider some possible reasons why
human reinforcement-sensitivity parameters appear so
scattered.

Figure 3 plots every |0th percentile from the distrib-
ution of slopes taken from buman studies shown in the
slope distribution in Figure 2A plotted against the equiv-
alent percentile from the nonhuman values. Values from
studies of nonhumans appear on the abscissa and those
from human studies are on the ordinate. For example.
the location of the fifth data point represents the 0.5
quantile, the median. The coordinates of this point arc
(0.85, 0.70). indicating that the median for nonhumans
(0.85) is preater than that for humans (0.70). The coor-
dinates for the first two quartites are (0,75, 0.30) and
(0.97, 1.01). The major diagonal indicates the line on
which the data would fall if the distributions were iden-
tical: the medians (0.5 quantiles) and all other quantiles
would be equal. In this case, the slope of 2 regression line
is | and the intcrcept is 0. A regression line of greater than
| using Q-Q plots indicates distributions that arc un-
equal, and in this case human slopes are different from
thase of nonhumans. The slopes for nonhumans fall within
a more restricted range (0.66 [.07) but are closer to !
than the slopc values from humans (0.07-1.26), A
Kolmogorov—Smirnov test revealed that the distributions
in Figure 2A were statistically different at the .05 level,
but this analysis provides no description of the nature of
the difference. Least-squarcs regression conducted on
the Q-Q plet is more informative than the Kolmogorov
Simirnav iest, since it provides-information gbout how
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Figore 3. Empirical percentile-percentlle plot of distrbutions

of slopes from human studles { y-uxis) and nonhuman studies (x-
anisk See text for more explanation.
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the distributions actually differ. The greater-than-1 slope
in Figure 3 reflects the greater variability in the human
studies shown on the vertical axis. The presence of a lin-
ear relationship between the distributions is consistent
with some similarity in the shape and symmetry of the
two distributions. The location of the intercept is some-
times difficult to interpret, but in general this term con-
veys information about where two distributions are most
similar.

The distribution of slopes obtained from human match-
ing studies is indeed different from that taken from non-
human studies, but what accounts for the difference? Be-
cause procedural details often provide important clues
about apparently discrepant data, we partitioned the
human laboratory matching studies in three ways that are
consistent with conventional thinking about operant
choice and about operant methods in gcneral. Each par-
tition places the human studies into one of two categories

defined by the status of a potentially important proce- .

dural variable (the type of response, the type of rein-
foreer, and the presence of explicit discriminative stim-
uli). We then represented each partilion as an empirical

Q -Q plot 1o assess whether and how the procedural fac-

tor contributed to variability in human matching, Our list
of procedural factors is not meant to be exhaustive, but
merely illustrative of facters that may influence the effi-
cacy of potentially reinforcing consequences.
Response class. Responses measurced in human con-
current-schedule studies include such diverse responses
as eye movements, speech, and pulls on a vending ma-
chine daor, but, perhaps out of experimenter convenience,
the buttonpress has been used most (e.g., Shull &

Lawrence, 1991). Yet it has been suggested that because

buttonpresses are part of many well-learned everyday
performances {e.g., dialing the telephone), they may be
cspecially susceptible to residual effects of prior rein-

_ forcement historics (Baron et at_, 1991), and thus be less

sensitive to the effects of recently introduced reinforce-
ment in laboratory studies.

In Figure 4A, distributions were compared from humnan
studies employing a buttonpress response versus those
from studies employing other types of responses to de-
termine whether response class contributed to the vari-
abiliry in slopc cstimates. The distribution of slopes from
other-response studies (¥ = 28 individual-subject slopes)
encompassed a smaller range (slope > 1), tending to
buirch around a value of 1.0 (intercept > 0), than that
from buttonpress studies (¥ = 81). The relationship de-
scribed in Figure 4A is linear, indicating a systemalic

difference between the studies in question, and the fitted -

line lies entirely below the major diagonal. indicating that,
at all percentiles, slopes for those studies using other re-
sponses were higher than the studies using a standard

buttonpress response. Cousistent with prior speculation.

(Shull & Lawrence, 1991), buttonpress responses are
highly variable and generally appear to be less sensitive
to conscquences than other types of responses.

Type of consequences. Another possible cause for the
discrepancy between human and nenhuman behavior
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under concurrent VI schedules of consequences is that
the consequences with humans are not as reliably effica-
cious in controlling behavior as those used with nonhu-
man species (see, e.g., Wearden, 1988). Cne common
experimental consequence, points exchangeable for
money, has great surface appeal as a face-valid human
reinfarcer, especially in light of the fact that many sub-
jects in human operant studies are college students pre-
sumably in need of money. Yet this consequence is sub-
ject to a number of criticisms, among which is the fact
that delays ranging from days to months may separate
the moment of point earning from the moment that
points are converted to cash (Galizio & Buskist, 1988;
Hyten, Madden, & Ficld, 1994). Furthermore, delays are

- known to devalue operant consequences (Myerson &

Green, 1993), 7

In Figure 4B, slope distributions from human studies
employing points worth money as the reinforcer were
compared with those from “studies”employing other
types of reinforcers, including food, signal detection,
and “sexually intcresting” slides. Slopes from the latter
category (N = 22 individual-subject slopes) were less
variable (slope > 1) and clustered more tightly around 1
than those from s..dies employing points worth money
ag reinforcers (N = 81). A linear fit described the data
well, and slopes tended to be higher when other conse-
guences were used. indicating more effective reinforce-
ment. ’ '

Discriminative stimuli. A compelling scries of stud-
ies with nonhuman subjects shows that the discrim-
inability between two sources of reinforcement plays a
powerful role in the magnitude of the responsc ratio (re- -
viewed in Davison & McCarthy, 1988, chap. 11). When
stimuli associated with each schedule are similar, the re-
sponse rates on Lhe two different schedules become more
homogeneous. In most situations, this appears as under-
matching. Furthermore, a number of researchers (Horne
& Lowe, 1993; Takahashi & [wamoto, [986) have sug-
gested that discriminative stimuli associated with differ-
ent schedule values (e g.. a different colored light or
symbol associated with each value of a series of VI sched-
ules} may influence human sensitivity to consequences
under such conditions.

Figure 4C indecd shows differences in distributions
from studies employing schedule-correlated stimuli and
studics employing no such explicitly controlled discrim-
inative stimuli. The relationship between the two distri-
butions is cyrvilinear, and the direction of the difference
was thc opposite of what might be expected. The shallow
regression line in Figure 4C indicates a greater range of
slopes for studies using discriminative stimuli (on the
abscissa) than for the studies not employing such stimuli
(on the ordinate). In the studics we examined, thereforc,
performance approximating matching was less reliable
in the presence, rather than the absence, of discriminative
stimuli. -

Even studics without experimentally programmed dis-
criminative stimuli may contain important unintended
cues (¢.g., location of operanda), meaning that the pro-
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cedural differences between studies could be more sub- .

tle than they would appear 1o be at first glance. Addi-
tionally, it is worth noting that 100 individual slope values
were available from studies employing discriminative
stimuli, while only 22 were available from studies em-
ploying no diseriminative stimuli. Different numbers of
observations in the distributions could have contributed
to range differences. Nevertheless, the data in Figure 4C
at feast raise the possibility that discriminative stimuli

matter in human matching, albeit possibly in uncxpected
ways, even if the nonlinearity of the fit renders any con-
clusion 1o be tentative. ]
Summary of laboratory studies. [t appears that con-
sequences other than points for money acquired better
control over behavior. Either these are more effective re-
inforcers or betier establishing operations were applied
in studies using nonstandard reinforcers. In general,
studies employing a simple buttonpress as a rcsponse
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class and those involving points for money as a conse-
quence produced slopes relating response ratios to rein-
forcer ratios that varied over a very wide range. This may
be because this response is unlikely to occur in the hu-
man'’s natural environment, although such an account is
not satisfying since leverpresses or keypecks are not nat-
ural either. The variability could reflect methodological
variables across studies, that is, a failure to achieve sta-
bility or to establish control over all elements of the
three-term contingency of reinforcement. This interpre-
tation corresponds to the findings of Takahashi and
[wamoto (1986), who showed that when discriminative
stimuli and prior exposure to the contingencies under in-
vestigation were incorporated into the experiment, human
behavior was more sensitive to consequences.

Human Sensitivity to Relative Rate of
Reinforcement: Naturalistic Studies :

In addition to the 17 studies that have been conducted -

under laboratory conditions, 8 studies have been con-
ducted with humans in more naturalistic settings (Table 2},
These have a direct bearing on the validity of the relation-

ship described in Equations 1 and 2 in human behavior..

Three of these empleyed concurrent VI-VI schedules
(Conger & Killeen, 1974; Mace, Neef, Shade, & Mauro,
1994; Neef, Mace, Shea, & Shade, 1992), while the oth-
ers used Equation 2 to describe human behavior under
V1 schedules (Beardsiey & McDowell, 1992; Mace, Mc-
Curdy, & Quigley, 1990; Martens, Halperin, Rummel. &
Kilpatrick, 1990, Martens & Houk, 1989; Martens,
Lochner. & Kelly, 1992; McDowell, 1982). The table
shows that studies in naturalistic settings employed a

‘wide range of response classes and consequences. The

most common class of consequences used in these studies
was a form of social attention, while responsc classes in-
cluded academic performance, verbal behavior, or social

- engagement.

To allow the single-response studies to be considered to-
gether with the concurrent-schedule studies in the Q-Q
plots, a slope describing the relationship between re-
sponse ratios and reinforcement ratios must be deter-
mined. B, and r, in Equation 1 are specified in the ex-
periments, but 8; and r; must be estimated as the rate of
alternative, “‘other.” responses and alternative réinforcers.
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These were obtained from estimates of the parameters k
and r, from Equation 2. Alternative responses were esti-
mated by subtracting 8 from Ky (i€ B2 = Kpax — B1)
and alternative reinforcers were estimated as r,. Data
from the actual studics, when provided, served as values
for B, and »,. This led to a ratio of B Ak . — B1) = /1y

Figure 4D shows that the distributions from these two
groups of studies were Iess discrepant than thosc of other
groups of studies shown in Figure 4. Although the two
distributions were not significantly different from one
another (Kolmogorov—Smirnov test), slopes from natu-
ralistic studies encompassed a narrower range of values
than did those from experimental studies. Only one value
was less than about 0.40, whereas in the laboratory 27%

" of the slopes fell below 0.40. Figure 4E compares the re-

sults of naturalistic studies with those of nonhuman stud-
ies reviewed by Baum (1974). The median values are vir-
tually identical, so the fitted linc is symmetrical about
the major diagonal. Unlike most of the distributions
compared previously, the two distributions in Figure 4F
have the same shape, although the distribution of human
studies has more spread in the tails, since the only dif-
ference lics in how far the extreme ends of the distribu-
tion extend. In short, the results of these naturalistic
studics closcly approximate those of northuman studies,
perhaps more so than do the results of human behavior
under laboratory conditions. This is especially remark-
able in view of the social nature of many of the conse-
quences.

Establishing Operations and Their Potential
Role in Human Matching

Because most studies differ procedurally in several
ways, the binary comparisons conducted here are artifi-
cially simple in that they do not reflect the possible inter-
action among factors that could influence sensitivity to
reinforcement. We chose to illustrate this discussion
with comparisons representing cach of the three terms in
an opergnt contingency (antecedent stimuli, response,
and conscquence), Many other kinds of comparisons are
possible, as the relevant studies differ procedurally on
many-dimensions. What all operant phenomena, includ-
ing those in choice experiments, share is a fundamental
reliance on the consequences of behavior. In this sense,

) Table 2
MNatralistc Studles of Human Performance Under V1 Schedules of Relnf t
. Number of

Study {ata Points Schedule Response Consequence
McDowell, 1981 1 Single rale Self-injurious behaviar Verbal reprimands
Marwens, Flouk, 1989 : 4 Singly rac Classroum disruption! Social attention

. on-task behavior :
Conger, Killeen, 1974 Pooled CONC Vi Verbal behavior Social artention
Martens. Lochner, Kelly, 1952 2 Single rate Academic engagerment Social praise
Neel, Mace, Shea, Shade. 1992 NA CONC VI Arithmetic problems Nichels and/or
Pprogram moncy

Beasdsley. McDowell, 1988 fs Single rate Sociul engagement Verbal praisc
Mace, MeCurdy, Quigley, 1990 NA CONC VR Arithmetic problems Teacher attention
Maricns, Halperin, Rummel. Kilpatrick, 1990 10 Single rate On and ofT 125k behavier Chips and candy
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the comparisons we conducted are all related. Response
classcs are defined by the relationship between re-
sponses and reinforcers, and stimulus control results
from the correlation between antecedent stimuli and the
responsc—reinforcer telation (e.g.. Rescorla, 1991; Skin-
ner. 1938). It impossible to judge, therefore, which dif-
ferences result directly from features of response classes
or discriminative stimuli and which result indirectly
from ineffective consequences. Put simply, discrimina-
tive stimuli and response classes are only as important s
the reinforcers upon which they are created.

Giiven the centrality of consequences in operant be-
havior, its secms reasonable that any cxamination of sen-
sitivity to reinforcement must start with a considerarion
of the consequences themsclves. Our preceding discus-
sion of the different classes of consequences makes clear
that consequences matter, albeit not in the straightfor-
ward manner predicted by current quantilative models.
The finding that naturalistic operant choice studics often
produce animal-like data also is consistent with this con-
clusion, in the sense that such studies often employ dif-
ferent, and potentially more efficacious, events as con-
scquences. A starting point for the integration of these
findings may be found in the concept of the establishing
operation (Michael, 1982, 1985), which is defined s
“any change in the environment which alters the effec-

tiveness of some object or event as reinforcement and si- -

multancously alters the momentary frequency of the be-
havior that has been followed by that reinforcement”
(Michael, 1982, pp. 150-151). Difficulties with carly re-
inforcement theories makcs clear the error of consider-
ing reinforcers to be classes of events with stable prop-
erties (e.g.. Meehl, 1951). A far more productive strategy
is to consider the factors required (o establish a given
consequence as reinforcing (Michael, 1982, 1993; Tim-
berlake & Allison, 1974). .

~ This review and an earlier onc by Bradshaw and Sza-
badi (1988) both found that the results of human operant
choice studies vary more widely than those of studies in-
volving nonhuman subjects. Studies using many kinds
of reinforcers have produced notably variable results in
human species but, in contrast, compelling consistency
across a variety of nonhuman species, orders, and types
of reinforcment (Morse & Kelleher, 1977). In this regard,
it is warth suggesting that cstablishing operations typi-
cally are better controlied in studies with nonhuman sub-
jects and that when they are controlied, the more refined
patterns characteristic of different reinforcement contin-
gencies may be revealed. Establishing operations that are
rclated to physiological functioning such as food or
waler deprivation, temperature changes, and scxual re-
inforcement, or operations that are related to aversive
events like electric shock or loud noise arc most com-
monly employed and typically reveal refined schedule-
typical patterns, [n all of these cases, the means of es-
tablishing effective primary or secondary reinforcers are
reasonably standardized and thus relatively invariant

across studies. By contrast, many human operant-choice
studies appear to be designed around the assumption that
maoney, and the points that represent it during experi-
ments, have already been established as reinforcers. The
cstablishing operations remain largely unknown and thus
could vary widely across individuals or ucross time for a
given individual. This possibility is not unique to choice
studies. Wearden (1988) has noicd that, in general, stud-
ies using moncy as an incentive have produced evidence
of individual differences in reinforeer efficacy. Morc~
over, from a choice perspective, one must always ask
also how valuable other activities, which would appear
as nonresponding in an operant study, might be 1o dif-
ferent individuals. This factor, too, could be cxpected to
vary as the result of a variety of establishing operations
{Wearden, 1988). .

Some of the patterns described in the present review

-are easily interpreted in terms of establishing operations.

11 seems logical 1o assume, for example, that naturalistic
studies tend to rely on conscquences in ihe very envi-
ranments where they naturally occur and thus in the

_ presence of the establishing operations that make them

naturally reinforcing. By contrast, in laboratory studics,
points and-money are relatively isolated from the every-
duy events that might make them reinforcing. For exam-
pie, a number of studies have suggested that arranging a
compclitive situation alters points and money from mildly
to strongly reinforcing (e.g.. Buskist & Miller, 1981}, In
fact. a varicty of applied studies show Lhat “points.” in
the sense of self-recorded counts of behavior. become
more reinforcing when posted publicly than when made
privately (e.g., Ciminero, Nelson, & Lipinski, 1977: Co-
hen. Polsgrove. Reith, & Heinen, 1981; Critchficld & Var-
gas. 1991). In light of these findings, it is interesting 1o
note that in many operant studies subjects work in isola-
tion. with data recorded automatically, unobtrusively.
and confidentially, :

Another kind of establishing operation that could in-
fluence studies using points worth money as conse-
quence was illudtrated in a recent investigation of “sclf-
conirol” choices, in which subjects chose to work for
either a small-number of points awarded immediately or

a larger number of points awarded several seconds later

(Hywen ctal., 1994). Points were exchangeable for money,
and the amount of time before points became exchange-
able was varied across experimental conditions. [n gen-
eral, subjects preferred the small, inmediate reward when
the “exchange delay™ was short (e.g.. | day) but pre-
ferred the larger, delayed reward when exchange delays
were longer. Thus. the efficacy of the reinforcers inter-
acted with exchange delays. It is well known that delays
reduce the cfficacy of reinforcers (¢.g.. Myerson & Green,
1995). and this investigation provides a reminder that
points wotth money are noi completely “consumed™ at
least until subjects have cash in hand. [nterestingly, many
reports of human operant research do not describe the
process of exchanging points for money, but we suspect
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that these procedures vary across laboratories and across
studies. [t is possible that differences in exchange delays
are responsible for some of the variability in human match-
ing studies.

It remains entircly possible that the variability in rein-
forcement sensitivity secn in human operant choice stud-
ies reflects little more than variations in establishing op-
erations, rathcr than something inherently unusual about
humans. After all, studies that use points for money have
not failed to produce matching in human subjects, In-
stead, these consequences have not consistently cngen-
dered behavioral allocation in the manmer that might be
expected from nonhuman studies. Not enough is known
about the ¢stablishing operations that modulate the ef-
fectiveness of common laboratery consequences to sup-
port or refute this speculation, but the gencral impor-
tance of establishing operations to human cheice should
be easy to evaluate in studies that assess human operant

choice, presumably in the same subjects, under a variety .

of levels of establishing operations. Perhaps the most
easily implemented strategy would be to manipulate lev-
els of food and water deprivation in nonhuman species
that closely approximate matching under standard labo-_
ratory conditions. So far, it has been demonstrated that
qualitatively different reinforcers {e.g., Heyman, 1094)
clearly influence the parameters in Equation 1, as do dif-
ferences in level of food deprivation (Heyman & Mon-
aghan, 1987). '
For ethical and practicel reasons, analogous investiga-
tions could be difficult to implement with respect to
some reinforcers commonly used in kuman operant re-
search. For exarnple, it is hard to imagine how the oper-
ations establishing money as a reinforcer could be ma-
nipulated, especially as precisely as those establishing
biologically important events as reinforcers. Establish-
ing operations should he easier to manipulate for a vari-

_ ety of less commonly used consequences. For cxample,

in a choice study not reviewed here. because it employed
ratic schedules, subjects were placed in a cold room
and could briefly activate a heat lamp by making either
of two responses (Silberberg, Thomas, & Berendzen,
1991). Under normal conditions, relative response rates
approximately matched relative reinforcement rates.
In this example, room temperature establishes heat as a
reinforcer, and it would be a simple matter to maniputate
room temperature across experimental conditions.
Another possibility involves the use of drugs as rein-
forcers for substance-dependent individuals. For exam-
ple, in a number of nonchoice studies, regular users of
caffeine and nicotine have-agreed to suspend their drug
intake temporarily except for doses earned contingent on
performance in a research study (e.g., Evans, Critch-
field, & Griffiths, 1991). There is no reason, in principle,

why these reinforcers could not be incorporated into -

concurrent schedule procedures-in which level of depri-
vation (time since the last dose) is manipulated within
subjects.

Both of the preceding examples may be thought of as
avuidance procedures in which the reinfercer lerminates
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or postpones an aversive event. Other avoidance proce-
dures provide similar opportunities for tnanipulating es-
tablishing opcrations. For example, when responses lead
1o the reduction of such aversive events as noise or pain,
the magnitude of the aversive cvent often is readily ma-
nipulable for individual subjects.

For purposes of generality testing, it may be useful to
extend investigations of establishing operations in human
eperant choice to include operations that are not easily
mantpulable but which can be investigated in between-
subjects comparisons. For examplk. it should be possible
to screen potential subjects to locate individuals with dif-
ferent income-to-expenscs ratios and who therefore pre-
sumably have different money needs. Matching func-

- tions could then be compared across groups of subjects.

A sirnilar opportunity is suggested by Cliffe and Parry’s
{1980) choice study, in which sexually explicit photo-
graphs served as reinforcers for sexual offenders (the
study produced close approximations of matching). It
should be possible to locate groups of individuals for
whom the appeal of sexual stimuli obviously varies, and
10 compare matching functions across groups.

Certain ¢linical syndromes may even provide the op-
portunity for naturally occurring “experiments™ involv-
ing establishing operations. For example, persons with
bipolar disorder may expericnce periods of “normal”
mood bui also cycle between states in which hedonic pro-
cesses presumably are increased (manic) and decreased
(depressed) compared with normal. In one investigation,
two patients with bipolar disorder worked on a variety of
Vi schedules during normal, manic, and depressed states
{Bradshaw & Szabadi, 1978). Herrnstein's (1970) single~ -
response equation (Equation 2) fit the functions in all
three states equally well, but sensitivity to reinforcement
increased during manic phases and decreased during de-
pressed phases. -

Another approach to examining the role of establish-
ing operations that could be taken is o manipulate the
level of food and water deprivation in nonhuman species
that otherwise closely approximate matching. Parametric
manipulation of deprivation {e.g., water deprivation of
23, 16, &, and 0 h) might reveal important changes in be-
havioral allocation across concurrently available alterna-
tives with water-access as a consequence. ' ,

Determining the role that these cstablishing opera-
tions play in human matching behavior may begin to ex-
plain variability among human studies and between
human and nonhuman studies. Additionally, consideration
of human establishing operations increases our chances

* of effectively applying masching theory to clinical set-

tings. It is likely that the reason naturalistic matching
studies with humans have produced resulis more consis-
tent with matching is that the conditioned establishing
operations in these studies have rendered the conse-
quences more effective via verbal histories. For exam-
ple, at first glance. the consequence of social praisc used
in several naturalistic studies seems to be not much dif-
ferent from points for money in the laboratory. The op-
crations in place in a classroom sciting, and in our soci-
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ety in general. have established social praisc as a potent
reinforcer.

Applications and Directions for Future Research
The present analyses suggest three variables that are
imporiant in producing sensitivity to consequences in
human behavior: the type of response class. the type of
consequence, and the discriminability of the reinforce-
ment schedule. Because our analyscs compared data
across studies, these possibilities await systematic in-
vestigation within experiments, Apparently only two
studies directly support the importance of discriminative
stimuli in establishing control aver human behavior by
relative rate of consequences (Horne & Lowe, 1993:
Takahashi & lwamoto. 1986), but studies from nonhuman
species are persuasive {Davison & McCarthy, 1988). To

our knowledge. no human studies have systecmatically

cxamined the influence of response class, type of conse-

quence, or the relationship between establishing opera-
tions and consequences upon human behavior under VI
schedules. )

As our understanding of the variables that modulate
control ol human hehavior by consequences increases,
so too will our abitity to usc the relations in Equations |
and 2 effectively in applied settings (see Martens &
Houk. 1989: McDowell, 1982), Determining the extent
to which discriminable sources of reinforcement gain
control over human behavior, identifying more effective
conscquencces. or creating environments where consc-
quences can be established as effective reinforcers, can
only improve the utility of interventions in applied set-
tings. Relatedly, u more thorough understunding of “typ-
ical™ concurrent schedule performance in humans may
contribute to our understanding and conceptualization of
behavior problems, For example, it has been demonstrated
- that behavioral allocation under concurrent schedules in
children diagnosed with attention deficit hyperactivity
disorder differs from that of normal children with respect
to relative sensitivity to reinforcement (Kollins, Lane, &
Shapiro, 1997}, Determining whether this difference was
related to the efficacy of the reinforcer used. the ability
of the stimuli associated with the scheduile to control be-
havior, or to the relationship between establishing opera-
tions and censequences may contribute to the develop-
ment of more effective interventions.

The arrangements used in laboratory studics of human
operant behavior sometimes do not gain control over be-

havior. It is wrong to conclude from this lack of control

that consequences necessarily are irrelevant to human
beéhavior or participate in ways different from those scen
with nonhuman speeics. The present analyses show that.
under some conditions, luman behavior resembles very
closely that of nonhuman species. Under others, it does
nol. 1t is more accurate to conclude that, in any species,
not all consequences are reinforcing, and that those that
function as reinforcers do not do so cqually in all situa-
tions. The mere application of a consequence, even if it is
“intuitively” reinforcing, may not be sufficient in estab-
lishing control over behavior. The proper selection of

conseguences and the arrangement of cstablishing oper-
ations are essential. A failure 1o replicate the three-term
contingency in human species may not indicate that hu-
mans are fundamentally different from other species. In-
stead, some failures say more about the conditions under
which human behavior has been studied than about the
behavior under investigation. Before drawing conclu-
sions regarding interspecies variation in behavioral pro-
cess, we should strive for a more thorough understand-
ing of how the procedurcs used 1o study behavior—of all
species, but especially of humans---affect the hehavior
under question.
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