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In an extension of Neef, Shade, and Miller (1994), we used a brief computer-based
assessment of differential responsiveness to reinforcer rate, quality, delay, and response
effort in affecting the choices of 11 participants. The assessment involved successive
presentations of two concurrent sets of math problems, each set associated with competing
reinforcer or response dimensions in a counterbalanced fashion. The results showed that
the reinforcer and response dimensions differentially affected choice, with time-allocation

patterns varying across students.
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The effects of a reinforcer on behavior are
contextual and depend, in part, on the re-
inforcers for competing response alterna-
tives. Extensive basic and, recently, applied
research involving concurrent schedules has
examined how choice (the distribution of re-
sponding between two or more simulta-
neously available alternatives) is affected by
differences in one or more reinforcer or re-
sponse dimensions (rate, quality, magnitude,
delay, response effort) associated with those
options (Fisher & Mazur, 1997). For ex-
ample, Neef, Shade, and Miller (1994) ex-
amined how the reinforcer and response di-
mensions examined separately in previous
studies combined to influence the choices of
6 youths with learning and behavior difh-
culties. The results showed that the time
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each student allocated to sets of math prob-
lems that competed with respect to reinforc-
er rate, quality, delay, or response effort was
differentially affected by those dimensions.
The purpose of the present investigation was
to replicate and extend the study by Neef et
al. with 11 additional participants, using a
briefer assessment model that was computer

based.

METHOD

The participants were 4 male and 7 fe-
male students, ages 9 to 13 years (M = 9.8),
who were enrolled in an urban partial hos-
pitalization program for children with emo-
tional and behavioral problems. They were
reported to function within the normal
range of intelligence.

The experimental arrangements were sim-
ilar to the automated procedures described
in Neef et al. (1994): The student chose
from among successive pairs of math prob-
lems presented on a computer choice screen,
and then performed the selected problem
that was displayed individually on the prob-
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lem screen. A correct response, three consec-
utive incorrect attempts, or not initiating a
response within 10 s produced a new set of
problems on the choice screen. The sets of
math problems competed on two of four di-
mensions (reinforcer rate, quality, delay, and
response effort). For example, in the rate ver-
sus effort (RvE) condition, completion of
low-effort problems was reinforced on a var-
iable-interval (VI) 120-s schedule, and com-
pletion of more difficult problems was re-
inforced on a VI 30-s schedule; reinforcer
quality (items for which earned points could
be exchanged) and immediacy (elapsed time
to obtain earned items) remained constant
across the two problem options (see Neef et
al., 1994, for a description). Rate refers to
the schedule of reinforcement in effect for
correct problem completion (VI 120, VI 60,
and VI 30 for high, medium, and low val-
ues, respectively). Point delivery was signaled
with a tone for problems from one set and
a chime for problems from the other, and
the cumulative number of points earned for
the respective sets was displayed under the
problems on the choice screen. (Because the
choice screen did not provide information
on the schedules of reinforcement associated
with the response alternatives, however, ex-
perimental sessions in the current study were
preceded by a 5-min practice during which
the student was allowed to sample the re-
sponse alternatives and respective rates of
point delivery for problem completion.)
Quality refers to the participant’s relative
preference for items that could be purchased
with points from the respective sets, which
were designated as from Store A (three top-
ranked items) or Store B (next three ranked
items) under the respective problem sets on
the choice screen. Designations were made
on the basis of participant rankings of 10
items at the start of each session. Immediacy
refers to when the earned item or items
would be made available to the student (end
of session or next day), and were also indi-

cated under the respective sets on the choice
screen. Response effort refers to the relative
difficulty of the problems as determined by
the rate and accuracy with which samples of
problems of different types were completed
on a pretest.

For each 10-min session, a computer-gen-
erated record was obtained of time allocated
to, and number of reinforcers obtained for,
each problem set. The initial assessment
consisted of one session for each of the six
experimental conditions, presented in a ran-
dom order. The set of conditions arranged
the counterbalanced presentation of each di-
mension in relation to every other dimen-
sion. Thus, each dimension was assessed
three times (e.g., high-quality reinforcers for
one problem set vs. low-quality reinforcers
for the other problem set) in competition
with another dimension (e.g., low vs. high
values for rate of reinforcement, immediacy
of reinforcer access, and response effort). Se-
lected conditions, including those producing
the greatest and least percentage of time al-
location to a response alternative, were then
replicated. A dimension that consistently
produced the highest proportion of time al-
location in relation to any of the other three
dimensions with which it competed was de-
termined to be the most influential.

RESULTS AND DISCUSSION

Table 1 shows the proportion of time each
student allocated to problem alternatives
(Set 1 vs. Set 2) associated with the com-
peting dimensions of rate (R), quality (Q),
immediacy (I), and effort (E). Conditions of
the initial assessment are shown in an iden-
tical order across students to facilitate inter-
pretation. The students are ordered on the
basis of their assessment profiles.

Results for students whose choices were
influenced principally by reinforcer quality
(Student S1), immediacy (Students S6 and
S7), and rate (Student S8) are described here
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Table 1

Percentage of Time Allocated to Response Alternatives Across Assessment Conditions for Each Student

Initial assessment

Replications

Conditions RvQ RvE Rvl QvE vQ VE QvE RvQ

S1 15/85  36/64 48/52  85/15 46/54  64/36 69/31  24/76

Conditions RvQ RvE Rvl QvE vQ IVE vQ RvQ IVE Rvl
S6 0/100 16/84 0/100 77/23  92/8 100/0 100/0 2/98 100/0  15/85
Conditions RvQ RvE Rvl QvE vQ IVE vQ Rvl RvE

S7 92/8  100/0 0/100 92/8 100/0  100/0 0/100  0/100 75/25
Conditions RvQ RvE Rvl QvE vQ IvE EvR RvQ Rvl

S8 93/7 9713 92/8 93/7 68/32  96/4 14/86 100/0  100/0
Conditions  RvQ ~ RvE Rvl QVvE vQ IVE QVE

S2 39/61 22/78 2/98 0/100 70/30 0/100 0/100

Conditions RvQ RvE Rvl QvE vQ IVE RvE IVE EvR

S3 75125 0/100 100/0 0/100 069/31 0/100 0/100  0/100 100/0
Conditions RvQ RvE Rvl QvE vQ IvE RvE IvE EvQ

S4 30/70  59/41 86/14 0/100 28/72 0/100 0/100  0/100 100/0
Conditions  RvQ  RvE RvI QVvE vQ IVE Evl QVE

S5 37/63  23/77 23177 4/96  53/47 0/100  100/0 2/98

Conditions RvQ RvE Rvl QvE IVE EvQ Qvl vQ Evl
S9 0/100 62/38 0/100 81/19 0/100 92/8 20/80 0/100 58/42  0/100
Conditions RvQ RvE Rvl QvE vQ IVE vQ Qvl

S10 28/72  98/2 100/0  100/0  100/0  100/0 9/91 100/0

Conditions  RvQ  RvE RvI QVvE vQ IVE vQ Evl

S11 43157 79/21  20/80 89/11 45/55  90/10 50/50  10/90

for illustrative purposes. S1 allocated the
majority of his time to the high-quality al-
ternative regardless of the competing dimen-
sion: During the initial assessment, he allo-
cated 85%, 85%, and 54% of his time to
the high-quality alternative when it compet-
ed with a high rate of reinforcement (RvQQ),
low-effort problems (QvE), and immediate
reinforcer access (IvQ), respectively. Similar-
ly, in the replication phases, he allocated
69% and 76% of his time to completing
problems associated with high-quality rein-
forcers in the competing effort (QvE) and
rate (RvQQ) conditions, respectively. When
reinforcer quality was equal between prob-
lem sets (i.e., in the RvE, Rvl, and IvE con-
ditions), his choices were not consistently af-
fected by differences in the other dimen-
sions.

S6 allocated her time exclusively or near
exclusively to response alternatives that of-
fered immediate access to earned reinforcers
(see Rvl, IVE, IvQQ of the initial assessment

and IvQQ and IVE replications). Reinforcer
quality was an influential dimension (as
demonstrated by her almost exclusive re-
sponding to the higher quality alternative)
except when it competed with immediacy.
S7 also responded exclusively to the alter-
native associated with more immediate ac-
cess to reinforcement; however, reinforcer
rate was an influential dimension when it
did not compete with immediacy.

S8 demonstrated near exclusive respond-
ing to the alternative that produced the
higher rate of reinforcement during both the
initial assessment and replication conditions.
When rate was equal across the problem al-
ternatives (i.e., not a competing dimension),
however, she allocated more time to either
the higher quality or more immediate rein-
forcer alternative, even when those problems
were more difficult. S8 was the only student
for whom reinforcer rate was an influential
dimension, despite the added provision of
sampling the rates of reinforcement associ-
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ated with the respective alternatives before
beginning the experimental sessions. This
suggests that matching law equations based
on relative rates of reinforcement alone may
have limited applicability to humans in nat-
ural environments in which choices differ on
other dimensions.

Students S2, S3, S4, and S5 each allocat-
ed the majority (and usually all) of their
time in both the initial assessment and rep-
lication phases to the alternative associated
with the least response effort. In conditions
involving equal response effort, the choices
of S3, S4, and S5 varied across the other
three dimensions. Thus, low response effort,
which appeared to rarely affect the choices
of students in the Neef et al. (1994) study,
was the most influential dimension for S2,
S3, S4, and S5 in the current study. In ad-
dition, reinforcer quality, which was the
most or next-to-most influential dimension
for all 6 students in the Neef et al. study,
was one of the least influential dimensions
for the above 4 students, suggesting that the
qualitatively different reinforcers were sub-
stitutable for the latter individuals. The
choices of §9, S10, and S11 appeared to be
multiply controlled (i.e., equally influenced
by more than one dimension).

In summary, the results support those of
Neef et al. (1994) in that the choices of each
student were differentially influenced by one
or more reinforcer or response dimensions,
and relative sensitivity to those dimensions
varied across individuals. This was demon-
strated with a computer-based assessment
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that was briefer than that used by Neef et
al. Information revealed by the assessment
might prove helpful in several respects. First,
it allows the assessment to serve as an in-
structional tool in which influential dimen-
sions could easily be arranged to promote
students’ completion of target (e.g., higher
level) academic tasks. Second, it remains to
be determined in future research whether in-
fluential dimensions revealed by the assess-
ment correlate with specific diagnoses. For
example, children diagnosed with attention
deficit hyperactivity disorder might show
differential responsiveness to reinforcer im-
mediacy, because impulsivity is a diagnostic
criterion that can be defined as choices gov-
erned by smaller, more immediate versus
larger delayed reinforcers (Neef et al., 1994).
Third, the assessment may provide a more
efficient alternative to trial-and-error manip-
ulation of reinforcer and response dimen-
sions in the development of interventions

(Neef & Lutz, in press).
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