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Two experiments compared delayed matching-to-sample (DMTS) accuracy under 2 procedures in
adults with mental retardation. In the trial-unique procedure, every trial in a session contained different
stimuli. Thus, comparison stimuli that were correct on one trial were never incorrect on other trials in
that session (or vice versa). In the 2-sample DMTS procedure, the same 2 comparison stimuli were
presented on each trial, and their function changed quasi-randomly across trials conditional upon the
sample stimulus. Across 2 experiments, 7 of 8 subjects showed the highest overall accuracy under the
trial-unique procedure, and no subject showed consistently higher accuracy under the 2-sample
procedure. Negative, exponential decay functions fit to logit p values showed that this difference was
due largely to the steeper delay-mediated decline in sample control for the 2-sample procedure.
Stimulus-control analyses indicated that, under the 2-sample procedure, the selection of the
comparison stimulus on Trial N was often controlled by the comparison stimulus selection on Trial
N-1 rather than the Trial-N sample stimulus. This source of competing stimulus control is not present in
trial-unique procedures. Experiment 2 manipulated intertrial interval duration. There was a small but
consistent increase in accuracy as a function of intertrial interval duration under the 2-sample
procedure, but not under the trial-unique procedure.
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_______________________________________________________________________________

Delayed matching-to-sample (DMTS) proce-
dures are widely used to assess, and to study
variables related to, short-term memory in
both human and nonhuman subjects. A
delayed matching-to-sample trial begins with
the presentation of a sample stimulus (e.g.,
a circle). A response to the sample removes it
from the display and two or more comparison
stimuli (e.g., a circle and a triangle) appear
after a delay, or retention interval. A response
to the comparison stimulus that is identical to
the sample stimulus produces a reinforcer. In
the most commonly used version of the pro-
cedure, the same two comparison stimuli are
presented on each trial, and the function of
the comparison stimuli can change on a trial-
by-trial basis depending on which of the two

samples is presented. We will refer to this as 2-
sample matching.

The duration of the retention interval can
be varied across trials within a session, or held
constant within a session and varied across
sessions. The classic finding, shown in rats
(e.g., Harper, McLean, & Dalrymple-Alford,
1994), pigeons (e.g., Blough, 1959; Cumming
& Berryman, 1965), monkeys (e.g., Wright,
Urcuioli, & Sands, 1986), and humans (e.g.,
Constantine & Sidman, 1975; Dalton & Crap-
per-McLachlan, 1984), is that matching accu-
racy decreases as a function of increases in the
retention interval. The decreased accuracy
shown at longer retention intervals indicates
diminished sample-stimulus control of com-
parison selection. Studies have sought to
elucidate the variables controlling the mainte-
nance and loss of stimulus control as a function
of retention-interval duration (see Wixted,
1989 for a behavioral account of memory).
One target of study is the stimulus control that
may replace control by the sample (e.g.,
Edhouse & White, 1988; Mackay & Gould,
1992).

Two sources of competing stimulus control
over comparison selection have been studied,
primarily using pigeons as subjects. Intratrial
interference arises from stimuli present within
the current trial, that is, concurrent with
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sample presentation, during the delay, or
concurrent with the presentation of the
comparison stimuli. Intertrial sources arise
from stimulus conditions prior to the current
trial. One key source of alternative stimulus
control is the comparison stimulus selected on
the previous trial. When the correct compar-
ison on trial N differs from the comparison
that was selected on trial N-1, accuracy is lower
than when the two stimuli are identical
(Edhouse & White, 1988; Roitblat & Harley,
1988; Wright et al., 1986). Thus, instead of
selecting the stimulus that matches the current
sample, the subject selects the stimulus that
was selected on the previous trial, particularly
if that selection was reinforced (Edhouse &
White, 1988; White, Parkinson, Brown, &
Wixted, 2004).

Recognition difficulties over very brief de-
lays may be said to indicate severely limited
short-term memory at a fundamental process
level (decay rate). Low DMTS accuracy, how-
ever, may not wholly reflect an underlying
memory deficit. Based on a review of studies
with nonhumans, Wright et al. (1986) con-
cluded that the typical 2-sample DMTS pro-
cedure may underestimate short-term memory
capabilities. Studies involving monkeys have
shown that delayed-matching accuracy is
higher with trial-unique procedures (Mishkin
& Delacour, 1975; Overman & Doty, 1980). In
trial-unique procedures, every trial in a session
presents stimuli that have not been presented
previously in that session. Wright et al. (1986)
attributed lower accuracy with the 2-sample
procedure to proactive interference that re-
sults when the same stimulus functions as both
an S+ and an S2 across trials (see also Dube,
McIlvane, & Green, 1992). This across-trial
change in comparison stimulus function pro-
vides the basis for intertrial interference to
affect accuracy. By contrast, in the trial-unique
procedure, stimuli never change functions
across trials, thereby minimizing intertrial
interference.

Wright et al. (1986) noted a need to assess
the subject generality of performance differ-
ences shown across 2-sample and trial-unique
matching to sample (MTS). There have been
few relevant studies with human subjects.
Studies using simultaneous matching proce-
dures have shown mixed results. Weinstein
(1941) reported little difference in trial-
unique and 2-sample MTS in limited testing

with two 3-year-old children. A few studies have
shown that children learned simultaneous
trial-unique oddity tasks in fewer trials and to
greater accuracy than 2-sample oddity (House,
Brown, & Scott, 1974; Scott & House, 1978;
Sugimura & Iyoda, 1982).

Although the trial-unique procedure has
been used in studies of human memory (e.g.,
Park, Püschel, Sauter, Rentsch, & Hell, 2002),
we know of only one published comparison of
trial-unique and 2-sample delayed matching in
human subjects. Williams, Dube, Johnston,
and Saunders (1998) reported two experi-
ments, one involving 4 individuals with mild
retardation who were studied at delays ranging
from 0 to 16 s, and one involving 5 individuals
with moderate-severe retardation, who were
studied at a single, brief delay. Six of the 9
subjects showed greater accuracy under the
trial-unique procedure, and the other 3 sub-
jects showed equivalent accuracy under the
two procedures. No subject showed greater
accuracy with the 2-sample procedures.

The present investigation had several goals.
In the first experiment, trial-unique and 2-
sample procedures were compared across
a range of delays. Unlike in Williams et al.
(1998), a detailed stimulus-control analysis was
conducted to search for evidence of intertrial
interference under the 2-sample procedure.

The second experiment manipulated a vari-
able that has been shown to influence in-
tertrial interference in 2-sample DMTS in
pigeons. Several studies have shown that
delayed matching accuracy increases with
increases in the duration of the intertrial
interval. The increase is assumed to occur
because conflicting control by stimuli pre-
sented on the previous trial diminishes over
the longer ITI (Edhouse & White, 1988). Little
is known about the relation of ITI duration to
delayed matching accuracy in human subjects.

GENERAL METHOD

Subjects and Apparatus

The subjects were 8 adults with mild or
moderate mental retardation, none of whom
received psychotropic medication. For addi-
tional subject characteristics, see Table 1.
Sessions were conducted in a small, sound-
attenuating room. Subjects sat facing a 30-cm
touch-sensitive monitor recessed into a wooden
partition. A clear plastic cup protruded
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through the partition to the lower right-hand
side of the monitor. A universal feeder
mounted behind the wall dispensed coins into
the cup. Session events were presented, and
responses recorded, using software developed
by Dube (1991). The monitor screen was white
and the stimuli were black arbitrary shapes,
each approximately 3 cm2. Example stimuli
may be seen in Saunders and Spradlin (1993)
and in Figure 1.

Procedure

One 60-trial session was presented 3 to
5 days each week. All trials began with the
presentation of a sample stimulus in the center
of the screen. Touching the sample removed it
from the screen and initiated a delay of 0, 2, 4,
8, or 16 s. The delays were presented quasi-
randomly with the stipulation that each delay
occurred once in each block of five trials.
Thus, there were 12 trials at each delay value
per session. Following the delay, two compar-
ison stimuli appeared simultaneously in two of
the four corners of the screen. One stimulus
was physically identical to the sample (S+); the
second stimulus was not identical (S-). Within
each session, the S+ and S2 appeared an equal
number of times in each of the four screen
corners and neither the S+ nor S2 occurred in
the same position on more than three consec-
utive trials. Touching the S+ produced a 1.5-s
series of tones and the delivery of a penny.
Touching the S2 produced a 0.5-s buzzer
along with 3 s of black screen. An intertrial
interval (ITI), the duration of which differed
across the experiments, followed delivery of
the consequences. Touches during the ITI
(which occurred rarely) were recorded but
had no programmed consequences.

Session types. There were two delayed
matching-to-sample session types. The 2-sam-
ple procedure presented only two different
stimuli in each session, with each stimulus
serving as the sample on half of the trials.
Trials were presented quasi-randomly with the
stipulation that no more than three consecu-
tive trials had the same S+. To reduce the
potential for stimulus bias, each 2-sample
session contained stimuli that were not used
in any other 2-sample or trial-unique session.
The trial-unique procedure presented a differ-
ent S+ and S2 on each trial (120 different
stimuli per 60-trial session). Each trial-unique
session differed in composition from other
trial-unique sessions.

A total of 270 stimuli were used to create
sessions. Thirty stimuli were randomly as-
signed to construct 15, 2-sample sessions (5
for Experiment 1 and 10 for Experiment 2).
These 30 stimuli were not used in trial-unique
session configurations. From the remaining
stimuli, 15 different trial-unique sessions were
constructed, as follows. The 240 stimuli were
divided randomly into two, 120-stimulus sets.
To create the first two sessions, stimuli within
each set were randomly selected in pairs, and
assigned as samples and comparisons. The
third and fourth sessions were made from the
first and second stimulus sets, respectively. So
that the function of the stimulus in one session
did not predict its function in another session,
half of the former S+ stimuli became S2
stimuli (and vice versa), and stimuli were never
presented in the same pairs across sessions. An
additional 11 sessions were made following
this pattern. Session configurations were ran-
domly assigned for daily sessions, and no

Fig. 1. Examples of stimuli used in the sessions.

Table 1

Subject Information.

Subject
(Gender)

Chronological
age in years

Mental age in
years-months Experiments

MW (M) 22 12-1 1
DA (M) 22 9-10 1
GC (M) 47 6-4 1 and 2
VS (F) 25 6-2 1
FJ (M) 21 6-8 1 and 2
CH (M) 19 8-1 2
JB (M) 19 4-8 2
SE (M) 18 9-5 2

Note. Mental age is based on the Peabody Picture
Vocabulary Test-Revised.
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subject was exposed to the same configuration
twice.

Pretraining. The 2-sample procedure was
used in preliminary training sessions. Each
session had 24 trials, and began with 12 trials
of simultaneous MTS (i.e., the sample did not
disappear when touched). In the remaining 12
trials, the sample disappeared when touched
and the comparisons appeared immediately
(zero delay). Before the session, subjects were
told that they would be playing a matching
game, that for each correct match they would
receive a penny from the computer, and that
at the end of the game, they would receive an
additional penny for each penny earned. The
experimenter remained in the room for the
first four trials. When the sample appeared on
the first trial, the subject was told to ‘‘Touch
it’’ and, after the comparisons appeared, to
‘‘Touch the one that matches the picture in
the middle.’’ Preliminary training ended when
accuracy was at least 90% on the 12 zero-delay
trials, which occurred in one session for all
participants.

EXPERIMENT 1

Experiment 1 compared accuracy across
trial-unique and 2-sample DMTS sessions, as
in Williams et al. (1998), and added a direct
assessment of the contribution of the previous
trial onto accuracy under the 2-sample pro-
cedure.

METHOD

Five adults with mental retardation partici-
pated (see Table 1). Each subject received five
sessions of each type (trial-unique and 2-
sample). Had there been an increasing or
decreasing trend in accuracy for each session
type, additional sessions would have been
presented, but this did not occur. Each session
type was presented once in each block of two
sessions. A trial-unique session was presented
first for all subjects. After that, session types
were presented in random order within blocks.
The ITI duration was 4 s.

RESULTS

Figure 2 (left column) shows mean accuracy
from all five sessions under each procedure as
a function of delay value. For all subjects, when
the delay was zero or 2 s, accuracy was 90% or

higher for both session types. For 3 of the 5
subjects (FJ, GC, and MW), accuracy at the two
longest delays clearly was higher in the trial-
unique sessions than in the 2-sample sessions.
Moreover, accuracy on trial-unique sessions
was very high, falling below 90% in only two
cases (the 16-s delay for Subject GC and the 8-s
delay for Subject FJ). The bottom, left panel
shows these data pooled across subjects (cor-
rect responses from all subjects pooled/
pooled correct + pooled incorrect responses;
see Hautus, 1997, for a discussion of using
pooled data instead of means).

Figure 2 (right column) shows the same
data converted to logit p scores using the

Fig. 2. Experiment 1: Accuracy (left column) and logit
p values (right column) for individual subjects and for data
pooled across subjects at each delay value. Logit p data
were fitted to the negative exponential forgetting function
of Equation 2; see text for details.
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formula:

logit p ~ Log c z 1ð Þ= e z 1ð Þ½ � ð1Þ

where c is the number of correct responses to
all stimuli and e is the number of error
responses to all stimuli. The addition of the
constant 1 to the numerator and the de-
nominator allowed ratio calculations for ses-
sions with no errors, following the recommen-
dation of Hautus (1995). For present
purposes, the primary benefit is that, unlike
accuracy, logit p provides an unbounded,
linear upper range. This property makes logit
p especially useful for examining perfor-
mances with few errors, for example, in
comparing the trial-unique and 2-sample out-
comes for Subject VS. Moreover, performance
differences at 2- and 4-s delays, where accuracy
was high but not perfect for all subjects, are
shown more clearly with this method. See
White (1985) for a discussion of advantages of
ratio-based measures over accuracy scores.

Following the recommendation of White
(2001), curves were fitted to the data using the
negative exponential function:

x ~ logit p0 {btð Þ ð2Þ

which provides a value for the y intercept when
delay (t) 5 0 s (logit p-0) and a value (b)
describing the rate of ‘‘forgetting’’ as a func-
tion of delay (t). The y intercept (logit p when t
5 0 s) is considered to be an estimate of the
discriminability of the stimuli with no memory
requirement (see White, 1985, 2001). The
curves shown in Figure 2 were fitted using
Delta Graph 4.5 for Macintosh using least
squares nonlinear regression. The values of
logit p-0, b, and R2 (an index of how well the

obtained data fit the function) are presented
in Table 2.

The shape of the forgetting functions fit to
the logit p scores show that the rate of
forgetting is different across the two proce-
dures. The estimated values of logit p-0 and
b are shown in Table 2. There was little
variation in the y-intercept (logit p-0) across
subjects and across procedures. The value of b,
however, was considerably higher under the 2-
sample procedure for all subjects except Sub-
ject DA. That is, there was a greater decrease in
sample control as a function of delay duration
under the 2-sample procedure than under the
trial-unique procedure.

Statistical analysis of the accuracy differ-
ences between the trial-unique and 2-sample
procedures was conducted using the nonpara-
metric Wilcoxon Matched-Pairs, Signed-Ranks
Test, which compares each member of
matched pairs using the sign and magnitude
of the differences between the paired scores.
The logic is that larger differences are weight-
ed more than smaller differences, and the null
hypothesis is that there should be an equal
number of large and small difference scores of
both signs in the sample (Siegel, 1956).
Matched pairs consisted of each subject’s
pooled accuracy at each delay value under
the trial-unique and 2-sample procedures.
Pairs in which the difference is zero were
excluded, and ties in ranked differences were
each assigned the mean rank. The accuracy
differences between the 2-sample and trial-
unique conditions were significant (p , .005,
sum of ranks 5 11.5, Critical value 5 32, N 5
19).

The shape of the decay functions was
evaluated using a t test for paired means (too

Table 2

Experiment 1: Parameters of Forgetting Function Fitted to Logit p Transformed Data.

Subject

Two-sample Trial-unique

Logit p-0 b R2 Logit p-0 b R2

FJ 1.8 .266 .98 1.8 .076 .68
GC 1.8 .177 .94 1.8 .056 .93
MW 1.8 .080 .96 1.8 .009 .33
VS 1.6 .039 .73 1.7 .014 .26
DA 1.7 .036 .33 1.8 .040 .82
Pooled 2.3 .179 .91 2.3 .068 .89
Pooled1 2.3 .175 .93 2.2 .078 .92

1 Pooled excluding data from subjects with R2 below .6.
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few data points were available to conduct the
Wilcoxon test). Again, each subject’s data
under the 2-sample and trial-unique condi-
tions made up the pairs. The values of b for the
trial-unique condition were significantly lower
than under the 2-sample condition (p 5.04, df
5 4), but when the analysis included only
values of b from cases where R2 was greater
than .60, the difference was not significant (p
5 .1).

Stimulus-control analysis. One potential
source of stimulus control, other than the
sample, is the comparison stimulus that was
selected on the previous trial (e.g., Wright et
al., 1986). Given such interference, errors (i.e.,
selecting the S2) on Trial N should be more
likely when a different comparison stimulus
was selected on Trial N-1. Figure 3 shows the
accuracy of S+ selections at each delay value
when the same stimulus or a different stimulus
was selected on the previous trial. Accuracy on
same-stimulus trials was equal to or greater
than accuracy on different-stimulus trials, with
the only exception being Subject FJ under the
16-s delay. These differences were significant
using the Wilcoxon Matched-Pairs, Signed-
Ranks Test (p , .005, sum of ranks 5 6,
Critical sum 5 28 with 18 pairs).

Figure 4 presents the pooled accuracies and
the forgetting functions for pooled data from
same- and different-stimulus trials. The param-
eters of the forgetting functions for individual
subjects and the pooled data are presented in
Table 3. For all subjects, fits of Equation 2
showed that the decay parameter, b, was larger
for different-stimulus trials than for same-
stimulus trials (Table 3). The result of a t-test
for paired means also showed that this
difference was significant (p 5. 02, df 5 4).

DISCUSSION

Four of the 5 subjects showed greater
accuracy and discriminability under the trial-
unique procedure than under the 2-sample
procedure. There was no subject for whom
accuracy was higher with the 2-sample pro-
cedure. Similar outcomes have been reported
previously for monkeys (Mishkin & Delacour,
1975; Overman & Doty, 1980) and humans
(Williams et al., 1998). When negative expo-
nential decay functions were fit to logit p
scores, there was no difference across proce-
dures in initial discriminability (i.e., in the y-
intercept, or Logit p-0), but there was a sub-
stantial difference in the rate of forgetting
(value of b) between the two procedures.
Discriminability across delays decreased more
as a function of delay duration under the 2-
sample procedure than under the trial-unique
procedure, and this difference cannot be

Fig. 3. Experiment 1: Accuracy as a function of delay
on Trial N when S+ was the same as, or different from, the
stimulus selected on Trial N-1.

Fig. 4. Experiment 1: Data pooled across subjects at
each delay value. Top: Accuracy as a function of delay on
Trial N when S+ was the same as, or different from, the
stimulus selected on Trial N-1. Bottom: Logit p trans-
formation of data fitted to the negative exponential
forgetting function of Equation 2.
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accounted for by differences in the discrimi-
nability (without delay factors) of the stimuli
used in the two procedures.

The stimulus-control analysis showed that
the majority of errors occurred when the
stimulus chosen on the previous trial was
different from the correct choice on the
current trial (i.e., different-stimulus trials).
There was a disparity between the data and
interpretation of the proportion-based, accu-
racy analyses and the ratio-based, logit p
analysis at 0 s delay, however. Accuracy was
100% on both same- and different-stimulus
trials for all subjects. Both the point and
interpolated values of logit p-0 were lower for
same-stimulus trials for 4 of 5 subjects. Lower
logit p-0 values are interpreted as decreased
discriminability without the influence of delay
(White, 1985).

The ratio-based analysis complements the
accuracy analysis in that it better shows
differences when accuracy is high, as is often
the case with human subjects on DMTS
procedures. Some readers may have preferred
the log d transformation (see White, 1985),
because it can separate discriminability from
stimulus bias in a two-choice procedure. Log
d cannot be computed for the trial-unique
procedure, however, because the calculations
assume that Stimulus 1 and Stimulus 2 are the
same across sessions. Moreover, our 2-sample
procedures were designed to minimize stimu-
lus bias by using a different pair of stimuli in
each of the five, 2-sample sessions. To reduce
position bias, we used four screen positions for
comparison presentation. Log d and logit p are
considered to be interchangeable when stim-
ulus bias is minimized (White, 1985).

It should be noted that the fit of the
forgetting function using Equation 2 to the
obtained data was quite poor in several cases
(i.e., R2 below .60). The poor fit occurred in
three cases within the primary data shown in
Table 2 (Subject DA under the 2-sample and
Subjects MW and VS under the trial-unique
procedures), and two cases in the stimulus-
control analysis shown in Table 3 (Subject
DA). A more conservative approach might be
to exclude these data from the quantitative
analysis. This would not change the descrip-
tion of the logit p data, except to reduce the
number of cases, and in the case of the
stimulus-control analysis, the difference in
b on same-stimulus trials vs. different-stimulus
trials still would attain statistical significance (p
5 .03, df 5 3). Given that accuracy was
unaffected, the primary results remain despite
the poor fit of Equation 2 in some cases.
However, the poor fit of the forgetting
function to the obtained data may be of
theoretical importance relating to the effects
of interference on such forgetting functions.
That is, other equations may fit DMTS
performance better than negative exponential
decay function in the absence of intertrial
interference.

Although ratio-based quantitative measures
have advantages, there also are some limita-
tions. The value of logit p is affected by the
number of trials in the calculation, which can
introduce difficulties in comparing across
conditions or studies with different numbers
of trials. This effect is compounded when the
correction for 100% accuracy (adding a con-
stant of .5 or 1) is used. This correction causes
discriminability to be underestimated, al-

Table 3

Experiment 1: Parameters of Forgetting Function Fitted to Logit p Transformed Data from
Stimulus Control Analysis.

Subject

Different-stimulus trials Same-stimulus trials

Logit p-0 b R2 Logit p-0 b R2

FJ 1.6 .295 .97 1.3 .135 .97
GC 1.7 .225 .94 1.3 .046 .83
MW 1.6 .101 .97 1.4 .021 .62
VS 1.4 .037 .79 1.4 .011 .80
DA 1.5 .039 .27 1.4 .005 .27
Pooled 2.2 .203 .93 1.9 .074 .93
Pooled1 2.1 .21 .95 1.9 .083 .93

1 Pooled excluding data from subjects with R2 below .6.
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though the magnitude of this problem de-
creases as the total number of trials increases.
One advantage of accuracy scores is that they
provide a common metric by which to com-
pare results across conditions, subjects, and
studies with different numbers of trials.

The results of the stimulus-control analysis
for the 2-sample procedure usually were
consistent with results of nonhuman studies
of proactive interference (see Edhouse &
White, 1988; Wright et al., 1986). When
sample control of comparison selection was
diminished, the comparison selected on the
previous trial often controlled selection. Thus,
much of the accuracy difference between the
trial-unique and 2-sample procedures was due
to errors on different-stimulus trials, indicating
that intertrial interference factors account for
the lower accuracy and the higher rate of
forgetting in the 2-sample procedure.

EXPERIMENT 2

Studies with nonhuman subjects have shown
that accuracy on the 2-sample DMTS task is
a function of ITI duration, with longer ITIs
producing higher accuracy (Dunnett & Martel,
1990; Edhouse & White, 1988; Holt & Shafer,
1973; Roberts & Kraemer, 1982; White, 1985).
Edhouse and White, for example, showed
increases in accuracy as the ITI increased
across 5, 10, and 20 s. Under a delayed
position-matching procedure, Mackay and
Gould (1992) varied ITI duration from 0.5 to
10 s in 6 human subjects with moderate
mental retardation. The retention interval
was held constant, and different ITI durations
were presented in blocks of 10 consecutive
trials per session. Accuracy was highest with
the longest ITI. The present experiment
varied the ITI duration under DMTS proce-
dures similar to those used with nonhuman
subjects (and in Experiment 1). ITI durations
were 2 s and 8 s.

Both the 2-sample and trial-unique tasks
were presented. The trial-unique task was
included to examine effects of ITI duration
under conditions that should be relatively free
of proactive interference. A proactive interfer-
ence perspective predicts especially low accu-
racy and discriminability in the 2-sample task
under the 2 s ITI, with different-stimulus trials
affected more than same-stimulus trials. If,
however, ITI duration affects accuracy and

discriminability similarly under both proce-
dures, then processes other than proactive
interference would be involved.

METHOD

There were 5 subjects (see Table 1), 2 of
whom (FJ and GC) had participated in
Experiment 1. With the exception of the ITI
manipulation, session procedures were identi-
cal to those in Experiment 1. Each subject
received five blocks of four sessions each. Each
block contained one of each combination of
session type (trial-unique or 2-sample) and ITI
duration (2 or 8 s). The order of the four
session types was randomized within blocks
and across subjects, except that (a) all subjects
began the first block with a trial-unique
session, and (b) no more than two consecutive
sessions were of the same type or had the same
ITI (across blocks).

RESULTS AND DISCUSSION

Figure 5 shows, for each subject, accuracy
(left panels) and logit p values (right panels)
as a function of delay duration under both the
trial-unique and 2-sample procedures with
both 2-s and 8-s ITIs. Logit p values were
calculated using Equation 1. Accuracy and
logit p scores usually were higher under the
trial-unique procedure for both ITI durations.
Forgetting functions were fitted to the data
using Equation 2. Forgetting functions for
trial-unique sessions appeared to be more
linear and to have shallower slopes than
functions fitted to 2-sample sessions. As shown
in Table 4, values of b were consistently smaller
for trial-unique sessions. The smaller b values
indicate that discriminability decreased less at
comparable delays under the trial-unique
condition than under 2-sample sessions re-
gardless of ITI duration.

Effects of ITI duration can be seen by
comparing the open and closed symbols in
Figure 5. Under the 2-sample procedure,
accuracy (left panels) was generally greater
with the 8-s ITI than under the 2-s ITI with
delays of 4 s and longer. A similar pattern was
apparent in the logit p transformations and
fitted forgetting functions (right panels). For
all subjects, the values of b (given in Table 4)
were smaller under the 8-s ITI than under the
2-s ITI, indicating a slower rate of forgetting in
the former case.
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Accuracy measures for 2-s and 8-s ITI
durations at each delay value were compared
using the Wilcoxon Matched-Pairs, Signed-
Ranks Test. Each subject’s accuracy at each
delay at 2-s and 8-s ITI durations made up the
matched pairs. As shown in Table 5, the
differences between 2-s and 8-s ITI durations
were significant for the 2-sample sessions, but
not significant for the trial-unique sessions.

This result is consistent with increased in-
terference by the stimulus selected on the
previous trial (proactive interference) with
shorter ITI durations, as there was no signif-
icant effect of this variable under conditions
designed to minimize such interference.

Differences between the values of b as
a function of ITI were evaluated using a simple
t test for paired means. Again, each subject’s

Fig. 5. Experiment 2: Accuracy (two left columns) and logit p values (two right columns) as a function of delay, for
individual subjects and pooled across subjects, under the 2-sample and trial-unique procedures, under two durations of
intertrial interval. Logit p data were fitted to the negative exponential forgetting function of Equation 2; see text
for details.
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b values under the 2-s and 8-s ITI durations
made up the pairs. The values of b for 2-s ITIs
were significantly greater than those for 8-s
ITIs under both 2-sample (p 5 .016, df 5 4)
and trial-unique conditions p 5 .007, df 5 4).
These results support the conclusion that
accuracy was consistently lower with the
shorter ITI duration, and the rate of accuracy
decline was higher with the shorter ITI
duration.

Stimulus-control analysis. Figure 6 shows, for
each subject and pooled across subjects,
accuracy on same-stimulus and different-stim-
ulus trials under the 2-s and 8-s ITI durations.
For the most part, accuracy was higher for
same-stimulus trials than for different-stimulus
trials at both ITI durations, and, for 3 subjects
at the 16-s delay duration, the difference
between same- and different-stimulus trials
was considerably larger under the 2-s com-
pared with the 8-s ITI duration trials.

The differences in accuracy were assessed
using the Wilcoxon Matched-Pairs Rank-Order
test as in Experiment 1. Results are presented
in Table 6. In the comparisons of same- versus

different-stimulus trials, the pairs were com-
posed of accuracy on same- versus different-
stimulus trials for each subject at each delay
value, yielding 25 potential pairs for analysis.
Separate analyses were conducted for 2-s and
8-s ITI durations. As predicted, accuracy was
significantly higher on same-stimulus trials
than on different-stimulus trials, reproducing
the effect reported in Experiment 1, and the
difference was significant for both ITI dura-
tions. The bottom half of Table 6 presents
results from the Wilcoxon test for 2- versus 8-s
ITI duration trials on different-stimulus trials
and same-stimulus trials. Accuracy differed
across the two ITI durations only for differ-
ent-stimulus trials, under which intertrial or
proactive interference should decrease accu-
racy. The finding that the ITI duration
affected different-stimulus trials, but not
same-stimulus trials, supports the interpreta-
tion that interfering stimulus control by the
stimulus selected in the previous trial is greater
with short ITI durations.

Data from same- and different-stimulus trials
were transformed to logit p values, and

Table 4

Experiment 2: Parameters of Forgetting Function Fitted to Logit p Transformed Data from Trial-
unique and Two-sample Sessions with 2-s or 8-s ITIs.

Subject ITI

Two-sample Trial-unique

Logit p-0 b R2 Logit p-0 b R2

FJ 2 s 1.4 .243 .96 1.8 .112 .99
8 s 1.6 .205 .82 1.4 .082 .92

GC 2 s 1.7 .210 .86 1.6 .095 .86
8 s 1.5 .087 .86 1.6 .079 .83

JB 2 s 1.7 .120 .95 1.7 .053 .85
8 s 1.2 .030 .40 1.5 .017 .92

SE 2 s 1.7 .366 .91 1.6 .071 .76
8 s 1.6 .174 .89 1.3 .012 .21

CH 2 s 1.8 .082 .73 1.8 .021 .84
8 s 1.7 .048 .95 1.8 .002 .33

Pooled 2 s 2.1 .259 .92 2.2 .112 .87
8 s 1.7 .122 .88 1.7 .047 .87

Pooled1 8 s 1.8 .145 .91 1.65 .066 .92

1 Pooled excluding data from subjects with R2 below .6.

Table 5

Experiment 2: Results of Wilcoxon Matched-Pairs, Signed-Ranks Test Comparing Accuracy on 2-
vs. 8-s ITI Durations Under Trial-unique and Two-sample Procedures.

Comparisons Significance level* Number of pairs Critical sum of ranks Sum of ranks

2-s ITI vs. 8-s ITI
Two-sample p , .01 21 49 47.5
Trial-unique p . .05 20 52 68.5

* One-tailed.
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forgetting functions were fitted to individual-
subject and pooled data using Equation 2. The
parameters of the forgetting functions are
presented in Table 7. For all subjects, the
values of b were higher for different-stimulus
trials than for same-stimulus trials at both ITI
durations. This indicates a greater rate of
decline in discriminability with increased delay
duration when the sample was different from
the previous comparison choice than when the
sample was the same as the previously chosen
stimulus. Accuracy and discriminability were

lower for different-stimulus trials, with the
effect more pronounced and consistent under
the 2-s ITI than under the 8-s ITI.

Table 7 shows the results of fitting Equa-
tion 2 to data from same- and different-
stimulus trials pooled across subjects. Values
of the b parameter associated with same-
stimulus and different-stimulus trials were
more discrepant under the 2-s ITI than under
the 8-s ITI, an effect consistent with the notion
that longer ITI durations reduce interference
experienced during different-stimulus trials.
Values of the b parameter at the 2-s and 8-s ITI
durations were more discrepant for different-
stimulus trials than for same-stimulus trials, an
effect consistent with the notion that different-
stimulus trials generate intertrial interference.
Differences in the b values were tested using
a repeated-measures, two-way analysis of vari-
ance. There was a significant main effect of ITI
duration F (1, 16) 5 8.14, p 5 .011 indicating
that the value of b (decay rate) was signifi-
cantly larger under the 2-s ITI (M 5.17, SD
5.10) than under the 8 s ITI (M 5.09, SD
5.08), and of trial type, F (1, 16) 5 14.03, p 5
.002, with the value of b significantly larger for
different-stimulus trials (M 5 .19, SD 5.10)
than for same-stimulus trials (M 5.08, SD
5.06). There was no significant interaction
effect F(1, 16) 5 3.55, p 5 .130. Figure 7 shows
the mean values of b to illustrate this analysis.
The significant main effect of ITI duration is
due primarily to a much higher b value on the
different-stimulus trials. A t-test was conducted
comparing 2-s vs. 8-s ITI durations on same-
stimulus trials. This difference was not signif-
icant t(8) 51.03, p 5 .330). The significant
main effect of trial type is due primarily to
higher b values under the 2-s ITI duration. A t-
test comparing same- and different-stimulus
trials under the 8-s ITI duration was not
significant t(8) 5 1.38, p 5 .204). These results
are also in accordance with the conceptualiza-
tion of intertrial interference as the source of
the competing stimulus control on delayed
matching procedures.

In summary, Experiment 2 reproduced the
effects of trial-unique versus 2-sample match-
ing under both a longer and a shorter ITI
duration relative to the ITI duration observed
in Experiment 1. In answer to the primary
question, findings were consistent with the
idea that increasing the ITI can decrease
intertrial interference (e.g., White, 1985).

Fig. 6. Experiment 2: Accuracy as a function of delay
and intertrial interval duration when S+ was the same as, or
different from, the stimulus selected on Trial N-1.
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Effects of the ITI manipulation were especially
clear in the higher accuracy under the 2-
sample procedure, both overall and on differ-
ent-stimulus trials, with the longer ITI. Effects
of the ITI were not limited to the 2-sample
procedure, however, but were seen also in the
values of b under the trial-unique conditions.
The latter finding suggests that the ITI effect
may reflect more than diminished control by
the stimulus selected on a previous trial.

GENERAL DISCUSSION

Compared to 2-sample delayed-matching
procedures, trial-unique procedures produce
higher accuracy and discriminability. Al-
though this has been a robust finding in
nonhumans (e.g., Wright et al., 1986), the
effect has been studied rarely in humans.
Along with Williams et al. (1998), the present

study extends the generality of this effect to
humans. Across the two experiments in the
present study, all 8 subjects showed high
accuracy with a delay of 0 s under both
procedures. At greater delays, accuracy usually
was higher in the trial-unique procedure, and
no subject responded more accurately on the
2-sample task than on the trial-unique task.
Stimulus-control analyses indicated that errors
were more likely when the S+ on Trial N was
different from the comparison selected on
Trial N-1, thus replicating findings from the
nonhuman literature on proactive interfer-
ence (e.g., Wright et al., 1986).

In extending the proactive-interference ef-
fect to humans, the present study also extends
the demonstration to subjects who show
generalized identity matching. One might
consider nonhuman subjects to be especially
likely to develop multiple sources of stimulus

Table 6

Experiment 2: Results of Wilcoxon Matched-Pairs, Signed-Ranks Test for Accuracy on Same-
Stimulus and Different-Stimulus Trials.

Comparisons Significance level* N Critical sum of ranks Sum of ranks

Same vs Different trials

2-s ITI p , .01 20 43 16
8-s ITI p , .01 23 62 49

2-s ITI vs. 8-s ITI

Different-stimulus trials p , .025 23 73 73
Same-stimulus trials p . .05 18 40 68.5

* One-tailed.

Table 7

Experiment 2: Characteristics of Forgetting Functions for Same-Stimulus and Different-Stimulus
Trials at Each ITI Duration.

Sub ITI

Same-stimulus Trials Different-stimulus Trials

Logit p-0 b R2 Logit p-0 b R2

CH 2 s 1.3 .160 .90 1.3 .245 .96
8 s 1.3 .003 .20 1.5 .055 .95

FJ 2 s 1.3 .045 .89 1.6 .267 .89
8 s 1.4 .153 .93 1.4 .216 .78

GC 2 s 1.4 .032 .46 1.5 .150 .97
8 s 1.4 .039 .58 1.4 .109 .80

JB 2 s 1.0 .125 .40 1.6 .319 .91
8 s 1.2 .023 .26 1.1 .026 .37

SE 2 s 1.7 .108 .65 1.9 .274 .95
8 s 1.6 .067 .62 1.6 .195 .94

Pooled 2 s 1.7 .110 .65 1.9 .270 .95
8 s 1.7 .090 .81 1.6 .130 .88

Pooled1 2 s 1.5 .142 .65 1.9 .274 .95
8 s 1.7 .087 .81 1.7 .162 .90

1 Pooled excluding data from subjects with R2 below .6.
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control, including proactive interference, giv-
en that nonhumans (a) begin training at
chance levels, (b) require many training trials
to reach high accuracy levels, during which
stimulus control presumably is fluctuating,
and (c) are exposed to the same two stimuli
throughout a study. Unlike the nonhuman
subjects of previous studies, our subjects
responded to new pairs of stimuli errorlessly
(when the delay was 0 s). Thus, regardless of
whether the matching baseline involves gener-
alized identity matching, or is essentially
equivalent to arbitrary matching (Carter &
Eckerman, 1975; Sidman et al., 1982), pro-
active interference can be shown in 2-sample
DMTS procedures.

In Experiment 2, accuracy was higher with
the longer of two ITIs, reproducing findings in
pigeons (e.g., Edhouse & White, 1988). More-
over, the ITI-duration effect was most promi-
nent on different-stimulus trials, as would be
expected if interference is increased with
shorter ITI durations. Accuracy and forgetting
functions showed little effect of ITI duration
under the trial-unique procedure, in which
intertrial interference is minimized.

Both experiments demonstrated that the
proportion-based measure of accuracy and
ratio-based analyses (logit p) can provide
complementary information, as discussed fol-
lowing Experiment 1. The present data sup-
port White’s (1985) suggestion that fitting
a negative exponential forgetting function

(Equation 2) to data transformed via logit p
enhances the visual representation of highly
accurate performance data. In addition, the
curve-fitting process yields formal indices,
both of discriminability without remembering
requirements, and of the rate of discrimina-
bility decline as a function of delay, which are
not available with accuracy data alone.

Stimulus-control analyses revealed that, as
accuracy decreased with delay duration, re-
sponses on Trial N often were controlled by
the comparison that was selected on Trial N-1.
A high proportion of errors under the 2-
sample procedure can be attributed to this
source of stimulus control. The stimulus-
control analysis presented here, however, does
not allow an estimate of true accuracy and
forgetting functions independent of interfer-
ence. Logic suggests that an equivalent por-
tion of correct responses on same-stimulus
trials also might be under the stimulus control
of the comparison selected on the previous
trial. Supplementary sources of stimulus con-
trol that promote correct responses might be
called proactive facilitation. Thus, on both
same-stimulus and different-stimulus trials,
accuracy and logit p scores could reflect
a mixture of stimulus control by the sample
on Trial N and by the comparison selected on
Trial N-1. If such facilitation occurs, same-
stimulus trials (under the 2-sample procedure)
might sometimes produce higher accuracy
than the trial-unique procedure does. In the
present study, however, very high accuracy
introduced ceiling effects.

Taken as a whole, the data suggest that
procedural differences across studies involving
DMTS can affect the amount of intertrial
interference, thus changing the shape of the
function relating accuracy to delay duration.
Important differences might be found not
only in comparing trial-unique and 2-sample
procedures, but also across 2-sample proce-
dures that have different values of certain
parameters. One procedural variable affecting
2-sample outcome is the duration of the ITI, as
shown in the present study and others (e.g.,
Edhouse & White, 1988). Another possibility,
suggested by the stimulus-control analyses, is
that more subtle differences in session config-
uration might affect the delay function. For
example, it is common practice for trial
sequences to be randomized, but with a spec-
ified limit on the number of consecutive trials

Fig. 7. Mean values of b when the current trial was
preceded by the subject selecting, on the previous trial, the
same or different stimulus as the sample on the current
trial. Open and closed symbols are means from sessions
with 2-s and 8-s ITI durations, respectively.
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with the same sample. That limit is usually set
at two or three trials. Relative to a three-trial
limit, a two-trial limit would have a somewhat
larger number of different-stimulus trials.
Given factors that weaken the control of the
current sample stimulus within a trial (e.g.,
delay duration), the two-trial-limit procedure
might produce lower accuracy than the three-
trial limit.

These procedural factors—the diminishing
of proactive interference in the trial-unique
procedure and the modulation of proactive
interference across variations in the 2-sample
procedure—must be taken into consideration
when arranging baselines for the study of
nonbehavioral variables on DMTS perfor-
mance. For example, researchers who use
DMTS procedures in the study of neurological
(e.g., progressive disorders such as Alzheimer’s
disease, see White & Ruske, 2002) or pharma-
cological variables should be alert to differ-
ences in the stimulus control shown under the
conditional versus trial-unique procedures.
The trial-unique procedure minimizes one
source of interference, and may provide
a purer measure of short-term remembering
(stimulus control across a temporal distance)
than does the more commonly used 2-sample
procedure. Moreover, the difference in accu-
racy levels produced by the two procedures
may be taken as a measure of the amount of
proactive interference. Thus, using the proce-
dures conjointly provides a way of assessing
accuracy with and without proactive interfer-
ence, thereby making it possible to character-
ize both the direct memory-altering effects of
factors such as drugs and their interactions
with interference.
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