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Acute effects of triazolam on false recognition

MIRIAM Z. MINTZER and ROLAND R. GRIFFITHS
Johns Hopkins University School of Medicine, Baltimore, Maryland

Neuropsychological, neuroimaging, and electrophysiological techniques have been applied to the
study of false recognition; however, psychopharmacological techniques have not been applied. Ben-
zodiazepine sedative/anxiolytic drugs produce memory deficits similar to those observed in organic
amnesia and may be useful tools for studying normal and abnormal memory mechanisms. The present
double-blind, placebo-controlled repeated measures study examined the acute effects of orally ad-
ministered triazolam (Halcion; 0.125 and 0.25 mg/70 kg), a benzodiazepine hypnotic, on performance
in the Deese (1959)/Roediger-McDermott (1995) false recognition paradigm in 24 healthy volunteers.
Paralleling previous demonstrations in amnesic patients, triazolam produced significant dose-related
reductions in false recognition rates to nonstudied words associatively related to studied words, sug-
gesting that false recognition relies on normal memory mechanisms impaired in benzodiazepine-
induced amnesia. The results also suggested that relative to placebo, triazolam reduced participants’
reliance on memory for item-specific versus list-common semantic information and reduced partici-

pants’ use of remember versus know responses.

False recognition refers to the phenomenon of mistak-
enly claiming that one has been exposed previously to a
novel item. Although experimental studies of false recog-
nition have been reported since the 1960s (e.g., Anisfeld
& Knapp, 1968; Underwood, 1965), recently there has
been a dramatic rise in research interest in the phenome-
non, stimulated in part by Roediger and McDermott’s
(1995) demonstration of exceptionally high levels of false
recognition within the context of a simple list-learning
paradigm (originally introduced by Deese, 1959) (see also
Read, 1996). In the Deese/Roediger-McDermott para-
digm (DRM), after studying lists of words (associates;
e.g., bed, rest, awake, tired, dream, wake, snooze, blanket,
doze, slumber, snore, nap, peace, yawn, drowsy) that are
all associatively related to a word that is not presented
(referred to here as the theme but referred to elsewhere as
the critical nonstudied lure, the prototype, or the false tar-
get; e.g., sleep), participants are given a standard recog-
nition memory test in which they are asked to discriminate
between words that had been presented during the study
phase (old) and words that had not been presented (new).
The standard finding in this paradigm, which has been
replicated in numerous studies, is that participants claim
at high rates (approximately 70%-80% of responses) and
with high confidence that the nonpresented theme words
had been presented during the study phase (for reviews
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see Payne, Neuschatz, Lampinen, & Lynn, 1997; Roediger,
McDermott, & Robinson, 1998). Furthermore, when asked
to make remember/know judgments indicating whether
they have a specific recollection of the word’s presenta-
tion during the study phase (“remember”; recollection-
based recognition) or responded “old” because the word
seemed familiar (“know”; familiarity-based recognition)
(Tulving, 1985), participants tend to provide remember
responses more frequently than know responses to the
nonpresented theme words (see, e.g., Roediger & Mc-
Dermott, 1995; Schacter, Verfaellie, & Pradere, 1996). The
exceptionally high rates of false recognition observed in
this paradigm and the vividness of participants’ memories
for the nonpresented items are striking and suggest that
false recognition arises from normal memory mechanisms
and must be accounted for by basic theories of recogni-
tion memory.

False recognition in the DRM paradigm has been stud-
ied in a variety of different populations, including healthy
older adults (e.g., Norman & Schacter, 1997; Schacter,
Israel, & Racine, 1999), Korsakoff and non-Korsakoff am-
nesic patients (e.g., Schacter, Verfaellie, & Anes, 1997;
Schacter, Verfaellie, Anes, & Racine, 1998; Schacter,
Verfaellie, & Pradere, 1996), and individuals with de-
mentia of the Alzheimer’s type (e.g., Balota et al., 1999).
Functional neuroimaging (e.g., Schacter, Buckner, Kout-
staal, Dale, & Rosen, 1997; Schacter, Reiman, et al., 1996)
and event-related potential (e.g., Johnson et al., 1997)
techniques also have been applied to the study of false
recognition. The results of these neuropsychological,
neuroimaging, and electrophysiological studies are be-
ginning to provide insights into the cognitive and brain
mechanisms underlying false recognition (for a review see
Schacter, Norman, & Koutstaal, 1998).

Despite a growing interest in the cognitive and brain
mechanisms underlying false recognition, to our knowl-
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edge, no studies have examined the effects of psychoac-
tive drugs on false recognition. Benzodiazepine drugs
such as diazepam (Valium) and triazolam (Halcion) are
prescribed commonly for the treatment of anxiety and
sleep disorders. Pharmacologically, they act as specific
receptor sites in the brain by facilitating the action of
gamma-aminobutyric acid (GABA), an inhibitory neuro-
transmitter (Hobbs, Rall, & Verdoorn, 1996). Benzodi-
azepine receptor sites are found throughout the cerebral
cortex, but are particularly abundant in areas thought to be
involved in learning and memory such as the hippocam-
pus and other regions of the limbic system. It is well es-
tablished that in addition to having anxiolytic and seda-
tive properties, benzodiazepines also have memory- and
cognitive-impairing effects (for reviews see Curran, 1991;
Duka, Curran, Rusted, & Weingartner, 1996, Woods, Katz,
& Winger, 1992). Several researchers (e.g., Curran, 1991;
Duka et al., 1996; Hirshman, Passannante, & Arndt, 1999,
Polster, 1993) have argued that, like neuropsychological
studies of brain-damaged patients, which have played a
critical role in advancing the theoretical understanding of
normal and abnormal memory mechanisms, investiga-
tion of the amnesia induced by drugs such as the benzo-
diazepines can also be a useful tool for elucidating mem-
ory mechanisms. In fact, investigation of drug-induced
amnesia has certain advantages over traditional studies
of amnesic patients; most importantly, unlike the memory
deficits found in amnesic patients, effects of drugs on
memory processes are reversible and can be empirically
manipulated in a dose-related fashion in tightly controlied
repeated measures laboratory experiments with healthy
volunteers.

The purpose of the present study was to examine the
acute dose effects of the benzodiazepine hypnotic tria-
zolam on false recognition in the DRM paradigm using
arepeated measures placebo-controlled double-blind de-
sign with healthy volunteers. Previous recognition mem-
ory studies have demonstrated that triazolam produces a
decrease in the proportion of hits made to studied items
and an increase in false alarms to nonstudied items (e.g.,
Mintzer & Griffiths, 1999; Weingartner, Hommer, Lister,
Thompson, & Wolkowitz, 1992). Signal detection analy-
ses suggest that triazolam-induced amnesia is associated
with a decrease in sensitivity and possibly also with the
adoption of a more liberal response bias (e.g., Mintzer &
Griffiths, 1999). However, to our knowledge, the effects
of triazolam on false recognition within the DRM para-
digm have not been investigated previously. Results of
previous studies suggest that the pattern of memory def-
icits induced by acute administration of a single dose of
triazolam is similar to that observed in amnesic patients.
For example, like the performance of amnesic patients,
participants’ performance following triazolam adminis-
tration is impaired relative to their performance following
placebo administration on explicit (e.g., recognition mem-
ory) but not implicit (e.g., fragment completion) memory
tests (e.g., Weingartner et al., 1992). In several recent stud-

ies (e.g., Schacter, Verfaellie, & Anes, 1997; Schacter,
Verfaillie, et al., 1998; Schacter, Verfaellie, & Pradere,
1996), Schacter and his colleagues have demonstrated
that in addition to exhibiting reduced rates of true recog-
nition of studied words, amnesic patients also exhibit re-
duced rates of false recognition of nonstudied related
theme words relative to matched controls, despite exhibit-
ing increased rates of false alarms to unrelated nonstud-
ied words. On the basis of these results, they have argued
that false recognition of related theme words relies on nor-
mal memory mechanisms that are impaired in amnesia.
In particular, they have suggested that true recognition
relies on memory for distinctive features of individual
items (item-specific information), whereas false recog-
nition relies on memory for general semantic features
that are shared by items in a list, and that memory for both
types of information is impaired in amnesia. On the basis
of these results with amnesic patients, we hypothesized
that triazolam-induced amnesia also would be associated
with reduced false recognition rates to nonstudied re-
lated theme words, despite increased rates of false alarms
to unrelated nonstudied words.

METHOD

Participants

Twenty-six adult volunteers (9 male) completed this study. The
data of 2 female participants were incomplete due to technical er-
rors; data are presented for the remaining 24 participants. These 24
participants ranged in age from 19 to 48 years (M = 31) and in
weight from 46 to 108 kg (M = 74) and reported having completed
9 to 20 years of education (M = 14). Ten participants reported con-
suming 1 to 2 alcoholic beverages/week (M = 1.6), while the other
14 participants reported not drinking any alcoholic beverages. Six
participants reported smoking tobacco cigarettes. No participants
reported significant histories of using psychoactive drugs.

All participants were in good health (as determined by medical
history and personal interview) with no contraindications to hyp-
notic drugs. Individuals with current or past histories of psychiatric
disorders, except nicotine dependence, were excluded. In the female
participants, urine pregnancy tests before, and periodically during,
study participation were negative. This study was approved by the
Institutional Review Board of the Johns Hopkins Bayview Medical
Center. Participants gave their written informed consent before be-
ginning the study and were paid for their participation.

Participants were requested to refrain from using all psychoac-
tive drugs (with the exception of tobacco and caffeinated products)
during the time they were participants in the study. Each session,
before drug administration, participants were tested for the presence
of various drugs in urine (benzodiazepines, barbiturates, opioids,
amphetamines, and cocaine) using an EMIT system (Syva Co., Palo
Alto, CA) and the presence of alcohol in expired air using a breath-
alyzer test.

General Procedures

Participants completed a total of three sessions as outpatients at
the Behavioral Pharmacology Research Unit. Successive sessions
were separated by a minimum of 48 h (e.g., Monday, Wednesday,
Friday). Participants were informed that during their participation
in the study, they would receive various drugs, and that these could
include placebo, various sedatives, anxiolytics, stimulants, and
weight loss medications. Other than recetving this general informa-



tion, participants were blind to the type of drug administered. Par-
ticipants were told that the purpose of the study was to see how dif-
ferent drugs affect performance. Participants attended sessions in
groups of up to 3 at a time, but each participant was tested individ-
ually. The primary dependent measures involved the DRM para-
digm. In order to evaluate the overall magnitude and time course of
effects at different doses, psychomotor/cognitive performance and
self-ratings of subjective state also were assessed using a battery of
measures that was administered repeatedly during each session
(i.e., predrug; .5, 1.0, 1.5, 2.5, 3.5 h postdrug). All experimental
measures (except balance and circular lights) were administered on
an Apple Macintosh microcomputer.

Drug Administration

The three drug conditions were placebo, 0.125 mg/70 kg, and
0.25 mg/70 kg triazolam. Single oral doses were administered in a
double-blind, cross-over design. The order of drug conditions was
determined by two Latin squares using the Williams (1949) method
to achieve balance in presentation order and in the order of drug
conditions relative to one another. Triazolam doses were prepared
from commercially available .125-mg tablets (Halcion; UpJohn
Company, Kalamazoo, MI). Capsules were crushed and doses were
adjusted by participant body weight. All doses were dispensed in a
size 0 capsule. Lactose was used to fill the remainder of all the cap-
sules. Placebo capsules contained only lactose. Capsules were taken
orally with approximately 150 ml of water.

Primary Experimental Measure

Apparatus and Materials. The materials consisted of 60 lists
of 16 words each. The lists include modified versions of lists used
by other researchers (i.e., Arndt & Hirshman, 1998; Roediger &
McDermott, 1995), and additional lists that we developed from
Russell and Jenkins’s (1954) association norms using criteria sim-
ilar to those used by other researchers. Each list includes 15 words
(associates) that are all highly associated to one target word (theme).
The 60 lists were divided into three 20-list sets, each used during
one of the three sessions. The 20-list set used in each session was
divided into two 10-list subsets; one subset was assigned to the stud-
ied condition and one was assigned to the nonstudied condition. The
subsets assigned to the two conditions were counterbalanced so that
within each drug order condition, each list appeared equally often
in the studied and nonstudied conditions.

Procedure. The study phase was conducted 1.5 h after drug ad-
ministration to coincide with the anticipated time of triazolam’s
peak effect based on previous studies in our laboratory (e.g., Mintzer,
Frey, Yingling, & Griffiths, 1997; Mintzer & Griffiths, 1999). Dur-
ing the study phase, participants were presented with 10 lists of [5
words, each of which appeared on the computer screen one at a
time. The words in each list (associates) were presented in the order
of their association to the theme on the basis of the association
norms, with the strongest associate presented first. Successive lists
were separated by a 1-sec “Next List” message. Each word was dis-
played for 4 sec. Encoding task was manipulated as a between-
participants variable so that half of the participants (12) were ran-
domly assigned to the encoding-task condition and half (12) were
randomly assigned to the no-encoding-task condition. For partici-
pants in the encoeding-task condition, seven buttons labeled “1-lo”
through “7-hi,” respectively, appeared at the bottom of the screen.
Participants were instructed to rate the pleasantness of the concept
represented by each word on a scale of 1 to 7 (1 = least pleasant;
7 = most pleasant) and to make their response by clicking on the ap-
propriately numbered button using the computer mouse. They were
informed that their memory for these words would be tested later in
the session. In order to register their responses, participants clicked
on a button labeled “next,” which appeared below the seven re-
sponse buttons. Participants in the no-encoding-task condition sim-
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ply were instructed to try to remember as many words as possible
for a subsequent memory test; they also were instructed to click on
a “next” button between successive items. In both encoding condi-
tions, each word was displayed for 4 sec regardless of when the par-
ticipant made his/her response.

During the test phase, which was conducted 2.5 h after drug ad-
ministration, participants were presented with a list of 100 words
that appeared on the computer screen one at a time in random order.
The list included the words presented in Positions 1, 6, 8, and 10 of
each of the 10 studied lists (total of 40 “studied” associates), the
theme word from each of the 10 studied lists (total of 10 “studied”
themes), the words presented in Positions 1, 6, 8, and 10 of each of
the 10 nonstudied lists (total of 40 “nonstudied” associates), and the
theme word from each of the 10 nonstudied lists (total of 10 “non-
studied” themes). Each test word remained on the screen unfil the
participant responded. Participants were instructed to click on the
button labeled “old” if they recognized the word from the study lists
and to click on the button labeled “new” if they did not recognize
the word from the study lists. If the participant responded “old,”
he/she was asked to make a remember (R) versus know (K) judg-
ment by clicking on the appropriately labeled button. Participants
received detailed instructions for the R/K judgment that were mod-
eled after those given by Rajaram (1993). In these instructions, par-
ticipants essentially were told to respond R if they had a specific
conscious recollection of the word’s presentation during the study
phase and to respond K if they were confident that the word had
been presented during the study phase, but had no specific recol-
lection of its presentation. During the initial screening interview,
participants received training on the R/K judgment until it was as-
certained that they understood the distinction.

Other Experimental Measures

These measures have been used extensively in our laboratory and
have been described in detail previously (e.g., Kirk, Roache, & Gnif-
fiths, 1990; McLeod, Griffiths, Bigelow, & Yingling, 1982; Mintzer
etal., 1997). The psychomotor/cognitive performance tasks included
a balance task, a psychomotor task in which participants pressed a se-
ries of 16 buttons as rapidly as possible in response to the randomly
sequenced illumination of their associated lights (circular lights), a
computerized version of the digit symbol substitution test (DSST),
and a short-term number recall task. The participant ratings included
ratings of the strength and liking/disliking of the drug effect and of
34 items about their physical (e.g., “Do you feel queasy or sick to your
stomach?”) and mental (e.g., “Do you feel mentally slowed down?”)
state; these ratings were made on the computer on a scale with five re-
sponse options, coded numerically from 0 to 4.

Data Analysis

The analyzed data from the DRM paradigm included the raw pro-
portions of R and K responses and overall old responses (collapsed
over R/K) as a function of stimulus type (associate vs. theme) and
list type (studied vs. nonstudied). As in previous studies, the signal
detection measures of sensitivity, d”, and response bias, C, also were
calculated for R/K and overall old responses by comparing perfor-
mance for associates and themes from studied lists to performance
for the corresponding control items from nonstudied lists. The rec-
ommended correction for computing d” (Snodgrass & Corwin,
1988) was applied to all hit and false alarm rates.

Yonelinas, Kroll, Dobbins, Lazzara, and Knight (1998) have
pointed out that traditional analyses of R/K responses may be un-
reliable when comparisons are made between experimental condi-
tions that differ in level of performance. Therefore, as in recent
studies with amnesic patients and older adults (e.g., Schacter et al.,
1999: Yonelinas et al., 1998), R/K responses also were analyzed
using the Yonelinas et al. dual process signal detection model, in
which recollection (the construct presumed to underlie R responses)
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Table 1
Mean Proportions of Overall Old, R, and K Responses as
a Function of Drug Cendition, Stimulus Type, and List Type

Placebo 0.125 mg/70 kg Trz 0.25 mg/70 kg Trz

Stimulus ol R K Old R K Old R K
Associate

Studied .85 .67 .18 .70 A8 22 .69 43 .26

Nonstudied .09 .04 .05 .18 .09 .09 29 .14 15

Theme
Studied .78 .54 24 71 45 .26 63 35 .28
Nonstudied .10 .05 .05 .20 10 .10 33 .14 .19

Note—Trz, Triazolam.

is modeled as a high-threshold process and familiarity (the con-
struct presumed to underlie K responses) is modeled independently
as a signal detection process. However, because the analyses con-
ducted on recollection/familiarity estimates yielded a pattern of ef-
fects similar to those conducted on R/K responses, they are not re-
ported here.

Data from the DRM paradigm initially were analyzed by mixed
design analyses of variance (ANOVAs), with encoding-task condi-
tion (present vs. absent) as the between-participants factor. How-
ever, because encoding-task condition did not produce any signifi-
cant main effects or interactions, data were reanalyzed by repeated
measures ANOVAs collapsed over encoding-task condition, and
only collapsed data are presented. The raw proportions of responses
were analyzed by a3 X 2 X 2 repeated measures ANOVA with drug
condition (placebo .125 mg/70 kg, and .25 mg/70 kg triazolam),
stimulus type (associate vs. theme), and list type (studied vs. non-
studied) as factors. C and d” were analyzed by a3 X 2 repeated mea-
sures ANOVA with drug condition and stimulus type as factors.
Data from the psychomotor/cognitive performance and participant-
rated measures were analyzed by a 3 X 6 repeated measures
ANOVA with drug condition and time as factors. For all statistical
tests, p = .05 was considered significant. Pairwise comparisons
were conducted using Tukey’s HSD tests.

RESULTS

DRM Paradigm

Raw proportions of responses. Table 1 shows the
mean proportions of overall old, R, and K responses as a
function of drug condition, stimulus type, and list type.
The pattern of statistical results was similar for overall old
and R responses and will be described first, followed by
the results for K responses. Of primary interest, the 3 X
2 X 2 ANOVA revealed a significant interaction between
drug condition and list type [for old responses, F(2,46) =
25.70, p = .000; for R responses, F(2,46) =22.72, p =
.000], such that triazolam produced orderly dose-related
decreases relative to placebo in the mean proportions of
responses to associates (i.e., true recognition) and themes
(i.e., false recognition) from studied lists, but dose-
related increases in the mean proportions of responses
to the corresponding control items from nonstudied lists.
Tukey’s comparisons revealed that for items from studied
lists, the difference between triazolam and placebo was
significant in both the low and high triazolam dose con-
ditions for associates, but only in the high-dose condition
for themes; this result suggests that true recognition is

more sensitive to a triazolam-induced deficit than false
recognition. For R responses, Tukey’s comparisons also
revealed that under placebo, but not triazolam conditions,
the proportions of responses to items from studied lists
were higher to associates than to themes; this result sug-
gests that under placebo, but not triazolam conditions,
participants remembered information about studied as-
sociates above and beyond the information that supported
false recognition of themes. For items from nonstudied
lists, there were no significant differences between the
proportions of responses to associates and themes in any
drug condition. The ANOVA also revealed a significant
main effect of list type [for old responses, F(1,23) =
407.10, p = .000; for R responses, F(1,23)=171.80,p =
.000] such that the mean proportions of responses were
significantly higher to associates and themes from stud-
ied lists than to the corresponding items from nonstudied
lists under both placebo and triazolam conditions.

The ANOVA on K responses revealed a significant
main effect of drug condition [F(2,46) =5.27, p = .015]
such that triazolam produced overall dose-related in-
creases in the mean proportions of K responses, a sig-
nificant main effect of stimulus type [F(1,23)=4.61,p=
.043], such that the mean proportions of K responses were
higher to themes than to associates, and a significant main
effect of list type [F(1,23) = 19.24, p = .000], such that
the mean proportions of K responses were higher to as-
sociates and themes from studied lists than to the corre-
sponding items from nonstudied lists under both placebo
and triazolam conditions. There were no significant in-
teractions.

d’. Figure 1 shows the mean d’ values for overall old
and R/K responses as a function of drug condition and
stimulus type. Again, the pattern of statistical results was
similar for old and R responses. The 3 X 2 ANOVA re-
vealed a significant main effect of drug condition [for old
responses, F(2,46) = 28.20, p = .000; for R responses,
F(2,46) = 20.90, p = .000], such that triazolam produced
significant dose-related decreases in d’ relative to placebo,
and a significant main effect of stimulus type [for old re-
sponses, £(1,23) = 4.63, p = .042; for R responses,
F(1,23)=10.57, p=.004], such that d’ was significantly
higher for associates than for themes. The interaction be-
tween drug condition and stimulus type on d” was signif-
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Figure 1. 4’ in the Deese/Roediger-McDermott paradigm as a function of drug condition and stimu-
lus type (i.e., associate vs. theme) for overall “old” and R/K responses. x-axis: dose in mg/70 kg; data
points at P designate placebo values. Data points show means of 24 participants; brackets show =
1 SEM. Filled symbols indicate triazolam values that are significantly different from placebo; *signif-
icant difference between associate and theme values in that drug condition ( p =< .05, Tukey’s HSD tests).

icant for R responses [F(2,46) = 4.85, p = .015] but not
for overall old responses [F(2,46) = 1.84, p = .176].
However, Tukey’s comparisons revealed for both old and
R responses that under placebo, but not triazolam condi-
tions, d’ was significantly higher for associates than for
themes; again, this result suggests that under placebo, but
not triazolam conditions, participants remembered in-
formation about studied associates above and beyond the
information that supported false recognition of themes.
The difference between triazolam and placebo was sig-
nificant in both the low and high triazolam dose condi-
tions both for associates and themes. The ANOVA for K
responses revealed only a marginally significant main ef-

fect of drug condition on d’ [F(2,46) = 2.71, p = .077]
and no other significant effects.

C. The 3 X 2 ANOVA revealed no significant effects on
C for overall old or R responses. However, the ANOVA
for K responses revealed a significant main effect of
drug condition [F(2,46) = 6.40, p = .006] such that tria-
zolam produced significant dose-related decreases in C
relative to placebo. The mean C values for K responses
are shown in Figure 2 as a function of drug condition and
stimulus type. Since a positive C score reflects a conser-
vative response bias (i.e., reduced tendency to respond
“old™), this finding suggests that participants adopted a
less conservative response bias for K responses under
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Figure 2. C in the Deese/Roediger-McDermott paradigm as a
function of drug condition and stimulus type (i.e., associate vs.
theme) for K responses. Other details are similar to those for Fig-
ure 1.

triazolam than under placebo conditions. There was also
a significant main effect of stimulus type on C for K re-
sponses [F(1,23) =31.64, p =.000] such that C was lower
(i.e., less conservative response bias) for themes than for
associates.

Psychomotor/Cognitive Performance
and Participant-Rated Measures

Triazolam produced orderly dose- and time-related
decrements in psychomotor/cognitive performance and
increases in several participant-rated measures (e.g.,
strength of drug effect, sleepy, lightheaded). Figure 3
shows the triazolam time course functions for two repre-
sentative measures: participant-rated strength of drug ef-
fect and DSST. As predicted, the effects of triazolam
generally peaked approximately 1.5 h after drug admin-
istration.

DISCUSSION

The present study was designed to examine the acute
dose effects of the benzodiazepine hypnotic triazolam on
false recognition in the Deese/Roediger-McDermott par-
adigm using a repeated measures placebo-controlled
double-blind design with healthy volunteers. Replicating
the results of previous studies with this paradigm, partic-
ipants made more false alarms to nonstudied words that
were associatively related to studied words (themes from
studied lists) than to unrelated nonstudied words (themes
from nonstudied lists) under both placebo and triazolam
conditions. The rates of false recognition observed in the
placebo condition were comparable to those reported in

previous studies with healthy volunteers (e.g., Roediger
& McDermott, 1995; Seamon, Luo, & Gallo, 1998). Of
primary interest, triazolam produced dose-related reduc-
tions in the proportions of recognition responses made
both to studied associates (true recognition) and to non-
studied related themes (false recognition), despite produc-
ing increased rates of false alarms to unrelated nonstudied
words. The findings of triazolam-induced reductions in
true recognition and increases in false alarms to unrelated
nonstudied words replicate the results of previous studies
demonstrating impaired recognition memory performance
with triazolam and other benzodiazepines (e.g., Mintzer
& Griffiths, 1999; Weingartner et al., 1992). However,
to our knowledge, this is the first study to examine the
effects of a benzodiazepine on false recognition in the
DRM paradigm. The finding of reduced false recognition
rates with triazolam is consistent with our a priori pre-
diction based on previous reports of reduced false recog-
nition rates in patients with organic amnesic syndromes
(e.g., Schacter, Verfaelli, & Anes, 1997; Schacter, Verfael-
lie, & Pradere, 1996). As Schacter and his colleagues have
argued, these results suggest that false recognition of re-
lated theme words relies on normal memory mechanisms
that are impaired in amnesia. In addition, the results of
the present study provide further evidence suggesting that
the pattern of memory deficits induced by benzodiazepine
drugs is similar to that found in amnesic patients.

The present results are also similar to those reported
with amnesic patients in another respect. Schacter, Ver-
faellie, and Pradere (1996) reported that in control but
not amnesic participants, recognition responses were
higher to associates than to themes. Likewise, several
analyses revealed that under placebo, but not triazolam
conditions, recognition responses were higher to associ-
ates than to themes. Although both true and false recog-
nition are supported by normal memory mechanisms that
are impaired in amnesia, these results are consistent with
the notion that the mechanisms supporting true versus
false recognition are different, and suggest that under non-
drug (placebo) versus drug conditions, participants may
vary in the degree of their reliance on each of these mech-
anisms. True recognition has been characterized as being
driven primarily by memory for distinctive features of in-
dividual items (e.g., Schacter, Norman, & Koutstaal, 1998)
(or the verbatim trace [e.g., Brainerd, Reyna, & Kneer,
1995], or the high degree of similarity between the test
item and a single memory trace [see Arndt & Hirshman,
1998, for an application of Hintzman’s, 1988, MINERVA2
model to false recognition]), whereas false recognition
has been characterized as being driven by memory for
general semantic features that are shared by items in a list
(e.g., Schacter, Norman, & Koutstaal, 1998) (or the gist
trace [e.g., Brainerd et al., 1995], or the summing of small
amounts of similarity between the test item and multiple
memory traces [see Arndt & Hirshman, 1998]). The ob-
servation of triazolam-induced deficits in both true and
false recognition suggests that triazolam impairs both
item-specific memory and memory for list-common se-
mantic information. Furthermore, the observation of
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Figure 3. Triazolam time-course functions for participant rat-
ings of drug strength and performance on the DSST. x-axis: time
in hours after drug administration; 0 indicates predrug. Data
points show means of 24 participants. Filled symbols indicate tri-
azolam values that are significantly different from the corre-
sponding placebo value at the same time point (p < .05, Tukey’s
HSD tests).

higher recognition responses to associates than to themes
under placebo but not triazolam conditions suggests that
under placebo, but not triazolam, conditions, participants
remembered distinctive item-specific information about
studied associates above and beyond the shared semantic
information that supports false recognition of themes.
Thus, this analysis suggests that triazolam produces a
particularly strong deficit in the ability to remember dis-
tinctive information about individual items, and that under
triazolam conditions, participants rely on (impaired)
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memory for list-common semantic information for recog-
nition of both themes and associates.

The notion that triazolam produces a particularly strong
deficit in memory for item-specific information also is
supported by the finding that for the raw proportions of
responses, the triazolam-induced deficit in true recogni-
tion was significant even at the lowest dose, whereas the
deficit in false recognition was significant only at the
highest dose. As a methodological note, we point out that
the ability to demonstrate graded deficits through the ma-
nipulation of dose level is one of the advantages of study-
ing drug-induced amnesia over studying patient popula-
tions; although it is possible to classify patients by level of
amnesia (e.g, mild, moderate, severe), defining criteria for
each level and recruiting a sufficient number of patients
to conduct meaningful comparisons among levels may
be cumbersome.

Although we have provided a possible account of tri-
azolam’s differential effects on true versus false recog-
nition, it should be noted that the conclusions that can be
drawn from the present results may be somewhat limited
by the fact that in some cases the observed differences in
responses to associates versus themes in the triazolam con-
ditions (although not significant) were in the same di-
rection as those in the placebo condition. Thus, further
studies are necessary to confirm the robustness of the
placebo—triazolam difference.

As in previous studies with the DRM paradigm, the
remember/know procedure was used in the present study
to investigate the qualitative nature of participants’
recognition responses. The observed pattern of R and K
responses in both the placebo and triazolam conditions
replicates the pattern reported in previous studies. In par-
ticular, participants provided higher proportions of R
than K responses to both associates and themes, and
higher proportions of both R and K responses to items
from studied lists than to items from nonstudied lists.
Analyses of R/K responses also yielded the following re-
sults, which provide insights into the differential opera-
tion in true versus false recognition of the processes un-
derlying R/K responses, as well as into the effects of
triazolam on these processes. First, under placebo condi-
tions, R, but not K, responses were higher to associates
than to themes; this result suggests that it is primarily the
process of recollection (the construct presumed to under-
lie R responses) that confers the recognition advantage to
associates {true recognition) over themes (false recogni-
tion), and that the process of familiarity (the construct
presumed to underlie K responses) contributes to a sim-
ilar degree to both true and false recognition. Given the
foregoing discussion about the different processes under-
lying true versus false recognition, it may be speculated
that recognition based on item-specific memory reflects
the operation of recollection, whereas recognition based
on memory for list-common semantic information reflects
the operation of familiarity. However, the notion that
false recognition is based exclusively on a familiarity-
based processes is difficult to reconcile with the high
proportions of R responses provided to themes in this
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and in previous studies, and with the vividness of partic-
ipants’ memory for the themes (see Roediger et al., 1998,
for a similar argument regarding difficulties with global
memory model and fuzzy trace theory accounts of true
versus false recognition). Second, the finding of a robust
triazolam-induced deficit in true recognition (i.e., of as-
sociates) for R but not K responses suggests that triazolam
produces a greater deficit in recollection than in famil-
iarity. This result is consistent with previous reports that
triazolam and other benzodiazepines produce greater def-
icits on explicit than on implicit memory tests (e.g., Schi-
fano & Curran, 1994; Weingartner et al., 1992). It should
be noted, however, that although triazolam was not asso-
ciated with a significant decrease in sensitivity (i.e., d)
for K responses relative to placebo, it was associated with
the adoption of a less conservative response bias (i.e., C)
for K responses. This finding is consistent with the re-
sults of a previous study in which participants exhibited a
less conservative response bias in responding to words in
a recognition memory test under triazolam than under
placebo conditions (Mintzer & Griffiths, 1999).

In calculating signal detection measures for themes by
comparing performance for themes from studied lists to
performance for themes from nonstudied lists, we have fol-
lowed the lead of other investigators in this area (e.g.,
Arndt & Hirshman, 1998; Schacter et al., 1999). However,
it should be noted that the conclusions drawn from these
signal detection analyses should be regarded cautiously. As
Miller and Wolford (1999) have pointed out, signal detec-
tion measures traditionally are calculated by comparing the
proportion of old responses made to each item type when
the item is presented to the proportion of old responses
made to the item type when the item is not presented; thus,
most false recognition studies lack a condition that is typ-
ically required for signal detection analyses—a condition
in which the theme word is actually presented during study.
The results of future studies in which this additional con-
dition is included will allow firm conclusions to be drawn
about whether the effects observed in the present study re-
flect changes in sensitivity or response bias.

To our knowledge, the DRM paradigm has not been
used previously in a repeated measures design. Thus, it is
possible that participants may have developed strategies
for performing the task across the three sessions, and that
this learning process may have varied depending on the
order in which participants received the drug conditions.
However, we believe it is unlikely that the use of a re-
peated measures design contributed significantly to the
effects reported above for the following reasons. First, to
achieve balance in presentation order and in the order of
drug conditions relative to one another, we determined
the order of drug conditions using the Williams (1949)
method. Four participants were assigned to each of the
six order conditions derived from the Williams method;
thus, any effects of drug order would have been counter-
balanced across participants. Second, we included the drug
condition that was administered during the first session
(i.e., placebo, triazolam 0.125 mg/70 kg, or triazolam
0.25 mg/70 kg) as a between-participants factor (8 par-

ticipants in each of the three conditions) in the original
ANOVAs conducted on the data. These analyses revealed
no significant main effects of the drug order variable on
any of the dependent variables. There was one significant
interaction—that between the drug order variable and
stimulus type (i.e., associate vs. theme) on d’ for K re-
sponses; however, Tukey’s post hoc tests revealed no sig-
nificant differences among conditions for this variable.
Third, in order to minimize any differences in learning
effects between the first and final two experimental ses-
sions, participants were exposed to the DRM paradigm
prior to the first session, at the initial screening interview,
in which they completed an abbreviated version of the
task (with a stimulus set different from that used for the
three experimental sessions). Finally, the results of pre-
vious studies suggest that the use of strategies does not,
in fact, substantially affect performance in the DRM par-
adigm; robust false recognition effects have been demon-
strated even under conditions when participants are fully
instructed about the nature of the effect and warned not
to make errors (e.g., Gallo, Roberts, & Seamon, 1997;
McDermott & Roediger, 1998).

The results of previous studies with triazolam and other
benzodiazepines suggest that benzodiazepines act primar-
ily to impair encoding processes, and do not impair retrieval
processes (e.g., Ghoneim, Hinrichs, & Mewaldt, 1984;
Weingartner, Sirocco, Curran, & Wolkowitz, 1995); there-
fore, the study phase of the DRM paradigm in the present
study was timed to coincide with the anticipated period of
triazolam’s peak effect. However, by varying the timing of
the study and test phases relative to drug administration,
future studies could systematically test the effects of tria-
zolam on encoding versus retrieval in the DRM paradigm.
The ability to examine different stages of memory pro-
cessing by manipulating drug administration time is an-
other advantage of studying drug-induced amnesia over
studying amnesic patients whose deficits are irreversible.

In summary, the primary result of the present study is
that the benzodiazepine hypnotic triazolam produced sig-
nificant dose-related reductions in false recognition rates
relative to placebo in the DRM paradigm. The results also
suggested that under drug versus nondrug conditions,
participants varied in the degree of their reliance on item-
specific memory versus memory for list-common seman-
tic information, and in their use of R versus K responses.
In addition to providing novel information about triazo-
lam’s memory-impairing effects, this study demonstrates
the usefulness of drug-induced amnesia as a tool to model
the deficits found in patients with organic amnesic syn-
dromes and to elucidate normal memory mechanisms.

REFERENCES

ANISFELD, M., & KNaPP, M. (1968). Association, synonymity, and di-
rectionality in false recognition. Journal of Experimental Psychol-
ogy, 77, 171-179.

ARNDT, J.. & HirsHMAN, E. (1998). True and false recognition in
MINERVA2: Explanations from a global matching perspective. Jour-
nal of Memory & Language, 39, 371-391.

BALOTA, D. A., CORTESE, M. J., DUCHEK, J. M., Apams, D., ROEDIGER,
H. L., III, McDERMOTT, K. B., & YERYS, B. E. {1999). Veridical and



false memories in healthy older adults and in dementia of the
Alzheimer’s type. Cognitive Neuropsychology, 16, 361-384.

BRAINERD, C. J., REYNA, V. E, & KNEER, R. (1995). False-recognition
reversal: When similarity is distinctive. Journal of Memory & Lan-
guage, 34, 157-185.

CURRAN, H. V. (1991). Benzodiazepines, memory, and mood: A review.
Psychopharmacology, 105, 1-8.

DEESE, J. (1959). On the prediction of occurrence of particular verbal
intrusions in immediate recall. Journal of Experimental Psychology,
58, 17-22.

Duka, T., CURRAN, H. V., RUSTED, J. M., & WEINGARTNER, H. J.
(1996). Perspectives on cognitive psychopharmacology research.
Behavioural Pharmacology, 7, 401-410.

GALLO, D. A., ROBERTS, M. J., & SEAMON, J. G. (1997). Remembering
words not presented in lists: Can we avoid creating false memories?
Psychonomic Bulletin & Review, 4, 271-276.

GHONEIM, M. M., HINRICHS, J. V., & MEWALDT, S. P. (1984). Dose-
response analysis of the behavioral effects of diazepam: 1. Learning
and memory. Psychopharmacology, 82, 291-295.

HintzMman, D. L. (1988). Judgments of frequency and recognition
memory in a multiple-trace memory model. Psychological Review,
95, 528-551.

HirsHMAN, E., PASSANNANTE, A., & ARNDT, J. (1999). The effect of
midazolam on the modality-match effect in implicit memory. Cogni-
tive Brain Research, 7, 473-479.

HoBas, W. R., RaLL, T. W., & VERDOORN, T. A. (1996). Hypnotics and
sedatives; ethanol. In J. G. Hardman, L. E. Limbird, P. B. MolinofT,
R. W. Ruddon, & A. G. Gilman (Eds.), Goodman and Gilman's The
pharmacological basis of therapeutics (pp. 361-396). New York:
McGraw-Hill.

Jounson, M. K., NoLDE, S. F., MATHER, M., KOouNI0s, J., SCHACTER,
D. L., & CurraN, T. (1997). Test format can affect the similarity of
brain activity associated with true and false recognition memory.
Psvchological Science, 8, 250-257.

Kirk, T., ROACHE, J. D., & GrIFFITHS, R. R. (1990). Dose-response eval-
uation of the amnestic effects of triazolam and pentobarbital in nor-
mal subjects. Journal of Clinical Psychopharmacology, 10, 160-167.

McLEop, D. R., GRIFFITHS, R. R., BIGELOW, G. E., & YINGLING, J. (1982).
An automated version of the digit symbol substitution test (DSST). Be-
havioral Research Methods & Instrumentation, 14, 463-466.

McDErMOTT, K. B., & ROEDIGER, H. L., I11 (1998). Attempting to avoid
illusory memories: Robust false recognition of associates persists
under conditions of explicit warnings and immediate testing. Journal
of Memory & Language, 39, 508-520.

MILLER, M. B., & WoOLFORD, G. L. (1999). Theoretical commentary:
The role of criterion shift in false memory. Psychological Review,
106, 398-405.

MINTZER, M. Z., FREY, J. M., YINGLING, J. E., & GRIFFITHS, R. R.
(1997). Triazolam and zolpidem: A comparison of their psychomotor,
cognitive, and subjective effects in healthy volunteers. Behavioural
Pharmacology, 8, 561-574.

MINTZER, M. Z.,'& GRIFFITHS, R. R. (1999). Triazolam and zolpidem:
Effects on human memory and attentional processes. Psychophar-
macology, 144, 8-19.

NorMAN, K. A., & SCHACTER, D. L. (1997). False recognition in
younger and older adults: Exploring the characteristics of illusory
memories. Memory & Cognition, 25, 838-848.

PAYNE, D. G., NEUSCHATZ, J. S., LAMPINEN, J. M., & LYNN, S. J.
(1997). Compelling memory illusions: The qualitative characteris-
tics of false memories. Current Directions in Psychological Science,
6, 56-60.

PoLsTER, M. R. (1993). Drug-induced amnesia: Implications for cogni-
tive neuropsychological investigations of memory. Psychological Re-
view, 114, 477-493.

RaJARAM, S. (1993). Remembering and knowing: Two means of access
to the personal past. Memory & Cognition, 21, 89-102.

READ.J. D. (1996). From a passing thought to a false memory in 2 min-
utes: Confusing real and illusory events. Psychonomic Bulletin & Re-
view, 3, 105-111.

TRIAZOLAM AND FALSE RECOGNITION 1365

ROEDIGER, H. L., III, & McDErMOTT, K. B. (1995). Creating false
memories: Remembering words not presented in lists. Journal of Ex-
perimental Psychology: Learning, Memory, & Cognition, 21, 803-
814.

ROEDIGER, H. L., III, McDErMOTT, K. B., & ROBINSON, K. J. (1998).
The role of associative processes in creating false memories. In M. A.
Conway, S. E. Gathercole, & C. Cornoldi (Eds.), Theories of memory
1T (pp. 187-245). Hove, U.K.: Psychological Press.

RUSSELL, W. A., & JENKINS, J. J. (1954). The complete Minnesota
norms for responses to 100 words from Kent—Rosanoff Word Associ-
ation Test (Tech. Rep. No. 11). Minneapolis: University of Min-
nesota.

SCHACTER, D. L., BUCKNER, R. L., KoutstaaL, W., DALE, A. M,, &
RosEN, B. R. (1997). Late onset of anterior prefrontal activity during
true and false recognition: An event-related fMRI study. Neurolmage,
6, 259-269.

SCHACTER, D. L., IsSRAEL, L., & RACINE, C. (1999). Suppressing false
recognition in younger and older adults: The distinctiveness heuristic.
Journal of Memory & Language, 40, 1-24.

SCHACTER, D. L., NormaN, K. A., & KouTsTaaL, W. (1998). The cog-
nitive neuroscience of constructive memory. Annual Review of Psy-
chology, 49, 289-318.

SCHACTER, D. L., REIMaN, E., CURRAN, T., YUN, L. S., BANDY, D., Mc-
DerMOTT, K. B., & ROEDIGER, H. L., Il (1996). Neuroanatomical
correlates of veridical and illusory recognition memory: Evidence
from positron emission tomography. Neuron, 17, 267-274.

SCHACTER, D. L., VERFAELLIE, M., & ANES, M. D. (1997). Illusory
memories in amnesic patients: Conceptual and perceptual false
recognition. Neuropsychology, 11, 331-342.

SCHACTER, D. L., VERFAELLIE, M., ANES, M. D., & RACINE, C. (1998).
When true recognition suppresses false recognition: Evidence from
amnesic patients. Journal of Cognitive Neuroscience, 10, 668-679.

SCHACTER, D. L., VERFAELLIE, M., & PRADERE, D. (1996). The neu-
ropsychology of memory illusions: False recall and recognition in
amnesic patients. Journal of Memory & Language, 35, 319-334.

ScHIFaNO, F., & CURraN, H. V. (1994). Pharmacological models of
memory dysfunction? A comparison of the effects of scopolamine
and lorazepam on word valence ratings, priming and recall. Psy-
chopharmacology, 115, 430-434.

SeEaMoON, J. G.,Luo, C.R., & GaLLO, D. A. (1998). Creating false mem-
ories of words with or without recognition of list items: Evidence for
nonconscious processes. Psychological Science, 9, 20-26.

SNODGRASS, J. G., & CorwiN, J. (1988). Pragmatics of measuring
recognition memory: Applications to dementia and amnesia. Journal
of Experimental Psychology: General, 117, 34-50.

TuLvING, E. (1985). Memory and consciousness. Canadian Psycholo-
gist, 26, 1-12.

UNDERWOOD, B. J. (1965). False recognition produced by implicit ver-
bal responses. Journal of Experimental Psychology, 70, 122-129.

WEINGARTNER, H. J., HOMMER, D., LISTER, R. G., THoMPsON, K., &
WoLkowITz, O. (1992). Selective effects of triazolam on memory.
Psychopharmacology, 106, 341-345.

WEINGARTNER, H. }., Strocco, K., CUrraN, V., & WoLkowiTtz, O.
(1995). Memory facilitation following the administration of the ben-
zodiazepine triazolam. Experimental & Clinical Psychopharmacol-
ogy, 3, 298-303.

WiLLiams, E. J. (1949). Experimental designs balanced for the estima-
tion of residual effects of treatments. Australian Journal of Scientific
Research, 2, 149-168.

Woopbs, J. H., KaTz, J. L., & WINGER, G. (1992). Benzodiazepines: Use,
abuse, and consequences. Pharmacological Review, 44, 151-347.

YONELINAS, A. P., KroLL, N. E. A,, DoBBINS, 1., LAzZZARA, M., &
KNIGHT, R. T. (1998). Recollection and familiarity deficits in amnesia:
Convergence of remember—know, process dissociation, and receiver
operating characteristic data. Neuropsychology, 12, 323-339.

(Manuscript received March 18, 1999;
revision accepted for publication January 13, 2000.)





