
&p.1:Abstract We tested the effects of lorazepam
0.038 mg/kg and diazepam 0.3 mg/kg on the identifica-
tion of pictures of everyday objects that were specifically
modified to examine the role of different parts of the ex-
ternal contour. By pressing the space bar of a computer
keyboard, observers could add 1% of the total contour of
each picture until it was recognized. Identification
thresholds were measured in three display conditions,
depending on where along the contour the addition of
contour pixels started. In the minima condition, stimuli
were initially displayed with only minima (i.e., locations
along the contour where negative curvature is strongest);
all parts with negative curvature were then built up grad-
ually from the minima and only later on were the frag-
ments with positive curvature shown until the contour
became closed at the maxima (i.e., locations where posi-
tive curvature is strongest). In the maxima condition, ini-
tially only the maxima were displayed, with all positive
contour built up first and then the negative curvature un-
til the minima were reached. In the inflections condition,
the points along the contour shown first were inflections
(i.e., points where curvature is locally zero because the
sign of curvature changes there) and contour was built up
by adding parts of positive and negative curvature at both
sides of each inflection until the extrema (minima and
maxima) were reached to close the contour of the pic-
ture. In general, picture identification was more difficult
(i.e., a larger portion of the contour was required) in the
minima condition than in the maxima and the inflections
conditions. The diazepam group did not differ signifi-
cantly from the placebo group, while the lorazepam
group had significantly lower performance in all three
display conditions. Results are discussed in relation to
previous research showing impaired perceptual integra-

tion and impaired implicit memory under lorazepam in-
fluence.
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Introduction

Recently, benzodiazepines were found to be useful in
dissociating two kinds of memory (e.g., Danion et al.
1989; for a review, see Danion 1994). The two most fre-
quently used benzodiazepines for this purpose are diaz-
epam and lorazepam. Free recall is impaired by both
drugs, whereas only lorazepam impairs priming in word
completion and picture completion (Sellal et al. 1992).
Free recall is a typical task involving explicit memory,
while priming effects in word and picture completion
tasks are typically assumed to reflect implicit memory
(Tulving and Schacter 1990). So, lorazepam impairs im-
plicit and explicit memory; diazepam impairs only ex-
plicit memory. Further investigation is going on to ex-
plain why the two benzodiazepines have differential ef-
fects on memory, since no special pharmacokinetic dif-
ferences are known.

In one of those studies, Vidailhet et al. (1994) tried to
find out if the lorazepam deficit on priming was perhaps
due to an acquisition deficit. Vidailhet et al. incidentally
found that lorazepam also impaired the ability to identify
new fragmented pictures, not only the identification of
old pictures. A reanalysis of results from a previous
study carried out by the same group (Sellal et al. 1992)
showed a similar trend towards higher identification
thresholds for new fragmented pictures in lorazepam-
treated subjects, although this trend did not reach statisti-
cal significance. Two hypotheses were then formulated
by Vidailhet et al. to explain this impaired picture com-
pletion. First, it could be an attentional effect due to the
sedation following lorazepam administration. This expla-
nation seems unlikely, since there are no differences be-
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tween lorazepam and diazepam in terms of sedation.
Moreover, there was no correlation between self-rated
sedation and identification threshold nor with symbol-
cancellation performance, a measure for sustained atten-
tion. Second, it could be that the practice effect which
was observed in the placebo group was impaired by lora-
zepam. Indeed, identification thresholds in the lorazepam
group were higher than placebo only in the last test
phase of the study, not in the initial one. This hypothesis
is not supported by a study of Legrand et al. (1995),
where the impairment of lorazepam was obtained in the
absence of any previous presentation. Vidailhet et al.
(1994, p. 403) therefore concluded: “...the reduced abili-
ty to identify fragmented pictures is more likely to result
from a true lorazepam effect on perception: lorazepam-
treated subjects need more contours, i.e. more perceptual
information, to identify fragmented pictures.”

At that time, it could not be excluded that the effect of
lorazepam was due to peripheral factors such as poor eye
movement control or visual acuity. Giersch et al. (1996)
designed an experiment to test this possibility. Subjects
had to match incomplete forms that were controlled on
the spacing and alignment of their local contour ele-
ments. A reference object was displayed first and then
followed by two laterally displayed objects, a target and
a distractor. The distractor was the mirror-reversed ver-
sion of the target. Performance, even with monocular
testing (to control for oculomotor imbalance), was im-
paired in the lorazepam group when the reference was an
incomplete form. Several ophthalmological and psycho-
physical tests were performed to exclude low-level visual
factors. These results confirmed that lorazepam has a
central effect on visual perception. Giersch et al. sug-
gested that lorazepam might enhance responses of end-
stopped cells through its GABAA agonistic effect. There-
fore, the results could be explained by an enhancement
of segmentation and thus an impairment of perceptual in-
tegration.

In sum, on the basis of previous research, we know
that lorazepam but not diazepam impairs implicit memo-
ry as measured through priming effects in picture frag-
ment completion. We also know that lorazepam impairs
picture fragment completion as such. Because lorazepam
is known to impair perceptual integration (Giersch et al.
1995, 1996), it is tempting to conclude that lorazepam’s
deleterious effect on picture fragment completion is
caused by its effect on perceptual integration. It is more
difficult to identify fragmented pictures because the visu-
al system has more difficulty integrating the fragments.

The present study was designed to clarify some of the
issues that are involved. First, we wanted to establish
clearly whether or not there is a dissociation between lo-
razepam and diazepam for identification of fragmented
pictures as such (as opposed to priming or implicit mem-
ory). To this end, we introduced a more sensitive mea-
sure of identification threshold. In previous research on
picture completion (e.g., Vidailhet et al. 1994), a set of
stimuli developed by Snodgrass et al. (1987; Snodgrass
and Corwin 1988) was used. This set consists of deleted

versions of the original Snodgrass and Vanderwart
(1980) pictures of everyday objects. Eight different lev-
els of deletion are created for each picture, by deleting a
variable percentage of all the pixels constituting a line
drawing, ranging from 0% (level 8) to 90% (level 1). The
measurement of picture identification thresholds at these
discrete intervals is rather crude and can be refined if
contour deletion would vary continuously from 0 to
100%. In our procedure, observers have on-line control
over the amount of pixels shown: each press on the space
bar of a computer keyboard adds only a few pixels along
the contour of the pictures (1% of the total number of
pixels defining the complete contour). The dependent
variable in our study is the percentage of the contour that
is needed to identify the pictures correctly.

Second, if a dissociation between lorazepam and diaz-
epam were to be found, we wanted to increase our un-
derstanding of the underlying causes by examining at
least some plausible possibilities. In identifying pictures
of everyday objects on the basis of local contour frag-
ments, a whole sequence of perceptual and cognitive
processes is involved that can be affected to some degree
by the drugs. Excluding the pure low-level visual factors
such as orientation discrimination and contrast sensitivi-
ty function as investigated by Giersch et al. (1996), this
sequence ranges from perceptual integration of small
contour fragments into larger meaningful wholes to the
matching of salient object features to a stored representa-
tion in memory. In the contour-deleted pictures from the
Snodgrass set, there is little control over these possibili-
ties, since pictures are deleted completely randomly
across the whole picture. This means that some frag-
ments may suddenly become available at a certain level
of contour deletion that trigger a diagnostic feature for a
particular object (e.g., the trunk of an elephant, the pedal
of a bicycle; see Rock 1975).

Furthermore, contour integration processes can differ
widely depending on the specific fragments to be inte-
grated. For example, Attneave (1954) demonstrated that
different regions along the contour are not equally infor-
mative [a notion that was later quantified in information-
theoretic terms by Resnikoff (1985)]. The most informa-
tive regions are those where curvature changes most, the
so-called curvature extrema (i.e., maxima, where positive
or convex curvature is strongest, and minima, where neg-
ative or concave curvature is strongest). At regions
around inflections (i.e., points where curvature is locally
zero because it changes sign), contour is not very impor-
tant because gaps can be filled in by simply extrapolating
the remaining line ends. More recently, Hoffman and
Richards (1984) have proposed that objects are parti-
tioned into their basic parts at regions of negative mini-
ma. This so-called minima rule of segmentation has be-
come incorporated into Biederman’s (1987) Recogni-
tion-by-Components theory of object recognition and has
also received some empirical support (e.g., Braunstein et
al. 1989; Waeytens et al. 1994).

In a recent study using random shapes, Lamote and
Wagemans (1998) have demonstrated that the saliency of
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contour deletions depends on the combined effect of
these two factors: deletions around inflections were more
difficult to detect because they are automatically filled
in, while deletions around negative minima were more
difficult to detect because they support the natural seg-
mentation of shapes into its basic parts. Deletions around
maxima were easiest to detect because neither low-level
filling in of the gaps nor higher-level integration of parts
into a structural object description is facilitated. As stat-
ed earlier, the Snodgrass set of fragmented pictures does
not allow these effects to be distinguished because the
location of the deletions along different curvature singu-
larities (minima, maxima, and inflections) was not con-
trolled.

We created variants of the Snodgrass pictures that al-
lowed this control. First of all, we extracted the external
contours from the pictures so that interior features could
no longer play a role in the identification of the pictures.
Moreover, we computed curvature along the contour and
created versions of the pictures in which contour deletion
was centred at minima, maxima or inflections. In this
way, we introduced three display conditions, depending
on where along the contour the addition of contour pix-
els started. In the minima condition, stimuli were initial-
ly displayed with only minima. All parts with negative
curvature were then built up gradually from the minima
and only later on were the fragments with positive curva-
ture shown until the contour became closed at the maxi-
ma. In the maxima condition, initially only the maxima
were displayed, with all positive contour built up first
and then the negative curvature until the minima were
reached. In the inflections condition, the points along the
contour shown first were inflections and contour was
built up by adding parts of positive and negative curva-
ture at both sides of each inflection until the extrema
(minima and maxima) were reached to close the contour
of the picture. Identification thresholds were measured
for these three different display conditions in each of
three separate pharmacological conditions: placebo, lora-
zepam and diazepam.

Two opposite predictions can be made. On the one
hand, if the previously obtained effects of lorazepam on
picture fragment completion are mainly caused by its ef-
fect on perceptual integration, it seems logical to expect
that the drugs will have a different effect in the three dis-
play conditions: in any event, perceptual integration ap-
pears rather different when the first available fragments
have negative, positive or zero curvature. On the other
hand, if the previously obtained effects of lorazepam on
picture fragment completion are mainly caused by its ef-
fect on memory, there is no reason to expect that the
drugs will have a different effect in the three display con-
ditions: in all conditions, a match has to be found be-
tween local contour fragments (or perceptually integrat-
ed larger areas) with similar elements in the visual object
representations stored in memory for the observer to be
able to identify the object.

Materials and methods

Subjects

The study was approved by the Faculty Ethics Committee.
Thirty-six paid healthy volunteers of both sexes, 28–35 years

of age, were recruited from the Faculty of Medicine at the Univer-
sity of Strasbourg. They had no medical illness or history of alco-
holism, drug abuse or tobacco consumption of more than ten ciga-
rettes/day. They were not chronic users of benzodiazepines and
had not taken any concomitant medication for at least 21 days.
Subjects were instructed to abstain from beverages containing caf-
feine or alcohol for the 24 h prior to the study. All subjects were
tested in the morning after an overnight fast. They all had normal
or corrected-to-normal vision. Written informed consent was ob-
tained from all volunteers before they entered the study.

Experimental design and drugs

Subjects were randomly assigned to one of three parallel groups of
12 subjects each: a placebo group, a lorazepam 0.038 mg/kg group
and a diazepam 0.3 mg/kg group. The drug tablet was given orally
using a double-blind procedure. In order to evaluate the cognitive
effects of each drug during its peak plasma concentration, which is
usually attained within 60 min after oral administration for diaz-
epam and 120 min for lorazepam (Mandelli et al. 1978; Greenblatt
1981), a double-placebo procedure was used. Subjects in the diaz-
epam group received placebo at 7.30 a.m. and diazepam at 8.30
a.m.; subjects in the lorazepam group received lorazepam at 7.30
a.m. and placebo at 8.30 a.m.; and subjects in the placebo group
received placebo at 7.30 a.m. and at 8.30 a.m.

Each subject received a set of 66 pictures: 22 in the minima
condition, 22 in the maxima condition, and 22 in the inflections
condition. Three picture sets were created that specified which 22
pictures would be shown in which of the three display conditions.
Picture sets were counterbalanced by randomly assigning one pic-
ture set to each group of four subjects in each of the pharmacolog-
ical conditions to ensure that differences between conditions could
not be the accidental result of particular picture-display condition
pairings.

Stimuli

Stimuli were transformed Snodgrass and Vanderwart (1980) pic-
tures of everyday objects (see Wagemans et al., unpublished, for a
detailed description of how we made the stimuli). We first created
external contour versions of all 260 original line drawings in two
steps. First, silhouette versions of each line drawing were obtained
by blackening the complete area enclosed by the picture’s outline,
effectively removing all interior features. Second, perfectly
smooth contours were obtained by computer vision algorithms for
edge extraction and spline fitting (developed and implemented at
the Department of Electronics at the University of Leuven). The
resulting outlines were then tested in a normative study (with over
180 participants) to select those that were almost perfectly recog-
nizable when complete. This is important if one wants to examine
the role of specific contour deletions.

In selecting appropriate stimuli from our set of outlines that
could be recognized by an overwhelming majority of people
(around 90% or more), two additional considerations played a
role. First, shapes needed to have reasonable amounts of curvature
variation. For example, a banana is recognized perfectly based on
an outline drawing but it has relatively little curvature variation
(i.e., too few curvature singularities). Most of the insects were re-
jected as possible stimuli because they had too many sharp curva-
ture changes (at all the legs and feelers). Second, we also attempt-
ed to have a representative selection of everyday objects (e.g., not
too many animals). Appendix A lists the selected stimuli along
with their recognizability (both name agreement and concept
agreement).
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We then developed a computer program that could draw the
outlines in an interactive way, adding a few pixels to the outline
each time the user presses the space bar of the computer’s key-
board. The program computed how many points were needed to
draw the complete outline and then added 1% of these with each
space bar press. The gradual addition of extra points along the
contour was controlled to occur in one of three ways, depending
on where along the contour the addition of contour pixels started.
Examples of the stimuli are shown in Fig. 1. In the minima condi-
tion (m– in Fig. 1), the first few pixels that appeared on the com-
puter screen were located at points where negative curvature was
strongest (i.e., the negative minima). Subsequent pixels were add-
ed first in the regions around these minima so that all parts with
negative curvature were built up first. Later, the fragments with
positive curvature were shown until the contour became closed at
the maxima. In the maxima condition (M+ in Fig. 1), the first few
pixels that appeared on the computer screen were located at points

where positive curvature was strongest (i.e., the positive maxima).
Subsequent pixels were added first in the regions around these
maxima, so that all parts with positive curvature were built up
first. Later, the fragments with negative curvature were shown un-
til the contour became closed at the minima. In the inflections
condition (I in Fig. 1), the first few pixels that appeared on the
screen were points where curvature changes sign from positive to
negative (i.e., the inflections). The contour was then built up grad-
ually by adding parts of positive and negative curvature at both
sides of each inflection until the extrema (minima and maxima)
were reached to close the contour of the picture. At a viewing dis-
tance of 68 cm (held constant by a chin rest), the mean angular
size of the stimuli was 9° horizontally and vertically.

Apparatus

Stimuli were generated through a C++ program running on a
Western Energy computer 486 DX2 66 with an SVGA graphic
card. They were displayed on a black and white video monitor at a
resolution of 640×480 pixels. The pixels constituting a stimulus
contour were black on a light grey background (31 cd/m2), viewed
in a darkened room (0.02 cd/m2). Stimuli were viewed monocular-
ly (with the subject’s dominant eye).

Procedure

Subjects were instructed to try to identify the objects with as little
contour information as possible. They were encouraged to press
the space bar to get more contour and to stop pressing as soon as
they thought they could give the object’s name. When it was
named correctly, the experimenter entered another key on the key-
board (i.e., the zero on the numerical keypath) and the computer
program registered the percentage of the contour required for rec-
ognition. When the object was named incorrectly, subjects were
told to proceed to get more of the contour, until they named it cor-
rectly or until it was drawn completely. Subjects needed around
20 min to complete the 66 pictures (22 in each of the three display
conditions).

Results

From a total of 2376 trials (36 subjects × 66 stimuli), 28
trials (around 1%) had to be excluded because subjects
did not recognize the object, even when its external con-
tour was drawn completely. Eighteen participants did not
recognize one or more objects: eight in the lorazepam
group, six in the diazepam group and four in the placebo
group. Eleven additional trials had to be excluded be-
cause the stimuli had not been presented (this was
caused by the experimenter having pressed the zero key
twice instead of only once). An ANOVA was carried out
on the identification thresholds (percent contour needed)
with display condition and drug as independent vari-
ables.

There was a significant effect of display condition,
[F=50.32, P<0.0001]. In the minima condition, 54.8% of
the contour was needed; in the maxima condition, 46.9%
of the contour was needed; and in the inflections condi-
tion, only 44.5% was required. A Tukey HSD procedure
revealed that the minima condition yielded significantly
higher thresholds than the other two conditions, which
did not differ reliably from each other. There was also a
significant effect of drug group, [F=59.10, P<0.0001].

Fig. 1 Examples of stimuli. For illustration purposes, we show
two pictures at 20%, 40%, and 60% of the pixels defining the
complete outline of a picture (displayed in three columns, left,
middle and right, respectively), whereas the experimental para-
digm allowed continuous addition of pixels to obtain fine-grained
identification thresholds (see Methods). The first three rowsshow
stimuli derived from object No. 003: first, in the minima (m–) con-
dition, when contour is built around regions of strong negative
curvature; then in the maxima (M+) condition, when contour is
built around regions of strong positive curvature; and finally in the
inflections (I) condition, when contour is built around regions of
zero curvature. The next three rowsshow stimuli derived from ob-
ject No. 223: in the m– condition, in the M+ condition, and in the
I condition&/fig.c:
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Tukey a posteriori comparisons revealed that only lora-
zepam (55.4% contour needed) differed statistically sig-
nificantly from placebo (44.6%); diazepam (46.1%) did
not differ from placebo. The interaction effect was not
significant, (F<1). As can be seen in Fig. 2, this means
that the same relative difficulties between the three dis-
play conditions occurred for all three pharmacological
conditions, with diazepam and placebo at more or less
the same levels and lorazepam significantly higher.

Stimulus sets were counterbalanced to avoid differ-
ences between conditions resulting from accidental dif-
ferences in stimulus difficulty. Another way to assess the
stability of the main effects is to test whether the relative
stimulus difficulties of individual pictures (i.e., percent
contour needed to identify each picture) are more or less
the same in the different conditions. We did this for both
of the main effects in the following way. First, we calcu-
lated the average stimulus difficulty of each picture
across display conditions and observers and then com-
puted the pairwise correlations amongst the three drug
groups. These correlations were consistently high, be-
tween 0.84 and 0.87 (see Table 1A). Second, we calcu-
lated the average stimulus difficulty of each picture
across drug groups and observers and then computed the

pairwise correlations amongst the three display condi-
tions. As could be expected, these correlations were
somewhat lower, between 0.57 and 0.74 (see Table 1B).
In general, the fact that all of these correlations are high
(i.e., reliably different from 0 at P<0.0001 level) sup-
ports the robustness of the effects of interest.

Discussion

The results are quite straightforward: in general, pictures
of everyday objects are easiest to recognize on the basis
of fragments of their outlines when the first fragments
that are displayed are situated around the inflections or
around the positive maxima; it is most difficult when
around the negative minima. More importantly for the
purpose of this study, the exact same ordering of display
conditions was obtained for all three pharmacological
conditions (i.e., no interaction effect), with essentially no
difference between the diazepam group and the placebo
group, and the lorazepam group requiring significantly
more contour for all three display conditions (see Fig. 2).
It is unlikely that the higher identification thresholds for
lorazepam are caused by a tendency of the subjects to
postpone their response until they are more confident.
MacNab et al. (1985) have used signal-detection theory
to evaluate the effect of diazepam on critical flicker-fu-
sion frequency. They found that, while detectability (d′)
was affected by diazepam, there was no significant dif-
ference between placebo and diazepam for the response
criterion (β). Giersch (1998) also used signal-detection
theory in a visual search paradigm. She found no differ-
ence between placebo and lorazepam in the β-index both
before and after the intake of the drug.

Thus, the results permit us to draw some conclusions
with respect to the issues raised in the introduction. First
of all, this experiment has established clearly that there
is an important dissociation between lorazepam and di-
azepam: lorazepam impairs the identification of pictures
on the basis of contour fragments, while diazepam does
not. Moreover, the fact that there is no interaction be-
tween display condition and drug group appears to rule
out at least some possible explanations of the dissocia-

Fig. 2 Experimental results:
identification thresholds (ex-
pressed in percent of the con-
tour needed to name the depict-
ed object correctly) as a func-
tion of display condition and
drug group. Both factors have a
significant main effect, but they
do not interact

Table 1 A Pairwise correlations between the average stimulus
difficulties in the three drug groups. B Pairwise correlations be-
tween the average stimulus difficulties in the three display condi-
tions&/tbl.c:&tbl.b:

A

Diazepam Lorazepam Placebo

Diazepam – 0.87 0.84
Lorazepam – 0.87
Placebo –

B

Minima Maxima Inflections

Minima – 0.57 0.74
Maxima – 0.71
Inflections –

&/tbl.b:



331

tion. In the Introduction, we argued that specific types of
contour deletions instigate specific perceptual integration
processes. When gaps are created at inflections, automat-
ic filling in based on the remaining line ends is suffi-
cient. In contrast, when gaps are located at extrema, sim-
ple filling in is no longer possible because the remaining
line ends change curvature rapidly and rather unpredict-
ably. When the regions around the minima are deleted,
the resulting segmentation confirms the spontaneous de-
composition of a whole shape into its component parts
(following the minima rule of segmentation by Hoffman
and Richards 1984). Lamote and Wagemans (1998) have
demonstrated that deletions at maxima are easiest to de-
tect because neither of these two factors (automatic fill-
ing in and natural shape decomposition) comes into play.

Our study differs from theirs in three important re-
spects. First, their stimuli were random shapes, while
ours were outlines of familiar everyday objects. Second,
their subjects were asked to detect gaps, while ours had
to identify pictures from the smallest possible number of
contour fragments. This means that filling in or percep-
tual integration was good for our task, while it was bad
for theirs. Third, just as the task was complementary, in a
sense, so was the definition of the display conditions: in
their study, gaps were located at minima, maxima, or in-
flections, while in our study, the gradual addition of con-
tour fragments started at minima, maxima, or inflections.

Although these differences are important enough to
prevent a simple translation of their results into predic-
tions for our experiment, it remains the case that in terms
of perceptual-integration processes the three display con-
ditions in our experiment should have been different
enough to leave open the possibility that one or both of
the drugs would yield different effects in one of the three
display conditions. However, the fact that none of the
three display conditions was differentially affected by
neither lorazepam nor diazepam makes it rather unlikely
that perceptual-integration processes have been the ma-
jor underlying cause in previously obtained deleterious
effects of lorazepam on identification of incomplete pic-
tures.

We therefore propose that the reason for the effects
must be situated at a higher level of processing, where
GABAA is also known to play a role according to recent
research. For instance, Bishop and Curran (1995) found
the classical deleterious effect of lorazepam in a priming
task on word completion. When a benzodiazepine
GABAA antagonist was given to the subjects, the deleteri-
ous effect on priming was reduced, suggesting that
GABAA receptors are also involved in memory processes.
They concluded that the effects of lorazepam on implicit
memory tasks are mediated by the same benzodiazepine
receptors that mediate lorazepam’s other cognitive effects.

We offer two lines of speculation that provide insight
into possible reasons of the lorazepam impairment at the
level of memory processes. (The reason why diazepam
and lorazepam would have differential effects on cogni-
tive processes, we are happy to leave to specialists in
pharmacokinetics or biochemistry to explain.) A first
speculation hinges on the well-known dissociation be-

tween lorazepam and diazepam with respect to implicit
memory. In the picture-completion task, subjects have to
identify pictures based on local fragments. Perceptual in-
tegration helps, but is not always needed. The essential
requirement is that a match is found between visual ele-
ments in the display and similar visual elements in the
object representations in memory. Whether these visual
elements are small and fragmented or large and integrat-
ed is rather irrelevant for the task performance. In the
Snodgrass picture-completion task, the local fragments
are distributed randomly across the whole picture so that
sometimes local features become recognized as parts of
an existing object; when these features are diagnostic,
the whole object is recognized. In our picture-completion
task, the location of the local fragments that are shown
first is well controlled to be at minima, maxima, or in-
flections. This factor has a strong effect on performance,
but its effect is probably caused more strongly by the
identification component of the task than by the percep-
tual-integration component of it.

Inflections appeared to be easiest, probably because
there were more fragments for the same number of pixels
so that information about the contour was distributed
more homogeneously (a similar effect may have oc-
curred in Biederman’s 1987 deleted picture recognition
experiment; compare the two columns at the right of his
Fig. 16, p. 135). A smaller amount of contour was need-
ed when the first fragments had positive curvature (in the
maxima condition) than when they had negative curva-
ture (in the minima condition). This is understandable
because negatively curved contour fragments do not de-
fine the object parts well: according to the convexity rule
in figure-ground segregation (e.g., Hoffman and Rich-
ards 1984; Vaina and Zlateva 1990; Peterson 1994; Bay-
lis and Driver 1995a; Driver and Baylis 1995b), a figure
is most spontaneously located at the convex side of the
contour. In case of negatively curved contour fragments,
there is a tendency to see the “parts” of the object at the
wrong side of the contour. For example, in Fig. 1, the al-
ligator is difficult to recognize in the m– condition be-
cause of that reason.

A second speculation hinges on the well-known dis-
tinction between different levels of stored memory repre-
sentations. On the basis of experimental data, Riddoch
and Humphreys (1987) suggested that to be identified an
object must access at least three levels of stored memory
representations: the structural representation of the form
of the object, the semantic representation of the function
and the lexical representation of the name. This hypothe-
sis was supported by neuropsychological data on brain-
damaged patients showing that the different levels can be
selectively affected by a lesion. In a more recent paper
(Humphreys et al. 1995), they proposed that there is
spreading of activation within a level of stored represen-
tations that is further transmitted continuously (in cas-
cade) to the other levels. For a naming task, their model
involved intra-level inhibition to eliminate the wrong
representations that were activated by the spreading
mechanism. Using a “speeded naming condition”, Vit-
kovitch and Humphreys (1991) showed that when sub-



332

jects are given only 600 ms to name a picture, they have
a strong tendency to make visuo-semantic errors, espe-
cially for objects from categories having a high intra-cat-
egory similarity (e.g., animals; see also Vitkovitch et al.
1993). This suggests that several structurally and seman-
tically similar objects are simultaneously activated in
memory. When few contour elements are available to
identify an object, many candidates might be activated at
all levels of representation thus producing noise in the
memory system. It might be that either the amount of
noise is larger with lorazepam, or the inhibitory mecha-
nisms required to suppress the incorrect candidates are
enhanced so much through the GABAA agonistic effect
of lorazepam as also to suppress the correct candidates.

To substantiate this account further, several open ques-
tions remain to be answered by future research. First of
all, studies should be designed in which the importance of
the memory component is manipulated. On the one hand,
it could be made to disappear in experiments with ran-
dom shapes. We are presently running a pharmacological
study with the random shapes from the Lamote and
Wagemans (1998) study: if the reasoning developed
above makes sense, lorazepam should enhance (not im-
pair!) performance in a gap detection task (probably more
in the inflections condition than in the maxima or minima
conditions) because its GABAA agonistic effect should
enhance end-stopping and thus prevent automatic filling-
in. On the other hand, the memory component could be-
come more central in experiments that dissociate implicit
from explicit memory. For example, using the present
stimulus set, one could run a study in which subjects in a
second block of trials have to perform one of two tasks:
either they have to perform the same task again (as in ear-
lier picture-completion experiments to measure priming
or implicit memory) or they have to say whether they
have seen the object in the first block of trials (in order to
tap into their explicit memory). One could then look at all
possible transfer conditions (e.g., minima in first block,
maxima in second block) and possible dissociations be-
tween lorazepam and diazepam. Finally, the plausibility
of the account in terms of inhibition of memory represen-
tations could be tested using a speeded naming task.
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Appendix A

List of experimental stimuli: pictures selected from the Snodgrass
and Vanderwart (1980) set that were sufficiently recognizable on
the basis of their external contour

Identification Name % Correct % Correct
no. name concept

003 alligator 82.98 88.30
004 anchor 95.50 95.50
006 apple 98.87 98.87
007 arm 97.75 97.75
013 baby carriage 78.65 98.87
021 bear 74.16 97.75
028 bird 92.13 100.0
033 bow 90.42 95.74
040 butterfly 100.0 100.0
044 candle 92.55 93.62
047 car 100.0 100.0
048 carrot 100.0 100.0
053 chair 94.68 100.0
055 chicken 97.75 100.0
068 cow 87.23 97.87
071 deer 96.63 100.0
073 dog 100.0 100.0
081 duck 96.81 97.87
084 elephant 100.0 100.0
089 fish 100.0 100.0
090 flag 98.87 98.87
091 flower 98.94 100.0
093 fly 82.98 94.68
097 fork 100.0 100.0
098 fox 91.01 91.01
100 frog 93.26 100.0
103 giraffe 100.0 100.0
105 glasses 85.39 88.76
111 guitar 100.0 100.0
114 hammer 97.75 98.87
118 hat 98.94 98.94
120 helicopter 98.94 98.94
121 horse 100.0 100.0
126 kangaroo 100.0 100.0
128 key 98.87 98.87
129 kite 97.75 100.0
134 leg 96.81 100.0
140 lion 100.0 100.0
142 lobster 91.01 92.13
145 monkey 94.38 100.0
149 mouse 82.89 91.49
150 mushroom 98.94 98.94
159 ostrich 91.01 91.01
162 pants 100.0 100.0
169 penguin 98.87 98.87
172 pig 85.39 92.13
182 rabbit 98.87 98.87
186 rhinoceros 92.55 98.87
188 rocking chair 83.15 92.13
190 rolling spin 97.75 97.75
193 sailing boat 75.53 96.81
197 scissors 98.94 98.94
199 screwdriver 97.75 97.75
204 shoe 100.0 100.0
209 snake 100.0 100.0
210 snowman 100.0 100.0
212 spider 93.62 97.87
216 squirrel 90.42 95.74
223 swan 93.62 93.62
241 tree 98.87 100.0
242 truck 95.51 100.0
243 trumpet 98.87 98.87
244 turtle 98.87 98.87
245 umbrella 97.75 100.0
246 vase 94.68 95.74
251 watering can 95.51 97.75

Note: identification number refers to the number in the original
Snodgrass and Vanderwart (1980) picture set, where we have also
found the most common English name. Subjects in the normative
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study in Leuven (where these data were obtained from) were
Dutch speaking, while the subjects in the pharmacological study
were French speaking. The first column with data reports the per-
centage of the subjects that recognized the object on the basis of
its outline by giving the most common name; the second column
reports the percentage of the subjects that recognized the object by
giving the most common name or another name referring to the
same concept (e.g., name from a local dialect) or a somewhat
more specific concept that cannot be distinguished on the basis of
the outline alone (e.g., sun glasses, ice bear). See Wagemans et al.
(unpublished) for more details about the procedures in this norma-
tive study.
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