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General introduction 

Chapter 1: General Introduction 

1.1 Introduction 

Benzodiazepines (BZDs) induce their sedative, hypnotic, anxiolytic, muscle relaxant 
and anti-convulsant effects by potentiating the actions of the inhibitory 
neurotransmitter gamma aminobutyric acid (GABA) (Ghoneim & Mewaldt, 1990). 
BZDs are often prescribed for treating anxiety and sleep disorders. In the 
Netherlands, half a million people, particularly the elderly, use benzodiazepines 
chronically and thirty percent of them are addicted to benzodiazepines (Hemels, 
1997). The main medical concerns related to long-term BZD use have been the 
physiological dependence (Rosenberg & Chiù, 1985; Golombok, 1989; Woods & 
Winger, 1995), tolerance (File, 1985) and withdrawal symptoms (Rickels et al., 
1990). Another significant problem associated with long-term use, are the BZD-
induced cognitive impairments: BZDs induce impairments in memory and impair 
psychomotor function (Gorenstein et al., 1994, 1995; Tonne et al., 1995). Also 
performance on common tasks including driving performance is impaired 
(Hindmarch, 1990; O'Hanlon et al., 1995). However, these impairments are not 
restricted to long-term use but are also found after administration of a single dose. In 
fact, the (single dose) BZD-induced memory impairment is considered as a desirable 
property by anaesthetists, because administration of a BZD as premedication prior to 
endoscopy or general anaesthesia induces amnesia for unpleasant preoperative events 
(O'Boyle, 1988). 

The finding that a single dose of a BZD exerts its major cognitive side-effect on 
memory is not only of practical but also of theoretical relevance. Firstly, since BZD-
induced memory impairments1 have certain features in common with organic 
amnesias, such as those occurring after temporal lobe or diencephalic damage (e.g., 
Korsakoff syndrome), it has been suggested that BZD-induced amnesia may provide a 
useful model for organic amnesias (Brown et al, 1982; Curran, 1986; Wolkowitz et 
al., 1987). The advantage of a pharmacologically-induced amnesia is that it provides a 
way to study aspects of memory that cannot be easily examined in amnesic patients. 
For example, the onset and resolution of the memory impairment can be controlled to 
some extent by the experimenter, so that the amnesic state can be used as an 
independent variable in different phases of learning (Polster, 1993; Polster et al., 

Most benzodiazepines (BZDs) do not induce a profound amnesia but a restricted memory impairment. For 
stylistic reasons BZD-induced amnesia and BZD-induced memory impairment are used interchangeably. 
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1993). Theoretical relevance is derived secondly from findings that BZDs exert their 
effects on some, but not all memory processes. These differential effects may help 
elucidate functional and double dissociations in normal memory. Thirdly, since it is 
known on which neurotransmitter system BZDs exert their effect, they offer potential 
tools in studying the interrelationship between neurochemical and memory processes 
(Frith, 1991). 

Despite its theoretical relevance, cognitive neuropsychologists have generally 
overlooked the research on drug-induced memory impairments (Polster, 1993). 
Additionally, psychopharmacologists have long been unwilling to invest in the 
difficult task of linking neurochemical substrates to aspects of the cognitive system 
(Rusted, 1994). Human psychopharmacological studies generally have turned out to 
be data-driven (Callaway et al., 1994), and until the 1980s, most studies have focused 
only on whether and which BZDs affect memory and other cognitive functions. 
Moreover, most experiments were aimed to find effects on tasks, but researchers were 
not interested in the mental functions underlying performance on these tasks (Sanders 
& Wauschkuhn, 1988). Studies on BZD-effects on psychomotor performance 
(Johnson & Chemik, 1982; Smiley, 1987; Hindmarch, 1990) and on memory (Lister, 
1985; Curran, 1986; Ghoneim & Mewaldt, 1990) have been extensively reviewed. 
This research has subsequently stimulated several groups to document the nature of 
the BZD-induced amnesia. 

1.2 Do benzodiazepines impair a specific component of human memory? 

Dose related memory impairments, after a single dose of BZDs, have been amply 
demonstrated in studies with healthy volunteers (Block & Berchou, 1984; Brown et 
al., 1982, 1983; Curran, 1986, 1991; Curran et al., 1987, 1991, 1993b; Fang et al., 
1987; Frith et al., 1984; Ghoneim & Mewaldt, 1975, 1990; Ghoneim et al., 1984a, 
1984b; Hinrichs et al., 1982; Liljequist et al., 1978; Lister, 1985; Mewaldt et al., 
1986; Preston, 1988; Rœhrs et al., 1983; Roth et al., 1980, 1984). In general it is 
found that the more demands a task places on memory, the more sensitive it is to the 
effects of BZDs. For instance, the longer a word list that has to be learned, the larger 
the impairment; recall tasks are more sensitive than recognition tasks; immediate 
recall is less sensitive than delayed recall; and the less meaningful the material, the 
greater the drug effect (Curran, 1986). 

Several researchers have tried to elucidate which specific dimensions and/or 
components of memory are impaired. For this, memory taxonomies have been 
contrasted such as episodic vs. semantic, implicit vs. explicit and long-term vs. short-
term. Additionally, a number of studies have addressed the effects of BZDs on 
acquisition, retention and retrieval processes and on different subsystems of working 
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General introduction 

memory. Finally, effects of BZDs on different encoding operations have been 
assessed. The findings of these studies will be summarised below. The review of 
these studies is not exhaustive, but forms the starting-point of the experiments 
presented in this thesis. 

1.2.1 Episodic and semantic memory 

A large number of studies have documented the BZD-induced memory impairment 
by examining memory for word lists, line drawings, paired-associates or pictures. 
Memory is tested with free recall, cued recall and recognition tasks. The common 
factor of these tasks is that they all involve episodic memory (memory for personal 
experiences, Tulving, 1983). Impairments after BZD intake have been found 
consistently on various episodic memory tasks (see Curran, 1986; Ghoneim & 
Mewaldt, 1990, for reviews). 

The lack of BZDs effects on retrieval from semantic memory - that is, memory for 
conceptual knowledge of words and objects (Tulving, 1983) - is also very consistent. 
The tasks used most frequently to assess semantic memory are fluency tasks, in 
which subjects are asked to retrieve as many instances as possible from a specific 
semantic category, for example, animals or fruits. Studies generally report no 
detrimental effects of BZDs on generating words from semantic memory (Brown et 
al., 1983; Ghoneim et al., 1984a; Mewaldt et al., 1986; Curran et al., 1987; 
Wolkowitz et al., 1987; Danion et al., 1989; File et al., 1992). However, subjects 
after BZD intake are sometimes found to be slower in retrieval from semantic 
memory (Brown et al., 1983; Ghoneim et al., 1984a). Retrieval from semantic 
memory was also found to be slowed down after lorazepam and oxazepam intake in a 
sentence verification task (Curran et al., 1993b). In such a task subjects have to verify 
sentences as quickly as possible (e.g., doctors are always sold in pairs, horses have 
four legs). However, semantic fluency tasks and sentence verification tasks only tap 
retrieval processes from semantic memory, but do not tap the acquisition of new 
knowledge in semantic memory. To our knowledge, no study has yet been done to 
assess the effects of BZDs on aspects other than retrieval from semantic memory. 

1.2.2 Implicit and explicit memory 

Most studies of the effects of BZDs on memory use explicit memory tasks, e.g., free 
recall of word lists, for which the learning experience has to be recollected. More 
recently, the effects of BZDs on implicit memory have been investigated. Implicit 
memory is revealed in a memory task in which memory for a learning event is tested 
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without reference to that event, thus when performance on a task is facilitated without 
conscious recollection of the learning episode (Graf & Schacter, 1985). This can be 
shown in repetition priming tasks or in skill learning tasks. 

In many studies, repetition priming has been measured with word-stem completion 
tasks. A typical procedure for such a word-stem completion task is the presentation of 
a word list with no learning instruction, but subjects have to rate each word according 
to how much they like or dislike it. After a short interval, a list of word-stems (e.g., 
the first three letters of possible words) is provided and subjects are required to 
complete them to the first word that comes to mind. If subjects have studied the word 
"telegraph' in the learning phase, they are more likely to complete the word-stem ЧеГ 
as 'telegraph' than as 'telephone'. The repetition priming effect is the number of stems 
completed with words they had seen previously, minus words that would be 
completed by chance. 

Oxazepam (Curran & Gorenstein 1993), triazolam (Weingartner et al., 1992), 
diazepam (Fang et al., 1987; Danion et al., 1989, 1990; Sellai et al., 1992), 
flunitrazepam (Pompéia et al., 1996), nitrazepam (Pompéia et al., 1996) and 
alprazolam (Curran et al., 1994) have all been reported to have an effect on explicit 
memory, but no effect on implicit memory as measured with word-stem completion 
tasks. In this respect, BZDs mimic the organic amnesias by sparing implicit memory 
while affecting explicit memory. However, lorazepam appears to be an exception to 
the rule, since several studies have shown consistently that lorazepam (2 mg and 2.5 
mg orally) impairs both explicit and implicit memory (Brown et al., 1989; Danion et 
al., 1992; Curran & Gorenstein 1993; Bishop & Curran, 1995; Stewart et al., 1996). It 
is not clear whether differential pharmacological properties of lorazepam can account 
for the differential amnesic effects. 

Another way in which implicit memory is assessed is by skill learning tasks, also 
referred to as procedural memory tasks (Squire, 1987). Studies on the effects of 
BZDs on procedural memory are limited in number compared to the repetition 
priming literature. First, Knopman (1991) found that lorazepam (2.5 mg orally) did 
not impair the learning of a repeating motor sequence on a serial reaction time task. 
However, the same dose lorazepam did impair the learning of a sequence on a verbal 
serial reaction time task. In a study by Weingartner et al. (1992), subjects solved 
anagrams twice. Subjects after triazolam intake did benefit to the same extent as the 
placebo group from a previous exposure to a similar word problem task (with 
different words). Danion et al. (1992) assessed the effects of lorazepam (2.5 mg 
orally) on learning the Tower of Toronto puzzle after repeated testing. They found 
that subjects after lorazepam intake acquired the routine of the puzzle as well as the 
placebo controls, implying that skill learning is not affected. Furthermore, no 
lorazepam effect (2.5 mg orally) was found on the acquisition of backward reading 
skills (File & Lister, 1983; Lister & File, 1984). In contrast to these results, Curran et 
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al. (1991) did find a detrimental effect of lorazepam (2 mg orally) on the pursuit rotor 
task, but this effect could also be explained by a reduction in motor speed. Generally, 
it is concluded that BZDs do not impair learning of skills or procedures (Ghoneim & 
Mewaldt, 1990). It should be noted that lorazepam appears to affect implicit memory 
when assessed by repetition priming tasks, but does not affect implicit memory when 
measured by skill learning. 

1.2.3 Long-term and short-term memory 

Many studies have shown that performance on digit span tasks is not affected after 
BZD2 intake (Ghoneim & Mewaldt; 1975; Brown et al., 1983; Curran, 1986; Rusted 
et al., 1991; Knopman, 1991). In addition, recall of the most recently presented items 
of a word list (i.e., the recency effect) is unaffected by BZDs. But, recall of words 
presented at the beginning of a list (i.e., the primacy effect) and of words presented in 
the middle of a list, is affected by BZDs (Ghoneim & Mewaldt, 1975; Ghoneim et al., 
1981; Hinrichs et al., 1982; Frith et al., 1984; Brown et al., 1994). This shows that 
long-term memory, but not short-term memory, is affected by BZDs. Finally, no 
effects of BZDs on short-term memory have been found on a Sternberg memory 
scanning task, except for a general slowing down of responding (Subhan, 1984), 
which is a common finding after BZDs intake on all kinds of psychomotor tasks 
(Hindmarch, 1990). 

1.2.4 Acquisition, retention and retrieval processes 

It generally has been found that BZDs impair the acquisition of new information and 
do not impair retrieval processes. Evidence for this comes from studies in which 
subjects have to learn a word list before drug intake and one after BZD intake. Words 
from both lists have to be recalled when under influence of the drug, and it has been 
found that only recall of the list learned after drug administration is impaired after 
BZD intake (Ghoneim & Mewaldt; 1975; Brown et al., 1982, 1983). Moreover, recall 
of word lists learned before drug intake has been shown to be significantly better after 
diazepam intake than after placebo intake (Hinrichs et al., 1984). This so called 
"retrograde facilitation" effect was, however, only found when subjects had to leam a 

The pattern of lorazepam effect on explicit memory, parallels the pattern of effects of other BZDs, i.e., 
preserved short-term memory but impaired long-term memory; effects on acquisition but not on retention 
or retrieval; similar effects on different encoding operations (Brown et al., 1982; Kumar et al., 1987; 
Curran et al., 1988; Patat et al., 1991; Stewart et al., 1996). So far, only diverging memory effects have 
been found on implicit memory tasks. 
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post-drag word list3, and the effect was bigger when more post-drag information had 
to be learned. Therefore, the "retrograde facilitation" effect is a consequence of 
reduced learning under influence of the drug. When recalling the pre-drug learned 
information, the drugged subjects experienced less retroactive interference than did 
the placebo subjects because they had learned less post-drug information. It should be 
noted that the "retrograde facilitation" effect is opposite to the state-dependent 
memory phenomenon, since subjects recall words under influence of BZDs, that are 
learned while not under influence of BZDs. The absence of an impairment in recall of 
the pre-drug list, implies that BZDs affect the acquisition of information rather than 
the retention or retrieval from episodic memory. Retrieval processes have also been 
shown to be intact in the semantic fluency tasks. 

The effects of BZDs on retention4 have also been investigated by assessing the rate 
of forgetting. Brown et al. (1982) found that recall and recognition of material 
presented 10 minutes before lorazepam or diazepam administration, was not affected 
by the drugs. In a second experiment (Brown et al., 1982), they found that the 
absolute amount of forgetting was not affected after lorazepam intake. However, 
since the initial recall was lower in the lorazepam group, it follows that the relative 
amount of forgetting was higher after lorazepam intake. In a subsequent experiment 
they found that the rate of forgetting was not affected after lorazepam when initial 
recall levels were equalised (Brown et al., 1983). They concluded that lorazepam 
does not affect retrieval and retention but have their locus of action at the acquisition. 
A limitation of Brown et al.'s studies is that only forgetting between initial and 
delayed recall was assessed and not forgetting between more time intervals. 

1.2.5 Subsystems of working memory 

Most studies on the effects of BZDs on memory use the distinction short-term 
memory and long-term memory (Atkinson & Shifrin, 1971). Only a few recent 
studies have used the working memory model as a framework to test the BZDs 
effects. Working memory is thought of as a central executive and two kinds of short-
term stores: the articulatory loop that holds verbal input, and the visuospatial 
scratchpad that holds visuospatial information (Baddeley & Hitch, 1974; Baddeley, 
1986). The central executive mediates the informational exchange between these 
stores and long-term memory and is also assumed to be involved in reasoning and 

Post-drug refers to the period after drug intake, while under influence of the drug. 

The term 'retention' is used instead of'consolidation', because the latter is often used interchangeably with 
'acquisition' in the psychopharmacological literature. Retention is defined as the maintenance of 
information in long term memory for a prolonged period of time (Caine et al., 1981). Consolidation refers 
to the biological process underlying retention, by which memory gradually becomes resistant to disruption 
(Squire, 1987). 
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planning (Baddeley & Hitch, 1974). Stephens et al. (1991) suggested that BZDs 
impair the manipulation of information in working memory. Since working memory 
is thought of as a limited capacity system, and BZDs might reduce this capacity, this 
might influence the manipulation of information that has to be learned. 

To date, no conclusions can be drawn from the limited number of studies done to 
test the effects of BZDs on working memory. Rusted et al. (1991) found no effects of 
diazepam (5 mg and 10 mg orally) and scopolamine (an anti-cholinergjc agent) on 
digit span and mental rotation performance, which are assumed to tap respectively the 
articulatory loop and the visuospatial scratchpad function. However, both drugs did 
impair the accuracy and reaction time performance on the logical reasoning test that 
loads onto central executive function. In another study, using the logical reasoning 
test, only response speed, but not accuracy, was affected by lorazepam (2 mg orally) 
and scopolamine (Curran et al., 1991), which gives no definite evidence that central 
executive function is impaired. In a recent study, however, dose related detrimental 
effects were found in a spatial working memory task (diazepam 5 mg, orally) and the 
Tower of London task (diazepam 5 mg and 10 mg, orally), which both were assumed 
to tap central executive function (Coull et al., 1995). 

1.2.6 Encoding 

From previous studies it appears that BZDs impair the acquisition of information 
rather than the retention or retrieval of information, once it has been stored in long-
term memory. The question is whether specific encoding operations involved in the 
acquisition of information are affected by BZDs. Encoding broadly refers to a variety 
of processes ranging from early sensory and perceptual analysis to the extensive 
elaboration and organisation of information in conjunction with one's existing 
knowledge (Salthouse, 1991). According to Tulving and Thomson (1973) encoding 
intervenes between the perception of an event and the creation of the corresponding 
memory trace. 

If information is not encoded efficiently then retrieval of this information will not 
be successful. The form of encoding during learning affects the form (or code) in 
which information is stored and in turn this affects the way information is retrieved 
(Tulving, 1983). Therefore the effects of BZDs on different encoding operations have 
been assessed to find the locus of the BZD-induced impairment. It was found that 
alprazolam, diazepam and also lorazepam (see footnote 2, page 5) decreased the 
normal superiority in recall of high imagery words, relative to low imagery words 
(Mewaldt et al., 1983; Block & Berchou, 1984). Block and Berchou therefore 
suggested that subjects after BZD intake are deficient in forming and storing 
elaborated representations, by forming less, or no, visual images expressing inter-
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relations among the words. On the other hand, Frith et al. (1984) found the same 
superiority in recall of high imagery words after diazepam, scopolamine and saline 
injection, and they conclude that the use of visual imagery as a means of encoding 
verbal material into long-term memory is not disrupted by diazepam or scopolamine. 

A second 'encoding hypothesis' is that subjects do not encode semantic features to 
the same extent as placebo controls. However, Curran et al.(1988) found that subjects 
after lorazepam or oxazepam intake can encode words semantically, since a normal 
level of processing effect (Craick & Lockhart, 1972) was found after drug intake; 
subjects recalled more semantically encoded words than phonemically or 
orthographically encoded words. Subjects given a benzodiazepine were however 
slower to make a semantic judgement than placebo subjects. More evidence against a 
semantic encoding deficit was found in studies in which subjects after diazepam 
intake benefited from semantic properties of the word lists that were to be learned 
(Ghoneim & Mewaldt, 1975; Frith et al., 1984). 

A third hypothesis is that BZDs affect the encoding of contextual information 
(Brown et al., 1982; Frith et al., 1984; Brown & Brown, 1990; Curran et al., 1993; 
Brown et al., 1994). For retrieving information from (explicit) episodic memory, the 
learning context (i.e., where and when information was learned) has to be 
remembered to a certain extent If one asks subjects: "Recall the words of the list you 
studied 5 minutes ago", this request provides no information about the words that are 
to be remembered. Instead, subjects have to retrieve the spatio-temporal context of 
the study episode in relation to the learned information. If this relation between 
context and content has not been formed, then recall of the words is difficult (Mayes, 
1988; Johnson & Hirst, 1991; Wheeler et al., 1997). The linking between learning 
context and information to be learned, is supposed to be impaired by BZDs. Several 
researchers have found that drugged subjects made more prior-list intrusions than 
placebo subjects; they wrongly recalled words from a word list that actually had been 
presented sooner than the one they were intended to recall (Frith et al., 1984; Brown 
& Brown, 1990). This suggests that participants were less able to discriminate the 
temporal context in which information was learned. 

Furthermore, it has been hypothesised that BZDs impair the manipulation of 
information, such as organisational processes or rehearsal (Stephens et al., 1991; Rich 
& Brown; 1992). This assumption is compatible with a putative deficit in the central 
executive in working memory and is in line with the finding that the larger the 
memory load placed on subjects after BZDs intake, the greater the memory deficit 
(Curran, 1986). Complex strategies for memorising words, such as grouping words, 
developing images or using language mediators (e.g., make up a story of words of a 
word list to be learned) all require attention (Posner & Warren, 1972). BZDs might 
reduce 'attentional resources', or working memory capacity, which prevents these 
efficient encoding operations after BZD intake. 

8 



Gaieral introduction 

1.3 How specific are the effects of benzodiazepines? 

BZDs produce amnesia, but also affect psychomotor performance and mood. There is 
a debate in the literature whether, and to what extent, the BZD-induced memory 
impairments can be 'explained' by the sedative effects of BZDs, since these drugs are 
known to induce drowsiness (see Curran, 1991 for a review). Some researchers have 
argued that the amnesic effects do relate to their sedative effects (Preston et al., 1988; 
1989; Roth et al., 1990; Roehrs et al., 1994), while others have shown that these 
effects of the BZDs can be dissociated (Curran et al., 1987, 1991; File, 1992; Rich & 
Brown, 1992; Weingartner et al., 1992, 1995). 

Direct evidence pointing to a specific memory effect, which is separable from 
sedation, comes from recent studies in which flumazenil, a BZD antagonist, was 
administered after BZD intake. It was found that flumazenil reverses the sedative 
effects, but not the memory effects (Hommer et al., 1986; Curran & Birch, 1991; 
Birch & Curran; 1990). Converging evidence for a specific memory effect comes 
from studies in which no correlation was found between the memory impairment and 
subjective sedation or psychomotor performance ('motor sedation') or from studies in 
which a memory effect was found even when sedation were covaried out statistically 
(George & Dundee, 1977; Ghoneim et al., 1981). Additionally, it is found that 
tolerance over repeated doses builds up differentially for the sedative and memory 
effects (Ghoneim et al., 1981; File & Lister, 1983; Curran, 1992). Finally, BZDs with 
similar sedative effects can give different degrees of memory impairment (Smirne et 
al., 1989; Curran et al., 1987), which is also in line with a specific memory effect. 

Although the above mentioned studies suggest that the memory effects are specific, 
and not a by-product of sedation, the results are equivocal since others have shown 
that the two effects are related (File & Lister, 1983; Preston et al., 1988; Roth et al., 
1990; Roehrs et al., 1994). This evidence comes from studies in which similar 
methods (i.e., covarying sedation with memory performance and assessing time 
course of sedative and memory effects) have been used as in the above mentioned 
studies that suggest an absence of a relation. Also, some studies report a reversal of 
both BZD-induced sedation and amnesia by flumazenil (Preston et al., 1989; 
Ghoneim et al., 1993; Wesenstein et al., 1995). Therefore, King (1992) concluded 
that the issue of the role of sedation remains unresolved. 

A major problem with sedation is the vagueness of the concept and the various 
ways used to measure sedation. Sedation is generally conceived of as a reduced level 
of alertness, arousal or attention (Curran et al., 1991). Different measures have been 
used to assess sedation. "Subjective sedation" has been assessed by way of mood 
rating scales, and "psychomotor sedation" by way of psychomotor tasks. Also 
psychophysiological measures are used as indices of sedation, such as multiple sleep 
latency (Duka et al., 1988), heart rate (File & Lister, 1983; Unrug et al., in press) or 
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critical flicker fusion threshold (Volz & Sturm, 1995). The problem with these 
different indices of sedation is that they do not correlate well (Eysenck, 1982) which 
therefore precludes comparing sedation measures over different studies. This can also 
explain why studies, in which sedation measures have been correlated with memory 
performance, yield different results. 

Polster (1993) claims that the outcome of the debate on sedation and the BZD-
induced memory impairment, is only critical at a theoretical level if this impairment 
can be interpreted in terms of attentional resources5. Such a resource interpretation 
can form a bridge in the false dichotomy between memory and attention (Rusted, 
1994). 

1.4 Are the memory effects specific for benzodiazepines? 

Not only BZDs, but also other drugs such as alcohol, barbiturates, anti-cholinergics 
(scopolamine) and anti-histamines, induce memory impairments (Polster 1993). As 
mentioned before, BZDs affect some aspects of memory, while leaving others 
unaffected. These dissociations are, however, not specific to BZDs since other drugs 
are also known to affect these aspects. For example, alcohol has been shown to affect 
explicit, but not implicit memory (Lister et al., 1991) and to exert its effect on the 
acquisition of information and not on retrieval (Birnbaum & Parker, 1977). 

There have been a few studies in which the memory effects of BZDs are directly 
compared with the effects of other drugs. Curran et al. (1991) reported similar 
amnesic and sedative effects of lorazepam and scopolamine, and Rusted et al. (1991) 
found similar effects of diazepam and scopolamine on working memory tasks. Frith et 
al. (1984) showed that these latter two substances impair acquisition processes and 
induced the same effects upon different encoding operations. In contrast, Ghoneim 
and Mewaldt (1975) stated that scopolamine and diazepam have differential effects 
on organisational processes, because they found that clustering in recall was only 
reduced after scopolamine intake. However, the interpretation was complicated by the 
fact that scopolamine also induced greater subjective sedation. Frith (1991) concluded 
in his review that the memory deficits found after scopolamine administration are 
qualitatively similar to the BZDs-induced memory deficits: an impairment in 
acquisition but not in retention or in retrieval; an effect on episodic long-term 
memory, but not on short-term memory; and no effects on procedural memory for 
both types of drugs (GABA-ergjc and anti-cholinergic). Until now, the findings 

Capacity theories conceptualise attention as processing resources that can be allocated in modulated 
quantities as required by task demands. The allocation of this resources is assumed to be under subject's 
control (Wiekens, 1980). The terms attentional resources and processing resources have been used as 
synonyms. 
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suggest that different psychopharmacologjcal agents have a poor psychological 
specificity, because of the similarities in the pattern of effects (King, 1992). 

There are only a few dissociations between different drugs: first, lorazepam has 
been the only BZD shown to affect implicit memory, when measured with a 
repetition priming task. Second, Danion et al (1992) found a double dissociation 
between chlorpromazine, a classical neuroleptic, and lorazepam: chlorpromazine 
affected skill learning, while leaving repetition priming and episodic memory intact, 
and lorazepam induced the opposite pattern of memory disruption. 

1.5 Aim of present studies 

The central aim of this study is to explain the locus of the BZDs effects in learning a 
word list. As mentioned before, BZDs do not affect short-term memory and retrieval 
from long-term memory. It is therefore concluded that the locus of action of BZDs is 
at the acquisition of information into long-term memory. This is probably not due to a 
failure in the early stage of registration (i.e., perception), because in that case one 
would expect BZDs to affect short-term memory and implicit memory tasks. Several 
researchers have suggested that BZDs have effects on mnemonic encoding operations 
involved in learning (see paragraph 1.2.6.). Therefore, the purpose of the experiments 
reported in this thesis, is to make a more fine-grained analysis of the BZDs effects on 
encoding processes involved in the acquisition phase of learning verbal information. 

The purpose of the study in Chapter 2 was to assess whether memory 
representations were activated and whether this activation spreads automatically and 
strategically to semantically related representations. Furthermore, semantic encoding 
was investigated in a level-of-processing framework. Finally, it was examined 
whether diazepam subjects use semantic information in strategies to guide encoding. 
In Chapter 3, two studies were designed to test whether the BZD-induced memory 
impairment is due to impaired encoding of the temporal context. 

In the two studies reported in Chapter 4, it was investigated whether a depletion of 
attentional resources can account for the diazepam-induced memory impairment. A 
reduction in attentional resources has a strong analogy to a limitation of working 
memory capacity. In working memory, information is manipulated before stored into 
long-term memory. A reduction of resources after BZD intake might therefore explain 
the BZD-induced memory impairment. 

In Chapter 5, it has been tested indirectly whether the BZD-induced memory 
impairments are related to the drug's sedative, alertness-reducing effects. Alertness 
was therefore reduced both pharmacologically (diazepam) and non-pharmacologically 
(sleep deprivation) in order to assess whether these manipulations both gave rise to 
similar memory impairments. 
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1.6 Methodological consideration 

BZDs as a group are assumed to impair memory after an acute single dose, but the 
impairments vary in degree and duration (Curran, 1986; O'Boyle, 1988). The 
magnitude and duration of the BZDs-induced amnesia vary over drugs, doses, route 
of administration and the population from which the subjects are drawn (Lister, 
1985). Direct comparisons between different studies are therefore complicated. 
Therefore, in all experiments reported in this thesis, 15 mg diazepam (oral) was 
administered to healthy (student) volunteers. Diazepam was chosen, because it has 
been extensively used in previous studies. The 15 mg dose was chosen because it has 
been shown to give a reliable memory effect that is relatively rapid in onset and of 
longer duration (O'Boyle, 1988; Ghoneim et al., 1984b). 
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Chapter 2: Effects of Diazepam on Encoding Processes* 

2.1 Experiment 1: Introduction 

In the past decade, many studies have demonstrated that benzodiazepines (BZD) 
impair the acquisition of information into long-term memory, whereas short-term 
memory and retrieval from long-term memory are left intact (Mewaldt et al., 1986; 
Roy-Byrne et al., 1987; Ghoneim & Mewaldt, 1990; File et al., 1992). In all these 
studies in which word lists had to be learned in a limited time, subjects recalled fewer 
words after BZD than after placebo intake. Some authors suggested that this memory 
deficit is attributable to an impairment in encoding operations employed during the 
acquisition phase (Frith et al., 1984; Rodrigo & Lusiardo, 1988; Stephens et al., 
1991). Although there have been studies into the effects of BZDs on specific 
encoding operations, Curran (1986) claimed that no single study investigated the 
range of possible loci of BZD effects in the chain of encoding processes during 
learning. Moreover, the studies that investigated separate encoding operations are not 
directly comparable, because different kinds and doses of BZDs were used. 

The purpose of the present study is to investigate the effects of one frequently used 
BZD, diazepam, on a chain of different encoding operations involved in intentionally 
learning a word list. Unfortunately, no detailed model is available that describes all 
encoding operations. Different models focus on separate processes, but the models 
are not incompatible with each other. There is general agreement as to which 
encoding operations are involved in learning of word lists (see Johnson & Hasher, 
1987; Johnson & Hirst, 1991). Firstly, we will describe these encoding operations and 
subsequently the tasks that measure these operations. 

When a word is perceived, its memory representation is activated. This activation 
temporarily increases the availability of the word (Taft, 1991; Johnson & Hirst, 
1991). Activation of a representation spreads automatically along the paths of the 
memory network and activates semantically related word representations (Tweedy et 
al., 1977). The automatic spreading activation is fast and occurs without intention. 
Spreading activation can also arise from the attentional system. If expectancies are 
built up, the attentional system focuses attention on the expected memory 
representation (Neely, 1977; Posner & Snyder, 1975). Craik and Lockhart (1972) 
suggest that a memory trace is a direct result of the qualitative nature of encoding 

Published in: Oorissen M, Eling P, van Luijtelaar G, Coenen A (1995) Effects of Diazepam on Encoding 
Processes. Journal ofPsychopharmacology, 9(2) 113-121. 
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operations. A stimulus can be processed at different levels (i.e., depths), where depth 
is defined in terms of meaningfulness extracted from the stimulus. According to this 
levels-of-processing approach, the deeper the material is encoded, the better it will be 
recalled. In addition to automatic processes, strategic processes also play a role in 
learning a word list. The set of words to be learned has to be organised for an 
optimum recall (Masson & McDaniel, 1981; Johnson & Hasher, 1987). For example, 
organisation can be based on semantic or phonological properties. 

Several different tasks have been used to assess these encoding operations. If a 
word is presented on two successive occasions, subjects are usually faster in 
identifying the word on the second occasion. For example, lexical decisions (e.g., 
word-non-word decisions) are faster for repeated words; this is called the repetition 
priming effect. It is unknown whether this effect is exclusively due to activation of 
semantic memory or whether it also reflects episodic learning (Feustel et al., 1983). 
However, whatever the explanation for this may be, it reflects the fact that a word is 
more accessible after repetition. A smaller or even no repetition effect is generally 
found for non-words in lexical decision tasks. We used a repetition priming task to 
investigate whether representations in memory are temporarily activated after 
diazepam ingestion. 

A lexical decision is made faster when a word (the 'target') follows a semantically 
related word, the 'prime'. This phenomenon is called semantic priming. When a prime 
(e.g., "bread') is consciously perceived, the subject may anticipate, i.e., he or she 
strategically activates potential word representations. Recognition of an expected 
target (e.g., "butter') is facilitated, but recognition is delayed for an unexpected target 
(e.g., 'dog'). The latter phenomenon is called the 'inhibition effect'. A strategic 
semantic priming task was used in which the probability of related prime-target pairs 
was high and the interval between prime and target was long. This task was used in 
order to investigate spreading activation that arises from the attentional system. A 
second semantic priming task was used in which the prime was masked and in which 
prime-target intervals were very brief. In this task the prime could not be consciously 
perceived and no expectancy could be built up. This latter task was used in order to 
assess automatic spreading activation. 

Superficial processing of newly learned words, due to a disruption of semantic 
encoding, might be another reason for impaired learning. However, if subjects who 
ingested diazepam do pay attention to semantic features, their recall and recognition 
should be better for semantically encoded words compared to orthographically and 
phonologically encoded words. Therefore a levels-of-processing task was used to 
investigate semantic encoding. 

Memory for word lists has been shown to depend upon mnemonic organisation; 
recall is better for word lists that can be organised in semantic categories, compared 
to random word lists (Bousfield, 1953). If diazepam affects semantic encoding, 
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subjects should not benefit from word lists that can be organised in semantic 
categories. A sequence consisting both of unrelated words and of groups of 
semantically related words was presented. Not only recall but also the extent of 
category clustering was used as an index of organisation (Murphy, 1979). 

In order to find out whether subjects had memory problems after diazepam intake, 
one word list was presented before and one after substance ingestion, as was done in 
previous studies (Brown et al., 1982; Coenen et al., 1989; Danion et al., 1990). 
Diazepam impairs transfer into long-term memory but leaves retrieval intact 
(Ghoneim & Mewaldt, 1990). Therefore, post-drug list recall should be impaired, but 
recall for the pre-drug word list should be better for the diazepam group than for the 
placebo group. This effect has often been reported and is explained by a reduced 
interference of the post-drag words in the diazepam group (Ghoneim & Mewaldt, 
1990). Rate of forgetting, as measured by means of recall at different intervals after 
list presentation, should not differ between the diazepam and placebo group, since 
consolidation is not affected by BZDs (Brown et al., 1983). 

Retrieval from semantic memory has been investigated using a word fluency task. 
Apart from number of words produced, the time to produce these words has also been 
measured. Stephens et al. (1991) assume that slowing down of information processing 
is a central aspect of BZD effects, therefore a longer time to perform the fluency task 
was expected, but no difference in the number of produced words (Mewaldt et al., 
1986; Curran et al., 1987). 

BZDs are known to impair psychomotor performance (Malilla et al., 1988) and 
produce drowsiness. These non-specific effects may also affect memory processes. 
Psychomotor performance and mood were investigated using a choice reaction time 
task and a mood questionnaire to assess whether the subjects remained alert after 
diazepam intake. 

2.2 Method 

2.2.1 Subjects 

Forty healthy psychology students who complied with the relevant medical exclusion 
criteria participated in this study. They fulfilled a psychology course requirement. 
Mean age was 23 year and ranged from 19 to 33. Written informed consent was given 
by all subjects*. They were randomly assigned to either diazepam or placebo 
treatment and there was an equal number of males and females per condition. 

The research reported in this study was given clearance by the Medical Ethical Committee of the 
Nijmegen University Hospital, CEOM number: 9106-4078. 
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2.2.2 Material 

15-Word lists. Two word lists (I and Π) with 15 nouns were selected. These were 
matched for word frequency (Uit den Boogaart, 1975), number of syllables and 
imagery (Van Loon-Vervoom, 1985). One list was presented pre-drug, the other post-
drag. Order of list presentation (I or Π) was counterbalanced across subjects. Words 
were presented auditorally. Subjects were asked to recall the words immediately after 
presentation. After 10 and 30 min, subjects were again requested to recall as many 
words as possible. A non-verbal figure task was used as a filler-task between the 
immediate and 10 min delayed recall. This task was not relevant to the assessment of 
memory and results will not be reported here. Subjects were asked to recall as many 
words as possible from the pre-drug list, and subsequently from the post-drug list, at 
the end of the experiment. 

Repetition priming task. Two stimulus lists, A and B, each consisted of 30 words and 
30 pseudowords (non-words that are orthographically permissible Dutch letter 
sequences). A third list (C) contained 60 words and 60 pseudowords. Half of these 
words were taken from list A and half from list B. Subjects were presented first with 
list A and then with list C, or first list В and then list С Thus, at the presentation of 
list C, half of the words and pseudowords were new, and half of them had been 
presented before. Stimuli were presented individually on a computer screen. A trial 
started with the presentation of a fixation star for 100 ms, which was immediately 
replaced by the stimulus. Subjects were instructed to press the yes-button when a 
stimulus was a legal Dutch word, or the no-button when a pseudoword was presented. 
Both speed and accuracy were stressed in the instructions. Reaction time and 
responses were registered. After every block of 15 trials, feedback was given about 
number of errors and mean reaction time (RT). The presentation of the lists (A and С 
or В and C) was separated by a brief rest period of 5 min. All lists were preceded by 
15 practice trials. 

Automatic semantic priming task. The materials and procedure were taken from a 
study reported by De Groot (1983). There were three groups of prime-word pairs 
(120 in total): one group of related, one group of unrelated pairs and one group in 
which the word followed a neutral prime (Ъіапсо', the Dutch equivalent for blank). 
The latter groups constituted the neutral conditions against which the effects of the 
non-neutral primes could be assessed (De Groot, 1983). Also 120 pseudoword targets 
were included. Half of these were preceded by a neutral prime and half by a word 
prime. A trial started with the presentation of a fixation star (100 ms) which was 
replaced by the prime, which remained on the screen for 17 ms. The prime was 
replaced by a masking signal (XXXX) for 170 ms in order to prevent conscious 
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perception of the prime. The target appeared slightly below the position where the 
prime had been and remained on the screen until the subject responded. Subjects were 
instructed to decide, as quickly and as accurately as possible, whether the second 
string of each pair was a Dutch word. They were also told that they probably would 
not be able to read the first string. Data were collected from a two-button response 
panel with keys for the left index finger (no-key) and the right index finger (yes-key). 
After each block of 30 trials, feedback was given about the number of errors and 
mean RT. 

Strategic semantic priming task The procedure was taken from De Groot (1984). 
There were three groups of prime-target pairs, 120 in total: one group of related 
prime-target word pairs, one group of unrelated prime-word pairs and one group in 
which the word followed a neutral prime. Eighty per cent of the prime-word pairs 
were related, in order to induce expectancy. Also 120 prime-pseudoword pairs were 
included. Half of them were preceded by a neutral prime and half by a word prime. A 
trial started with a fixation star which was immediately replaced by the prime. The 
prime was presented for 200 ms, then the screen remained blank for 500 ms, 
subsequently the target was presented. Subjects were instructed to decide, as quickly 
and as accurately as possible, whether the second string of each pair was a Dutch 
word. They were also told that the first string would be either the word Ъіапк' or any 
other word, and they were asked neither to respond overtly to this string nor to ignore 
it. 

Levels-of-processing task. To induce the subject to encode the word on a particular 
level, four types of statements were presented in the initial encoding phase. Thirty-
two trials were given; eight target words represented one out of the four levels. The 
target words of the four levels were matched for word frequency (Uit den Boogaart, 
1975), number of syllables and imagery (Van Loon-Vervoorn, 1985). The four 
statement levels were: (1) an analysis of the orthographic structure (e.g., The first 
letter of the word is a 'p' - page); (2) a phonemic level of analysis was induced by 
making judgements about the word's rhyming characteristics (e.g., The word rhymes 
with "house' - mouse ); (3) a semantic category analysis was required by making 
categorical judgements (e.g., It is a bird - starling); (4) a content semantic analysis 
was required by judging the meaning of the word (e.g., It tells the time - watch). For 
each level of encoding, half of the questions were designed to elicit "yes' responses 
and half to elicit 'no' responses. Statement levels and response types were randomised. 
Subjects were informed that the task concerned perception. Each statement was 
presented on a computer screen for 2 s, prior to the presentation of a target word. The 
subject had to answer whether the statement was true by pressing the yes' or 'no' 
button. Answers and response times were recorded. Subjects were unexpectedly 
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requested to recall as many words as possible from those they had just been shown, 
after a brief rest period. Subsequently, they were given a recognition task in which the 
32 target words were randomly presented among 32 distractor words. Distractor 
words were matched with the target words for frequency, imagery and number of 
syllables. 

Organised word lists. The stimulus materials consisted of three lists of 16 words. 
High and low frequency instances for the related lists represented instances of four 
categories, taken from category frequency norms (Van Loon-Vervoorn & Pijpers-
Kooiman, 1988). The categories used were: clothes, tools, spices and fruits. Words 
were grouped according to semantic category (category-blocked condition) in the first 
list, and in a second list the same words were presented in a random order (category-
random condition). Words that could not be categorised in semantic categories were 
presented (unrelated-random condition) in the third list. Word lists were matched for 
word frequency, imagery, number of letters and number of syllables. Words were 
presented sequentially for 2 s each on a computer screen. Two lists were presented to 
each subject, the unrelated word list and one of the two related lists. Subjects were 
asked to recall as many words as possible immediately after list presentation. The 
order of the lists was counterbalanced across subjects. Subjects were not informed 
about the categorical composition of the list. 

Word-fluency. Subjects were instructed to name out loud as many instances of the 
categories furniture and musical instruments as they could think of. There was no 
time limit, but the task was stopped when the subjects did not produce a new category 
exemplar during 30 s (procedure according to Deelman & Saan, 1990). The number 
of words produced and the time needed to perform the task were registered. Two 
fluency tasks were performed, one category before and one category after substance 
administration. Half of the subjects started with the category furniture, the other half 
with the musical instruments. 

Choice reaction time task. Two hundred and ten patterns of three, four or five dots 
were presented sequentially on a Macintosh computer screen. The task was a 
computer version of the Bourdon cancellation task (Bruggeman et al., 1990). The 
subject was instructed to react by pushing the yes-button, when a four dot pattern was 
presented, and by pushing the no-button in the case of three or five dots. Half of the 
stimuli were designed to elicit "yes' responses and half to elicit 'no' responses. A new 
stimulus appeared immediately after a response. Subjects were instructed to respond 
as quickly and as accurately as possible. Reaction times and responses were 
registered. 
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Profile of Mood States (POMS). Subjects rated their feelings on a 5-point scale. Five 
factors can be extracted from the 32 items: tension, depression, anger, vigour and 
fatigue (Wald & Mellenbergh, 1990). The POMS was administered both before and 
after substance administration. 

Table 2.1 Order of presentation of the tasks. Minutes from drug administration to the beginning of each 
test. 

Time * Name of task 

-40 
-30 
-20 
-15 
-5 

0 
60 
75 
90 

100 
110 
115 
125 
130 
140 
165 
170 
190 

15-word list presentation and direct recall 
(filler task between the immediate and 10 minutes delayed recall ) 

Profile of Mood States 

Word-fluency and pause 
Delayed (30 minutes) recall 15-word list 

Drug or placebo administration 
Levels-of-processing task 
Automatic semantic priming task 
15-word list presentation and direct recall 
(filler task between the immediate and 10 minutes delayed recall ) 

Profile of Mood States 
Choice reaction time task 
Delayed (30 minutes) recall 15-word list 

Organised word lists 
Strategic semantic priming task 

Word-fluency 
Repetition priming task 

Recall of pre- and post-drug 15-word lists 

2.2.3 Procedure 

Subjects were instructed to refrain from beverages containing alcohol and from 
psychoactive drugs for a period of 24 h before testing. Subjects were requested to 
take a light fat-free breakfast on the morning of the experiment and to arrive at the 
laboratory at 9.00 h. Coffee, tea and smoking were not permitted on the testing day. 
Diazepam (15 mg) or placebo were administered orally in a double blind fashion and 
testing started 1 h after substance administration. The order of the tasks was fixed for 
all subjects. Table 2.1 summarises the tasks. The order of administration of the tasks 
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was chosen in such a way that interference between tasks was minimised. 
Furthermore, the reaction time tasks were spread over the entire test session. 

2.3 Results 

In all ANOVAs, Group (placebo or diazepam) was considered as between-subjects 
factor. ANOVAs were performed on the mean RTs of correct responses in the 
repetition priming task, the semantic priming tasks, and the choice reaction time task. 
RTs longer than four times the standard deviation above the mean of a subject were 
scored as errors. 

15-Word lists. Firstly, it was determined whether a memory impairment was found 
after diazepam intake. An ANOVA was performed on the number of correctly 
recalled words (see Fig. 2.1) with Time (pre- or post-drug) and Interval (immediate, 
10 min and 30 min recall) as within-subjects factors, in order to establish whether 
diazepam induced an impaired recall. Significant main effects were found for Group 
(F(l,37)=11.68, p<0.005), Time (F(l,37)=15.28, p<0.0005) and Interval (F(2,37) 
=111.25,p<0.0005). 

Since subjects who ingested diazepam already recalled slightly fewer words in the 
pre-drug condition, an ANOVA was performed on the percentage recall, defined as 
percentage of the immediate recall in the pre-drug condition. This ANOVA yielded 
significant effects for Time (F(l,37)=11.98, p<0.005), Interval (F(2,37)=l 16.82, 
p<0.0005) and Time χ Interval (F(l,37)=21.35, p<0.0005). However, the Time χ 
Group interaction was not significant. 

To investigate the relative rate of forgetting, recall after 10 min was expressed as a 
percentage of the direct recall, and the recall after 30 minutes was expressed as a 
percentage of the 10 minutes delayed recall (see Table 2.5). An ANOVA with Time 
and Interval as within-subjects factors yielded significant main effects of Group 
(F(l,37)=7.17, p<0.05), Time (F(l,37)=22.61 p<0.0005) and Interval (F(l,37)=33.72, 
p<0.0005). The diazepam group forgot relatively more words than the placebo group. 
As can be seen in Fig. 2.1, more forgetting occurs between the direct recall and the 10 
min recall than between the 10 and 30 min delayed recall. Also forgetting occurred 
more in the post-drug condition compared with the pre-drug condition. The Group χ 
Time interaction (F(l,37)=4.71, p<0.05) showed that the diazepam group forgot 
relatively more words in the post-drug condition compared to the placebo group. This 
implies that the delayed recall was impaired after diazepam intake when controlled 
for differences in the direct recall. Finally a Time χ Interval (F(l,37)=6.95) p<0.05) 
interaction was found. This did not interact with Group. 
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T Ш placebo 

Figure 2.1 Mean recall (with standard errors) on the 15-word list tasks. 

To assess retrieval deficits, an ANOVA with List (pre- or post-drug list) as within 
factor, was performed on the number of words recalled of those lists at the end of the 
experiment. No main effects were found, but the Group χ List interaction was 
significant (F(l,37)=9.10, pO.005). In the placebo group, recall was better for the 
post-drug list, while in the diazepam group the recall of the pre-drug list was better. 
The latter finding implies that there is no evidence for a retrieval deficit after 
diazepam ingestion. 

Repetition priming task. To assess the repetition priming effect, an ANOVA was 
performed with Word-condition (first presentation, repeated presentation) as within-
subject factor (see Table 2.2). A significant Word-condition effect was found 
(F(l,35)=12.21, p<0.005): the RT was shorter for previously presented words. No 
significant Group effect was found, but there was a significant Word-condition χ 
Group interaction effect (F(l,35)=4.20, p<0.05). Post-hoc tests yielded a significant 
priming effect in the placebo group (Newman-Keuls p<0.01), but no priming effect in 
the diazepam group. An ANOVA with Group as between and Word-condition (first 
presentation, new words) as within-subject factor showed that the repetition priming 
effect was not due to practice, because lexical decisions for the newly presented 
words in the second list were not made faster than in the first presentation. 
Additionally, no repetition or practice effects were found for pseudowords. ANOVAs 
on number of errors yielded no significant effects. 
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Table 2.2 Mean reaction times in ms (standard error in brackets) in the repetition priming task. 

Placebo 
Diazepam 

1st 
presentation 

579 (15) 
588 (21) 

Words 

repeated 
presentation 

540 (12) 
578 (26) 

new 

570 (13) 
594 (25) 

1st 
presentation 

638(16) 
645 (21) 

Pseudo-words 
repeated 

presentation 

622(18) 
659 (25) 

new 

623 (15) 
650(21) 

Automatic semantic priming task. The RTs per prime-word condition were analysed 
with an ANOVA with Prime-type (related, unrelated and neutral) as within-subject 
factor (see Table 2.3). Significant main effects were found for Group (F(l,37)=4.50, 
p<0.05) and Prime-type (F(2,37)=30.20, p<0.0005). RTs were longer in the diazepam 
group. RTs were shorter for the related word pairs compared with unrelated 
(Newman-Keuls, p<0.05) and neutral word pairs (Newman-Keuls, pO.01). RTs in 
the unrelated word condition were shorter than those of the neutral condition 
(Newman-Keuls, p<0.01). A Group effect (F(l,37)=12.77, p<0.005) and an effect of 
Prime-type (F(l,37)=6.14, p<0.05) were found for the pseudoword targets. RTs were 
shorter after a neutral prime than after a word prime. 

With respect to the number of errors of the prime-word pairs, no significant 
difference was found between the placebo and diazepam group. However, it appears 
that more errors were made in the neutral condition than in the related and unrelated 
conditions. This suggests that the differences in RTs between the three types of 
prime-word pairs are not due to a speed-accuracy trade-off strategy. 

Table 2 J Mean reaction times in ms (standard error in brackets) in the automatic semantic priming task. 

Word targets Pseudo-word targets 
Prime related unrelated neutral word neutral 

Placebo 569(15) 582(14) 622(15) 690(14) 671(13) 
Diazepam 610(19) 634(17) 671(20) 772(22) 766(20) 

Strategic semantic priming task An ANOVA was performed with Prime-type 
(related, unrelated and neutral) as within-subject factor and Group as between factor 
(see Table 2.4). A nearly significant Group effect was found (F(l,35)=4.07, 
p=0.0514) and a main effect of Prime-type (F(2,35)=20.87, p<0.0005). Subjects 
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reacted faster to the related word pairs compared with the unrelated (Newman-Keuls 
p<0.01) and neutral word pairs (Newman-Keuls p<0.01). For both substance groups, 
a semantic priming effect was found, but no inhibition effect. In an ANOVA on the 
RTs of the pseudowords a Group effect was obtained (F(l,37)=6.66, p<0.05), but no 
effect of Prime was found. 

An analysis on the error data yielded no significant Group difference, apart from 
an effect of Prime (F(2,35)=9.44, p<0.0005). In the unrelated and neutral condition, 
more errors were made compared to the related condition (Newman-Keuls p<0.01). 
Therefore, the differences in RTs between the three types of prime-word pairs were 
not due to a trade-off between speed and accuracy. 

Table 2.4. Mean reaction times in ms (standard error in brackets) in the strategic semantic priming task. 

Word targets Pseudo-word targets 

Prime related unrelated neutral word neutral 

Placebo 503(20) 580(16) 568(18) 609(18) 623(19) 
Diazepam 600(44) 647(36) 660(38) 720(43) 724(30) 

Levels-of-processing task. Separate ANOVAs were carried out on the different 
dependent variables: decision times, number of recalled words, number of recognised 
words and false alarms. Group was the between-subjects factor and Level the within-
subjects factor. Significant main effects for Group (F( 1,38)= 13.29, pO.001) and 
Level (F(3,38)=5.44, p<0.005) were found on the decision times (see Table 2.5). The 
diazepam group took longer to make a judgement. Also an interaction between Group 
and Level was found (F(3,38)=2.95, p<0.05). Post-hoc tests yielded no differences 
between the levels in the placebo group. However, in the diazepam group a difference 
was found between the decision time for making a category judgement and other 
judgements. Both groups performed the decision task near ceiling level; an error was 
made only rarely. 

An ANOVA on the number of recalled words yielded a significant effect of Level 
(F(3,38)=15.79, p<0.0005), but no significant Group effect or interaction. Retention 
was higher for semantically and categorically processed words than for words 
processed phonetically or orthographically (Newman-Keuls p<0.05). An analysis on 
the number of recognised words showed an effect of Level (F(3,38)=l 14.37, 
p<0.0005). Post-hoc tests showed that recognition was higher for semantically and 
categorically processed words than for phonetically or orthographically processed 
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words. No Group effect was found on the number of falsely recognised words (false 
alarms). 

Organised word lists. An ANOVA with Group (placebo or diazepam) and Category-
condition (category-blocked or category-random) as between-subjects factors and List 
(related and unrelated) as within-subjects factor was performed on the number of 
words recalled (see Fig. 2.2). Recall was better in the placebo group (F(l,37)=15.29, 
p<0.0005). An effect of List was found (F(l,37>=82.36, p<0.0005); recall was better 
on the related lists than on the unrelated list. A significant Group χ List interaction 
was found (F(l,37)=4.82, p<0.05). Post-hoc tests yielded a significant effect 
(Newman-Keuls p<0.05) of List for both substance groups and significant effects of 
Group (p<0.005) for both list conditions. Thus, subjects did benefit to a lesser extent 
from the relatedness of the words, after diazepam intake. Additionally a List χ 
Category-condition interaction was found (F(l,37)=6.94, p<0.05). The category-
blocked list was recalled better than the category-random word list (Newman-Keuls 
p<0.05). No difference between the unrelated word list in the two Category-
conditions was found. 

Ej] placebo 

| diazepam 

clustered random 

related 

random random 

unrelated 

Figure 2.2 Mean recall (with standard error bars and value labels of means) of the organised word lists. 

To examine the effects of organisational processes on recall, the degree of 
clustering was calculated, based on the number of contiguous repetitions of same-
category items divided by the total number of recalled words. An ANOVA with 
Group and List (related-blocked and related-random) as between-subjects factor, 
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yielded no effect of Group but only a main effect of List (F(l,37)=12.78, pO.005). 
Clustering occurred more often after the presentation of the related-blocked word list 
than the related-random list. No interaction between Group and List was found. 

Table 2.5 Performance on the different tasks (standard error in brackets). Recall after 10 min was 
expressed as percentage of the direct recall, and the recall after 30 min was expressed as 
percentage of the 10 min delayed recall. 

15-word lists ' 
% recall 10 min 
% recall 30 min. 
recall pre-drug 15-word list 
recall post-drug list 

pre-drug 

80(4) 
97(6) 

Levels-of-processing task: decision times in ms. 
orthographic 
phonemic 
category 
content semantic 

Placebo 

post-drug 

57(6) 
91(5) 
2.1 (0.7) 
3.5 (0.5) 

950 (48) 
964(61) 
997 (72) 
961(60) 

Diazepam 

pre-drug 

79(6) 
91(6) 

Levels-of-processing task: % of words recalled according to initial level of processing. 
orthographic 
phonemic 
category 
content semantic 

Word-fluency 
number of words 
total production time in seconds 

Choice reaction time task: 
mean reaction time in ms 

POMSfactors 
depression 
anger 
fatigue 
vigour 
tension 

19(2) 
129 

0.15(0.08) 
0.30 (0.13) 
0.76 (0.15) 
1.82(0.14) 
0.87 (0.14) 

12(4) 
15(5) 
40(5) 
33(4) 

21(1) 
117 

616(17) 

0.06 (0.03) 
0.17(0.08) 
1.06(0.16) 
1.59(0.14) 
0.68(0.10) 

18(2) 
92 

0.07 (0.03) 
0.11 (0.05) 
0.71 (0.13) 
1.70(0.17) 
0.94(0.13) 

post-drug 

33(7) 
60 (11) 
3.5 (0.5) 
1.5(0.4) 

1123(49) 
1218(58) 
1432 (108) 
1198(57) 

18(5) 
12(3) 
32(7) 
37(5) 

19(2) 
105 

660(21) 

0.05 (0.03) 
0.05 (0.03) 
1.77(0.23) 
1.23 (0.13) 
0.85(0.10) 
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Word-fluency. An ANOVA with Condition (pre-drag and post-drag) as within-subject 
factor and Group as between-subject factor was performed on the number of words. 
No significant Group or Condition effect was found. The total time used to produce 
words (see Table 2.5) as well as the mean time per item did not differ between the 
two groups. 

Choice reaction time task. An ANOVA with Group (placebo or diazepam) as 
between-subjects factor, showed no significant Group effect on the mean RTs (see 
Table 2.5). Also no difference in mean number of errors was found. 

Profile of Mood States. Mood factor scores were analysed separately with an 
ANOVA with Group as between-subjects factor and Time (pre- or post-drag) as 
within-subjects factor (see Table 2.5). On the mood factor 'fatigue' a main effect of 
Time (F(l,38)=31.02, p<0.0005) was obtained: subjects felt more fatigued after 
substance administration. Also an interaction was found (F(l,38)=9.67, p<0.005); 
before drug intake no difference between groups was found, but after substance 
administration the diazepam group felt more fatigued than the placebo controls 
(Newman-Keuls, p<0.05). For the mood factor 'vigour' only a main effect of Time 
was found (F(l,38)=16, p<0.0005); subjects felt less vigorous after substance 
administration. No effects were found for the other mood factors. 

2.4 Discussion 

The purpose of this study was to examine the possible loci of diazepam effects in a 
chain of encoding processes involved in learning a word list. Firstly, we established 
whether there was an effect of diazepam on memory. Then, we determined whether 
memory representations were activated and whether this activation spreads 
automatically and strategically to semantically related representations. Furthermore, 
we investigated whether the BZD-induced memory impairments are due to a failure to 
encode semantic aspects of words. Finally, it was examined whether diazepam 
subjects use semantic information in strategies (clustering) to guide encoding. 

The diazepam subjects showed an impairment in memory; although not significant 
in the direct recall of the 15-word list, it was evident in the delayed recall when 
controlled for differences in direct recall. Furthermore, a reduced recall in the 
diazepam group was found on the organised word lists. In the delayed recall of the 
15-word list, the contribution of short-term memory is eliminated and the diazepam 
subjects performed even more poorly. This was concluded previously by Mewaldt et 
al. (1983). Thus, in line with previous research, memory was impaired after diazepam 
intake. 
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However, in the 15-word list task the diazepam subjects already recalled fewer words 
in the pre-drug condition than the placebo controls. The reason for this pre-drug 
difference is unknown because subjects were assigned randomly to the groups. As 
expected, the difference in delayed recall between the groups was larger in the post-
drug condition than in the pre-drug condition (see Fig. 2.1). However, the interaction 
was not statistically significant. This absence of significance could not be ascribed to 
specific subjects or floor effects. However, it does not compromise the interpretation 
of the results on the encoding tasks, as we did find memory impairments in the 
delayed recall of the 15-word list. An ANCO VA on the recall of the organised word 
lists, with the pre-drug direct recall of the 15-word list as covariate, still yielded a 
significant effect of Group (F(l,36)=9.90, p<0.005). Thus the memory impairments 
on the organised word lists cannot be explained by the pre-drug difference. 

Retrieval from the pre-drug 15-word list and retrieval from semantic memory, as 
measured by word fluency, was normal after diazepam intake. Therefore the memory 
impairment cannot be attributed to retrieval deficits. The absolute forgetting rate was 
identical for both groups, but the relative forgetting rate was higher after diazepam 
administration. However, the comparison of forgetting rates when the initial levels of 
recall differ, still remains a problem. Nearly all forgetting in both groups occurred in 
the first 10 min after list presentation. Thus, evidence that diazepam affects the rate of 
forgetting is ambiguous. After 10 minutes almost no more forgetting occurred. As in 
Brown et al. (1982), there was some evidence that diazepam does not affect 
consolidation after 10 minutes have elapsed since word presentation. 

The repetition priming task was used to investigate activation of memory 
representations. Repetition priming did occur after placebo administration, but not 
after diazepam administration. In other studies (Fang et al., 1987; Danion et al., 1989, 
1990; Sellai et al., 1992) it was found that diazepam did not affect repetition priming. 
However, in all these studies, repetition priming was assessed using a word or stem 
completion task, while in the present study a lexical decision task was used. The 
apparently discordant results might reflect a qualitative or quantitative difference 
between the two procedures. In our task, not only the same stimulus was repeated, but 
also the same response, i.e., a lexical decision was required. However, in the stem 
completion task used in other studies (Fang et al., 1987; Danion et al., 1989, 1990; 
Sellai et al., 1992), a different response to a different stimulus was required. First, 
subjects had to rate how much they liked or disliked a word, then the first three letters 
of a word were presented and subjects were asked to complete the stem to form the 
first word that came to mind. Knopman (1991) found a dissociation between the 
effects of lorazepam in a stem completion and a tachistoscopic word identification 
task. Schacter (1987) argued that dissociations are often observed between different 
priming tasks, but there is no theoretical explanation for these differences. Caution is 
needed in interpreting the result in the repetition priming experiment, because no 
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direct comparison has yet been made between different repetition priming procedures 
after diazepam intake. In fact, in a subsequent experiment we did find a significant 
repetition priming effect after ingestion of diazepam, using a word stem completion 
task (Gorissen et al., in preparation). 

The next step was to investigate automatic and strategic spreading of activation. In 
both the automatic and the strategic semantic priming tasks, a priming effect was 
obtained for both the placebo and the diazepam group. Semantic access was not 
affected by diazepam because a semantic priming effect was found and because the 
performance on the word fluency task was not impaired after diazepam ingestion. The 
latter result has been reported previously (Curran et al., 1987; Ghoneim & Mewaldt, 
1990; File et al., 1992; Sellai et al. 1992). However, to our knowledge, no single 
study has been done on the effects of BZDs on semantic priming. 

With the levels-of-processing task we determined whether words were encoded 
semantically, and with the organised word lists whether diazepam subjects used 
semantic information for organisational purposes. Recall and recognition were better 
for semantically encoded words in the levels-of-processing task. This pattern was 
similar for the diazepam and the placebo group. Curran et al. (1988) also found a 
normal levels-of-processing effect after lorazepam and oxazepam administration. In 
the organised word list task, both groups clustered to improve recall, but the diazepam 
group did not profit as much from the categorical composition of the list as did the 
placebo group. These data suggest that semantic encoding takes place after diazepam 
intake and semantic information is used for mnemonic organisation. The fact that 
diazepam subjects did not benefit to the same extent from the relatedness of the 
words, might be explained as a reduced use of strategies in learning a word list. Frith 
et al. (1984) also found that diazepam subjects could compensate for their memory 
deficit by attending to semantic properties of the material. 

Taken together, no clear evidence was found that one particular encoding process 
was affected after diazepam intake. But, in the repetition priming task, the semantic 
priming tasks, the decision part of the levels-of-processing task, and the choice 
reaction time task, longer response times were found in the diazepam group. Although 
these differences did not always reach significance, the pattern was remarkably 
consistent. Impairments of psychomotor performance has been frequently reported to 
be a consequence of BZD intake (Curran et al., 1991; Ghoneim et al., 1984b), but it is 
not clear what the consequences of this slowing down are for memory processes. It 
seems that an increase in reaction time is more evident in complex tasks. In the levels-
of-processing-task diazepam subjects were also slower than the placebo subjects. This 
difference was even larger when category judgements were made. Curran et al. 
(1988) also found that the decision times of the BZD subjects were disproportionately 
longer for semantic judgements in comparison to phonetic and orthographic 
questions. They raised the question of whether subjects on BZDs simply require more 
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time to process information deeply. One might speculate that this also has 
implications for organisational processes. Subjects can organise word lists, but do not 
have enough time to organise lists optimally when they have to perform under time 
pressure. The rate of presentation of words might be manipulated to investigate the 
relationship between slowing down of encoding operations and memory. It might be 
that no memory effect has been found in the recall of the levels-of-processing task 
because the diazepam group took more time to study the words than the placebo 
group. 

Testing continued over a period of about 2 h after drug ingestion. Since almost all 
tasks were verbal, this might give rise to interference effects. Curran et al. (1993a) 
found that subjects were more sensitive to interference after lorazepam intake. This 
might also be the case after diazepam intake. It is unclear whether interference 
influenced the results in the different priming tasks in the present study. In tasks 
which required recall of words, the diazepam group did not make more intrusions 
than the placebo group. Additionally, if the diazepam group was more sensitive to 
interference, one would expect this to occur more often in the later part of the test 
day. However, there was again no indication that the diazepam group made more 
prior list intrusions in the later part. It appears that there are no strong indications that 
interference effects can explain the diazepam-induced memory impairments. 
Interference effects may also be contaminated by fatigue effects due to extensive 
testing, and fatigue effects might also interact with group. The diazepam group felt 
more fatigued after substance administration, but this was measured soon after drug 
intake and does not necessarily refer to fatigue due to prolonged testing. Moreover, 
there was no trend for an increase in reaction times in the diazepam group as the 
experiment wore on. Therefore, we do not think that fatigue and interference effects 
are an obvious explanation for the diazepam-induced memory impairments. 

To summarise, a memory impairment was found after diazepam administration. 
This impairment is not due to retrieval deficits and is unlikely to be due to a 
consolidation deficit. A chain of encoding operations, employed during acquisition, 
was investigated. Semantic priming and semantic encoding were not affected by 
diazepam. A general slowing down of processes was found in the diazepam group, 
but its implications for memory are not completely clear. The repetition priming 
effect was not found after diazepam intake. This seems to be in contrast with the 
literature, but no firm conclusions can be drawn because different priming procedures 
have been used. Finally, diazepam subjects benefited less from the opportunity to 
organise word lists than placebo controls. It is suggested that this might be secondary 
to a general slowing down of information processing. Subjects do organise lists of 
words after diazepam intake, but are too slow to benefit from it to the same extent as 
the placebo controls. Not all encoding operations were investigated in this 
experiment, therefore it is possible that other encoding operations such as encoding of 
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contextual information (Brown et al., 1983; Brown & Brown, 1990; Frith et al., 1984) 
and rate of rehearsal (Rich & Brown, 1992) are affected by diazepam. 



Proactive interference and temporal context encoding 

Chapter 3: Proactive interference and temporal context 
encoding after diazepam intake* 

3.1 Experiment 2: Introduction 

Many studies have demonstrated that benzodiazepines (BZDs) give rise to memory 
impairments (Curran, 1986; 1991). Several researchers have tried to elucidate the 
functional deficits underlying these BZDs-induced memory impairments (Brown & 
Brown, 1990; Curran, 1986; Curran et al., 1988; Curran, 1991; Ghoneim & Mewaldt, 
1990; Gorissen et al., 1995). The prevailing view is that BZDs impair the acquisition 
of new information and do not impair retrieval processes. However, it remains 
unclear whether and, if so, which specific encoding operations involved in the 
acquisition of information are affected by BZDs. One suggestion is that contextual 
encoding at the time of learning may be selectively impaired in BZDs-induced 
amnesia (Brown et al., 1982; Curran et al., 1993a). 

Both recall and recognition of an event ('episodic memory') depend to a certain 
extent on an adequate memory for the context. Contextual information refers to 
information about where and when information was learned. For example, if you 
recollect the last time you went to the cinema, you will probably recall not only the 
title and theme of the movie but also the context in which you saw it - who you went 
with, where, and when. A memory deficit can arise from an inability to encode or 
utilise the contextual information associated with a target (for reviews see Mayes, 
1988; Smith, 1994). There are several research findings that suggest a failure in the 
use of temporal context information after BZD intake. Firstly, Brown and Brown 
(1990) presented a word list and then, sequentially, a recognition test that was given 
twice over. In the second recognition task, participants given lorazepam recognised 
more distractor words from the first recognition list as targets from the original study 
list than participants given placebo. This implies that participants were less able to 
discriminate the temporal order of the lists after taking lorazepam. More evidence for 
a failure in temporal context encoding comes from a study in which a trend was 
found for subjects to make more prior-list intrusions after diazepam intake; subjects 
recalled words of previously presented word lists when they had to recall the words 
of the last presented word list (Frith et al., 1984). Furthermore, in a previous study, 
we presented four lists with words drawn from the same semantic category (animals). 
Slightly more prior-list intrusions were found in the diazepam group compared to the 
placebo group, but when a fifth list with words from another semantic category 

Gorissen MEE, Curran HV, Eling РАТМ (in press) Proactive interference and temporal context encoding 
after diazepam intake. Psychopharmacology 
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(vegetables) was presented, a similar release from proactive interference was found in 
both groups (Gorissen et al., in preparation). Finally, Curran et al. (1993a) found that 
subjects had fewer 'remember responses' after lorazepam intake, and these responses 
are dependent on retrieval of contextual information about the previous occurrence of 
a word. They also found that these subjects made more prior list intrusions in delayed 
recall, again suggesting that temporal context encoding is impaired by BZDs. 

If subjects cannot contextually tag competing memories añer BZD intake, than one 
would expect them to show an increased sensitivity to interference (Winocur, 1982; 
Mayes, 1988). The first aim of the present two experiments is to test this by 
examining whether subjects given diazepam are more sensitive to proactive 
interference (i.e., interference from previously learned material). A standard AB-AC 
interference paradigm is used. In experiment 2, subjects have to learn semantically 
related word pairs (Α-B). After this, half the subjects are required to learn a second 
list, which has the same first word but a different associate (Α-C). For example, in 
the first list the word pair is 'mother-child' and in the second list the word pair is 
'mother-father' (same list condition). As control condition (different list condition) the 
other half of the subjects have to learn a D-C list (e.g., 'son-father") after the Α-B list. 
The D-C list is much more distinctive than the Α-C list from the Α-B list, and 
therefore less proactive interference should be found. If temporal context encoding is 
impaired after diazepam intake, an increased sensitivity to proactive interference is 
expected in the cued recall of the Α-C list, but not in the D-C list (thus more 
intrusions are predicted in the recall of the Α-C list after diazepam intake). 

Items in memory normally carry time-tags that permit the discrimination of the 
more recent from the less recent (Milner et al., 1991). To be able to distinguish two 
lists of word pairs, subjects have to know the temporal context in which the lists were 
presented. A distinction can be made between 'independent' (or extrinsic) context and 
'interactive' (or intrinsic) context. The independent context does not affect the 
meaningful interpretation of the target information (e.g., time); in contrast, the 
interactive context does affect the interpretation of target information (Baddeley, 
1982). For example, words can function as an interactive context for other words, 
e.g., seeing the word 'jam' in the context of either the word 'traffic' or the word 
'strawberry', will affect the interpretation of the first word (Mayes, 1988). In the 
proactive interference task, subjects might use the independent context, but in 
addition they can use the first word of a word pair as a contextual marker (interactive 
context). To assess whether the temporal independent context can account for the 
effect of an increased interference, a list discrimination task is administered in 
experiment 2. Two word lists are presented and after presentation a recognition task 
is given. In this task subjects have to indicate in which list a recognised word has 
been presented. 
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The primary aim of present studies is to investigate whether temporal context 
encoding is impaired after diazepam intake. To show this is a specific impairment, it 
is necessary to demonstrate that diazepam subjects have poorer context memory than 
placebo controls, even when the target recall or recognition are equalised for both 
groups (Shoqeirat & Mayes, 1991). The use of a matching procedure is essential, 
because otherwise the results will likely be contaminated by scaling effects and by 
floor and/or ceiling effects that prevent clear interpretation of the results (Mayes et 
al., 1992). Therefore, both groups have to learn the first list of word pairs to a 
criterion in the proactive interference task. In this way we can assume that the cued 
recall level of the Α-B list will be matched for the diazepam subjects and the placebo 
controls, as was done in Mayes et al.'s (1987) study of organic amnesics. In the list 
discrimination task, the words are presented longer for subjects receiving diazepam. 
From a previous study (Gorissen et al., 1994) it appears that recall is equalised if the 
diazepam group has 3 sec to study a word, and the control group 1.5 sec. If, under 
these matched conditions, the BZDs subjects are worse on context memory, then this 
context memory deficit is disproportionate. 

The second aim of present studies is to examine whether the performance of 
diazepam subjects on the temporal context encoding tasks is correlated with the 
severity of memory impairment. To establish whether the administered BZDs indeed 
induce a memory impairment in our subjects, a prose recall task is presented. 
Additionally, tasks which are sensitive to frontal dysfunction are administered, 
because it is often argued that the frontal lobes contribute to the ability to make 
temporal order judgements (Mayes, 1988, Milner et al., 1991). Moreover, 
dorsolateral prefrontal areas have been linked in activation (PET) studies to encoding 
(left) and retrieval (right) (Shallice et al., 1994; Tulving et al., 1994). Although most 
studies find no effect of BZD on frontal tasks such as verbal fluency, Coull et al. 
(1995) report a diazepam induced deficit on a computerised version of the Tower of 
London, which was evident when participants were naive to this task. The third aim 
is therefore to examine whether diazepam impairs frontal function and whether 
performance on two 'frontal tasks', a verbal fluency task and the Tower of London, 
correlates with the presumed temporal context impairment. Finally, two mood rating 
scales are administered to monitor subjective sedative effects. 

3.2 Methods 

3.2.1 Subjects 

Twenty-four healthy students, 12 men and 12 women participated in this study. They 
fulfilled a psychology course requirement. Their ages ranged from 21 to 38 years 
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(mean: 25.7). They were not allowed alcohol or any other CNS drugs from 24 h 
before the test day. Subjects were requested to take a light fat-free breakfast and/or 
lunch on the testing day. Coffee, tea and smoking were not permitted half an hour 
before substance intake. Written informed consent was given by all volunteers prior 
to their inclusion in the study*. 

3.2.2 Material 

Proactive interference task. Three lists of 15 paired-associate Dutch words were 
selected (AB, AC, DC) (e.g., Α-B: bird-crow, Α-C: bird-sky, D-C: star-sky). To 
prevent ceiling effects, word pairs were moderately related according to association 
norms (De Groot, 1980). All lists were equated for word frequency (Uit den 
Boogaart, 1975), number of syllables and relatedness. No rare words were included 
to prevent paradoxical effects. 

The procedure for list presentation was closely similar to Winocur and Weiskrantz 
(1976) and Van der Linden et al. (1993). Each word pair was visually presented on a 
computer screen for 2 seconds and subjects had to read the words aloud. After 
presentation of the 15 word pairs and an interval of 30 seconds, a cued recall task was 
given. The first word of each word pair was displayed, for a maximum of 5 seconds 
until a response was given. During the 30 seconds interval the subject had to count 
backwards by seven from a random number between 800 and 900 (this was done to 
make sure that all the word pairs were retrieved from long-term memory). If subjects 
recalled twelve or more word pairs (criterion >80% of all word pairs correctly 
recalled), then the second list was presented. If this criterion was not met, word pairs 
were presented again until the criterion was reached. The Buschke selective 
reminding technique was used: the computer presented only the word pairs the 
subject omitted or recalled incorrectly in the cued recall (Buschke & Fuld, 1974). 
After reaching the criterion, the word pairs of the second list were presented. The 
cued recall procedure was the same as for the first list, but testing was now 
terminated when an entirely correct cued recall was achieved. All subjects received 
the same first (AB) list, but half of the subjects received the AC list as the second list 
(same list condition) and half the DC list (different list condition). 

List discrimination task. Four lists of 20 words were composed. Two word lists 
consisted of target words and two lists of distractor words. To prevent material 
specific recognition, the four lists were counterbalanced across subjects. The 
procedure used was a computer version of a comparable sentence temporal order task 

This study was approved by the Medical Ethics Committee of the University Hospital (CEOM number: 
ext. 9211-1409). 
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(Hunkin et al., 1994). A word was presented in the centre of a computer screen. The 
subjects read the word and then the next word was presented. Subjects were told that 
two word lists would be presented and they had to try to remember the words. 
Presentation of List 1 was followed by a short delay during which the subject filled in 
the Profile of Mood States. Presentation of List 2 followed immediately thereafter. 
After presentation of List 2 there was a 5 minute delay during which the subject was 
engaged in conversation. After this, the recognition test started, involving the 
presentation of a 80-word sequence comprising a random combination of the 40 
targets and 40 distractors. Subjects were asked to state whether they had studied a 
word in one of the lists, and if so, in which list it appeared (list 1 or 2). The number 
of words recognised (hits) including the number of words recognised with the correct 
list judgement (double hits) and the number of falsely recognised words (false 
alarms) was recorded. 

Prose recall. Subjects were asked for a written recall of a story presented via a tape 
recorder. The parallel versions used were from the Dutch version of the Rivermead 
Behavioural Memory Test (Wilson et al., 1985; Van Balen & Groot Zwaaftink, 
1987). Each story consisted of 21 'idea units' and between 60 and 65 words. Scoring 
was 2 points for perfect recall, or an exact synonym of each idea unit and 1 point for 
partial recall or partial synonym. Prose recall was administered before and after drug 
intake. Subjects had to fill in the Mood Rating Scale between the presentation and the 
recall of the story . 

Profile of Mood States (POMS). Subjects rated their feelings on a 5 point scale. Five 
factors can be extracted from the 32 items: tension, depression, anger, vigour and 
fatigue (Wald & Mellenbergh, 1990). 

Mood rating scale (MRS). A 16-item visual analogue mood rating scale was used 
(Bond & Lader, 1974) to assess subjective feelings of alertness, contentedness and 
calmness. The MRS was administered both before and after drug intake. 

Verbal fluency. Subjects were instructed to write down as many instances of two 
categories as they could think of. The time limit was 90 seconds. Number of words 
produced was registered. Category order was balanced over the subjects. Categories 
were selected from Hudson's category norms (1983) to be a large (animals ) and a 
small category (metals). 

Tower of London, (see Shallice, 1988; Krikorian et al., 1994) This task consisted of 
three blocks of differing colours, slotted into three rods of different length (see Fig. 
3.1). The subject was required to move one block at a time to reach a specified 
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arrangement in an indicated number of moves (between two and seven moves). The 
number of trials needed to solve a problem was registered. 

Fig. 3.1 The Tower of London task with the start position (left) and an example of a goal position (right) 
requiring three moves. 

3.2.3 Procedure 

A double-blind, between-subjects design was used to compare the effects of 15 mg 
diazepam (oral), and placebo. Each substance condition consisted of 12 subjects. 
Testing started 45 minutes after substance intake. All task conditions were counter 
balanced across drug conditions and tasks were presented in fixed order. 

3.3 Results 

Proactive interférence task. Non-parametric tests were used because the data from 
this task were not normally distributed. A Mann-Whitney U test yielded no 
significant Group effect on the number of trials needed to reach the criterion (£80% 
recalled) for the first (AB) list (see Table 3.1). Most subjects reached the criterion in 
the first trial (nine subjects in the placebo group and seven in the diazepam group). 
One subject (after diazepam intake) needed nine trials before reaching the criterion. 
No significant Group difference was found on the number of word pairs recalled 
when the criterion was reached. The aim of matching the two groups before 
presenting the second list (Α-C or D-C) was therefore achieved. 

On the second list (AC or DC), subjects after diazepam intake needed slightly 
more trials to reach the criterion (100% correct), but this group effect was only 
marginally significant (Z=-1.76, p=0.078). No significant effect of List condition 
(AB or AC) was found (see Table 3.1). Only a minority of subjects reached the 
criterion for the second list within one trial (5 in the placebo group and 4 in the 
diazepam group). A Kruskal-Wallis test on the number of trials needed to reach the 
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second criterion in the four conditions (placebo AC, placebo DC, diazepam AC and 
diazepam DC) showed no significant differences. 

Table 3.1 Means (and standard error) of the number of trials needed to reach the criterion of both lists, the 
number of word pairs recalled at criterion, and the total number of prior list intrusions on the 
proactive interference tasks. 

Group 

Experiment 2 
Placebo 

Diazepam 

Experiment 3 
Placebo 

Diazepam 

Trials to 
¿80% 

criterion 

1.17(0.2) 
1.50(0.3) 
3.00 (1.2) 
1.17(0.2) 

3.50 (0.7) 
3.00 (0.5) 
6.83 (1.0) 
7.33 (1.2) 

First list 

Recalled at 
criterion 

13.33 (0.5) 
13.00 (0.4) 
12.67 (0.5) 
13.00 (0.4) 

13.00(0.5) 
12.83 (0.3) 
10.33 (1.3) 
10.67(1.1) 

List condition 

AB-AC 
AB-DC 
AB-AC 
AB-DC 

EF-EG 
EF-HG 
EF-EG 
EF-HG 

Trials to 
100% 

criterion 

3.17(0.5) 
2.83 (0.6) 
5.00(1.1) 
4.00 (0.5) 

6.33 (0.8) 
3.33 (0.7) 
8.00 (0.7) 
6.67(1.4) 

Second list 

Recalled at 
criterion 

15.0 (0.0) 
15.0 (0.0) 
15.0 (0.0) 
15.0(0.0) 

15.0(0.0) 
15.0 (0.0) 
11.7(1,5) 
14.0 (0,6) 

Total number 
of prior list 
intrusions 

2.83 (1.0) 
0.83 (0.5) 
3.17(1.6) 
1.50 (0.7) 

0.50 (0.3) 
0.00 (0.0) 
4.67(1.9) 
0.00 (0.0) 

A Kruskal-Wallis test was performed on the total number of prior list intrusions in 
the four conditions (see Table 3.1). These intrusions are substitutions of the 
correspond-ing word from list AB (e.g., the В word instead of the С word), and 
reflect a direct measure of proactive interference. No significant Condition effect was 
found. Additionally, Mann-Whitney U tests were performed to compare the Groups 
and the List conditions. Subjects appeared not more vulnerable to proactive 
interference after diazepam intake. As expected, subjects made slightly more prior list 
intrusions in the AC condition (range 0-10, skewness 1.5) than in the DC condition 
(range 0-4, skewness 0.67) before reaching criterion. This was due to more intrusions 
in the second and third trial. After the fourth trial most subjects had reached the 
criterion, thus almost no prior list intrusions were made. No effects were found on the 
total number of errors, i.e., semantic intrusions (any word semantically related to the 
target word, except the word of the first list, of course) and other errors. 

In the diazepam AC condition, the number of prior list intrusions correlated with 
the number of trials needed to reach the first (r=0.93, p<0.007) and second criterion 
(r=0.87, p<0.02). In the placebo AC condition, the number of prior list intrusions 
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correlated only with the number of trials needed to reach the second criterion (r=0.89, 
p<0.02). In the two DC conditions the number of prior list intrusions did not correlate 
with the number of trials needed to reach either the first or second criterion. 

List discrimination task Separate analyses of variance with Group (placebo or 
diazepam) as the between-subjects factor and List (first and second) as the within-
subjects factor were carried out on the dependent variables (see Table 3.2). The 
analysis on the number of recognised words (hits) yielded no significant Group or 
List effects. Therefore, the two Groups were matched on the number of recognised 
words. No significant Group effect was found on the number of false alarms (placebo 
9.67 (SE=1.74), diazepam 11.58 (SE=2.12)). Analyses of signal detection variables 
(d' and β) neither yielded significant effects. 

Since the number of words recognised with the correct list of presentation (double 
hits) depends to some extent on the number of hits, these double hits were calculated 
as a percentage of the number of hits. An ANOVA performed on this variable yielded 
no significant Group or List effects. The percentage of words recognised with the 
correct source list, was significantly higher than chance level [59% in the diazepam 
group (t=2.2, p<0.05 two-tailed) and 66% in the placebo group (t=4.52, p<0.0009 
two-tailed)]. 

A significant correlation was found between the number of hits and the number of 
double hits (r=0.79, pO.0001). Correlations were calculated between the number of 
prior list intrusions in the proactive interference task and the number of double hits in 
the list discrimination task. This was done to assess whether subjects who were more 
vulnerable to proactive interference were also less able to discriminate the word lists. 
This appears not to be the case, because no significant correlations were found. 

To summarise, recognition performance was equal for both groups and no 
disproportionate deficit in list discrimination was found. Both groups performed just 
above chance level in indicating in which list a word was presented. 

Table 3.2 Number (means and standard errors) of recognised words (hits) in the list discrimination task 
and number of words recalled with the correct list (double hits). 

Placebo 

Diazepam 

Listi 

15.1(1.0) 
14.2(1.2) 

Hits 
List 2 

14.1 (1.0) 

12.7 (0.8) 

Double hits 

List 1 List 2 

10.3 (0.9) 
8.9(1.1) 

9.3(1.1) 

7.0 (0.8) 
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Prose recall. An analysis of variance with Group (diazepam or placebo) as the 
between-subjects factor and Time (pre- and post-drug) as the within-subjects factor 
yielded a significant interaction (F(l,20)=9.68, p<0.005). Subjects recalled fewer 
units from the story after diazepam administration, but no pre-drug difference was 
found (see Table 3.3). Thus an impairment was established after diazepam 
administration. No significant correlations were found between pre-post drug change 
scores on the prose recall scores and the number of double hits on the list 
discrimination task, nor between prose recall and the number of prior list intrusions 
on the proactive interference task. 

Table 33 Mean number (and standard errors) of 'idea units' recalled of the prose recall tasks. 

Experiment 2 
Placebo 
Diazepam 

Experiment 3 
Placebo 
Diazepam 

Pre-drug 

9.63 (0.68) 
10.50 (0.79) 

9.71 (0.92) 
11.13(1.12) 

Post-drug 

11.67(0.87) 
8.63 (0.80) 

12.92 (0.72) 
9.33 (0.82) 

Profile of Mood States (POMS). Means are presented in Table 3.4. All factors were 
analysed separately with a non-parametric test (Mann-Whitney U). No significant 
Group effects were found. A marginal effect was found on the factor vigour (Z=-
1.73, p<0.08); subjects were slightly less vigorous after diazepam intake . 

Table 3.4 Means (and standard errors) on the five factors of the Profile of Mood States. 

Experiment 2 
Placebo 
Diazepam 

Experiment 3 
Placebo 
Diazepam 

Depression 

8.17(0.11) 
9.33 (0.75) 

8.33 (0.33) 
9.67 (0.57) 

Anger 

7.00 (0.00) 
7.50 (0.26) 

7.50 (0.26) 
9.08(1.12) 

Fatigue 

8.25 (0.52) 
10.25(1.11) 

10.08 (0.99) 
14.25 (1.44) 

Vigour 

15.08(1.00) 
12.08(1.20) 

14.75(1.27) 
11.33(1.26) 

Tension 

7.00 (0.30) 
7.50 (0.66) 

6.67 (0.28) 
6.58 (0.29) 

39 



Chapter 3 

Mood rating scale. The change scores between pre and post-drug on the three mood 
factors were analysed with a Mann-Whitney U test (see Table 3.5). As expected, 
alertness was reduced after diazepam intake (Z=-2.11, p<0.04). No significant effects 
were found on contentedness or calmness. The correlation between the pre-post 
changes of sedation and prose recall scores was only significant in the placebo group 
(r=0.75, p<0.005). 

Verbal fluency. An analysis of variance on the number of words produced with Group 
(placebo or diazepam) as the between-subjects factor and Category (metals and 
animals) as the within-subjects factor was performed (see Table 3.6). Only a 
significant effect of Category was found (F(l,22)=227.30, pO.0001); as expected, 
subjects produced more animals (the large category) than metals (the small category). 
Verbal fluency performance did not correlate with the number of double hits nor with 
the number of prior list intrusions in the proactive interference task. 

Table 3.5 Means (and standard errors) on the three factors of the Mood Rating Scale, before and after 
substance administration. 

Experiment 2 
Placebo 
Diazepam 

Experiment 3 
Placebo 
Diazepam 

alertness 

66.7 (4.3) 
65.7(3.5) 

53.3 (4.6) 
62.9 (4.5) 

Pre-drug 

conten tness 

23.1 (3.3) 
26.3 (6.2) 

38.8 (1.5) 
39.3 (2.1) 

calmness 

74.8 (409) 
63.1 (6.1) 

85.8 (0.9) 
85.7(6.1) 

alertness 

61.4(4.3) 
45.8 (5.5) 

58.0 (3.5) 
41.0(3.9) 

Post-drug 

conten tness 

20.0 (3.9) 
27.1 (4.0) 

40.5 (1.5) 
38.7(1.7) 

calmness 

76.8 (5.0) 
76.9 (3.0) 

84.4 (0.9) 
83.9(1.0) 

Tower of London (TOL). An analysis of variance on the number of trials with Group 
as a between-subjects factor and Moves (2 to 7) as a within-subjects factor, yielded 
only a significant effect of Moves (F(5,22)=25.17, p<0.0001). Post-hoc tests showed 
significant differences between the number of trials needed on the TOL problems 
requiring four, five, six and seven moves (see Table 3.7). 

No significant correlations were found between the number of trials needed on the 
TOL and the number of double hits, or between the number of trials needed on the 
TOL and the prior list intrusions in the proactive interference task. 
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Table 3.6 Mean number (and standard errors) of produced words on the verbal fluency task. 

Metals Animals 

Experiment 2 

Placebo 8.8 (0.6) 24.3 (1.7) 

Diazepam 8.4 (0.8) 24.8 (0.9) 

Experiment 3 

Placebo 8.8(0.5) 26.0(1.4) 

Diazepam 8.8 (0.9) 22.8 (0.9) 

3.4 Experiment 3: Introduction 

When learning and retrieving related word pairs subjects can depend, to some extent, 
on semantic priming effects; i.e., the activation of a word representation (e.g., flower) 
that leads to the activation of a semantically related word representation (e.g., rose). 
If the first word of the word pair is presented, the second word is cued. It is therefore 
possible that in the Α-B Α-C paradigm with related word pairs in experiment 2, 
subjects relied on semantic priming. Further, as semantic priming is not impaired by 
diazepam (Gorissen et al., 1995), one would not expect to find any group differences. 
However, when learning unrelated word pairs, subjects cannot depend on semantic 
priming, and instead have to relate words actively to each other. Therefore, the 
question addressed in the second experiment is whether diazepam subjects show 
more proactive interference when performance cannot rely on semantic priming. 

Unrelated word pairs were presented in an AB-AC interference paradigm using the 
same procedure as in experiment 2. Again, the first aim was to examine whether 
subjects were more vulnerable to proactive interference after diazepam intake, but 
now in learning unrelated word pairs. The second aim was to examine whether the 
performance of diazepam subjects on the proactive interference task correlated with 
the severity of memory impairment. Thirdly, it was again investigated whether 
performance on tasks thought to tap frontal function, is impaired after diazepam 
intake, and whether the performance on these tasks is related to the presumed 
temporal context encoding impairment. 
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3.5 Methods 

3.5.1 Subjects and procedure 

Twenty-four healthy students, 13 men and 11 women, participated in this study. 
Their ages ranged from 19 to 32 years (mean: 23.25). A double-blind, between-
subjects design was used to compare the effects of IS mg diazepam (oral), and 
placebo. The procedure and restrictions for diet and alcohol etc. were the same as in 
experiment 2. 

3.5.2 Material 

Interference task. Three lists (EF, EG, HG) comprising 15 Dutch word pairs were 
selected (e.g., Ε-F: bird-fire, Ε-G: bird-bond, Η-G: star-bond). Word pairs were 
unrelated according to association norms. All lists were equated for word frequency 
(Uit den Boogaart, 1975) and number of letters and syllables. The procedure for list 
presentation was identical to the interference task in experiment 2, apart from one 
difference: the maximum number of learning trials was set at nine even when the first 
criterion (>80%) or second criterion (100%) was not achieved. This constraint on 
number of learning trials was imposed because otherwise testing would take longer 
than the diazepam would exert its effect. 

The materials and procedures for the MRS, POMS, verbal fluency, prose recall and 
Tower of London were identical to those in experiment 2. 

3.6 Results 

Proactive interference task. A Mann-Whitney U test yielded a significant Group 
effect (Z=-3.17, p<0.002) on the number of trials needed to reach the criterion for the 
first (EF) list (see Table 3.1). The subjects in the diazepam group needed more trials 
to reach the (£80%) criterion. Indeed, it appeared quite hard for the diazepam 
subjects to learn the unrelated word pairs; all 12 subjects after placebo intake reached 
the criterion within five trials, but only three diazepam subjects reached the criterion 
within five trails. Six diazepam subjects needed nine trials, and four of them did not 
reach the criterion within these nine trials! In terms of the number of word pairs 
recalled when the criterion was reached, the two groups did not differ significantly 
(Mann-Whitney U, Z=-1.87, p=0.06). The aim of matching the two groups before 
presenting the second list (Ε-G or Η-G) was therefore achieved. A Kruskal-Wallis 
test on the number of trials needed to reach the second criterion (see Table 3.1) in the 
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four conditions (placebo EG, placebo HG, diazepam EG and diazepam HG) showed a 
significant effect (H=9.57, p<0.03). Subjects in the placebo HG condition needed 
fewer trials than subjects in the other conditions. The majority of subjects in the 
placebo group again reached the criterion for the second list within five trials, but in 
the diazepam group most subjects needed more than five trials and six subjects did 
not reach the criterion within these nine trials (three of these subjects had not reached 
the criterion for the first list). Looking across Table 3.1, it appears that the increase in 
trials to criterion between the first and second list is bigger in the placebo EG 
condition than in the diazepam EG. However, the increase in number of learning 
trials is not a valid measure of proactive interference in our experiment, because the 
diazepam group was limited by the restriction of nine learning trials. The mean 
number of word pairs recalled after nine trials (see Table 3.1) was different in the 
four groups (H=9.45, p<0.02). 

І 
Έ. 

1.8-

1.6-

1.4-

1.2-

1-

0.8-

0.6-

0.4-

0.2-

0 -

-0.2-

V placebo EF-EG 

H placebo EF-HG 

O — diazepam EF-EG 

*< diazepam EF-HG 

0 

presentation trial 

Figure. 3.2 Means (and standard errors) of the number of prior list intrusions on the second list of the 
proactive interference task with unrelated word pairs. The mean number of intrusions in each 
trial is shown. 

The number of prior list intrusions reflect a direct measure of proactive interference, 
and as predicted, more prior list intrusions were made in the diazepam group, same 
list (i.e., EF-EG) condition than in the placebo group same list condition (Mann-
Whitney I/test, Z—2.80, p<0.005). The range of total prior list intrusions was 0-2 in 
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the placebo EG condition and 2-14 in the diazepam EG condition. As expected, no 
prior list intrusions were made in the different list condition (see Fig. 3.2). Thus, in 
this task with unrelated word pairs, an increased sensitivity to proactive interference 
was found in the diazepam group, as indicated by the prior list intrusions. No effects 
were found on the total number of errors, i.e., semantic intrusions (any word 
semantically related to the target word) and other errors. 

The number of prior list intrusions in the diazepam EG and placebo EG condition 
did not correlate with the number of trials needed to reach the first and second 
criterion. 

Prose recall. An analysis of variance with Group (diazepam or placebo) as the 
between-subjects factor and Time (pre- and post-drug) as the within-subjects factor 
again yielded a significant interaction (F(l,22)=12.27, p<0.002). Subjects recalled 
fewer units after diazepam administration but no pre-drug difference was found (see 
Table 3.3). Thus a clear impairment was established after diazepam administration. 

No significant correlations were found between pre-post-drug change on the prose 
recall and the number of prior list intrusions on the proactive interference task. In the 
diazepam group correlations were found between the change score in prose recall and 
the number of trials to reach the first (r=0.73, p<0.007) and second criterion (r=0.79, 
p<0.002). 

Profile of Mood States (POMS). Means are presented in Table 3.4. All rating scales 
were analysed with a non-parametric tests (Mann-Whitney U) with Condition as 
between factor and the separate mood factors as dependent variables. Subjects felt 
more fatigued after diazepam intake (Z=-1.96, p<0.05). There were also trends for 
subjects being more depressed (Z=-1.73, p<0.08) and less vigorous (Z—1.70, p<0.09) 
after diazepam intake. 

Mood rating scale. The change scores between pre and post-drug on the three mood 
factors were analysed with the Mann-Whitney [/test (see Table 3.5). Alertness was 
significantly reduced after diazepam intake (Z—2.11, p<0.04). Subjects rated 
themselves only marginally more calm after diazepam intake (Z=-1.70, p=0.09). 
Correlations between the pre-post changes in sedation and prose recall were not 
significant in either group. 

Verbal fluency. An analysis of variance on the number of words produced, was 
carried out with Group as the between-subjects factor and Category (metals and 
animals) as the within-subjects factor (see Table 3.6). Only a significant effect of 
Category was found (F(l,22)=236.71, pO.0001); subjects produced more animal 
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exemplars than metals. Verbal fluency performance did not correlate with the 
performance on the proactive interference task. 

Tower of London (TOL). An analysis of variance on the number of trials with Group 
as a between-subjects factor and Moves (2 to 7) as a within-subjects factor, again 
yielded only a significant effect of Moves (F(5,22)=20.07, p<0.0001). Post-hoc tests 
showed significant differences between the number of trials needed on the TOL 
problems requiring four, five, six and seven moves (see Table 3.7). No significant 
correlations were found between the TOL performance and performance on other 
tasks. 

Table 3.7 Means (and standard errors) of the number of trials needed to solve the Tower of London in the 
required number of moves. 

Moves required 

Two 
Three 
Four 
Five 
Six 
Seven 

Experiment : 

Placebo 

1.0 (0.0) 
1.0 (0.0) 
1.4(0.3) 
1.5(0.1) 
2.0 (0.2) 
2.7 (0.3) 

2 

Diazepam 

1.1 (0.0) 
1.0 (0.0) 
1.3(0.1) 
1.4(0.1) 
1.7(0.3) 
2.2 (0.2) 

Experiment 3 

Placebo 

1.0(0.0) 
1.0(0.0) 
1.3(0.1) 
1.5(0.2) 
1.6 (0.2) 
2.3 (0.3) 

Diazepam 

1.1 (0.0) 
1.0(0.0) 
1.2(0.1) 
1.4(0.1) 
1.9(0.2) 
2.5 (0.4) 

3.7 Discussion 

In both experiment 2 and 3 the classic BZD-induced memory impairment and 
subjective sedative effect were found which have been widely reported before (e.g., 
Curran, 1986; 1991, Gorissen et al., 1995). The main aim of these experiments was to 
investigate whether subjects were more vulnerable to proactive interference after 
diazepam intake, and consequently whether temporal context encoding was impaired. 
Furthermore, we assessed whether this supposed context encoding deficit could 
account for the BZD-induced memory impairment. 

The results of experiment 2 provide no evidence for the view that BZD-induced 
memory impairments involve a loss of temporal order information beyond what is 
predictable from a general loss of item memory. Indeed, if subjects could not 
remember a word of the second list in the proactive interference task, they often 
mentioned spontaneously that they remembered the word which had been presented 
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in the first list, but couldn't remember the word presented subsequently. It appeared 
therefore, that both groups were equally able to discriminate the temporal order of 
lists of related word pairs as diazepam subjects did not make more prior list 
intrusions in the proactive interference task than placebo subjects. This was not due 
to insensitivity of the task. Prior list intrusions were made, but not more frequently by 
the diazepam group than by the control group. The findings of the list discrimination 
task also provide no support for the hypothesis that temporal context encoding is 
selectively affected by diazepam; subjects in the placebo and diazepam group were 
equally able to indicate in which list a word had been presented when recognition 
performance was matched, and a significant correlation was found between 
recognition accuracy and temporal discrimination performance. This reflects a 
general degradation of memory in which both memory for target information and 
temporal context information are equally affected. One complication in the list 
discrimination task was that it was difficult for subjects to recall the source list, but it 
should be noted that recall was significant higher than chance level in both treatment 
groups. 

In experiment 3, subjects in the diazepam group were clearly impaired in learning 
unrelated word pairs. This finding is similar to earlier findings with amnesic patients 
who were almost unable to associate unrelated word pairs, but were able to learn 
semantically related word pairs (Winocur & Weiskrantz, 1976). We recently found 
similar results on a paired associates task after diazepam intake (Gorissen et al., 
accepted). In the present experiment, subjects needed more trials to learn unrelated 
word pairs after diazepam intake and some subjects did not even reach the learning 
criteria. In contrast, all placebo controls reached the learning criteria. New learning 
after diazepam intake was even restricted in the different list condition when the 
salient features of the HG list could easily be dissociated from the EF list and thus no 
competing associations were available. 

The subjects in the diazepam group were clearly more susceptible to interference 
from previously learned material than the placebo group, when learning unrelated 
word pairs. As proactive interference was found in the same list condition only, this 
does not reflect a general effect due to fatigue, to reduced motivation or to a response 
bias after diazepam intake. If these effects were confounding results, then one would 
also predict prior list and other intrusions in the different list condition. However, no 
prior list intrusions were found in the different list condition after either placebo or 
diazepam. One could argue that there was no reason to expect prior list intrusions in 
the different list condition, since the second list was completely distinctive from the 
first list. But, by including this condition, we were able to control for the above 
mentioned confounding factors. 

Sensitivity to proactive interference when learning unrelated word pairs might 
reflect a deficit in temporal context encoding when subjects cannot rely on semantic 
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priming effects. But there is also another, more likely, explanation for the 
interference in the diazepam group, namely that the sensitivity is an effect of poor 
memory rather than its cause. We suggest that it is the active associating, whether this 
is an association between targets (words) or between targets and context, which is 
affected by diazepam. In similar vein, Mayes (1988) proposed that amnesics might 
not suffer from a context encoding deficit per se, but cannot integrate context 
information with target material. 

The suggestion that subjects after diazepam intake are impaired in actively forming 
associations, can account for present findings. Firstly, it explains why the diazepam 
group performed similar to the placebo group when learning related word pairs, 
because, when learning related word pairs no associations have to be formed since 
the associations are pre-existing in the semantic network. The associates only have to 
be activated and retrieved, and this is not affected by diazepam. Secondly, it can 
explain why the diazepam group was severely impaired on learning unrelated word 
pairs, for which new associations have to be made actively in episodic memory. It can 
thus explain why proactive interference after diazepam intake was found with 
unrelated word pairs, but not with related word pairs. The words and the temporal 
context were not integrated as well in the diazepam group as in the placebo group. 

The second aim of present studies was to examine whether a supposed context 
encoding deficit could account for the memory impairment after diazepam intake. 
Evidence that a context encoding deficit cannot account for a broader memory 
impairment is suggested by a lack of significant correlations between the variables 
reflecting temporal context encoding (number of prior list intrusions and the number 
of double hits) and prose recall. Therefore we find no buttressing evidence for the 
view that a temporal context encoding deficit can account for BZD-induced memory 
impairment. Some limitations in present study, however, preclude a strong claim that 
the BZD-induced memory impairment is not due to a context encoding deficit. The 
number of subjects is small and might explain the lack of correlations between 
memory performance and variables measuring temporal context encoding. Also, we 
have used tasks that were all verbal, and non-verbal tasks might give different results. 

The last aim of the present studies was to investigate whether frontal lobe 
dysfunction could account for the supposed temporal context encoding deficit. No 
correlations were found between temporal context encoding variables and either 
measure of executive function; the Tower of London task and verbal fluency. 
Additionally, in both experiments we found a lack of disruption of performance on 
these task by diazepam, suggesting, contrary to Coull et al. (199S) and in accordance 
with most previous studies, that diazepam does not affect frontal lobe or executive 
function. A similar preservation of performance on frontal tests, but disruption on 
episodic memory tests, has been reported following lorazepam intake (Danion et al., 
1992; Kirby et al., 1995). However, to our knowledge, the present study is the first in 
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which the relation between frontal lobe function and temporal context encoding after 
BZD intake is investigated. The lack of frontal effects after diazepam intake is in line 
with an intact temporal order judgement and a normal sensitivity to proactive 
interference when learning semantically related word pairs, since patients with frontal 
lobe damage do show an impairment in recency judgement (Shimamura et al., 1990) 
and an increased sensitivity to interference when learning semantically related word 
pairs (Mayes, 1988). 

The memory effects found in the present experiments have analogies to those in 
organic amnesia; amnesic patients are also particularly impaired when it comes to 
learning previously unrelated information (Winocur & Weiskrantz, 1976). The BZDs-
induced amnesia has been proposed as a pharmacological model of organic amnesia 
(Brown et al., 1982) and although there are many differences between BZDs-induced 
memory impairments and those of organic origin, there are also similarities, and our 
fmdings of a dissociation between diazepam effects on learning related as opposed to 
unrelated word pairs adds one more similarity. Although very speculative, it seems 
that the BZD-induced memory impairments are more comparable to memory 
impairments presented by patients with temporal lobe damage than to those with 
diencephalic pathology. Parkin and Hunkin (Parkin et al., 1990; Hunkin & Parkin, 
1993; Hunkin et al., 1994) showed that amnesics with temporal lobe damage are 
reasonably able to process appropriate temporal context information, in contrast to 
diencephalic patients whom memory impairments are affected by contextual factors 
and also have more frontal lobe involvement. We think it is worthwhile to investigate 
further what the specific BZD-induced encoding deficits are and additionally what 
the parallels are between these BZD-induced deficits and the deficits found in 
temporal lobe amnesia or other amnesias. This could lead to a more specific 
psychopharmacological model of organic amnesia and eventually provide a way to 
examine aspects of memory that cannot be easily examined in patient populations (cf. 
Polster, 1993). 
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Chapter 4: Dual task performance after diazepam intake: 
Can resource depletion explain the 
benzodiazepine-induced amnesia?" 

4.1 Experiment 4: Introduction 

Many studies have demonstrated that benzodiazepines (BZDs) give rise to memory 
impairments (Curran 1986; 1991; Ghoneim & Mewaldt 1990). Several researchers 
have tried to elucidate the functional deficits underlying these BZD-induced memory 
impairments (e.g., Frith et al. 1984; Curran et al. 1988; Brown & Brown 1990; 
Gorissen et al. 1995; 1997). There is general agreement that BZDs impair the 
acquisition of information, but do not affect retrieval processes. However, it remains 
unclear whether and, if so, which specific encoding operations, involved in the 
acquisition of information, are affected by BZDs. 

Encoding processes place a heavy demand on attentional resources, while retrieval 
can proceed with fewer or minimal resources (Baddeley et al. 1984; Craik et al. 
1996). Therefore, it has been suggested that a depletion of resources after BZD intake 
might be responsible for the BZD-induced memory impairment (Rusted et al. 1991; 
Stephens et al. 1991). If so, encoding operations that require substantial cognitive 
resources should pose more difficulties for subjects after BZD intake, whereas 
automatically encoded features should be remembered equally well by subjects after 
BZD and placebo intake. There are indeed some findings that are in line with this 
prediction. Firstly, Joyce and File (1995) found that subjects after temazepam intake 
showed impairments in free recall of words, requiring effortful processing. However, 
no impairment was found in the recall of the context (i.e., colour, size or form of the 
visually presented words), which is presumed to be processed automatically and 
therefore does not rely on processing resources (Hasher & Zacks, 1979). Secondly, no 
effects of BZDs are generally found on implicit memory tasks (with the exception of 
lorazepam), suggesting that memory as a result of automatic processes is not affected 
by BZDs (Brown et al., 1989; Danion et al., 1989, 1990; Sellai et al., 1992; Curran & 
Gorenstein, 1993). Furthermore, it has been shown (Gorissen et al., 1995) that 
subjects after diazepam intake profit less from the possibility to organise a word list 
by semantic relatedness, which requires the deployment of attentional resources 
(Warburton & Rusted, 1993). Finally, in a recent study, we found that subjects after 
diazepam intake were clearly impaired in learning unrelated word pairs, but were able 
to learn semantically related word pairs (Gorissen et al., accepted). For learning 
related word pairs, subjects can rely partly on semantic priming, but when learning 

* Gorissen MEE & El ing PATM (in press) Dual task performance after diazepam intake: Can resource 
depletion explain the benzodiazepine-induced amnesia? Psychopharmacology 
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unrelated word pairs, subjects have to relate words actively to each other, which 
requires greater processing demands. 

These findings provide only indirect evidence for a depletion of attentional 
resources after BZD intake. Therefore, two experiments were conducted to examine 
whether a depletion of resources can account for the diazepam-induced memory 
impairment. This was assessed by administering a memory task under full attention 
and under divided attention; a paired-associate learning task was administered in a 
single task condition and while performing a concurrent visual discrimination task 
(VDT). In the dual task condition, the two tasks have to compete for attentional 
resources, and if fewer resources are available after diazepam intake, then a 
disproportionate memory performance decrement should be found in the diazepam 
group compared to the placebo group. Dividing attention would thus have a more 
detrimental effect after diazepam intake than after placebo intake. Furthermore, the 
complexity of the VDT was varied in order to manipulate the resources available for 
allocation to the memory task. It was predicted that memory performance in the 
diazepam group would be disproportionately affected by the complexity manipulation 
on the VDT. 

If the BZD-induced memory impairment can be explained by a depletion of 
resources, as indexed by the difference in recall between single and dual task 
condition, then the magnitude of the resource depletion should correlate with the 
severity of the impairment on an independent memory task (Meudell et al. 1994). A 
word list task was administered to establish whether diazepam indeed induced a 
memory impairment in our subjects, and to assess whether the resource depletion 
index correlated with memory performance. Finally, a mood rating scale was 
administered to monitor mood effects. 

4.2 Methods 

4.2.1 Subjects 

Thirty healthy students, 8 men and 22 women, participated in this study. They 
fulfilled a psychology course requirement. Their ages ranged from 18 to 26 years 
(mean: 21.2). They were not allowed alcohol or any other CNS drugs from 24 h 
before the testing day. Subjects were requested to take a light fat-free breakfast or 
lunch on the testing day. Coffee, tea and smoking were not permitted half an hour 
before substance intake. Written informed consent was given by all subjects prior to 
their inclusion in the study.* 

These two experiments were approved by the Medical Ethics Committee of the University Hospital 
(CEOM number: 9211-1409). 
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4.2.2 Material 

Visual discrimination task (VDT): Twelve pairs of block-patterns were presented in 
three complexity levels, using block-patterns closely similar to Warrington's stimuli 
(Warrington & James, 1967). Each block-pattern consisted of four black squares in a 
matrix of 16 white squares. The block-patterns pairs were graded in three levels of 
complexity in a systematic manner: in the easiest complexity (complexity level one), 
four adjacent black squares were presented as the ground pattern; in complexity level 
two, only two black squares were adjacent; and in complexity level three, all black 
squares were loose (see Fig. 4.1). In a dissimilar block-pattern pair, one black square 
was shifted one square horizontally or vertically from the ground pattern. The 
differences between complexity levels of the block-pattern pairs was tested in a pilot 
study (Zwaard, 1991). 

Stimuli were presented for 2 seconds on a computer screen. Subjects were 
instructed to press the yes-button when a pattern pair was the same and the no-button 
when a pair was dissimilar. Half of the presented pattern pairs were similar and half 
were dissimilar. Both speed and accuracy were stressed in the instructions. Each task 
condition was preceded by a practice session in which feedback was given after each 
trial. Reaction times and responses were registered. 

~WH I И I Е В ИЕН hñ~ñhñ-~y 
complexity 1 complexity 2 complexity 3 

Figure. 4.1 Examples of dissimilar picture pairs of the three complexities of the visual discrimination task. 
On the left hand side, examples of ground patterns in the three complexity conditions are shown. 

Paired-associate learning: Eight lists of six word pairs each were selected. Word 
pairs consisted of unrelated words according to association norms (De Groot, 1980). 
All lists were matched for word frequency (Uit den Boogaart, 1975), number of 
syllables and number of letters per word. Paired-associates were presented for 2 
seconds and the interval between word pairs was 6 seconds. In one condition, word 
pairs were presented visually and in another condition they were presented auditorily. 
The order of task condition was balanced within the drug groups. A cued recall was 
given immediately after list presentation. In half of the word pairs, subjects had to 
recall the first word and in the other half the second word. 

Dual task: In the dual task condition, the VDT and the paired-associate learning task 
were performed simultaneously. One block-pattern pair was presented together with a 
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word pair and a second block-pattern pair was presented between the presentation of 
each next word pair. Thus, with every other block-pattern pair, a word pair was also 
presented. Task parameters for both tasks were manipulated as in the single task 
conditions, i.e., three complexity levels for the block-patterns and visual and auditory 
presentation of word-pairs. 

The VDT was presented to the subjects as the primary task; subjects were told to 
perform the two tasks to the best of their ability, but to emphasise performance on the 
VDT. This was done to prevent that different attention allocation strategies would be 
used across subjects (Craik et al., 1996). Encoding of the paired-associates was 
performed concurrently with the VDT, but the cued recall was carried out under 
single task condition. Each condition was preceded by a practice session. Subjects 
firstly performed both single task conditions and subsequently the dual task condition. 
The order of the complexity levels was balanced across subjects. 

Profile of Mood States ((POMS) Dutch shortened version). Subjects rated their 
feelings on a 5 point scale. Five factors can be extracted from the 32 items: tension, 
depression, anger, vigour and fatigue (Wald & Mellenbergh, 1990). 

Word list. Twenty words were presented visually. Each word was presented for 3 
seconds on a computer screen. Subjects were asked to reproduce as many words as 
possible immediately after presentation. 

4.2.3 Procedure 

A double-blind, between-subjects design was used to compare the effects of 15 mg 
diazepam (oral), and placebo. Each substance condition consisted of 15 subjects. 
Testing started 45 minutes after substance intake. Task order was counter balanced 
within the drug groups. 

4.3 Results 

Single and dual tasks. An analysis of variance (ANOVA), with Group (placebo or 
diazepam) as the between-subjects factor and Condition (single and dual task 
condition), Modality (visual and auditorily) and Complexity (one, two and three) as 
the within-subjects factors, was carried out on the reaction times (RT) in the visual 
discrimination task. Due to a computer failure, the RT data of one placebo subject 
were not recorded. See Table 4.1 for the mean RTs and number of errors. 
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Subjects in the diazepam group responded slower than the placebo controls 
(FO^T^ló.S, p<0.0004). Although subjects were instructed to consider the VDT as 
the primary task, they responded more slowly in the dual task (mean 1210 ms) than in 
the single task (mean 1122 ms) condition (F(l,27)=63.5, pO.OOOl). Apparently, the 
presentation of the word pairs in the dual task condition, interfered to some extent 
with the VDT. This effect was larger when the paired associates were presented 
visually (Condition χ Modality: F(l,27)=18.9 p<0.0002). As expected, a difference in 
RTs between the three complexity levels was found (F(2,54)=407.1, p<0.0001);¿««í-
hoc tests (Newman-Keuls) showed significant differences in RTs between all 
complexity levels (p<0.0001). Finally a Condition χ Modality χ Complexity 
interaction was found (F(2,54)=3.44 p<0.05). Post-hoc tests indicated that subjects 
were disproportionately slower with increasing complexity in the visual dual task 
condition compared to the auditory dual task condition and the single task condition. 

Table 4.1 Experiment 4: Mean reaction time and number of errors (and standard errors) in the different 
conditions of the single and dual task condition and three complexity conditions of the visual 
discrimination task. 

Group 

Placebo 

n=14 

Diazepam 

n=15 

Condition 

single 

dual 

single 

dual 

Complexity 

one 

two 

three 

one 

two 

three 

one 

two 

three 

one 

two 

three 

Reaction 
times 

(in msec) 

632(21) 

1046 (59) 

1326 (58) 

702 (27) 

1125(57) 

1479 (65) 

774 (26) 

1273 (46) 

1657 (44) 

864 (32) 

1344 (52) 

1725 (50) 

Number of errors 

0.4(0.1) 

0.8 (0.2) 

2.3 (0.3) 

0.5 (0.2) 

0.9 (0.2) 

1.4(0.2) 

0.5 (0.2) 

0.6 (0.2) 

1.3 (0.2) 

0.4 (0.2) 

0.5 (0.2) 

1.4 (0.3) 

An ANOVA on the number of errors on the VDT yielded a significant effect of 
Complexity (F(2,54)=28.1, p<0.0001). Post-hoc tests showed that more errors were 
made on the most complex level (p<0.0001). A significant Group χ Condition χ 
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Complexity interaction (F(2,54)=3.7, p<0.03) was found. The placebo subjects 
unexpectedly made more errors than the diazepam subjects on the most complex 
single task condition. No significant negative correlations between RTs and number 
of errors were found, implying that the errors were not due to faster responding (i.e., 
speed/accuracy trade-off). 

To assess the effects of divided attention on paired-associates learning, an 
ANOVA with Group as the between-subjects factor and Condition and Modality as 
the within-subjects factors, was carried out on the cued recall scores (see Fig. 4.2). 
Diazepam subjects recalled fewer (mean 2.6) word pairs (F(l,28)=6.9, pO.Ol) than 
subjects after placebo intake (mean 3.9). As expected, fewer word pairs were recalled 
in the dual task condition (mean 2.7) than in the single task condition (mean 3.9) 
(F(l,28)=79.0, pO.0001). However, in contrast to the prediction, the difference in 
recall between the single and dual task condition was not disproportionately bigger 
after diazepam intake. The Modality χ Condition interaction was significant 
(F(l,28)=6.5, p<0.02). Post-hoc comparisons (Newman-Keuls) showed a better recall 
of the auditorily presented words in the single task condition (F=2.7, p<0.01), but no 
difference between the modalities in the dual task condition. 

§} placebo 

diazepam 

single one two three single one two 

visual auditory 

three 

Figure. 42 Mean number of paired associates recalled (and standard errors) in the single and dual task 
conditions. The means of the word pairs presented in the visual and auditory modality and with 
the three complexity conditions of the visual discrimination task (one, two three) are shown. 

A separate ANOVA (Group χ Complexity χ Modality) was performed on the recall 
of paired associates in the dual task condition only. This was done to assess whether 
the complexity manipulation in the dual task condition had differential effects on 
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paired-associates learning in the two groups. Subjects after diazepam intake recalled 
fewer word pairs (F(l,28)=6.5, p<0.02). An effect of Complexity was also found 
(F(2,56)=3.3, p<0.05); subjects learned fewer word pairs while concurrently 
performing the most complex VDT (see Fig. 4.2). The hypothesis that memory 
performance in the diazepam group would be disproportionately affected by the 
complexity manipulation was not confirmed: the Group χ Complexity interaction was 
not significant. 

Profile of Mood States. All mood factors were analysed separately with a non-
parametric test (Mann-Whitney U). No significant differences between the groups on 
the mood factors were found. 

Table 4.2 Pearson correlations between recall on the word list task and the recall of the paired associates in 
the diazepam group (results of experiment 4 and 5). The difference scores are the differences in 
recall between the dual and single task conditions. NS is a not significant correlation. 

Experiment 4 (n= 15) 

visual single task condition 

visual dual task condition 

auditory single task condition 

auditory dual task condition 

difference visual 

difference auditory 

Experiment 5 (n=17) 

related single task condition 

related dual task condition 

unrelated single task condition 

unrelated dual task condition 

difference related 

difference unrelated 

r 

.49 

.43 

.36 

.37 

.24 

.29 

.36 

.30 

.53 

.47 

.12 

.29 

p-value 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

0.03 

0.05 

NS 

NS 

Word list. A t-test yielded a significant effect (t=2.4, p<0.01); significantly fewer 
words were recalled after diazepam intake (mean 7.1, SE 1.1) than after placebo 
intake (mean 10.9, SE 1.1). Thus, a memory impairment was established after 
diazepam intake. 
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Correlational analyses. No significant correlations between memory performance on 
the single and dual task and recall on the word list were found for the diazepam group 
(see Table 4.2). The difference scores between dual and single task performance, 
which are taken as indices for resource depletion, did not correlate either with the 
number of recalled words of the word list. This lack of correlation implies that no 
evidence is found that a resource depletion can explain the diazepam-induced 
memory impairment. None of the POMS factor scores correlated with memory 
performance. 

4.4 Discussion experiment 4 

The purpose of the present experiment was to assess whether diazepam induces a 
depletion of resources, which can account for the diazepam-induced memory 
impairment. A clear and consistent memory impairment was found after diazepam 
intake. When attention was divided between the VDT and encoding of the paired-
associates, memory performance declined relative to the condition of full attention. 
Memory performance also declined as the VDT task increased in complexity. 
However, no disproportionate decline was found after diazepam intake. This suggests 
that no evidence is found for the hypothesis that diazepam reduces resources 
necessary for efficient encoding of to-be-leamed material. Moreover, the absence of a 
correlation between the resource depletion index and memory performance on the 
word learning task also suggests that a depletion of resources cannot account for the 
memory impairment. 

The task manipulation of the VDT was successful, since a clear effect of the 
complexity manipulation was established. Performance, in terms of reaction times 
and errors and in terms of memory performance, decreased with increasing 
complexity level (i.e., difficulty sensitivity). This suggests that the VDT and the 
memory task do compete for common resources (Fisk et al., 1987; Wickens, 1991), 
and therefore it is unlikely that the lack of a disproportionate memory decrement in 
the dual task condition after diazepam intake is due to insensitivity of the task. 

Modality-specific interference effects were clearly on the response times on the 
VDT. It is possible that interference occurred because of peripheral interference 
between the primary and secondary task; that is, the tasks might compete for a 
common (visual) input channel, because subjects had to monitor two separate 
locations on the computer screen simultaneously: the block-pattern pair and the 
visually presented paired-associate. In the case of peripheral interference however, 
one would not expect to find a continuous difficulty-performance trade-off, as we did, 
but a discrete, all-or-none trade-off (Wickens, 1980). In fact, a gradual difficulty 
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sensitivity on the cued recall was even clearer in the visual modality than in the 
auditory modality. 

4.5 Experiment5: Introduction 

In experiment 4, subjects had to learn unrelated word pairs only. In experiment 5, 
subjects had to learn both semantically unrelated and related word pairs (e.g., flower-
rose). When learning related word pairs, subjects can depend to some extent on 
semantic priming; i.e., the activation of a word representation (e.g., flower) 
automatically leads to the activation of a semantically related word representation 
(e.g., rose). No new associations have to be formed, since the associations are pre
existing in the semantic network, but the associates only have to be activated, which 
is not affected by diazepam (Gorissen et al., 1995). 

When learning unrelated word pairs, subjects cannot depend on semantic priming, 
and instead have to relate words actively to each other, which is resource demanding 
(Craik et al. 1996). In a previous experiment, we found that subjects after diazepam 
intake were clearly impaired in learning a list of unrelated word pairs, but were able 
to learn a list of semantically related word pairs (Gorissen et al., accepted). If this 
impaired associating of words is due to a depletion of resources, then the division of 
attention at encoding will result in a disproportionate decrement in recall after 
diazepam intake. In contrast no, or minimal, attention is required for activating pre
existing associates, and dividing of attention should have no or a small detrimental 
effect after both placebo and diazepam intake. 

We predicted a better cued recall of related word pairs, and a bigger effect of 
dividing attention on learning unrelated word pairs. On the basis of a resource 
explanation, one would predict a disproportionate memory decrement when learning 
unrelated word pairs in the dual task condition after diazepam intake. Additionally, 
we expected an effect of the (VDT) complexity manipulation on learning the 
unrelated word pairs only. This should be larger for the diazepam group. 

The task was slightly adapted from the task used in experiment 4. In experiment 5, 
the word pairs were presented only visually, because this modality gave the clearest 
complexity effects in experiment 4. Furthermore, the block-patterns were now 
presented sequentially instead of concurrently, and the sequence of presentation of 
the block-patterns and the word pairs was adapted, to eliminate presumed peripheral 
interference while watching the block-patterns and reading the word pairs. 
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4.6 Methods 

4.6.1 Subjects 

Thirty-four healthy students, 16 men and 18 women, participated in this study. They 
fulfilled a psychology course requirement. Their ages ranged from 18 to 29 years 
(mean: 22.6). Written informed consent was given by all subjects prior to their 
inclusion in the study. 

4.6.2 Material 

Visual discrimination task: The block-patterns were similar to those in experiment 1; 
three levels of complexity were also used (see Fig. 4.1). However, the presentation 
was slightly different from that of experiment 4: one block-pattern was presented for 
1 second and after a delay of 2 seconds the second block-pattern was presented with a 
question mark above the pattern. Subjects were required to press the yes-button when 
the second block-pattern was similar to the first block-pattern, and to press the no-
button when they were different. Both speed and accuracy were stressed in the 
instruction. RTs and responses were registered. Each complexity condition was 
preceded by a practice session in which feedback was given. 

Paired-associate learning: Four lists of ten word pairs each were selected. Each list 
consisted of five semantically related and five unrelated word pairs. To prevent 
ceiling effects, the related word pairs were moderately associated according to 
association norms (De Groot, 1980). All lists were matched for word frequency (Uit 
den Boogaart, 1975), number of syllables and number of letters. Paired-associates 
were visually presented for 2 seconds. A cued recall was given immediately after 
presentation of all word pairs. For half of the word pairs, subjects had to recall the 
first word, and in the other half the second word. 

Dual task: In the dual task condition, the VDT and the paired-associate learning task 
were performed simultaneously. Task parameters for both tasks were manipulated as 
in the single task conditions. One block-pattern was presented for 1 second and was 
directly followed by a word pair which was presented for 2 seconds. The word pair 
was again followed by the second block-pattern to which subjects had to respond 
within 1.5 second. Thereafter, again a block-pattern, a word pair and a block-pattern 
with question mark were presented, and so on. 

The VDT was again presented to the subjects as the primary task; subjects were 
told to perform the two tasks to the best of their ability, but to emphasise performance 
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on the VDT. Encoding of the paired-associates was performed concurrently with the 
VDT, but the cued recall was carried out under single task condition. Each task 
condition was preceded by a practice session. Subjects firstly performed the two 
single tasks and then the dual task. The order of the complexity levels was balanced 
across subjects. 

4.6.3 Procedure 

The procedure was identical to that of experiment 4. Drug administration was double 
blind and a between-subjects design was used. The material and administration of the 
POMS and word list were similar as in experiment 4. 

4.7 Results 

Single and dual tasks. An ANOVA, with Group as the between-subjects factor and 
Condition and Complexity as the within-subjects factors, was carried out on the RTs 
and number of errors on the VDT. See Table 4.3 for the mean RTs and number of 
errors. 

Table 4.3. Experiment 5: Reaction time and number of errors (and SE) in the different conditions of the 
single and dual task condition and three complexity conditions of the visual discrimination task. 

Group 

placebo 
n=17 

diazepam 
n=17 

Condition 

single 

dual 

single 

dual 

Complexity 

one 
two 
three 
one 
two 
three 

one 
two 
three 
one 
two 
three 

Reaction times 
(in msec) 

676 (33) 
754(41) 
837 (46) 
826 (40) 
827 (38) 
858 (38) 

715 (59) 
790 (54) 
860(64) 
813 (61) 
873 (67) 
959 (57) 

Number of errors 

0.9 (0.2) 
0.4(0.1) 
1.1 (0.5) 
0.8 (0.2) 
0.7 (0.2) 
1.2 (0.3) 

0.6(0.1) 
0.2(0.1) 
0.4 (0.2) 
0.8 (0.2) 
0.6(0.1) 
0.2(0.1) 
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No Group effect was found, but subjects responded slower in the dual task (mean 
859 ms) than in the single task (mean 772 ms) (F(l,32)=19.6, pO.0001). As in 
experiment 4, a difference in response time between the three complexity levels was 
found (F(2,64)=18.8, pO.0001); post-hoc tests (Newman-Keuls) showed significant 
differences in reaction time between all three complexity levels (pO.001). 

An ANOVA on the number of errors yielded a significant Group effect 
(F(l,32)=6.1, p<0.02): more errors were found in the placebo group (mean 0.8) than 
in the diazepam group (mean 0.5). One placebo subject appeared to be responsible for 
this group difference. No speed/accuracy trade-off was found because no significant 
negative correlation between the reaction time and the number of errors was found. 

An ANOVA, with Group as the between-subjects factor and Condition and 
Relatedness as the within-subjects factors, was carried out on the cued recall scores 
(see Fig. 4.3). Subjects after diazepam intake recalled fewer word pairs (F(l,32)=8.7, 
pO.006) and fewer word pairs were recalled in the dual task condition than in the 
single task condition (F(l,32)=60.4, p<0.0001). 

5 _ HÍJ placebo 

single one two three single one two three 

related word pairs unrelated word pairs 

Figure. 4.3 Mean number of paired associates recalled (and standard errors) in the single and dual task 
conditions. The means for the semantically related and unrelated word pairs in the three visual 
discrimination task complexity conditions (one, two uree) are shown. 

As expected, the related word pairs were recalled better than the unrelated word pairs 
(F(l,32)=201.8, pO.0001); means are 4.4 and 2.6, respectively. Relatedness 
interacted with Group (F(l,32)=25.4, pO.0001); post-hoc tests showed no group 
difference for the related word pairs, but the diazepam group was clearly impaired in 
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learning the unrelated pairs (Newman-Keuls, pO.006). In line with the prediction, 
learning the semantically related word pairs was less affected by dividing attention 
than learning the unrelated word pairs (F(l,32)=14.8, p<0.0005). In contrast to the 
hypothesis, the difference between the single and dual task for the unrelated word 
pairs was not larger after diazepam than after placebo intake. 

The ANOVA on the recall data in the dual task condition only showed a significant 
difference between the two groups (F(l,32)=6.4, p<0.02). Additionally, a Group χ 
Complexity interaction was found (F(2, 64)=3.3, p<0.05); post-hoc tests showed that 
the placebo group recalled more word pairs than the diazepam group at complexity 
levels one and two (Newman-Keuls, p<0.01), but not at complexity level three (see 
Fig. 4.3). Furthermore, a Relatedness effect was found (F(l,32)=178.1, pO.0001), 
which also interacted with Group (F(l,32)=10.2, p<0.003); no group difference in 
recall was found for the related word pairs, but the diazepam group recalled fewer 
unrelated word pairs. The Complexity χ Relatedness interaction was not significant 
and neither was an interaction with Group found. These findings show that the 
diazepam subjects were impaired in learning the unrelated word pairs in the dual task 
condition, but this was not disproportionately affected by the complexity of the visual 
discrimination task. 

Profile of Mood States. Subjects after diazepam intake were more fatigued (mean 2.1, 
SE 0.2) than subjects after placebo intake (mean 1.0, SE 0.2; Mann-Whitney U, 
pO.001). 

Word list. Subjects after diazepam intake recalled significantly (t=3.5, p<0.0007) 
fewer words (mean 6.3, SE 0.6) than after placebo intake (mean 10.6, SE 1.1). 
Therefore, a memory impairment was established after diazepam administration. 

Correlational analyses. Memory performance on the word list correlated with recall 
of the unrelated word pairs in both the single and dual task (see Table 4.2). However, 
no significant correlations were found between memory performance on the word list 
and recall of the related word pairs. The difference scores of the dual and single task 
performance did not correlate either with the number of recalled words of the word 
list. The POMS factor scores did not correlate with memory performance. Thus, the 
memory impairment did not correlate with sedation. 

4.8 Discussion experiment 5 

In experiment 5, again a clear memory impairment was found after diazepam intake. 
In line with the prediction, diazepam had no effect, and dividing attention had a small 
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effect on learning related word pairs. However, both factors did have a clear 
disruptive effect on learning unrelated word pairs. However, no disproportionate 
memory impairment after diazepam intake was found when attention had to be 
divided. Again, no evidence was found for the hypothesis that diazepam reduces 
resources, which precludes efficient encoding. Moreover, the lack of correlations 
between the resource depletion index and memory performance on the word learning 
task suggests that a depletion of resources cannot account for the memory 
impairment. 

The effects of the complexity manipulation of the VDT were less clear cut than in 
experiment 4. Although an increase in reaction times was found, no difficulty 
sensitivity (Wickens, 1980, 1991) in memory performance was found when the 
complexity of the VDT increased. In fact, subjects after diazepam intake learned 
more word pairs while performing the most complex VDT than while performing the 
two easier complexity levels of block-patterns. It is difficult to provide a sensible 
interpretation of this result. It could be argued that subjects after diazepam intake 
were biasing their attention more to the word pair learning while performing the most 
complex VDT. Such a trade-off strategy is, however, unlikely, because no significant 
correlations were found between recall and performance (reaction time or number of 
errors) on the most complex VDT after diazepam intake. 

4.9 General discussion 

The aim of the present experiments was to investigate whether a depletion of 
resources can account for the diazepam-induced impairment in the acquisition of 
information. It was hypothesised that subjects after diazepam intake have reduced 
cognitive resources, which would be reflected in a disproportionately impaired 
capacity to learn word pairs when attention has to be divided between encoding the 
word pairs and performing a concurrent task. The findings of both experiments do not 
support this hypothesis, since no disproportionate disruptive effect of diazepam was 
found. Dividing attention did reduce memory performance, which is in line with 
previous studies (Baddeley et al., 1984; Craik et al., 1996). However, dividing 
attention was not more disruptive in the diazepam group than in the placebo group. 
Learning unrelated word pairs, which is resource demanding (Craik et al. 1996), was 
disrupted by dividing attention and by diazepam. In contrast, more automatic 
encoding processes, such as semantic priming, involved in learning related word 
pairs, appeared minimal or not affected by, respectively, dividing attention and 
diazepam. 

Rusted et al. (1991) and Stephens et al. (1991) suggested that a depletion of 
resources after BZD intake might be responsible for the BZD-induced memory 
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impairment, but to our knowledge no study has been done to test this hypothesis 
directly. We are not aware of a study using both a single and dual task to examine the 
memory effects of BZDs. However, there have been a few studies in which effects of 
BZDs have been compared with performance of non-drugged subjects in a divided 
attention condition. Rusted et al. (1991) examined the disruptive effects of secondary 
tasks (articulatory suppression and spatial tapping) on primary tasks (word list 
learning, digit span, mental rotation). They found that the performance after 
scopolamine and diazepam intake mimics that of the subjects' divided attention 
performance when they had to perform tasks that rely on the central executive in 
working memory (see Baddeley, 1986). Moreover, File (1992) found that there are 
similarities between the memory effects of dividing attention and lorazepam 
treatment. The limitation of these latter studies is, as mentioned before, that subjects 
after BZD intake did not have to perform two tasks simultaneously, which is the usual 
procedure to measure resource limitations (Wickens, 1984, 1991; Fisk et al., 1987). 

A covariation in amount of resources and the severity of memory impairment is to 
be expected if a resource depletion can account for the memory impairment (Meudell 
et al., 1994). The correlation between resource indices and memory impairment 
proved low and not significant, and so the role of resource depletion in BZD-induced 
memory impairment remains, as yet, unproven. Also, in the literature on organic 
amnesia, such a correlation is not consistently found (Mitchell & Hunt, 1989; 
Meudell et al., 1994). Meudell et al. (1994) have tested the hypothesis that organic 
amnesia might result directly from pathological loss of resources. They indeed found 
that amnesics were disproportionately impaired in dual task performance when two 
non-memory tasks had to be performed simultaneously. However, resource reduction 
and measures of seventy of amnesia did not correlate. They therefore conclude that 
resource depletion may not be a causal factor for the amnesia. 

In the literature on BZD-induced amnesia, the dichotomy between attention and 
memory has been sharpened in the discussion on the role of sedation in BZD-induced 
memory (see King, 1992; Polster, 1993). However, attention is a prerequisite for 
efficient encoding into memory and a sharp differentiation of the two concepts is 
artificial (Rusted, 1994). A resource explanation might provide a useful framework to 
integrate attention and memory processes (Warburton & Rusted, 1993). 

It would be interesting for future studies not only to have attention divided at 
encoding, but also during the retrieval stage. Also, instructions should have to be 
manipulated, biasing subjects systematically to allocate attention to the memory task 
or to the secondary task. Finally, in our study, memory performance was not equated 
between the two groups when the memory task was carried out in isolation. The use 
of a matching procedure is, however, to be advised in future studies so that scaling 
effects will not contaminate the results which might prevent a clear interpretation. 
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Chapter 5: Alertness and memory after sleep deprivation 
and diazepam intake" 

5.1 Experimentó: Introduction 

Many studies have demonstrated that benzodiazepines (BZDs) give rise to memory 
impairments (see Curran 1986,1991 for reviews). There is general agreement in the 
literature that the memory impairments observed following administration of BZDs 
result from an impairment in the acquisition of information, rather than from a 
defective consolidation or retrieval (Curran 1991; Gorissen et al. 1995). It is found 
that short-term memory as measured by digit span tasks and recency effects is intact, 
and no effects are generally reported on semantic memory tasks (Curran 1986, 1991). 
Besides effects on memory, BZDs also impair performance on a range of 
psychomotor tasks, for example on digit symbol substitution (File, 1992), reaction 
time (RT) tasks (Preston et al., 1988), cancellation tasks (File, 1992; Rich & Brown, 
1992) and vigilance tasks (for a review see Koelega, 1989). 

A question often addressed in the literature, is whether or not the memory 
impairments and performance-disruptive effects are related to the sedative effects of 
BZDs, since these drugs are known to induce drowsiness. Some researchers have 
argued that the amnesic effects do relate to their sedative effects ( Preston et al., 1988, 
1989; Roth et al., 1990; Roehrs et al., 1994), while others have shown that these 
effects of the BZDs can be dissociated (Curran et al., 1987, 1991; File, 1992; Rich 
and Brown, 1992; Weingartner et al., 1992, 1995). King (1992) concluded that the 
vexing question of the role of sedation in benzodiazepine-induced amnesia remains 
unresolved. Polster (1993) suggested that the unspecified relationship between 
sedation and memory merits further study, since resolving this issue is important in 
the final analysis of whether or not drug-induced amnesia provides a strong analogy 
for organic amnesia. 

Not only BZDs, but also other sedative drugs such as scopolamine, alcohol, 
barbiturates and antihistamines induce memory impairments. This despite differences 
in chemical composition and the type of neurotransmitters that they affect (Polster, 
1993; Tiplady, 1995). This lends support to the view that the memory effects are 
secondary to the sedative effects of the drugs. There have been a few studies in which 
the memory effects of BZDs are directly compared with the effects of other sedative 
drugs. Rusted et al. (1991) found similar effects of diazepam and scopolamine on 
working memory tasks. Frith et al. (1984) found that these two substances impair 

Published in: Gorissen M, Tielemans M, Coenen A (1997) Alertness and memory after sleep deprivation 
and diazepam intake. Journal of Psychopharmacology, 11(3) 233-239 
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acquisition processes and induced the same effects upon different encoding 
operations. However, Ghoneim and Mewaldt (1975) stated that scopolamine, but not 
diazepam, interferes with organisational processes. The interpretation of these results 
was complicated because scopolamine induced a larger sedative effect. Moreover, we 
found that diazepam does affect organisational processes (Gorissen et al., 1995). Frith 
(1991) concluded that the memory deficits found after scopolamine administration are 
qualitatively similar to the BZDs-induced memory deficits, implying an impairment 
in acquisition but not in retention or in retrieval. He further concluded that the effects 
are on long-term memory but not on short-term memory and that scopolamine and 
BZDs affect episodic but not procedural memory. Thus the BZD-induced memory 
impairments appear to parallel the memory effects of other sedative drugs. 

Sedation is a vaguely defined concept (Linnoila et al., 1986). Generally, sedation is 
conceived of as a reduction in arousal, vigilance, alertness or attention. Different 
indices have been used to measure sedation, such as subjective indices (e.g., mood 
ratings), psychophysiological indices (e.g., critical flicker fusion threshold, multiple 
sleep latency), and psychomotor performance (e.g., finger tapping, reaction times). 
These diverging indices have been correlated with memory performance and it should 
not be surprising that the results of these studies are inconsistent. 

A state of reduced alertness can also be induced non-pharmacologically, for 
instance by sleep deprivation (Hockey, 1984; Nilsson et al., 1989; Tiplady, 1995). 
There have been studies on the effects of sleep deprivation (SD) on sleepiness, 
vigilance performance and RT performance (see Spijkers, 1980; Johnson, 1982; 
Monk, 1991 for reviews). Relatively little research has been done on the effects of SD 
on memory, and the studies on SD and memory have provided inconsistent results. 
Elkin and Murray (1974) found that up to 55 h SD affected delayed, but not 
immediate recognition in a probe-recognition memory task. Pulzella (1975) found that 
24 h of SD affected recognition in a probe-recognition task and he concluded that 
encoding into long-term memory is affected by SD. Nilsson et al. (1989) found that 
SD had a detrimental effect on a paired-associates learning task. It is not possible to 
draw a general conclusion from these studies because different durations and kinds of 
SD were used, such as total SD and partial SD. In addition, different groups of 
subjects (elderly volunteers, young adolescents) as well as different memory tasks 
were used. 

The present study addresses the question of whether SD induces a similar memory 
impairment to that found after diazepam intake, i.e., a reduced recall of information 
from long-term memory, but no impairment in short-term memory or retrieval from 
semantic memory. If the BZD-induced memory impairments are secondary to the 
sedative, alertness reducing effects, then SD should also induce this memory 
impairment. Alertness is thus pharmacologically reduced by diazepam and non-
pharmacologically by SD. Alertness is measured by a test battery which includes 
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different measures of performance, such as vigilance and RT tasks, and by subjective 
rating scales. As proposed by Tiplady (1995), these tasks are used as an index of 
alertness independent of the primary assessed function, in our case memory. It is 
predicted that diazepam and SD both induce a reduction in alertness. Additionally, a 
similar memory impairment is expected, i.e., a reduced recall of words from a word 
list and of paired associates. No impairment is expected on short-term memory (digit 
span) and retrieval from semantic memory (semantic fluency). 

5.2 Methods 

5.2.1 Subjects 

Twelve healthy psychology students of both sexes, 18-22 years of age (mean 20 
years) who complied with the medical exclusion criteria, participated in this study. 
Medical exclusion criteria were: allergies, past or present medical or psychiatric 
illness, concomitant use of medication except oral contraceptives and frequent use of 
psychoactive substances. To prevent paradoxical effects of SD on depressed subjects 
such as an improvement in mood (Wu & Bunney, 1990; Van den Hoofdakker, 1994), 
subjects with a score of 8 or higher on the Beck Depression Inventory (Beck et al., 
1961) were also excluded from participation. Subjects with atypical sleeping patterns 
and morning and evening types, measured with the momingness-eveningness 
questionnaire (Home & östberg, 1976), were also excluded. Subjects fulfilled a 
psychology course requirement and were additionally paid (100 Dfl). Written 
informed consent was given by all subjects prior to their inclusion in the study.* 

5.2.2 Material 

Word lists. Six word lists, with 20 nouns in each, were matched for word frequency 
(Uit den Boogaart, 1975), number of syllables and letters and concreteness (Van 
Loon-Vervoom, 1985). Words were presented on a computer screen at the rate of one 
word every 2 sec; subjects completed a written recall immediately after presentation 
of each list. In each experimental condition two word lists were presented with a 
short interval in between. A delayed written recall was completed 45 min after 
presentation of the second list. Subjects were asked to recall words from the first list 
and then from the second list. 

The research reported in this study was approved by the Medical Ethics Committee of the University 
Hospital (CEOM number: 9409-1177). 
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Paired-associates. Six lists consisting of 20 word pairs were selected. Ten word pairs 
were semantically related (e.g., paper-pen) and ten word pairs were unrelated (e.g., 
beach-cheese) in each list. The lists were matched for word frequency, concreteness, 
relatedness between word pairs (De Groot, 1980), and number of syllables and letters. 
The related and unrelated word pairs within a list differed only in semantic 
relatedness. The list of word pairs was presented using a cassette tape at the rate of 
one word pair every 3 sec. A cued recall was given immediately after list 
presentation. In half of the word pairs subjects had to recall the first word and in the 
other half the second word. In each experimental condition two lists of word pairs 
were presented with a short interval in between. A practice session with four word 
pairs was given in each condition. 

Digit span. A sequence of random digits between 1 and 9 was presented auditorily at 
a rate of one digit/sec, using a cassette tape. Sequences started with three digits and 
were incremented by one following three trials of successful recall. The task 
terminated after two unsuccessful attempts at sequences of the same number of digits. 
The subject's digit span was one less than the sequence length that they failed to 
repeat on two successive trials. A practice session was given in each experimental 
condition. 

Semantic fluency. Subjects were instructed to write down as many instances of a 
given category as they could think of. The time limit was 120 sec. In each condition 
two fluency tasks had to be performed, one in an easy, and one in a difficult category. 
Categories were selected from category norms (Hudson, 1983) to be large (fruits, 
parts of the human body, garments) and small (animals with four legs, sports, 
vehicles). 

Reaction time tasks. The stimuli 'left' or 'right' were sequentially presented on a 
computer screen. A new stimulus appeared immediately after a response. Subjects 
were instructed to respond as quickly and as accurately as possible. A practice session 
for both tasks was given in each experimental condition. Mean RTs and number of 
errors in the 120 stimuli were the dependent variables. 

In the choice RT task, subjects were instructed to react by pushing the right button, 
when the word 'right' was presented, and by pushing the left button when 'left' was 
presented. The word and the place of presentation on the screen were always 
compatible. 

In the complex RT task, subjects were instructed to react by pushing the right 
button, when the word and the place of presentation were compatible; thus when 
'right' was presented on the right-hand side or 'left' on the left-hand side. If word and 
place of presentation were not compatible, subjects had to push the left button. In 
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both RT tasks half of the stimuli were designed to elicit right responses and half to 
elicit left responses. 

Vigilance task In this task a square of 12-mm (distractor) or a 10-mm square (target) 
were presented on a computer screen for 100 msec. Seven blocks were presented, 
each block consisting of 12 targets and 48 distractors. In this way, stimuli were 
presented in a pseudo-random order so that in each 5-min interval a similar number of 
targets were presented. Between stimulus presentation the variable interval was 4, S 
or 6 sec. Subjects were instructed to push a button when the target was presented. If a 
subject did not respond within 1 sec after target presentation this was registered as an 
omission. Before the task started, subjects were trained to a criterion to be sure that 
they were able to discriminate between the target and the distractor. 

Subjective rating scales. With the Dutch shortened version of the Profile of Mood 
States (POMS) subjects rated their feelings on a five-point scale. The five factors 
which can be extracted from the 32 items are tension, depression, anger, vigour and 
fatigue (Wald & Mellenbergh, 1990). The Mood Rating Scale (MRS) (Bond & Lader, 
1974) was used to assess subjective feelings of alertness, contentedness and calmness. 
Finally, on the AD-ACL arousal questionnaire subjects rated their feelings on a four-
point scale. The factors energy, tiredness, tension and calmness can be extracted from 
the 20 items (Thayer, 1986). 

5.2.3 Procedure 

Each subject was tested on three different days using a repeated measures cross-over 
design. Test days were separated by 1 week. The conditions included intake of 15-mg 
diazepam (oral), intake of placebo and 24-h SD. The 'drug effect' was obtained by 
comparing the diazepam condition with the placebo condition. The 'SD effect' was 
obtained by comparing the SD condition with the placebo condition. 

Drug administration (at 9.00 hours) was double-blind, and testing always started at 
9.45 hours to prevent putative variability due to time of day effects. The order of the 
tasks and task conditions was counter-balanced across the three conditions. At the end 
of the testing (approximately 12.00 hours), subjects were asked to fill in a short 
questionnaire about psychological and physical changes and complaints. 

Subjects were instructed to refrain from beverages containing alcohol and from 
psychoactive drugs for a period of 24-h period before testing. They were requested to 
take a light fat-free breakfast on the morning of the experiment and to arrive at the 
laboratory at 9.00 hours after a normal night's sleep. Caffeine-containing drinks were 
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not permitted 9 h before testing started and smoking was not permitted 1.5 h before 
testing. 

Sleep deprivation. 
Subjects arrived at the laboratory at 20.00 hours. They were asked to wake up at 8.00 
hours and not to have naps during the day before the SD night. All volunteers 
complied with these conditions. This was controlled for by inspecting actograms of 
the subjects; during the day preceding the SD night subjects wore an actometer 
around their ankles measuring motor activity (Borbély, 1986). 

Subjects were housed in groups of four, in a classroom which contained books, 
games, television, video, cold drinks and snacks. Subjects could decide for themselves 
what they preferred to do apart from sleeping or taking a short nap. A total period of 
SD of nearly 26 h was accomplished before testing started. 

5.3 Results 

Word lists. An ANOVA with Condition (SD, diazepam and placebo) and List (first 
and second) as within-subjects factors was performed on the immediate recall scores 
(see Fig. 5.1). This yielded only a significant List effect (F(l,l 1>=7.98, /K0.02); more 
words were recalled after the first list than after the second list. 

placebo sleep deprivation diazepam 

Figure 5.1 Mean number of words recalled (with values and standard errors) to the immediate and delayed 
recall of the word lists. 
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A similar ANOVA on the delayed recall scores showed an effect of Condition 
(F(2,22)=6.95, p<0.005). Planned contrasts showed that subjects recalled fewer 
words after diazepam intake compared to placebo (F(l,ll)=12.51, /?<0.002) as well 
as compared to SD (F(l,ll)=7.77, p<0.02). To summarise, no differences in the 
immediate recall were found. However, an effect was found in the delayed recall; 
subjects recalled fewer words after diazepam intake, but not after sleep deprivation. 

Paired associates. An ANOVA with Condition, List (first and second) and 
Relatedness (related and unrelated) as within-subjects factors was performed on the 
number of word pairs recalled (see Fig. 5.2). A significant effect of Condition 
(F(2,22)=4.64,/?<0.03) was found. Planned contrasts yielded a significant drug effect 
(i.e., the difference between placebo and diazepam) (F(l,ll)=9.14, /K0.007) and a 
marginally significant SD effect (i.e., the difference between placebo and SD 
(F(l,ll)=3.67, p=0.08). The difference between diazepam and SD was not 
significant. As expected, cued recall was better for the related word pairs than for the 
unrelated word pairs (F(l,ll)=l 10.71, p<0.0001). The Condition χ Relatedness 
interaction did not reach significance (p=0.08). 

Щ related 

Ш unrelated 

placebo sleep deprivation diazepam 

Figure 5.2 Mean number of word pairs recalled (with values and standard errors) in the paired associates 
task. 

Digit span. No effects of Condition were found on subjects' digit span. 

Semantic fluency. No significant effects of Condition and Category (small and large) 
were found on the number of produced words. 
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Reaction time tasb. An ANOVA on the RTs, with Condition and Task (choice and 
complex) as within-subjects factors, yielded a significant effect of Condition (F(2,22) 
=3.60, /K0.05). RTS were longer after both diazepam intake (F(l,ll)=7.33, p<0.02) 
and SD (F(l,ll)=10.14, /Κθ.005) compared to placebo intake (see Table 5.1). 
Additionally, RTs were longer in the complex RT task than in the choice RT task 
(F(l,22)=501.41,/K0.0001). 

A significant main effect of Condition (F(2,22)=4.97, p<0.02) was found on the 
number of errors. More errors were made after SD than after placebo intake 
(F(l,ll)=9.93, /K0.006). The differences between diazepam and SD and between 
diazepam and placebo were not significant. Subjects made more errors in the complex 
task than in the choice RT task (F(l,l 1)=39.40, /Κθ.0001). Subjects were slowest and 
made most errors after SD, and subjects were slowest and made most errors in the 
complex task. Therefore, the difference in RT is not due to a trade-off between speed 
and accuracy. 

Table 5.1. Mean reaction times in msec and number of errors (with SE) on the choice and complex RT tasks, 
and RTs and number of omissions and false alarms on the vigilance task. 

Placebo Diazepam Sleep deprivation 

Choice RT task: 

Complex RT task: 

Vigilance task: 

time 

errors 

RT 

errors 

time 

omissions 

false alarms 

297 (14) 

1.2 (0.35) 

647 (29) 

9.3 (1.28) 

546 (12) 

1.56(0.16) 

1.36(0.23) 

312(12) 

1.3 (0.41) 

700 (32) 

12.8 (2.08) 

533 (20) 

3.09 (0.36) 

2.31 (0.36) 

332 (20) 

3.0 (0.73) 

692 (26) 

14.5 (2.46) 

557(11) 

3.97 (0.33) 

2.87 (0.29) 

Vigilance task ANOVA's with Condition and Block (one, two, three, four, five, six 
and seven) as within-subjects factors were performed on the RTs, number of 
omissions and number of false alarms (see Table 5.1). For the RTs this yielded a 
significant main effect of Block (F(6,66)=12.15, ̂ <0.0001) only. The RTs were 
significantly longer in the second block compared to the first block and remained 
stable in the following five blocks. 

An effect of Condition (F(2,22)=6.63, ¿κθ.007) and Block (F(6,66>8.76, 
fXO.0001) was found on the number of omissions. Subjects made more omissions 
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after SD and after diazepam intake. Planned contrasts yielded a significant SD effect 
(F(l,ll)=12.94,p<0.002) and drug effect (F(l,ll)=5.21,p<0.04). Furthermore, most 
omissions were made in the fifth block and least omissions in the first block. A trend 
(F(12,132)=1.70, /7=0.07) was found on the number of false alarms. Slightly more 
false alarms were made after sleep deprivation and diazepam intake. 

Subjective Rating Scales. Means are presented in Table 5.2. All rating scales were 
analysed with non-parametric tests according to Friedman, with Condition as the 
within-subjects factor and the 12 separate mood factors as dependent variables. A 
Bonferroni correction was made (significance level 0.05/12=/?<0.0042). Pairwise 
comparisons (Wilcoxon signed-rank) were performed when significant effects were 
found. 

Table 5.2. Means (with SE) on the subjective rating scales. POMS= Profile of Mood States MRS= Mood 
Rating Scale, AD-ACL= AD-ACL arousal questionnaire. 

Placebo Diazepam Sleep deprivation 

POMS 
Depression 
Anger 
Fatigue 
Vigour 
Tension 

MRS 
Alertness 
Contentedness 
Calmness 

AD-ACL 
Energy 
Tiredness 
Tension 
Calmness 

8.08 (0.90) 
7.33 (0.19) 
7.67 (0.38) 

16.83 (1.14) 
7.00 (0.74) 

60.4 (3.2) 
38.1 (1.7) 
15.0 (1.3) 

14 (0.8) 
11 (0.9) 
25 (0.8) 
16 (0.7) 

8.50 (0.29) 
7.67 (0.36) 

13.83 (1.30) 
9.33 (0.71) 
6.33 (0.33) 

38.1 (4.3) 
34.3 (1.9) 
16.7 (0.7) 

11 (0.8) 
15 (0.9) 
26 (0.5) 
17 (0.4) 

9.42 (0.54) 
9.67 (0.81) 

19.58 (1.39) 
8.33 (0.62) 
6.17 (0.11) 

25.9 (3.1) 
32.2 (2.1) 
16.1 (0.9) 

8 (0.7) 
19 (0.4) 
27 (0.5) 
16 (0.5) 

With the POMS no significant effects on depression (p<0.04), anger (p<0.01) and 
tension were found. There was an effect on fatigue (p<0.0001): subjects were more 
fatigued after diazepam intake than after placebo intake (p<0.004), and interestingly 
subjects were even more fatigued after SD than after diazepam intake (p<0.02). 
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Additionally, an effect on vigour was found (¿κθ.001). Subjects felt less vigorous 
after both diazepam intake (ρκθ.003) and sleep deprivation (p<0.003) than after 
placebo intake. 

With the MRS an effect of alertness was found (pO.0001). Subjects were less alert 
after diazepam intake than after placebo intake (p<0.004) and even less alert after SD 
than after diazepam intake (p<0.03). On the AD-ACL questionnaire, effects were 
found on energy (p<0.0004) and tiredness (p<0.0002). No significant results on 
calmness (p<0.03) and tension were found (p<0.07). Subjects were less energetic 
after SD than after diazepam intake (p<0.02). Subjects were more tired after 
diazepam intake than after placebo (p<0.03), and even more tired after SD than after 
diazepam intake (p<0.008). 

5.4 Discussion 

In this study alertness was reduced both pharmacologically and non-
pharmacologically. This was done in order to assess whether both alertness-reducing 
manipulations gave rise to memory impairments. The hypothesis was that the BZD-
induced memory impairments are secondary to the alertness reducing, sedative effects 
of the drugs. Other arousal-reducing manipulations, for example SD, would 
presumably also induce memory impairments. 

We did establish a subjective arousal reduction after both diazepam administration 
and SD. The subjective measures showed an increase in sleepiness, and a decrease in 
alertness and energy level after both diazepam intake and SD. These results are 
consistent and specific: effects were found on all subjective rating scales and on the 
arousal-related mood factors only. Interestingly, subjects reported that they were 
more sleepy after SD than after diazepam intake. On the objective measures, the 
vigilance task and the RT tasks, similar performance-disruptive effects of SD and 
diazepam were found; subjects had longer response times and made more errors after 
diazepam intake and after sleep deprivation when compared to the placebo. The 
effects of diazepam and SD on memory were only partly the same; as expected no 
effects of SD and diazepam were found on the digit span and semantic fluency task, 
which tap respectively short-term memory and retrieval from semantic memory. 
Surprisingly, diazepam and not SD was found to affect the delayed recall of the word 
list task. Furthermore, recall of the paired associates was impaired after diazepam 
intake and was only slightly impaired after SD. 

No effects of SD and diazepam were found on the immediate recall of the word 
lists, which might be explained by the contribution of short-term memory in 
immediate recall (Mewaldt et al., 1983; Gorissen et al., 1995). Delayed recall, 
however, was affected by diazepam. No effect of SD was found on the word lists, 
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however, a non-significant effect was found on the paired-associates task. Similar 
discrepant results between a word-list task and a paired-associate task were found by 
Frith et al. (1985). The effect on the paired associates in our study is largely due a 
reduced recall of the unrelated word pairs after SD and diazepam intake. Nilsson et 
al. (1989) also reported an effect of both SD and alcohol, on learning unrelated word 
pairs but not on learning related pairs. They assumed that an attentional deficit would 
cause difficulties in elaborate processing requiring great effort and therefore preclude 
the encoding of unrelated word pairs. In our study subjective alertness was reduced 
more in the SD condition than in the diazepam condition, while the recall of word 
pairs was affected more after diazepam intake. Thus, a reduction of alertness cannot 
fully explain this. 

From this experiment it emerges that a reduction in alertness, as measured by 
objective and subjective indices, cannot account fully for the memory impairments 
induced by BZDs. SD induced the lowest level of (subjective) alertness while only 
diazepam affected memory consistently. These results are not in line with the findings 
that the performance disruptive and amnesic effects parallel the sedative effect 
(Roehrs et al., 1994), but support the view that the sedative and amnesic effects of the 
BZDs can be dissociated. Our results are not due to insensitivity of our measures 
since we did find a difference between SD and diazepam on the objective measures 
and subjective rating scales. However, it might be worthwhile to replicate our 
findings and also include Polysomnographie measures of alertness, since it is known 
that these measures can give disparate results from subjective measures (Roth et al., 
1989; Weingartner et al., 1992). We would predict that SD would induce a shorter 
sleep latency than diazepam. This prediction also arises from our observations and the 
reports which the subjects gave. During the test session some subjects had to be urged 
to stay awake after SD, but this did not happen after diazepam intake. Moreover, 
subjects reported wanting to go to bed after SD because they felt exhausted, but after 
diazepam intake they reported feeling drowsy and numb. 

We intended to decrease the level of alertness to the same extent by the two 
alertness-reducing manipulations. However, alertness was reduced more after 26 h of 
total SD than after 15-mg diazepam intake. This might be partly explained by the fact 
that subjects were not blind for the SD condition. This is inevitable, but it might have 
induced a bias in responding to the items on the subjective measures. We think this is 
unlikely, firstly in that case a bias was also to be expected on the other tasks, for 
example on the RT tasks. Secondly, whilst drug administration was double-blind, 
almost all subjects correctly identified the substance which was administered (placebo 
or diazepam). Therefore a bias could also be expected after diazepam intake. Finally, 
subjects were not informed that we were interested in the relationship between 
alertness and memory; they were only informed that we were interested in memory 
performance. Thus, if subjects were inclined to influence the results, this would most 
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likely be found in the performance of the memory tasks, and this was not the case. 
Subjective sleepiness seemed to differ not only quantitatively, in the sense that 

subjects were more sleepy after SD, but also qualitatively. Although statistically not 
significant, subjects were more depressed and more angry after SD. This finding 
could fit in Thayer's multidimensional arousal model (Thayer, 1989), which assumes 
that there is an energetic arousal system and a tension arousal system. The first is 
identifiable through feelings that range from energy and vigour to states of fatigue and 
tiredness, while the second manifests itself in feelings of tension and anxiety to states 
of calmness or quietness. A speculation would be that diazepam and SD influence 
both systems differently. 

One could argue that the psychological (and physiological) effects of SD differ 
quantitatively and qualitatively from sedation, implying that the alertness-reducing 
effects of SD cannot be compared with the sedative effects after BZD intake. In this 
study however, we found a reduction of alertness on indices of sedation that are used 
in many studies on the relationship between sedation and memory (e.g., Preston et al., 
1988, 1989; Rich & Brown, 1992; Curran et al., 1991; Roehrs et al., 1994). Thus not 
only sedative drugs, but also SD induce a change on these measures. If the score on a 
mood rating scale or the performance on a psychomotor task are valid indicators of 
sedation, then we think that SD and diazepam do induce, at least partially, 
comparable effects. Although sedation is often measured, there is a dearth of 
knowledge of what sedation exactly is! It has, among others, been proposed to be a 
reduction of the quantity of information that can be processed (see Frith, 1992) and a 
reduction in arousal or attention (see Tiplady, 1995). Therefore, in our view, future 
research should focus more on a theoretical framework of sedation instead of 
correlating memory performance with mood ratings or psychomotor performance 
measures. 

To summarise, it was found that both SD and diazepam administration induced a 
reduction in subjective and objective alertness, as measured with mood-rating scales 
and psychomotor tasks respectively. Alertness was reduced even more after SD than 
after diazepam intake. Memory performance was more impaired after diazepam 
intake than after SD. It was therefore concluded that a reduction in alertness alone 
cannot account for the BZD-induced memory impairments. 
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Chapter 6: General Discussion 

6.1 Aim of this thesis 

It is well established that BZDs impair memory, in particular the acquisition of 
information (Curran, 1986; Ghoneim & Mewaldt, 1990). The goal of the experiments 
reported in this thesis was to specify as precisely as possible whether, and if so, 
which encoding processes involved in the acquisition phase of learning verbal 
information (learning a word list) are affected after BZD intake. Moreover, it was 
attempted to assess the role of sedation in BZD-induced amnesia. To enable 
comparisons among the various experiments, in every experiment diazepam (15 mg, 
oral) was administered to healthy student volunteers. 

6.2 Characteristics of the diazepam-induced memory impairment 

6.2.1 Acquisition, retention and retrieval 

A clear diazepam-induced episodic memory impairment was established in the 
studies presented in this thesis. The diazepam group recalled consistently fewer 
information units (i.e., words, paired-associates or 'idea units') than the placebo 
group, as can be seen in Table 6.1. Only recall of related paired-associates was 
unimpaired after diazepam intake. The memory impairment did not reach significance 
in the ANOVA in experiment 1, due to a pre-drug group difference in memory 
performance. Moreover, in experiment 6, no drug difference was found in the 
ANOVA on immediate recall, but only on delayed recall. 

A variability in memory effect can be ascribed to individual differences in drug 
response (e.g. differences in rate of absorption, distribution, metabolism). The effect 
of 15 mg diazepam might be appreciable for some subjects, but negligible for others 
(Netter, 1988; Feely & Pullar, 1990). Overall, our results confirm the common 
finding that diazepam negatively affects recall of verbal information. 

In experiment 1, post-drug recall of the pre-drug learned words was not 
significantly different after diazepam and placebo intake. This finding is in line with 
previous studies (Ghoneim & Mewaldt, 1975; Brown et al., 1982, 1983) and suggests 
an intact retrieval from episodic memory after diazepam intake. Placebo subjects 
suffer more than diazepam subjects from interference of information acquired after 
drag intake (Hinrichs et al., 1984). It could therefore be argued that a diazepam-

77 



Chapter 6 

Table 6.1. Recall scores on the different experiments in the diazepam and placebo group The percentage is 
the recall m the diazepam group as percentage of the recall in the placebo group Note In experiment 6, a 
cross-over design was used, while m the other experiments an independent-group design was used p-values 
are significance values with/xwf-Лос t-tests (one-tail, unpaired) * paired t-test (one-tail) 

Experiment J 15-word list 

immediate recall 

10 mm delayed recall 

30 mm delayed recall 

recall of post-drug list at end experiment 

recall of pre-drug list at end experiment 

organised word lists 

category list (random presentation) 

category list (blocked presentation) 

unrelated-random list 

Experiment 2 prose (delayed) recall 

Experiment 3 prose (delayed) recall 

Experiment 4 20-word list 

Experiment 5 20-word list 

Experiment 4 unrelated paired-associates 

single task 

dual task 

Experiment 5 unrelated paired associates 

smgle task 

dual task 

Expenment5 related paired associates 

smgle task 

dual task 

Experiment 6 

20-word list, immediate recall 

20-word list, (45 mm ) delayed recall 

related paired associates 

unrelated paired associates 

Placebo 

6 10 

360 

3 50 

3 50 

2 10 

10 20 

1190 

7 20 

1167 

12 92 

10 90 

10 60 

4 50 

3 33 

4 10 

2 50 

4 70 

4 20 

9 92 

4 83 

8 42 

4 25 

Diazepam 

490 

180 

150 

150 

3 50 

740 

860 

5 65 

8 63 

9 33 

7 10 

6 30 

3 20 

2 02 

2 50 

120 

460 

4 10 

7,75 

2 08 

7 88 

246 

Recall diazepam group 
as percentage of the 
placebo | 

8 0 % 

5 0 % 

4 3 % 

4 3 % 

167% 

7 3 % 

7 2 % 

7 8 % 

7 4 % 

7 2 % 

6 5 % 

5 9 % 

7 1 % 

6 1 % 

6 1 % 

4 8 % 

9 8 % 

9 8 % 

7 8 % 

4 3 % 

9 3 % 

5 8 % 

jroup recall 

p<0 03 

/K0 003 

/КО 002 

/КО 002 

/»0 05 η s 

/KOOI 

/KO 003 

/KO 04 

p<0 009 

/КО 002 

/К0 01 

/КО 0007 

/КО 009 

/КО 008 

/КО 001 

/КО 0009 

/»01 η s 

рХ} 1 η s 

/КО 04* 

/КО 006* 

рХ) I n s * 

/КО 005* 
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induced retrieval deficiency was obscured; placebo subjects might have recalled more 
pre-drug learned information than the diazepam subjects when the post-drug acquired 
information had not interfered. However, Hinrichs et al. (1984) have shown that no 
effect on the recall of pre-drug learned information is found when no post-drug 
information has to be learned. 

Retrieval from semantic memory was also unaffected after diazepam intake 
(experiment 2, 3 and 6). This intact retrieval from semantic memory echoes findings 
of previous studies (e.g., Brown et al., 1983; Mewaldt et al., 1986; File et al., 1992). 
We conclude that diazepam neither affects retrieval from episodic memory nor 
retrieval from semantic memory. 

Diazepam does not affect very long-term retention, but has an effect on forgetting 
in the first 10 minutes after learning, which is in line with Brown et al.'s findings 
(1982). In experiment 1 and 6, diazepam had no effect on the immediate recall but 
only on delayed recall. For immediate recall (with no interfering task between 
learning and recall) subjects can retrieve words from short-term and long-term 
memory, while in the delayed recall, words can only be retrieved from long-term 
memory. Forgetting during the time between immediate recall and the 10 min 
delayed recall can be attributed to forgetting from both short-term memory and long-
term memory. It has been shown that short term forgetting is not affected by BZDs, 
thus diazepam primarily affects forgetting from long term memory in approximately 
the first 10 minutes after learning. The maintenance of information over a very long 
period appeared not to be affected by diazepam; forgetting after 10 minutes was 
similar for the diazepam and placebo group. As shown in Table 6.1, the recall of the 
post-drug list (in experiment 1) remained stable in the two groups until the end of the 
experiment (approximately 100 minutes after leaning). 

Recent findings in amnesic patients have shown that the widely used temporal 
fractionation of memory in short-term memory and long-term memory can be 
challenged. Some brain damaged patients have shown unimpaired long-term memory 
performance for material learned a few minutes or even a few hours before, but a 
profound amnesia for information learned a day or year before (De Renzi & Luchelli, 
1993; Kapur et al., 1997). In fact, much older studies on patients with retrograde 
amnesia after electro-convulsive shock treatment have indicated that consolidation 
may proceed for years (Squire et al., 1975). Kapur and colleagues (1997) suggested 
that the mechanisms, governing the transfer of information into a permanent memory 
trace, are part of an active process that can continue after learning from minutes to 
months or longer. They assume multiple-stage consolidation processes with different 
time frames. Neurochemical studies indeed corroborate a multi-stage model of 
memory consolidation (Rosenzweig et al., 1992, 1993). Against this background, it is 
conceivable that BZDs affect a specific part of the cascade of cellular events that 
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underlie (long-term) memory consolidation within the first approximately 10 minutes 
after learning, but not afterwards. Therefore, forgetting curves after BZDs intake, 
with different recall intervals from immediate recall until at least 10 minutes recall, 
are needed in future studies. Until now, BZD studies on rate of forgetting have only 
used an interval of minimal 10 minutes between immediate and delayed recall 
(Brown et al., 1982; Gorissen et al., 1995). Moreover, it can be tested whether BZDs 
affect recall when a (fast acting) BZD is administered (preferably injected) directly 
post-learning. In this way, BZD-effects on an early stage of consolidation can be 
assessed. 

In summary, diazepam affects the acquisition of information in long-term memory. 
It probably affects memory consolidation in an early stage after learning, but not 
thereafter. Diazepam does not affect retrieval from episodic or semantic memory. 

6.2.2 Does diazepam impair a specific encoding process? 

It is assumed that what is stored about a word of a to-be-leamed word list, is 
determined by what is encoded of that word in that learning situation (Tulving & 
Thomson, 1973). Therefore, a retrieval cue for a word (for example, a semantically 
related word) can only be effective in so far as the word has been encoded with 
respect to that cue at the time of learning (Tulving, 1984). 

Because encoding processes are critical for successful retrieval, we investigated 
diazepam effects on a chain of encoding operations involved in learning a word list. 
Firstly, diazepam effects on (1) perception of to-be-learned information will be 
discussed. Its effects on activation of memory representations and its (2) 
semantically related memory representations are discussed. Furthermore, diazepam 
effects on (3) semantic encoding and (4) semantic organisation will be dealt with. 
Finally, the presumed diazepam-effects on (5) temporal context encoding are 
discussed. 
(1) When learning a word list, words have to be perceived. When, for example, a 

drugged subject has lapses of attention1 or frequent eye closures during the 
presentation of a word list, s/he might fail to register words properly for later 
recall. From the present experiments it appeared that diazepam did not affect the 
perception of the to-be-leamed material. If diazepam did impair this, then an 
effect on both short-term memory and long-term memory is to be expected. 
However, short-term memory appeared unimpaired after diazepam intake 
(experiments 1, 6). Also, the finding that learning unrelated word pairs, but not 

Lapses are identified as involuntary, intermittent periods of lowered reactive capacity that increase in 
frequency and duration as a function of the degree of wakefulness (Williams et al., 1959). 
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learning related word pairs, was impaired (experiment 2, 3,4, 5), pleads against a 
registration deficit after diazepam intake. When perceiving a word, its 
representation in memory was activated and subsequently led to activation of a 
semantically related memory representation (experiment 1). However, the 
drugged subjects do not benefit to the same extent from a previous presentation of 
a same stimulus (word) and certain aspects of a stimulus remain less (or shorter) 
activated. It indicates that subjects after diazepam intake cannot depend on the 
unconscious recollection of a learning experience. This would imply that 
diazepam affects a very fundamental memory function, namely the registration of 
recurrence of events. Such a firm conclusion is, however, premature since it is not 
in line with findings on another implicit memory task. It has been shown that 
word stem completion is better when the completed words had been presented 
before, and both placebo and drugged subjects profit to the same extent from such 
a previous presentation (Fang et al., 1987; Danion et al., 1989, 1990; Sellai et al., 
1992). Replication of our result, with a similar repetition priming task (lexical 
decision task), is clearly needed before any conclusion can be drawn. 

(2) There is abundant evidence that diazepam does not affect semantic encoding. At 
the most basic level, it appeared that the presentation of a word leads to activation 
of a word representation and its semantically related representations (experiment 
1). Moreover, in the levels-of-processing task (experiment 1) subjects recalled 
more semantically encoded words than phonemically or orthographically encoded 
words. Subjects after diazepam intake benefited to the same extent from semantic 
encoding of words as the placebo controls, which is in line with previous results 
(Curran et al., 1988). The finding that diazepam subjects were capable of learning 
semantically related word pairs, but not of unrelated word pairs (experiment 2, 3, 
4 and 5), also favours the conclusion that diazepam does not affect semantic 
encoding. 

(3) We assessed whether diazepam subjects use semantic information for 
organisational processes (experiment 1), since an optimal recall depends on 
organisational processes during the acquisition (Masson & McDaniel, 1981). We 
found that drugged subjects did retrieve word lists in semantic clusters, which can 
be attributed to semantic encoding and semantic organisation during encoding 
(see also Ghoneim & Mewaldt, 1975; Frith et al., 1984). Nevertheless, they did 
not equal the recall of the placebo subjects, when they could use semantic 
organisation. In fact, the difference between the two groups was larger when 
recalling a word list that could be semantically clustered, than when recalling a 
list of random words. We tentatively concluded that drugged subjects perform the 
same semantic encoding processes as placebo subjects, but these processes might 
be slowed down. It is also possible that drugged subjects do use semantic 
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organisation, but do not use other learning strategies (e.g., visual imagery) or use 
less efficient learning strategies (e.g., rehearsal). 

(4) Finally, it was tested whether BZDs affect the encoding of temporal context 
information. This assumption has been invoked to account for the prior-list 
intrusions that have been found in other studies in which drugged subjects 
incorrectly recalled words from previously presented word lists (Brown et al., 
1982; Frith et al., 1984). We found that diazepam and placebo subjects recalled 
the temporal context of the study episode in a list discrimination task equally well 
(experiment 2). Although list discrimination performance was above chance level, 
floor effects might have obscured a difference between the two groups. 

The findings on the proactive interference task in experiment 2 corroborate the 
conclusion that diazepam does not affect temporal context encoding: drugged 
subjects did not make more prior list intrusions than placebo subjects when 
recalling related word pairs. Paradoxically, more prior list intrusions were made 
after diazepam intake when unrelated word pairs had to be recalled (experiment 
3). This latter finding, however, does not undermine our conclusion, since a 
proactive interference task with related word pairs is assumed to be more 
vulnerable to a temporal context encoding deficit than a proactive interference 
task with unrelated paired associates. When presenting a cue, the word 
representation and its related representations in memory are activated, making 
these representations more accessible in that experimental context (Tweedy et al., 
1977). In the proactive interference task the cue "mother" (A) would activate, 
among others, the associations 'father' (AB list) and 'child' (AC list) to the same 
extent, since these two words were (according association norms) equally 
associated to the cue. Both word pairs had been learned and the subject had to 
choose the correct target from the two competitors. This implies that the subject 
has to rely heavily on the temporal contextual marker (AB or AC list) for 
deciding which target is correct in the AC recall (Nelson et al., 1990). 

In the proactive interference task with unrelated words, diazepam subjects did 
make more prior list intrusions. In our view, this is an effect of poor memory: 
inter-item associating was presumed to be impaired after diazepam intake and 
inter-item associations could not be related to the learning context. Drugged 
subjects were impaired in learning the second list, but had learned the first list as 
well as the placebo controls. We suggest that the proactive interference in the 
diazepam group is based on implicit memory for the first learned list, while the 
placebo controls could depend on the explicit recall of this list. 

In summary, it appears that semantic encoding is intact after diazepam intake. 
Moreover, diazepam does not affect semantic organisational processes per se. It is 
hypothesised that these processes might be slowed down after diazepam intake. 
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Diazepam effects on repetition priming are equivocal and our result clearly needs 
replication with a similar lexical-decision repetition priming task. Although the issue 
on context encoding is not yet settled, our findings suggest intact temporal context 
encoding after diazepam intake. However, further research is required to test 
encoding of other contextual cues after BZD intake, for example, spatial context. 

6.2.3 Diazepam effects on associative learning and mnemonic strategies 

It is evident from experiments 2, 3, 4 and 5, that recalling unrelated word pairs was 
clearly impaired after diazepam intake. On the other hand, recall of semantically 
related word pairs was consistently unimpaired. Diazepam subjects seem to be 
deficient in learning new associations. What is critical in this learning of new 
associations? For learning associations between pre-experimentally unrelated words, 
subjects normally engage in cognitive activities, for example visual imagery, 
embellishment or making up a sentence or story of to-be-learned words (Warrington 
& Weiskrantz, 1982). In particular, for learning unrelated word pairs, visual imagery 
has shown to be superior to sentence generation (Hishitani, 1985) and rehearsal 
(Nelson et al., 1990). We are led to suggest that drugged subjects do not use these 
elaborated mnemonic strategies, or use a less efficient mnemonic strategy such as 
rehearsal. To memorise pre-experimentally related word pairs, subjects can depend to 
a great extent on existing associations in memory, making the application of 
mnemonic strategies reasonably redundant (Nelson et al., 1990; Rabinowitz, 1991). A 
reduced use of mnemonic strategies is therefore to be expected to have no or minimal 
effect on learning related word pairs, which is in line with the lack of a diazepam 
effect on these word pairs. 

The reduced use of mental imagery as a mnemonic strategy is a tentative proposal. 
However, it is in line with earlier studies, in which BZDs (diazepam, lorazepam and 
alprazolam) decreased the normally found superiority in recall of high imagery words 
-that can easily elicit a visual image- relative to low imagery words (Mewaldt et al., 
1983; Block & Berchou, 1984). More provisional evidence comes from Frowein 
(1995), who asked subjects to report the strategy used for learning word lists with 
unrelated words. In this study diazepam subjects tended to report less use of visual 
imagery than the placebo controls, but more use of a clustering strategy. 

Subjects can depend on existing knowledge structures to memorise related word 
pairs, but also for learning a list with exemplars of a semantic category. Spreading of 
activation may be involved to some extent in memorising such a list, whereby 
memory performance is not purely dependent on the formation of new associations. 
Since both placebo and diazepam subjects can depend on spreading activation, one 
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would predict a smaller group difference on word lists that can be categorised in 
semantic categories, than on word lists with unrelated words. 

Likewise, Curran (1986) concluded in her review that BZD-effects are more likely 
to be found when the words in a list cannot easily be associated in a meaningful way. 
She based her conclusion on two studies (Ghoneim & Mewaldt, 1975; Frith et al., 
1984) in which smaller group differences (between placebo and diazepam groups) 
was found on categorised word lists compared to non-categorised lists. In contrast, we 
found a bigger group difference in recalling word lists that could be semantically 
organised (experiment 1), than in the reproduction of the random list (see Fig. 2.5 and 
Table 6.1). 

How can these results be reconciled? In our view, a major difference in the to-be-
learned materials can account for this paradoxical finding. The words in our 
categorised word lists were not highly prototypical category exemplars, but medium 
typical exemplars (e.g., socks and vest as clothing; melon and berry as fruits (Van 
Loon-Vervoom & Pijpers-Kooiman, 1988)). Learning such a list makes effective 
strategy use important (Rabinowitz, 1991). In contrast, other studies have used highly 
typical category exemplars: Ghoneim and Mewaldt (1975) presented a 16-item list, 
containing four high-frequency instances of four different semantic categories (e.g., 
peach, apple, banana, orange as fruits). Frith et al. (1984) presented a list of 10 
semantically related words (e.g., great, big, large, grand). For recalling these lists, 
subjects might memorise only the category and generate the highly associated words 
from (semantic) memory, creating the appearance that the words were really 
remembered. This mechanism can function in the absence of encoded inter-item 
relations (Rotondo, 1979; Masson & McDaniel, 1981). Our hypothesis could be 
tested in future studies measuring recall of words with different category 
prototypicality. We predict a bigger difference between the diazepam and placebo 
group on the medium and low typical category exemplars than on highly prototypical 
category exemplars. 

Although speculative, it is conceivable that the drugged subjects in our study 
depended for some reason (see also paragraph 6.3.3) more on automatic spreading 
activation, and did not, or only minimally, use mnemonic strategies. Alternatively, the 
placebo subjects made more use of mnemonic strategies and formed more elaborate 
intra- and inter-items associations than diazepam subjects. 

On reflection, Curran's (1986) conclusion (see above) might need some shade and 
perhaps should be phrased as follows: BZD-effects are more likely to be found when 
subjects cannot heavily depend on existing associations in memory, even when words 
are to some extent associated in a meaningful way. Likewise, BZD-effects are more 
likely to be found when new associations have to be formed, presumably because 
mnemonic strategies have to be used when learning these new associations. 

84 



General discussion 

6.3 The role of sedation in diazepam-induced amnesia 

It was examined whether sedative effects can account for the impairment in the 
acquisition of information. The whole discussion pivots on the one point how to 
define sedation. Until now, sedation is an ill-defined concept and has been assessed 
with a rag-bag of measures which often bear little relation to each other (Curran & 
Gorenstein, 1993). In fact, terms such as 'subjective sedation' and 'motor sedation' 
have been used, creating the illusion that they have explanatory value and refer to 
something different than respectively 'self-reported sleepiness' and 'psychomotor 
slowing'. It would be less confusing to use these latter concepts, because they are also 
used beyond the psychopharmacological literature (This, however, does not imply 
that these latter concepts have more explanatory power.). 

In our view, sedation can be conceived of as a reduction of attention. Parallel to 
Tiplady (1995), psychopharmacological effects on two aspects of attention were 
considered: attention as a processing resource, and attention as arousal or as 
maintenance of an alert state. It should be noted that these two views of attention are 
not independent, but refer to different ways of inquiry. Furthermore, the effects of 
BZDs on self reported sleepiness and mood will be discussed in relation to the effects 
on memory. 

6.3.1 Memory and attentional resources 

There is indirect evidence that encoding operations that require substantial attentional 
resources (see chapter 4) pose more difficulties for subjects after BZD intake than 
more automatically encoding operations. Additionally, it has been hypothesised that 
the assumed reduced use of mnemonic strategies is due to a reduction of attentional 
resources after BZD intake (Stephens et al., 1991; Rich & Brown, 1992). Finally, 
Brown and colleagues (1996) have recently found a relationship between a computer 
modelling parameter representing associative encoding -based on the search of 
associative memory (SAM) theory (Raaijmakers & Shiffrin, 1981)- and focused 
attention. They pleaded for experimental support that associative encoding is 
impaired due to an impaired ability to focus attention. 

The 'resource depletion' hypothesis was tested in a dual task paradigm in which 
two tasks competed for attentional resources; subjects had to divide their attention 
over a paired-associate learning task and a visual discrimination task (experiment 4 
and S). It was found that the division of attention (in the dual task) during encoding 
unrelated word pairs, resulted in a clear reduction of memory performance. This is 
consistent with the notion that attention is required for learning unrelated words pairs 
(Baddeley et al., 1984; Craik et al., 1996). For encoding semantically related word 
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pairs, minimal attention is required: the presentation of the first word of the word 
pair, automatically activates its memory representation and subsequently its related 
word representations. This facilitates the retrieval of the word (Tweedy et al., 1977). 
As predicted, divided attention had only a small effect on encoding related word 
pairs. 

The pattern of memory performance was similar after placebo and diazepam 
administration. After diazepam intake, no disproportionate memory impairment was 
found when attention had to be divided during encoding. We therefore concluded that 
the diazepam-induced memory impairment cannot be explained by a reduction in 
attentional resources. 

Our results appear to be reliable, but a few objections might be marshalled against 
our conclusion. First, it was found that reaction times were slowed down in the dual 
task condition, and one might argue that subjects did not obey the instruction to 
emphasise performance on the visual discrimination task. This could suggest a trade
off strategy between the visual discrimination task and paired-associate learning; 
subjects could choose to devote more attention to the memory task, hence becoming 
slower on the visual discrimination task. Such a trade-off could obscure the effects of 
divided attention on memory. We therefore calculated correlations between reaction 
time slowing (i.e., difference in reaction times between the dual and single task 
condition) and memory performance in the dual task condition. Also correlations 
were calculated between reaction time slowing and the difference in recall between 
the single and dual task. Correlations proved to be insignificant (in both the placebo 
and diazepam group). This implies that the learning of the word pairs in the dual task 
condition did not depend on the speed of responding on the visual discrimination task. 
Besides, slowing of reaction times was similar in the placebo and diazepam group, 
which implies that both groups would profit to the same extent from the longer time. 
A trade-off strategy can therefore not explain the absence of a disproportionate 
memory effect of divided attention after diazepam intake. 

By the same token, a second objection could be raised, namely that a trade-off 
strategy is revealed by a difference in accuracy. In experiment 4, placebo subjects 
were less accurate in the most complex visual discrimination task in the single task 
condition and in experiment 5 the placebo subjects made more errors than the 
diazepam subjects. However, this argument seems rather cumbersome, since placebo 
subjects were also less accurate when no concurrent memory task had to be 
performed. Moreover, it appeared that one subject was responsible for this group 
difference in experiment 5. More importantly, when subjects traded accuracy for 
better learning, one would predict an even bigger difference in memory performance 
between the two groups. A strategic shift, in which accuracy is traded for better 
learning is therefore implausible. 
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In summary, we found no evidence that a depletion of attentional resources can 
account for the diazepam-induced memory impairment. 

6.3.2 Memory and arousal or alertness 

What and how much is remembered depends on the alertness or arousal2 level at the 
time of learning (Squire, 1987; Dudai, 1989). At a neurobiological level it appears 
that arousal influences the formation of memory (McGaugh, 1989). The relation 
between memory and arousal might be similar to the described inverted U-shaped 
relation between performance and arousal (Yerkes & Dodson, 1908), which means 
that there is an optimal state of moderate arousal, and both higher and lower arousal 
states relate to a decrease in memory performance (Mayes, 1988). In accordance with 
such a hypothesis, Phaf and Wolters (1986) found that an elevated level of arousal^ 
(due to noise) resulted in a better storage of words in normal subjects. Also, 
Kleinsmith and Kaplan (1963) found that paired-associates, learned under high 
arousal conditions, are recalled better. Likewise, drugs that heighten arousal, such as 
nicotine and caffeine, are reported to improve memory and psychomotor performance 
(Warburton et al., 1986, 1992; Rusted et al., 1994; Warburton & Amall, 1994). There 
have also been reports on the memory improving effects of amphetamines (Soetens et 
al., 1993, 1995), but these results are less consistent. On the other hand, drugs that 
reduce arousal, impair memory and psychomotor performance (see paragraph 1.4). 

The general level of arousal of the physiological systems underlying behaviour can 
limit the level of behavioural efficiency (Hockey, 1984) and presumably the 
efficiency of encoding operations involved in the acquisition of information. 
Therefore, we hypothesised that in case the BZD-induced memory impairment is a 
direct consequence of a reduction in arousal, any alertness-reducing manipulation -
whether this is sleep deprivation or BZD intake- would induce a similar pattern of 
memory impairment. This premise was not corroborated by our findings (experiment 
6). Both diazepam and sleep deprivation reduced the level of arousal. A reduced 
arousal was indicated by the number of omissions on the vigilance task, which is 
thought of as an indicator of arousal level (Davies & Parasuraman, 1982). It is a 
common finding that subjects miss more signals in a vigilance task after both BZD 
intake (see Koelega, 1989 for a review) and sleep deprivation (Williams et al., 1959; 

Arousal, attention, alertness have all been used to describe non-specific effects on cognitive performance 
(Kahneman, 1973; Pribram & McGuiness, 1975; Posner, 1978; Eysenck, 1982; Oken & Salinsky, 1992). 
The terms arousal and alertness refer to the maintenance of an awake state and refer primarily to 
endogenous activation of the cerebral cortex. The words alertness and arousal are used interchangeably in 
this chapter. 

relative to the baseline level of arousal, which is assumed to lie just below the optimal arousal level 
(Hockey, 1984, pp. 458). 
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Hockey, 1984). Additionally, in the self-paced reaction time task, reaction times were 
slowed down and subjects were less accurate after diazepam intake and sleep 
deprivation. Psychomotor performance was thus also impaired after both alertness-
reducing manipulations. However, only diazepam had a clear memory effect. 

No psychophysiological (e.g., quantitative EEG, multiple sleep latency test, event-
related potentials, evoked cardiac responses, galvanic skin response, blood pressure, 
pupil dilation) arousal measures were used in experiment 6, and it is therefore 
possible that such measures would have yielded different results. However, other 
studies have also shown an arousal decrement on these parameters after BZD intake 
(Unrug, et al., 199a, 1997b; Van Leeuwen et al., 1992). Further research could 
directly compare the effects of sleep deprivation and BZD intake on these arousal 
measures, since this might elucidate a qualitative difference in alertness reduction. 

Although our study (experiment 6) does not give the final answer to the role of a 
reduced alertness in BZD-induced amnesia, it provides converging evidence that a 
reduction in alertness per se cannot explain the BZD-induce memory impairment. 

6.3.3 Sedation as sleepiness and effects of mood 

A third way of looking at sedation is by way of self-reported alertness, which is 
presumably the most reported sedation measure in psychopharmacological literature. 
The score on an 'alertness' factor of a self rating scale (e.g., Mood Rating Scale 
(Bond & Lader, 1974); Profile of Mood States (McNair et al., 1971); AD-ACL 
(Thayer, 1989)) is taken as an index for sedation. This alertness score reflects what is 
mostly meant by sedation in the BZD literature. 

Looking at the results we obtained with these instruments, it appears from 
experiment 6 that self-reported sleepiness and memory performance do not parallel 
each other. Sleep deprivation decreased self-reported alertness, but did not induce a 
memory impairment. On the other hand, psychomotor performance, performance on a 
vigilance task and subjective arousal effects were correlated after sleep deprivation 
and diazepam intake. We found a consistent, although not always statistically 
significant, diazepam-induced reduction of self-reported alertness in all experiments. 
This self reported sleepiness, however, was never associated with memory 
performance. Therefore it can be concluded that a decrease in subjective arousal 
cannot account for the BZD-induced memory impairment. 

Attempts to provide a theoretical link between BZD-induced effects on mood, 
arousal and memory are sparse. Curran (1991) provided a framework in which 
anxiety, attention and memory interact in a complex way. However, no predictions 
can be derived from her model. There are a few plausible links between mood 
changes and (memory) performance after BZD intake. Due to the anxiolytic effects of 
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BZDs, subjects might feel less tense. This may have a facilitatory effect on (memory) 
performance and BZD-intake thus does not necessarily impair performance. 
Experimental evidence has shown that stress and high levels of anxiety may have a 
detrimental effect on performance (Desai et al., 1983). When subjects are confronted 
with a difficult task, which induces a higher level of stress, then drugged -and 
therefore less anxious- subjects perform better than placebo controls (Kohen & 
Lienert, 1980). Similarly, due to the anxiolytic effects, BZDs may have a differential 
effect on subjects with high or low levels of anxiety. Indeed, a few studies have found 
a facilitatory diazepam effect on a stressful memory and psychomotor task, in (pre-
experimentally) high anxiety subjects (Nakano et al., 1978; Desai et al., 1983). In 
contrast, Hartley et al. (1982) found a detrimental effect of diazepam in high anxiety 
subjects. The issue remains unsettled since almost no human studies have investigated 
the complex interaction between anxiety, memory and BZD effects. 

In our experiments the relation between anxiety, (memory) performance, and BZD 
intake was not tested. Neither did we account for putative differences in anxiety 
between subjects. Subjects did however rate feelings of tension in all experiments 
(mostly only post-drug). No consistent reduction of self-reported tension was found 
after diazepam intake, but our fmdings might be obscured by floor effects. Moreover, 
in some experiments a trend was found; subjects reported less tension after diazepam 
intake. We could speculate that a difficult task induced stress -and therefore impaired 
performance- in placebo subjects, while diazepam subjects were less bothered by the 
task-induced stress due to the tension reduction. Such a possible facilitatory effect 
might account for the finding (experiment 4) that drugged subjects made fewer errors 
in the most complex condition of the visual discrimination task (single task). 
However, such a complexity interaction was not found in the dual task condition. 
Moreover, such a facilitatory effect on difficult (i.e., stressful) tasks conditions was 
neither found in our other experiments. In experiment 5, subjects were generally less 
accurate after placebo intake, but it appeared that only one subject was responsible 
for this group difference. 

Another possible mood effect after BZD intake, might be a reduction in 
motivation. Subjects might have an aversion to meet task demands after diazepam 
intake and might be less eager to perform, or to perform well. Such an a-specific 
explanation can, for example, account for the fact that subjects do not use elaborated 
mnemonic strategies, but use less efficient strategies (e.g., rehearsal), or rely on 
automatic encoding processes (for example semantic priming). A 'motivation 
explanation' probably cannot account for the memory effects. First of all, a few 
studies have shown that financial incentives do not normalise memory performance 
(File & Lister, 1982; Ghoneim & Mewaldt, 1990). A second reason why a reduction 
in motivation is not a plausible explanation, is the fact that no disproportionately 
bigger BZD effects were found in highly demanding tasks. If a reduction in 
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motivation could explain the impaired (memory) performance, virtually any 
manipulation that produces a substantial increase of task demand would result in an 
interaction between BZD and that task manipulation. For example, when drugged 
subjects were not eager to meet task demands, then a drug effect in the dual task 
conditions was to be expected. But, no such effects was found. 

In summary, a reduction in subjective arousal cannot account for the BZD-induced 
memory effects. Moreover, based on findings reported in the literature, we tried to 
explain the BZD effects on memory and psychomotor performance by a change in 
mood, i.e., a reduction in tension and motivation. No firm conclusion can be drawn 
from these, but it seems implausible that these mood effects can account for the BZD-
induced memory impairments. 

6.4 Conclusions and final remarks 

In the present six experiments, a consistent diazepam-induced memory impairment 
was found. Diazepam (15 mg, orally) affects the acquisition of information, but not 
retrieval processes. Diazepam affects memory consolidation in an early stage after 
learning (approximately the first 10 minutes), but not thereafter. A more fine-grained 
analysis of encoding processes in the acquisition phase showed that none of the 
hypothesised deficient encoding operations, provide an adequate account for the 
impairment in the acquisition after BZD intake. Diazepam does not affect semantic 
encoding processes, nor semantic organisational processes per se. Also, our findings 
suggest that temporal context encoding is not impaired by diazepam. Finally, the 
diazepam-induced memory impairment could not be explained by a reduction in 
attentional resources or a reduced level of alertness. 

It is hypothesised that an impairment in forming new associations is the key 
problem of diazepam-induced amnesia. This impairment might be due to a reduced 
use of mnemonic strategies after BZD intake. Also, the finding that early 
consolidation is affected after BZD intake, can be in line with a deficit in forming 
new associations. Future research could be aimed at exploring the relation between 
strength of existing inter-item associations and the BZDs effects on learning. It is 
possible that this associative strength between words is the critical factor in finding 
BZDs effects and that there is a relation between the pre-existing associative strength 
of to-be-learned words and the extent of the BZD-induced memory impairment. 

In our experiments, diazepam effects on verbal learning were tested. It is however 
plausible, that the deficit in forming new associations is not limited to verbal learning, 
but can be extended to a deficit in learning non-verbal associations. A recent study 
indeed showed that subjects after diazepam intake were impaired in learning the 
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association between a coloured pattern and a location (Robbins et al., 1997). Future 
research is needed to test our hypothesis that BZDs impair the forming of new 
associations in general. 
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Summary 

Benzodiazepines (BZDs) are often prescribed for treating anxiety and sleep disorders. 
The main medical concerns related to long-term BZD use have been the dependence 
and withdrawal symptoms, but also the cognitive impairments: BZDs induce 
impairments in memory and impair performance on psychomotor tasks. These 
impairments are not restricted to long-term use but are also found after administration 
of a single dose of a BZD. 

In chapter 1, the literature on the memory effects of a single dose of a BZD in 
healthy volunteers, is reviewed. In summary, it has been found that BZDs do affect 
episodic, but not semantic memory. Moreover, almost all BZDs spare implicit 
memory, when measured with stem completion and skill learning tasks, while 
affecting explicit memory. A consistent finding is that BZDs have an effect on long-
term memory, and from previous studies it appears that BZDs impair the acquisition 
of information, rather than the retention or retrieval of information once it has been 
stored in long-term memory. These findings formed the starting-point of this thesis. 

The first purpose of the experiments reported in this thesis, was to make a more 
fine-grained analysis of the BZDs effects on encoding processes involved in the 
acquisition phase of learning verbal information. The second aim was to determine 
whether the BZD-induced amnesia was secondary to the alertness reduction after 
BZD intake. In all experiments reported in this thesis, 15 mg diazepam (oral) or 
placebo was administered to healthy (student) volunteers. Drug administration was 
always double-blind. 

In chapter 2, an experiment is presented in which it was tried to specify the BZD-
induced amnesic effects more precisely. Rate of forgetting and retrieval processes 
were assessed. Also, diazepam effects on a chain of encoding operations were 
investigated: activation of memory representations (repetition priming); spreading of 
activation; semantic encoding in a level-of-processing framework; and organisational 
processes. 

The diazepam group performed tasks consistently slower, although spreading of 
activation and semantic encoding were not affected by diazepam. Surprisingly, no 
repetition priming effect was found after diazepam intake. Also, diazepam subjects 
benefited less from the opportunities to organise to-be-leamed material. It is 
suggested that cognitive processes are slowed down after diazepam intake. This may 
also have implications for the organisation of to-be-leamed material. 
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In chapter 3, two experiments are reported (experiment 2 and 3) which were 
designed to test whether the memory impairment induced by BZDs is due to impaired 
memory for temporal context. In both experiments, subjects were administered either 
diazepam or placebo, and a standard BZD impairment on prose recall as well as a 
decreased subjective arousal was found. Key tasks to explore temporal context 
memory were an A-B Α-C proactive interference paradigm and a list discrimination 
task. Initial learning of both groups on these tasks was broadly matched. 

In experiment 2, diazepam did not increase proactive interference using 
semantically related words. However, in experiment 3, using unrelated word pairs, 
diazepam markedly increased the number of prior list intrusions. Furthermore, after 
diazepam intake, subjects were clearly impaired in learning unrelated word pairs. 
Subjects after diazepam intake were not impaired in the list discrimination task. 

We concluded that (1) diazepam impairs the forming of new inter-item 
associations, and these inter-item associations could not be related to the learning 
context, (2) a temporal context encoding deficit cannot account for a broader 
diazepam-induced memory impairment. 

In chapter 4, it was tested whether a depletion in resources can account for the BZD-
induced memory impairment. In experiments 4 and 5 it was examined whether 
dividing attention had a disproportionately detrimental effect on learning semantically 
related and unrelated word pairs after diazepam intake. Word pairs had to be learned 
in both a single task condition and while performing a visual discrimination task 
concurrently (dual task condition). Moreover, the complexity of the visual 
discrimination task was manipulated systematically. 

Subjects after diazepam intake were clearly impaired in learning unrelated word 
pairs, but not in learning related word pairs. Dividing attention in the dual task 
condition was associated with a reduction in learning unrelated word pairs, but this 
was not disproportionately reduced after diazepam intake. Moreover, the magnitude 
of resource depletion did not correlate with the severity of the diazepam-induced 
memory impairment. In general, the pattern of results does not support the hypothesis 
that a depletion of resources can explain the benzodiazepine-induced memory 
impairment. 

In chapter 5, it was tested whether the BZD-induced memory impairments are related 
to the drug's 'sedative', alertness reducing effects. Therefore, alertness was reduced in 
healthy subjects in a pharmacological way (diazepam administration) and in a non-
pharmacological way (26 hours sleep deprivation) in order to assess whether these 
manipulations both gave rise to memory impairments. Twelve subjects were tested 
using a repeated measures cross-over design. Drug administration was placebo 
controlled and double blind. 
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A subjective alertness reduction was established after diazepam administration and, 
even more, after sleep deprivation. Additionally, performance disruptive effects were 
found on psychomotor tasks after both sleep deprivation and diazepam intake. 
However only diazepam, and not sleep deprivation, impaired delayed recall of a word 
list and recall of paired associates. Thus a reduction in alertness i.e. sedation, cannot 
fully account for the benzodiazepine-induced memory impairments. 

In the general discussion in chapter 6 it was concluded that a consistent diazepam-
induced memory impairment was established in all experiments. Diazepam (IS mg, 
oral) affects the acquisition of information, but not retrieval processes. Diazepam 
affects memory consolidation in an early stage after learning (approximately the first 
10 minutes), but not thereafter. 

A more fine-grained analysis of encoding processes in the acquisition phase, 
showed that none of the hypothesised deficient encoding operations, provided an 
adequate account for the impairment in the acquisition after BZD intake. Diazepam 
does not affect semantic encoding processes, nor semantic organisational processes 
per se. Also, our findings suggest that temporal context encoding is not impaired by 
diazepam. Finally, the diazepam-induced memory impairment could not be explained 
by a reduction in attentional resources or a reduced level of alertness. 

It is concluded that an impairment in forming new associations is the key problem 
of the diazepam-induced amnesia. This impairment might be due to a reduced use of 
mnemonic strategies (e.g., visual imagery) after BZD intake. Also, the finding that 
early consolidation is affected after BZD intake, can be in line with a deficit in 
forming new associations. 
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Samenvatting 

Samenvatting 

Benzodiazepines (BZD, bijvoorbeeld Valium®, Librium®, Seresta®, Temesta®) zijn 
psychofarmaca die onder andere worden voorgeschreven bij de behandeling van 
angststoornissen en slaapstoornissen. Een probleem bij langdurig gebruik van deze 
kalmeringsmiddelen is de kans op tolerantie en verslaving. Daarnaast kunnen er 
onthoudingsverschijnselen optreden na het staken van langdurig BZD gebruik. 
Tenslotte verminderen BZD het reactievermogen en hebben ze een verstorend effect 
op het geheugen. Dit laatste neven-effect wordt niet alleen bij langdurig gebruik, maar 
ook na een eenmalige toediening van een BZD gevonden. Het effect op geheugen 
wordt door anesthesisten echter wenselijk geacht; door toediening van een BZD voor 
de voorbereiding van een operatie, kan een patiënt zich de vervelende préoperatieve 
handelingen niet meer herinneren na de operatie. 

In dit proefschrift worden een aantal experimenten gerapporteerd waarin de 
effecten van diazepam (Valium®) op het geheugen onder de loep genomen worden. 

In hoofdstuk 1 wordt een overzicht gegeven van de literatuur met betrekking tot de 
BZD-geïnduceerde amnesie ("geheugenverlies"). BZD hebben geen nadelig effect op 
het ophalen van informatie uit het episodisch geheugen (geheugen voor 
gebeurtenissen) en semantisch geheugen ("kennisgeheugen"). Het impliciete 
geheugen (b.v. het leren van vaardigheden) wordt eveneens niet aangetast door BZD. 
Daarnaast hebben BZD geen effect op het korte-termijn geheugen. In de literatuur 
over de BZD-geïnduceerde amnesie wordt verondersteld dat BZD een nadelig effect 
hebben op de encoderingsprocessen die betrokken zijn bij de opslag van informatie in 
het episodisch lange-termijn geheugen. 

Er zijn een aantal hypothesen in de literatuur over welke encoderingsprocessen 
verstoord zouden zijn na BZD inname. Deze hypothesen vormden het startpunt voor 
de in dit proefschrift gerapporteerde experimenten. Een andere kwestie die 
herhaaldelijk in de literatuur over BZD-geïnduceerde amnesie naar voren komt, is de 
vraag in hoeverre de geheugeneffecten te verklaren zijn met de "sederende" effecten 
van BZD. BZD verlagen het nivo van objectieve en subjectieve alertheid en de vraag 
is of de geheugenstoornissen secundair zijn aan deze effecten. 

In alle experimenten in dit proefschrift, werd het effect van IS mg. diazepam 
(oraal) vergeleken met het effect van een placebo. De onderzoeken werden uitgevoerd 
met gezonde vrijwilligers (studenten) en de toediening van de middelen was steeds 
dubbelblind (zowel proefleider als proefpersoon wisten niet welk middel toegediend 
was). 
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In hoofdstuk 2 (experiment 1) werd gekeken naar ophaalprocessen en naar de 
snelheid van vergeten na diazepam-inname. Er werd bovendien een reeks van 
encoderingsprocessen onderzocht. Ten eerste, werd gekeken naar de activatie van 
woordrepresentaties in het geheugen, waardoor woorden tijdelijk beter beschikbaar 
zijn ("repetitie priming effect"). Ten tweede werd onderzocht of de presentatie van 
een woord leidt tot de activatie van semantisch gerelateerde woordrepresentaties, 
waardoor deze gerelateerde woorden tijdelijk beter beschikbaar zijn ("semantische 
priming effect"). Woorden waarvan de betekenis verwerkt ("geencodeerd") is, 
worden beter onthouden dan woorden die op vorm of klank geencodeerd zijn. In 
experiment 1 werd onderzocht of dit effect van "diepte van encodering" ook 
gevonden werd na diazepam inname. Tenslotte werd onderzocht of proefpersonen na 
diazepam inname, geheugenstrategieën kunnen gebruiken om woorden in 
woordenlijsten te ordenen op basis van de betekenis van de woorden. 

Kort samengevat wijzen de bevindingen van experiment 1 op de aanwezigheid van 
semantische priming effecten en diepte van encoderings-effecten na diazepam 
inname. Er was echter geen repetitie priming effect na diazepam-inname. Daarnaast 
bleek dat beide groepen de woorden in een woordenlijst ordenden op basis van de 
betekenis van de woorden. De diazepam groep profiteerde echter minder van deze 
mogelijkheid dan de placebo groep. Tenslotte bleek dat de diazepam groep consistent 
trager reageerde bij de diverse taken. 

Er werd geconcludeerd dat diazepam geen effect heeft op de semantische 
encodering. Er werd daarnaast gesuggereerd dat het verminderde profijt van het 
strategiegebruik een neven-effect kan zijn van een vertraging in de informatie
verwerking. 

In hoofdstuk 3 werd de hypothese getoetst dat het encoderen van de temporele 
context verstoord is na diazepam inname. Bij het opslaan van informatie wordt de 
informatie gekoppeld aan de context waarin iets geleerd wordt (b.v. in welke kamer 
en op welk tijdstip de informatie opgeslagen is). Vervolgens kan de herinnering aan 
de context, gebruikt worden om de informatie uit het geheugen op te halen. Indien de 
temporele context niet voldoende gekoppeld is aan de informatie, kan er interferentie 
optreden van eerder of later aangeboden informatie. In twee experimenten werd 
getoetst of proefpersonen na diazepam-inname gevoeliger zijn voor interferentie van 
eerder aangeboden informatie ("pro-actieve interferentie"). 

In experiment 2 leerden proefpersonen eerst een lijst gerelateerde woordparen (b.v. 
moeder-kind) en daarna een tweede lijst woordparen waarvan het eerste woord gelijk 
was aan het eerste woord van de eerdere lijst, maar nu met een andere associatie (b.v. 
moeder-vader; AB-AC groep). Een andere groep proefpersonen moest een geheel 
nieuwe tweede lijst woordparen leren (b.v. zoon-vader, AB-DC groep). Uit de 
literatuur is bekend dat proefpersonen in de AB-AC groep meer С woorden met В 
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woorden verwarren. De hypothese was dat dit effect bij de diazepam groep sterker 
aanwezig zou zijn, omdat proefpersonen na diazepam-inname minder in staat zouden 
zijn een koppeling te maken tussen de geleerde associatie en de temporele context (de 
eerste of tweede lijst). In een andere taak, leerden proefpersonen twee opeenvolgende 
woordenlijsten, waarna ze in een herkenningstaak moesten aangeven of ze een 
bepaald woord geleerd hadden en in welke lijst dat woord gepresenteerd was (lijst-
discriminatie taak). De diazepam-proefpersonen vertoonden niet meer pro-actieve 
interferentie dan de placebo-proefpersonen en bovendien waren ze in de lijst-
discriminatie taak even goed in staat om aan te geven in welke lijst een onthouden 
woord gepresenteerd was. 

In experiment 3 werd wederom een proactieve interferentie taak aangeboden, nu 
echter met ongerelateerde woordparen (b.v. vogel-vuur). De taak-opzet was gelijk 
aan die in experiment 2. In dit experiment bleek dat de diazepam-proefpersonen zeer 
slecht in staat waren om de ongerelateerde woordparen te leren. Daarnaast maakten 
ze veel intrusies; bij het reproduceren van woorden van de tweede lijst noemden ze 
woorden van de eerste lijst. 

We concludeerden dat diazepam het vormen van nieuwe associaties aantast en we 
postuleerden dat de proactieve interferentie bij het herinneren van de ongerelateerde 
woordparen, een gevolg is van impliciet leren. In experiment 2 en 3 werd tenslotte 
geen relatie gevonden tussen de mate van pro-actieve interferentie en de ernst van de 
geheugenstoornis. Een stoornis in de temporele context encodering is dus geen 
afdoende verklaring voor de diazepam-geïnduceerde amnesie. 

In hoofdstuk 4 werden experimenten 4 en 5 beschreven. Het doel van deze studies 
was om te onderzoeken of de BZD-geïnduceerde geheugenstoornis verklaard kan 
worden met een verminderde aandachtscapaciteit. Proefpersonen moesten, met 
volledige aandacht ongerelateerde en gerelateerde woordparen leren. Daarnaast 
moesten ze ook woordparen leren waarbij de aandacht verdeeld moest worden tussen 
het leren van de woordparen en het uitvoeren van een visuele discriminatietaak. De 
complexiteit van de visuele discriminatietaak varieerde systematisch, zodat de 
aandacht die aan de woordparen besteed kon worden, varieerde. 

Conform verwachting herinnerden proefpersonen meer woordparen die ze geleerd 
hadden zonder visuele discriminatietaak. Bovendien herinnerden zowel de placebo-
als diazepam-proefpersonen meer gerelateerde woordparen dan ongerelateerde 
woordparen. Deze laatste werden tevens slechter herinnerd indien ze onder de 
verdeelde aandachtsconditie geleerd waren. Echter, tegen de verwachting in, werden 
de diazepam en placebo subjecten in even grote mate gehinderd door de verdeelde 
aandachtsconditie. Er werd geconcludeerd dat een vermindering van de aandachts
capaciteit de diazepam-geïnduceerde amnesie niet kan verklaren. 
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In hoofdstuk 5 werd de hypothese getoetst dat de geheugen effecten ten gevolge van 
diazepam-inname secundair zijn aan de verlaging van het nivo van alertheid. Indien 
dit het geval zou zijn, zouden andere manipulaties die de alertheid verlagen, 
kwalitatief dezelfde effecten op het geheugen moeten hebben. In experiment 6 werden 
de effecten van placebo inname met twee alertheid-reducerende manipulaties 
vergeleken, nl. met diazepam inname en 26 uur totale slaap deprivatie (SD). Alle 
subjecten werden aan de drie condities blootgesteld (binnen-proefpersoon design). 

De proefpersonen reageerden zowel na diazepam inname als na SD, trager op de 
reactietijdtaken. Bovendien misten ze meer signalen op een volgehouden 
aandachtstaak. De proefpersonen rapporteerden een geringere alertheid na diazepam 
inname dan na placebo inname. In de SD conditie rapporteerden de proefpersonen 
echter een nog lager nivo van alertheid op de vragenlijsten. Desondanks had alleen 
diazepam een duidelijk effect op het geheugen. Dit is in strijd met de assumptie dat de 
diazepam-geïnduceerde amnesie een direct gevolg is van een daling in de alertheid 
("sedatie"). 

In hoofdstuk 6 werden de conclusies van dit proefschrift gepresenteerd. Ten eerste 
werd vastgesteld dat er een consistente geheugenstoornis werd gevonden na 15 mg. 
diazepam inname. Diazepam verstoort de opslag van informatie, maar heeft geen 
effect op ophaalprocessen. Diazepam verstoort de consolidatie in een vroeg stadium 
na het leren (ongeveer in de eerste 10 minuten), maar niet in een later stadium. In de 
analyse van de encoderingsprocessen die betrokken zijn bij de opslag van informatie, 
bleek dat geen van de onderzochte encoderingsprocessen een verklaring bood voor de 
BZD-ge'rhduceerde geheugenstoornis. Diazepam heeft geen effect op de semantische 
encodering, noch op het aanwenden van semantische geheugenstrategieën an sich. 
Ook is er geen evidentie gevonden voor een stoornis in het encoderen van de 
temporele context. Tenslotte, kan de diazepam-geïnduceerde amnesie niet verklaard 
worden met een reductie in de aandachtscapaciteit of een verlaging van het nivo van 
alertheid. 

Er werd geconcludeerd dat diazepam het leggen van nieuwe associaties verstoort. 
We veronderstellen dat dit een gevolg kan zijn van een verminderd gebruik van 
bepaalde leerstrategieën (bv. visualiseren) na diazepam inname. De bevinding dat 
vroege consolidatie-processen verstoord zijn na BZD inname is in lijn met een 
stoornis in het leggen van nieuwe associaties. 

120 



Acknowledgements 

Acknowledgements/Dankwoord 

Dit proefschrift is tot stand gekomen dankzij de directe en indirecte bijdrage van een 
aantal mensen die ik hierbij wil bedanken: 

* Dr. P. Eling was de meest wenselijke compagnon op de lange weg naar het 
einddoel: het proefschrift. Paul, bedankt dat je ten alle tijde klaar stond om mee te 
denken en dat je mijn onderzoeksplannen en manuscripten steeds van kritisch 
commentaar hebt voorzien. Ook bedankt voor je onwrikbare vertrouwen! 

ir Prof. Dr. A. Coenen, die de grondslagen heeft gelegd voor het benzodiazepine 
onderzoek op de vakgroep. Ton, bedankt voor het overbrengen van je enthousiasme 
voor de "zonnebril voor de ziel" en voor het 'trouble-shooting' met betrekking tot 
de infrastructuur van mijn onderzoek. 

ir Prof. Dr. J. Vossen, die voor de basisvoorwaarden van mijn promotie zorgde. Jo, 
bedankt voor je steun, en voor het bewaken van de logica in mijn proefschrift. Je 
hebt wel eens vermoed dat ik het schrijven van het proefschrift voor breien had 
ingeruild, maar je hebt toch op talloze momenten laten blijken dat je gelooft in 
vrouwen in de wetenschap. 

* In writing this thesis, I benefited greatly from the conversations and co-operation 
with Dr. H.V. Curran. Dear Valerie, I very much appreciate the facilities and 
hospitality you provided during my stay at the Institute. Thanks! 

-k Zonder scriptiestudenten en student-assistenten was de uitvoer van de 
(pilot)experimenten niet mogelijk geweest: Désirée Berlage, Christy Bowerman, 
Joost Derwig, Petra Ermens, Mieke Frowein, Hilde Geurts, Mirjam Haarman, 
Neeltje van Haren, Iris de Koning, Anouk Scheres, Margot Tielemans en Eduard 
van Wijk, bedankt voor al het werk dat jullie verzet hebben! 

•k Dr. T. van Rijn en Dr. R. Dirksen voor de medische ondersteuning voor en tijdens 
de experimenten. Beste Tineke en Ris, jullie waren de redders in nood, toen er een 
kink in de kabel dreigde. Bedankt. 

ir Alle andere (ex-)collega's van Vergelijkende en Fysiologische Psychologie die 
mijn verblijf bij "V&F" tot een aangename tijd hebben gemaakt: Agnieszka, Carla, 
Eduard, Elly, Gilles (ook bedankt voor de 'Vinger aan de pols" bij mijn 
onderzoeksproject), Johan, Hanneke M, Hanneke R, Hans, Jacqueline, Marijtje, 
Martine, Paul A, Paul T, Pim, Thijs, Roald en Saskia. 

* De heren van de ERG wil ik bedanken voor de hulp bij het programmeren en het 
leren gebruiken van de actometer. 

ir Drs. P. Vermeulen, met wie ik menig uurtje achter de computer heb doorgebracht. 
Beste Peter, bij het programmeren bleek de computer soms niet te doen wat wij 

121 



Acknowledgements 

wilden (hoewel het een Mac was...!), maar daardoor hebben we ook veel lol gehad. 
Bovendien waren de bier/wijn-avondjes met Paul en jou een katalysator voor mijn 
onderzoek. 

* Hoewel Prof. Dr. N. van de Poll niet betrokken is geweest bij het onderzoek 
beschreven in dit proefschrift, wil ik hem toch hierbij bedanken. Beste Nanne, 
tijdens het onderzoek op het Herseninstituut heb ik veel van je geleerd, waarvan ik 
tijdens het promotieonderzoek -en nog steeds- de vruchten pluk. Ik ben je daar zeer 
erkentelijk voor! 

ir De paranimfen, drs. Heidi van der Senden en Yvonne Gorissen, wil ik alvast 
bedanken voor de hulp en de (morele) steun in spannende tijden. Zal ik jullie ook 
maar succes wensen voor de verdediging?! 

* Mijn vrienden en vriendinnen die ik lange tijd verwaarloosde, omdat ik weer eens 
"moest schrijven". Afspraken werden hierdoor op de (zeer) lange termijn 
geschoven. In het bijzonder wil ik bedanken Heidi, Marian, Rian2, Oda, Rien (en 
Julia, ook bedankt voor het corrigeren van het Engels). Dank je dat jullie het op 
den duur niet lieten afweten! 

* De Raad van Bestuur en mijn collega's van psychiatrisch ziekenhuis Veldwijk, met 
name van de afdeling Psychologisch Onderzoek en het Veldwijk Research 
Instituut, wil ik bedanken voor hun belangstelling en steun. 

Ά- Mijn vader zaliger en mijn moeder, die mij hebben gestimuleerd en aangemoedigd 
in het zoeken van mijn eigen weg. 

* Fred, die er van het prille begin bij was en waarvoor het AiO-schap betekende dat 
onze woonsteden voor de zoveelste keer voor lange tijd verschilden. Lieve Fred, 
bedankt voor je liefde en het geduld dat vaak op de proef is gesteld. "Na het 
proefschrift" is eindelijk aangebroken. Tijd om de beloftes in te lossen ! 

122 



Curriculum Vitae 

Curriculum Vitae 

Mariëlle Gorissen werd op 8 augustus 1967 geboren in de "waereldstadt" Geleen. 
Vanaf 1979 bezocht zij de Albert Schweitzer scholengemeenschap te Geleen, waar zij 
in 1985 het diploma VWOongedeeld behaalde. Zij startte aansluitend haar studie 
Psychologie aan de Katholieke Universiteit Nijmegen. Na de propaedeuse koos zij 
aanvankelijk de afstudeerrichting Neuro- en Revalidatiepsychologje, die na enige tijd 
werd aangevuld met de afstudeerrichting Vergelijkende en Fysiologische psychologie. 
Voor de eerste afstudeerrichting liep zij een klinisch neuropsychologische stage in het 
Canisius Wilhelmina ziekenhuis te Nijmegen en schreef ze een scriptie over 
cognitieve stoornissen bij de ziekte van Parkinson. In 1990 ving ze aan met een 
onderzoeksstage op het Nederlands Instituut voor Hersenonderzoek en het Instituut 
van Emotie en Motivatie aan de Universiteit van Amsterdam. Onder supervisie van 
Prof. Dr. N. van de Poll en in nauwe samenwerking met Marian Koeman bestudeerde 
ze de psychologische gevolgen van een acute verhoging van de hypothalamus-
hypofyse-gonade as bij mannen. In augustus 1991 studeerde ze af in de Neuro- en 
Revalidatiepsychologje en Vergelijkende en Fysiologische psychologie, met 
Klinische Psychologie en Neurologie als bijvakken. 
In de periode oktober 1991- februari 1995 was zij aangesteld als assistent in opleiding 
bij de vakgroep Vergelijkende en Fysiologische Psychologie van de Katholieke 
Universiteit Nijmegen. Naast het onderzoek naar de effecten van benzodiazepines op 
geheugen, zoals beschreven in dit proefschrift, gaf zij onderwijs in de 
neuropsychologie. In 1994 werd haar het Fry e-stipendium toegekend, waarmee ze een 
studiereis maakte naar Engeland. Zij verbleef enkele maanden op de 
Psychopharmacology Unit (Dr. H.V. Curran en Prof. Dr. M. Lader) van het Institute 
of Psychiatry in London. 
Sinds februari 1995 is zij werkzaam als psycholoog-onderzoeker op de afdeling 
Psychologisch Onderzoek en het Veldwijk Research Instituut van Psychiatrisch 
ziekenhuis Veldwijk te Ermelo. Hier houdt zij zich bezig met neuropsychologische 
diagnostiek bij psychiatrische patiënten en met wetenschappelijk onderzoek naar 
cognitieve stoornissen bij schizofrenie. 
Mariëlle woont samen met Mr. Fred van Eenige, die sinds 1984 haar partner is. 

123 



124 



List of publications 

List of publications 

(full papers and selection of abstracts, in chronological order) 

Gorissen MEE, Koeman MAC & Van de Poll NE (1991) On the behavioural 
significance of acute activation of the pituitary-gonadal axis in human males. 
Proceedings of the 12th Low Countries Meeting, Cologne, 53. 

Gorissen MEE, Koeman MAC & Van de Poll NE (1991) On the drug discriminative 
properties of acute activation of the pituitary-gonadal axis in human males. 
Proceedings of the 12th Low Countries Meeting, Cologne, 54. 

Gorissen MEE, Koeman MAC & Van de Poll NE (1991) On the behavioural 
significance of acute activation of the pituitary-gonadal axis in human males. 
Proceedings of the First European Psychophysiology Conference, Tilburg, 88. 

Gorissen M, Eling Ρ, Coenen A & Van Luijtelaar E (1993). Effects of the classic 
benzodiazepine diazepam on working memory capacity. In A. Coenen (Ed.) Sleep-
Wake Research in The Netherlands, Utrecht: Elinkwijk, 4, 83-85. 

Gorissen M, Eling Ρ, Coenen A & Van Luijtelaar E (1993) Encoding and rehearsal 
after diazepam intake. Journal ofPsychopharmacology, S44. 

Gorissen M, Eling Ρ, Van Luijtelaar G & Coenen A (1993) Activation and semantic 
encoding after diazepam administratioa Proceedings of the 14th Low Countries 
Meeting, 19. 

Gorissen M, Eling Ρ, Van Luijtelaar G & Coenen A (1993) Semantic encoding after 
diazepam administratioa Proceedings of the 35. Tagung Experimentell arbeitender 
Psychologen, Germany, 73. 

Gorissen M, Eling Ρ, Coenen A, Van Luijtelaar E (1994) Diazepam-induced amnesia: 
slowing down of encoding processes? Behavioural Pharmacology, 5 (Suppl. 1): 16. 

De Koning I, Gorissen M, Curran V & Eling Ρ (1995) Effects of diazepam on context 
encoding. Proceedings of the 16th Low Countries Meeting, Liège, 17. 

125 



List of publications 

Derwig J, Gorissen M, Curran V & Eling Ρ (1995) Temporal context encoding after 
diazepam intake. Proceedings of the 16th Low Countries Meeting, Liège, 53. 

Gorissen M, Tielemans M, Coenen A (1995) A comparison between two sedation 
inducing treatments on memory: Administration of diazepam and sleep deprivation. 
In: D Beersma & A Coenen (Eds.) Sleep-Wake Research in The Netherlands, 6: 35-
37. 

Gorissen M, Eling Ρ, Van Luijtelaar E, Coenen A (1995) Effects of diazepam on 
encoding processes. Journal ofPsychopharmacology 9(2): 113-121. 

Haarman M, Gorissen M & Eling Ρ (1995) Diazepam and motivation: the effects of 
incentives on cognitive performance. Proceedings of the 16th Low Countries Meeting, 
Liège, 26. 

Coenen A, Unrug A, Gorissen M, Van Luijtelaar E (1996) Effects of benzodiazepines 
and sleep deprivation on vigilance and memory. Journal of Sleep Research, 5(S1), 37. 

Gorissen M (1996) Cognitieve revalidatie bij schizofrenie: is het mogelijk en is het 
nodig? [Cognitive rehabilitation in schizophrenia: is it possible and is it necessary?] 
COBO bulletin, 1:30-34. 

Gorissen M, Nielen M (1997) Semantic priming, overinclusiveness and formal 
thought disorder. Schizophrenia Research, 24 (1,2): 131-132. 

Gorissen M, Tielemans M, Coenen A (1997) Alertness and memory after sleep 
deprivation and diazepam intake. Journal ofPsychopharmacology, 11(3): 233-239. 

Gorissen M, Van Haren Ν, Vollema M (1997) Response inhibition in formal thought 
disorder. Schizophrenia Research, 24 (1,2): 131. 

Gorissen M, Vollema M, Kuipers Τ, Van Haren Ν (1997) Effects of a computer-
assisted attention training in schizophrenic patients. Schizophrenia Research, 24 
(1,2): 105. 

Gorissen MEE, Curran HV & Eling РАТМ (in press) Proactive interference and 
temporal context encoding after diazepam intake. Psychopharmacology. 

126 



List of publications 

Gorissen MEE & Eling PATM (in press) Dual task performance after diazepam 
intake: Can resource depletion explain the benzodiazepine-induced amnesia? 
Psychopharmacology. 

Gorissen MEE, Aardema, EP & Postma BL. Verkorte versies van de WAIS: 
Argumenten voor gebruik en bruikbaarheid. [The utility of short WAIS forms] 
Submitted for publication. 

127 









Stellingen behorende bij het proefschrift van Maritile Gorissen: 
GUIDES TO OBLIVION: A STUDY ON THE AMNESIC EFFECTS OF BENZODIAZEPINES 

1. Benzodiazepines hebben geen effect op de semantische verwerking bij de opslag van 
informatie in het lange-termijn geheugen. Dit proefschrift. 

2. De benzodiazepine-gelnduceerde amnesie kan niet verklaard worden met een 
stoornis in het encoderen van de temporele context, DU proefschrift 

3. De benzodiazepine-gelnduceerde amnesie is geen direct gevolg van de verminderde 
alertheid na benzodiazepine inname. Dit proefschrift. 

4. Het hoofdeffect van benzodiazepines op het geheugen is een verstoring van het 
leggen en integreren van nieuwe associaties in het geheugennetwerk. Het 
benzodiazepine effect op het leren is daardoor afhankelijk van de sterkte van de al 
aanwezige associatie. Dit proefschrift. 

5. Het begrip "sedatie" is wellicht klinisch bruikbaar, maar is zo slecht te operational
iseren dat het wetenschappelijk gezien geen verklarende waarde heeft. Dit proefschrift. 

6. Het verwerven van een vreemde taal wordt bemoeilijkt onder invloed van een 
benzodiazepine. 

7. Het humaan cognitief psychofarmacologisch onderzoek naar het effect van 
benzodiazepines op geheugen heeft tot nu toe niet geleid tot inzichten over de 
werking van het geheugen die al niet verkregen waren uit onderzoeken met 
amnestische patiënten. 

8. De psychologische theorieën over aandacht lijken in enig opzicht op konijnen: ze 
planten zich in razend tempo voort en lijken opmerkelijk veel op elkaar. 

9. Het is een illusie van de huidige neuropsychiatrie dat het gebruik van beeld
vormende technieken leidt tot een wezenlijk begrip van het (cognitief) gedrag van 
patiënten met schizofrenie of andere psychiatrische aandoeningen. 

10. Het is ironisch dat het vrijheidsbeeld in New York een vrouw voorstelt. Gegevens 
over (sexueel) geweld tegen vrouwen in de Verenigde Staten getuigen immers meer 
van vogelvrijheid dan van vrijheid 

11. Het gebruik van een mobiele telefoon in openbare gelegenheden, b.v. in de trein, 
getuigt vaak van een incontinentie van persoonlijke informatie. 

Nijmegen, 22 juni 1998 












