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Abstract

The objective was to test the validity of serial position effects (SPE’S) scoring of the Rey
Auditory Verbal Learning Test. The RAVLT, a multi-trial free recall test, is a much used
clinical method for assessing memory performance. The method of scoring, however,
obfuscates that two memory functions underlie free recall. This is suggested by serial
position effects (SPE’S) of single-trial free recall, although the extent of the effects is not
defined.

Research is reviewed in which the internal and external validity of SPE’S of the RAVLT
is studied.

The internal validity of SPE’S was tested by means of confirmatory factor analysis. It is
shown that the recency effect comprises the last two to three items, while the primacy
and middle (prerecency) effect comprise the remaining items in a list, implying that
they arise from two memory functions. Studies testing their external validity show that
they play a variant role in memory impairment of AD and MD patients and are found to
be differentially related to stress hormones activity in these patients, and in healthy
human subjects.

Scoring of accurately determined SPE’S in the RAVLT is a valid improvement of clinical

memory assessment. Their neuropsychological significance is discussed.
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Introduction

A much used clinical method for assessing memory performance is the Rey Auditory
Verbal Learning Test (RAVLT) [62]. The method of scoring, however, obfuscates the fact
that two memory functions underlie this multi-trial free recall test. This is suggested by
extensive research into cognitive [1,3] and medical influences [35,44] on serial position
effects (SPE’S) of single-trial free recall [4,70]. These effects come evident the frequency
of recall of a word list is plotted against the position of an item in a list. Typically, the
first and last few items - called the primacy and recency effects - are more readily
recalled than items in the middle, resulting in the U shaped serial position curve (SPC).
It has been hypothesized that the recency effect is representative of short-term store
(STS) performance and the primacy and middle effect of long-term store (LTS)
performance [26].

However, deploying SPE’S scoring in the RAVLT is complicated by their limited
internal and external validity. The extents of the effects are not defined. When done in
single-trial free recall they have been based on the shape of the SPC. This is an arbitrary
method as the extents of SPE'S have been found to vary considerably
[16,23,25,28,30,33,43,49,70]. Further, it is unclear what influence rehearsal has on the
extent of these effects. According to the dual store explanation of SPE’S [26] rehearsal

will modulate the extent of the primacy and middle effect and the recency effect.

The internal validity of serial position effects in the Rey Auditory Verbal Learning
Test

The internal validity of SPE’S of multi-trial free recall was studied in two very large
(n=% 500) heterogeneous groups of psychiatric patients, ranging in age from 17 to 91, by
means of confirmatory factor analysis [8] using a modified version of the RAVLT [6,62].
Before offering the standard five trials of a 15-word list, five trials of the first six and
remaining nine words were offered and immediate free recall was tested after every
trial. The reason for this modification was to ensure a gradual increase of task load and

to avoid a too great emotional involvement in the task. The groups were chosen in order
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to ensure the greatest amount of variability in the data. In addition, we studied the
internal validity of SPE'S of single-trial verbal free recall analysing free recall
performance of the first trial of the test. Confirmatory factor analysis showed that SPE’S
in the RAVLT arise from two functions. One function arises from the recency effect,
comprised of two items for the six-word list and three items for the nine- and fifteen
word list; the other function arises from the remaining items on the lists (hereafter
denoted as the prerecency effect). The same division was found for SPE’S of single-trial
free recall. This argues against the dual store explanation of SPE’S [26] as it implies that
rehearsal has no influence on the extent of the SPE’S, even though it modifies the

frequency of recall of items on these effects.

The external validity of serial position effects in the Rey Auditory Verbal Learning
Test

The external validity of SPE’S in the RAVLT was tested when defined on the basis of the
shape of the SPC [7] and when defined accurately [9,10]

In mild to moderate AD group we [6] explored the role of AD in SPE'S. We were
particularly interested in what role AD plays in the emergence of the primacy effect of
short lists, as no evidence for this has yet been found [20,43,55,58]. We found a primacy
effect on the 6-word list, to a lesser extent on the 9-word list, but not of the 15-word list.
However, as a similar performance was found in the age-matched, normal, control
group, it was argued that these impairments are probably general for aging and not
specific to AD.

In the group of MD patients we [7] explored the relations between SPE'S and
hypothalamic-pituitary-adrenal (HPA)-axis activity in a group of 15 elderly MD
patients. Plasma cortisol (CORT) was used as a parameter of HPA-axis activity. To
ensure that a possible influence of diurnal rhythm of CORT would not go unnoticed,
plasma CORT was assessed in the morning, at midday and in the afternoon. The extents
of the primacy and recency effects were defined as comprising the first and last four

items. The lumped recall on these four items was used as the measure of performance.
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We found impaired primacy effect performance in the group of elderly MD patients.
This complies with the results of previous research where impaired performance on the
primacy effect [12], respectively prerecency effect [25] was found in MD, using single-
trial free recall. As performance on the primacy effect has been associated with effortful
processing [38], this complies with the hypothesis that memory impairments in MD are
characterized by problems with effortful processing [32].

We also found that plasma CORT, within reference values, is positively related to the
reduced performance on the primacy effect and negatively related to normal
performance on the recency effect. This suggests that plasma CORT is differentially
related to the memory functions arising from these effects. However, as plasma CORT
does not appear to contribute to the impaired performance on the primacy effects in
MD, a possible alternative may be dysfunction of the central noradrenergic system
[15,65], which has been conjectured central to memory impairment in depression [61].
In a group of healthy human subjects we studied [9] the role of central noradrenergic
activity and glucocorticoid activity in the SPE’S. Central noradrenergic activity has been
found to play a role in memory performance [27], and plasma norepinephrine (NE) is a
parameter of central noradrenergic activity [79]. We hypothesized that plasma CORT is
positively and plasma NE is negatively related to memory performance on the
prerecency effect. In order to increase the sensitivity and specificity of collapsed recall
on SPE’S scores individual item scores were multiplied by the factor score coefficients
[8]. In order to avoid confounding effects of free recall on stress hormone activity
[42,53], memory performance was assessed after the last venipuncture.

We found that plasma CORT and plasma NE are respectively positively and negatively
related to collapsed recall on the prerecency effect, while plasma CORT is negatively
related to collapsed recall on the recency effect. With regard to the recall performances
based on the SPE’S and plasma CORT, our findings support previous results in MD
patients [8], and suggests, moreover, that plasma CORT and plasma NE are oppositely
involved in the memory function arising from the prerecency effect.

In a group of elderly moderate to advanced AD patients we also studied [10] the role of
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central noradrenergic activity and glucocorticoid activity in the SPE'S. AD is
accompanied by hypercortisolism in about half of the cases [50,54], and an altered
function of the central and peripheral noradrenergic system [35,61]. On the basis of this
it was hypothesized that plasma CORT and plasma NE are negatively related to
memory performance on the prerecency effect. The same design was used as in the
previous study [9]. The sensitivity of the prerecency and recency effects was further
increased by multiplying the individual item scores by factor score coefficients derived
from data of a previous study [8]. Suppressed performance on the prerecency and the
recency effects was found. Yet impairment on the prerecency effects was found to be
qualitatively specific to AD, as revealed by repeated measures of analysis. To the best of
our knowledge this has not been reported before.

Hypercortisolism was found in AD, but no enhanced peripheral noradrenergic activity
was found. A possible reason why no significant difference was found between the AD
group and the normal controls, may be due the lack of statistical power to discriminate
the two groups because of the small number of control subjects in which noradrenergic
activity was determined. In accordance with our hypothesis it was found that plasma
CORT is negatively related to the recall performance on the prerecency effect,
suggesting that hypercortisolism promotes problems with effortful retrieval of
information from the LTS. According to the glucocorticoid cascade hypothesis the
hippocampal cell loss in AD will result in hypercortisolism that in turn will act as a co-
factor in further hippocampal degeneration [64]. Yet no evidence for this has been found
in ageing or AD [54]. Hypercortisolism has been found to result in dendritic
remodelling and a suppression of neurogenesis in the dentate gyrus that normalize
when CORT concentrations normalize [68].

Contrary to our hypothesis plasma NE was found positively related to memory
performance on the prerecency effect suggesting that central noradrenergic activity
promotes effortful retrieval from the LTS. It may inferred that the negative influence
hypercortisolism has on dendritic remodelling and suppression of neurogenesis in the

dentate gyrus is counteracted by central noradrenergic activity.
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The neuropsychological significance of memory functions arising from serial
position effects of free recall of a word list

Up till now, three neuropsychological interpretations of SPE’S of free recall of a word
list have been discerned: two two-memory modality interpretations [1,19,26] and one
processing interpretation [38]. The more prominent of the two-memory modality
interpretations has been that the prerecency effect is a reflection of long-term store (LTS)
performance, while the recency effect is a reflection of short-term store (STS)
performance [1,26], an interpretation based on the “‘modal” model [1]. According to this
model two serially coupled memory modalities exist i.e. STS and LTS. The STS, which is
believed to be a partial activation of the LTS, contains all control processes and regulates
information transference to and from the LTS. The STS is a limited capacity buffer.
Initially, this buffer is empty. When items enter the buffer, the time they stay in the
buffer determines how often they are rehearsed and how much information about the
items is transferred to the LTS.

More recently it has been conjectured that the recency effect is associated with a short-
term memory buffer, while the prerecency effect is associated with episodic memory
performance [19]. The buffer is distinct from episodic memory. During storage as well
as recall, the lexical-semantic system is activated by the short-term memory buffer.
Subsequently, the activated information is placed in the correct context and stored in the
episodic memory. The strength of association with which information is stored in the
episodic memory depends on how well lexical-semantic activities are coupled to the
context, and determines the amount of recall.

Neither interpretation of SPE’S of free recall of a word list is, however, tenable, .the most
important reasoning being that we [8] found that the extents of the recency and
prerecency effects, in single- and multi-trial free recall of a word list, are the same. If
rehearsal facilitates the transfer of information from the STS to the LTS or from the
short-term buffer via activation of the lexical-semantic system and coupled to a context
to episodic memory the recency effect should have dissipated or its extent should at

least have diminished. Another reason why these interpretations of SPE’'S are not

123



tenable is because we [6-10] and others [1,75] found SPE’S in a word list which length is
well within the STS capacity of 7+2 [48].

A third interpretation based on the encoding model [33] is that the recency effect is
indicative of automatic processing and the primacy part of effortful processing [38].
According to this model two forms of encoding exist: effortful and automatic encoding.
The first form is believed to seize a large part of the limited attentional capacity, to occur
intentionally, and to improve with practice. Examples of effortful processing are
rehearsal, organization and mnemonic techniques. The second form, on the other hand,
is believed to function without attention, to occur with intention, and not to improve
with practice. Examples of mental functions in which automatic processing is believed
to play a role are a sense of time, space and reading and writing [33].

When the three explanations are integrated, it may be hypothesized that SPE’S of free
recall of word list are representative two control processes i.e. effortful and automatic
that regulate information transference to and from the LTS. This hypothesis explains
why we [8] found that the extent of the recency and prerecency effect is not sensitive to
rehearsal. It also explains why recall is fleeting, when automatic retrieveal of
information not yet permanently stored is delayed, and why it is not fleeting when it is
permanently stored. Examples of the latter condition are the U shape SPC’S found when
recalling the names of previous presidents of the USA [63], recalling which rugby
matches one has attended in the last season [2], recalling which pictures one has seen
during the previous year [36], and recalling which operas one has gone to in the last 25
seasons [66], a phenomenon which has become known as the long-term recency effect.
With regard to the sequence of these control processes the impression is gained that
automatic processing precedes effortful processing. When small amounts of information
are processed, it has been found that only recency effect occurs in immediate recall,
primacy and recency effect after a certain time delay, and primacy effect after a long
delay [40,52,75].

Neuropsychologically, SPE’S of free recall of a word list appear to be representative of

distinct brain systems. Impaired performance on the prerecency effect has been found
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associated with hippocampal c.q. medio temporal lobe damage [34,67,69,74], impaired
performance on the recency effects has been found associated with posterior parietal
damage [44,72], and impaired performance on both SPE’S has been found associated
with frontal lobe damage [21]. Electrophysiological evidence supports this. The
prerecency effect of free recall of a word list has been found associated with frontal and
parietal activity, while the recency effect has been found associated with parietal activity
[74]. Neurochemical evidence also supports this. We found that stress hormones are
differentially related to performance on the SPE'S [7,9,10]. Diazepam [46],
desglycinamide-arginine-vasopression, a synthetic vasopressin analogue [56], glucose

[47] have been found to have a differential influence on SPE’S.

On the nature of serial position effects

Although SPE’S behaviour has predominantly been studied in free recall of a word list
[4], evidence is converging that SPE’S are not modality-dependent nor sense-specific
effects, and general to all type of memory performance in man and in animals. SPE’S
have been found in declarative i.e. episodic memory [5,10,23], semantic memory
performance [45], non-declarative memory performance, such as priming [13], and
classical conditioning [57]. They have also been found in judging contests when end-of-
sequence procedures or step-by-step procedure were used evaluating candidates [14], in
forward and backward recall, where it was found that responding was faster to initial
and final positions than to center positions [29], and in visitors to a website who
demonstrated an increased probability to click to the first link and the last link in a list
[51]. They further appear to be sense-independent as they have been found for ical
conditioning [57], and for different senses such as hearing, sight [40, 52, 76]. Evidence is
further increasing that SPE’S of different memory forms are supported by other brain

areas than SPE’S of free recall of a word list (see fig 1).
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Memory

/\

Short-term memory /store Long-term memory/store
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Facts Events  Skills Priming Classical & Operant Nonassociative
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Medial temporal Striatum Neocortex Amygdala Cerebellum Reflex pathways
Lobe Diencephalon

Fig 1. Classification of memory [24,71].

Paramount to this SPE’S have been found in memory behavior of animals [11,22,39,75-
78], suggesting an evolutionary continuity between animals and man. As in man, they
have been found not to be sense-specific and supported by similar neuroanatomical and
neurochemical associations. Further, differential influence of cognitive tasks on SPE’S
has been reported. For instance, delay has the same detrimental influence on the recall
of the recency effect as in man [31]. SPE’S have been found on olfactory, auditory and
visual memory tasks [60,77,78]. Impaired performance on the primacy effect has been
found associated with left medial temporal lobe functioning [39,67]. CORT and NE have
been found oppositely related to activity of the CA1 area [37], a brain area associated
with working memory [73]. Benzodiazepines and atropine sulfate have been found to
have differential effects on SPE’S [17,18].

In short, the nature of SPE’S appears to be general to all types of memory performance

in man and in the animals suggesting that animals may be used as a model to study the
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neurobiological backgrounds of SPE’S. When done a possible approach may be to focus
on the functional influence of parts of the hippocampus on SPE’S. In the rodent, it was
recently demonstrated that axon-sparing neurotoxic lesions of the CA3 are suppress
prerecency effect performance, while damage to the CA1 area suppresses performance

on all serial positions [41].

Conclusion

The internal validity of SPE’S in the RAVLT was tested by means of confirmatory factor
analysis. The external validity of SPE’S was supported by (1) the role of a qualitative
difference between reduced prerecency effect performance in AD compared with
agecontrolled subjects, as well as by (2) the recall performance on the prerecency and
recency effects in AD and MD being related in specific ways with stress-hormone
concentrations. The most likely explanation of the SPE’S of free recall of a word list is
that they are representative of effortful and automatic ways in which to regulate
information transference to and from the LTS. In short, scoring of accurately determined

SPE’S in the RAVLT is a valid improvement in clinical memory assessment.

127



References

[1]

2]

[3]
[4]
[5]

[6]

[7]

[8]

[9]

[10]

Atkinson RC, Shiffrin RM (1968). Human memory: A proposed system and its
control processes. In Spence KW, Spence JT (Eds). The psychology of learning
and motivation: Vol 2. Advances in research and theory (pp. 89-195). New York:
Academic Press.

Baddeley AD, Hitch GJ (1977). Recency re-examined. In Dornic S (Ed). Attention
and performance (pp. 647-667). Hillsdale, NJ, Lawrence Erlbaum Associates Inc.
Baddeley AD (1986). Working Memory. Oxford University Press, Oxford.

Baddeley AD (1990). Human Memory. Theory and Practice. London: L.E.A.

Bayley PJ, Salmon DP, Bond MW, Bui BK, Olichney ], Delis DC (2000).
Comparison of the serial position effect in very mild Alzheimer’s disease, mild
Alzheimer’s disease, and amnesia associated with electroconvulsive therapy.
Journal of International Neuropsychological Society 6, 290- 298.

Bemelmans KJ, Goekoop JG (1991). The contribution of list length to the absence of
the primacy effect in word recall in dementia of the Alzheimer type. Psychological
Medicine 21, 1047-1050.

Bemelmans KJ, Goekoop JG, van Kempen GM] (1996). Recall performance in
acutely depressed patients and plasma cortisol. Biological Psychiatry 39, 750-752.
Bemelmans KJ, Wolters G, Zwinderman K, ten Berge JMF, Goekoop JG (2002).
Evidence for two processes underlying the serial position curve of single- and
multi-trial free recall in a heterogeneous group of psychiatric patients: A
confirmatory factor analytic study. Memory 10, 151-160.

Bemelmans K], Goekoop ]G, de Rijk R, van Kempen GM] (2003). Recall
performance,plasma cortisol and plasma norepinephrine in normal human
subjects. Biological Psychology 62, 1-15.

Bemelmans KJ, Noort A, de Rijk R, Middelkoop HAM, van Kempen GM],
Goekoop JG (2007). Plasma cortisol and norepinephrine in Alzheimer’s Disease.

Opposite relations with recall performance and stage of progression. Acta

Neuropsychiatrica 19, 231-237.

128



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Bolhuis JJ, van Kampen HS (1988). Serial position curves in spatial memory of
rats: Primacy and recency effects. Quarterly Journal of Experimental Psychology
40b, 135-149.

Brand AN, Jolles J, Gispen-de Wied (1992). Recall and recognition memory
deficits in depression. Journal of Affective Disorders 25, 77-86.

Brooks BM (1999). Primacy and recency in primed free association and associative
cued recall. Psychonomic Bulletin Review 6, 479-485.

Bruine de Bruin W (2005). Save the last dance for me: unwanted serial position
effects in jury evaluations. Acta Psychologica (Amsterdam) 118, 245-260.

Bunney WE, Davis JN (1965). Norepinephrine in depressive reactions. A review.
Archives of General Psychiatry 13, 483-494.

Capitani E, Della Sala S, Logie RH, Spinnler H (1992). Recency, primacy, and
memory: reappraising and standardising the serial position curve. Cortex 28,
315-342.

Castro CA (1994). Primacy and recency effects in rhesus monkeys (Macaca
mulatta) using a serial probe recognition task: I. Effects of diazepam.
Psychopharmacology 119, 421-427.

Castro CA (1997). Primacy and recency effects in rhesus monkeys (Macaca
mulatta) using a serial probe recognition tasks: II. Effects of atropine sulphate.
Behavioural Neuroscience 111, 676-682.

Davelaar E], Goshen-Gottstein Y, Ashkenazi A, Haarmann HJ, Usher M (2005).
The Demise of Short-term Memory Revisited: Empirical and Computational
Investigations of Recency Effects. Psychological Review 112, 3-42.

Diesfeldt HFA (1978). The distinction between long-term and short-term memory
in senile dementia: an analysis of free recall and delayed recognition.
Neuropsychologia 16, 115-119.

Eslinger PJ, Grattan LM (1994). Altered serial position learning after frontal lobe
lesion. Neuropsychologia 32, 729-39.

129



[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Fagot J, Cook RG (2006). Evidence for large long-term capacities in baboons and
pigeons and its implications for learning and the evolution of cognition.
Proceedings of National Academy of Science 103, 17564-17567.

Foldi NS, Brickman AM, Schaefer LA, Knutelska ME (2003). Distinct serial
position profiles and neuropsychological measures differentiate late life
depression from normal aging and Alzheimer’s disease. Psychiatric Research 120,
71-84.

Gazzaniga MS, Ivry RB, Mangun GR (1998). Cognitive Neuroscience. The
biology of the mind. W.W. Norton & Company. New York London, pp 273.

Gibson AJ (1981). A further analysis of memory loss in dementia and depression
in the elderly. British Journal of Clinical Psychology 20, 179-185.

Glanzer M, Cunitz AR (1966). Two storage mechanisms in free recall. Journal of
Verbal Learning and Verbal Behaviour 5, 351-360.

Gold PE, Van Buskirk R (1978). Effects of a- and [-Adrenergic Receptor
Antagonists on Post-trial Epinephrine Modulation of Memory Relationship to
Post-training Brain Norepinephrine Concentrations. Behavioral Biology 24, 168-
184.

Green RL (1986). Sources of recency effects in free recall. Psychological Bulletin 99,
221-228.

Haberlandt K, Lawrence H, Krohn T, Bower K, Thomas JG (2005). Pauses and
durations exhibit a serial position effect. Psychonomic Bulletin Review 12, 152-158.
Harris SJ, Downson JH (1982). Recall of a 10-word list in the assessment of
dementia in the elderly. British Journal of Psychiatry 141, 524-527.

Harper DN, McLean AP, Dalrymple-Alford JC (1993). List item memory in rats:
effects of delay and delay task. Journal of Experimental Psychology and Animal
Behavior Processes 19, 307-316.

Hartlage S, Alloy LB, Vazquez C, Dykman B (1993). Automatic and effortful
processing in depression. Psychological Bulletin 113, 247-278.

Hasher L, Zacks TR (1979). Automatic and effortful processes in memory.

130



[34]

[35]

[36]

[37]

[38]

[30]

[40]

[41]

[42]

[43]

Journal of Experimental Psychology: General 108, 356-388.

Hermann BP, Seidenberg M, Wyler A, Davies K, Christenson J, Moran M, Stroup E
1996). The effect of human hippocampal resection on the serial position curve.
Cortex 32, 323-334.

Herrmann N, Lanctét KL, Khan LR (2004). The role of norepinephrine in the
behavioral and psychological symptoms of dementia. Journal of Neuropsychiatry
and Clinical Neuroscience 16, 261- 267.

Hitch GJ, Ferguson ] (1991). Prospective memory for future intentions: Some
comparisons with memory for past events. European Journal of Cognitive
Psychology 3, 285-295.

Joéls M, de Kloet ER (1989). Effects of glucorticoids and norepinephrine on the
excitability of the hippocampus. Science 245, 1502-1505.

Kesner RP, Measom MO, Forsman SL & Holbrook TH (1984). Serial position
curves in rats: Order memory for episodic spatial events. Animal Learning &
Behavior 12, 378-382.

Kesner RP, Novak JM (1982). Serial position curve in rats: role of the dorsal
hippocampus. Science 218, 173-175.

Korsnes MS, Magnussen S, Reinvang I (1996). Serial position effects in visual
short-term memory for words and abstract spatial patterns. Scandinavian Journal
of Psychology 37, 62-73.

Lee I, Jerman TS, Kesner RP (2005). Disruption of delayed memory for a sequence
sequence of spatial locations following CAl-or CAB3-lesions of the dorsal
Neurobiology of Learning and Memory 84, 138-147.

Lupien SJ, McEwen BS (1997). The acute effects of corticosteroids on cognition:
integration of animal and human studies. Brain Research Review 24, 1-27.

Martin A, Brouwers P, Cox C, Fedio P (1985). On the nature of verbal memory

deficit in Alzheimer’s disease. Brain and Language 25, 323-341.

131



[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Markowitsch HJ, Kalbe E, Kessler ], von Stockhausen HM, Ghaemi M, Heiss WD
(1999). Short-term memory deficit after focal parietal damage. Journal of Clinical
and Experimental Neuropsychology 21, 784-797.

Maylor EA (2002). Serial position effects in semantic memory: reconstructing the
order of verses of hymns. Psychonomic Bulletin & Review 9, 816-820.

Mewaldt SP, Hinrichs JV, Gnoheim MM (1983). Diazepam and memory: support
for duplex model of memory. Memory and Cognition 11, 557-564.

Messier C, Pierre ], Desrochers A, Gravel M (1998). Dose-dependent action of
glucose on memory processes in women: effect on serial position and recall
priority. Brain research and cognitive brain research 7, 221-233.

Miller GA (1956). The magical number seven, plus or minus two: Some limits on
our capacity for processing information. Psychological Review 63, 81-97.

Miller E (1971). On the nature of the memory disorder in presenile dementia.
Neuropsychologia 21, 75-81.

Mitchell AJ (1995). The contribution of hypercortisolaemia to the cognitive decline
of geriatric depression. International Journal of Geriatric Psychiatry 10, 401-409.
Murphy ], Hofacker C, Mizerski R (2006). Primacy and recency effects on clicking
behaviour. Journal of Computer-Mediated Communication 11, 1-15.

Neath I (1993). Distinctiveness and serial position effects in recognition. Memory
and Cognition 21, 689-698.

Newcomer JW, Selke G, Meslon AK, Heershey T, Craft S, Richards D, Alderson
AL (1999). Decreased memory performance in healthy humans induced by stress-
level cortisol treatment. Archives of General Psychiatry 56, 527-533.

O'Brien JT, Ames D, Schweitzer I, Colman P, Desmond P, Tress B (1996). Clinical
and magnetic resonance imaging correlates of hypothalamic-pituitary-adrenal axis
axis function in depression and Alzheimer's disease. British Journal of Psychiatry
168, 679-87.

Pepin EP, Eslinger P] (1989). Verbal memory decline in Alzheimer’s disease: a
multiple-processes deficit. Neurology 39, 1477-1482.

132



[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Pietrowsky R, Fehm-Wolfsdorf G, Born J, Fehm HL (1998). Effects of DGAVP on
verbal memory. Peptides 9, 1361-1366.

Pinefio O, Miller RR (2005). Primacy and recency effects in extinction and latent
inhibition: a selective review with implications for models of learning. Behavioral
Processes 69, 223-235.

Poitrenaud J, Moy F, Girousse A, Wolmark Y, Piette F (1989). Psychometric
procedures for analysis of memory losses in the elderly. Archives of Gerontology
and Geriatrics 8 (suppl. 1), 173-183.

Raskind MA, Peskind ER, Holmes C, Goldstein DS (1999). Patterns of
cerebrospinal fluid catechols support increased «central noradrenergic
responsiveness in aging and Alzheimer’s disease. Biological Psychiatry 46, 756-765.
Reed P, Croft H, Yeomans M (1996). Rats' memory for serially presented novel
flavours: evidence for non-spatial primacy effects. Quarterly Journal of
Experimental Psychological Behavior 49, 174-187.

Ressler KJ, Nemeroff CB (1999). Role of norepinephrine in the pathophysiology
and treatment of mood disorders. Biological Psychiatry 45, 1219-1233.

Rey A (1964). L’Examen Clinique en Psychologie. Presses Universitaires de
France, Paris.

Roediger HL III, Crowder RG (1976). A serial position effect of United States
presidents. Bulletin of the Psychonomic Society 8, 275-278.

Sapolsky RM, Krey LC, McEwen BS (1986). The neuroendocrinology of stress
and aging: the glucocorticoid cascade hypothesis. Endocrinological Review 7,
284-301.

Schildkraut JJ (1967). The catecholamine hypothesis of affective disorders. A
review of supporting evidence. International Journal of Psychiatry 4, 203-217.
Sehulster JR (1989). Content and temporal structure of autobiographical
knowledge: Remembering twenty-five seasons at the Metropolitan Opera.

Memory and Cognition 17, 599-606.

133



[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

Squire LR (1992). Memory and the hippocampus: a synthesis from findings with
rats, monkeys, and humans. Psychological Review 99,195-231.

Swaab DF, Bao AM, Lucassen PJ (2005). The stress system in the human brain
in depression and neurodegeneration. Ageing Research Review 4, 141-194.

Talmi D, Grady CL, Goshen-Gottstein Y, Moscovitch M (2005). Neuroimaging
the serial position curve. A test of single-store versus dual-store models.
Psychological Science 16, 716-723.

Tulving E, Patterson RD (1968). Functional units and retrieval processes in free
recall. Journal of Experimental Psychology 77, 239-248.

Tulving E (1987). Multiple memory systems and consciousness. Human
Neurobiology 2, 67-80.

Warrington EK, Logue U, Pratt RTC (1971). The anatomical localization of
selective impairment of auditory verbal short-term memory. Neuropsychologia 9,
377-387.

Wishaw IQ, Rod MR, Auer RN (1994). Behavioral deficits revealed by multiple
tests in rats with ischemic damage limited to half of the CA1l sector of the
hippocampus. Brain Research Bulletin 34, 283-289.

Wiswede D, Risseler J, Miinte TF (2007). Serial position effects in free memory
recall - An ERP-study. Biological Psychology 75, 185-193.

Wright AA, Santiago HC, Sands SF, Kendrick DF, Cook RG (1985). Memory
processing of serial lists by pigeons, monkeys, and people. Science 229, 287-289.
Wright AA, Rivera JJ (1997). Memory of auditory lists by rhesus monkeys (Macaca
mulatta). Experimental Psychology and Animal Behaviour Processes 23, 441-449.
Wright AA (1999a). Auditory list memory and interference processes in monkeys.
Journal of Experimental Psychology and Animal Behavior Processes 25, 284-296.
Wright AA (1999b). Visual list memory in capuchin monkeys (Cebus apella)
Journal of Comparative Psychology 113, 74-80.

[79] Ziegler MG, Lake CR, Wood JH, Brooks BR, Ebert, MH (1977). Relationship

between norepinephrine in blood and cerebral spinal fluid in the presence of a

134



blood-cerebrospinal fluid barrier for norepinephrine. Journal of Neurochemistry

28, 677-679.

135



136



