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Enhanced Memory Performance on an Internal-Internal Source Monitoring
Test Following Acute Psychosocial Stress
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Research on the effect of acute stress and high levels of glucocorticoids on memory has largely focused
on memory tasks involving the medial temporal lobe (e.g., declarative memory). Less is known, however,
about the effects of stress and glucocorticoids on more strategic memory processes regulated by the
prefrontal cortex (e.g., source monitoring). In the current study, the authors investigated whether
exposure to acute psychosocial stress would result in altered source monitoring performance relative to
the performance of a nonstressed control group. To this end, the authors assigned nonsmoking, healthy,
young men to either a stress (n = 22) or a control (n = 18) condition, after which the men were given
an internal source monitoring test. Results show that relative to control participants, stressed participants
made fewer source monitoring errors. This study suggests that stress may have differential effects on
memory, depending on whether the memory test is regulated by the prefrontal cortex or the medial
temporal lobe.
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Source monitoring refers to cognitive processes that are in-
volved in making attributions about the origins of memories,
knowledge, and beliefs (Johnson, Hashtroudi, & Lindsay, 1993).
Consistent with the source monitoring framework proposed by
Johnson et al. (1993), three major types of source monitoring can
be distinguished. Reality monitoring refers to the ability to dis-
criminate between internally generated memories and externally
generated memories (e.g., “Did I hear that on the news or did I
imagine that?”). Alternatively, the ability to distinguish between
memories of two externally derived sources is termed external
source monitoring (e.g., “Did I hear that on the news or did Tim
tell me that?”). Finally, internal source monitoring is said to occur
when people have to discriminate between two internally gener-
ated memories (“Did I say that out loud or did I merely think
that?”). Inaccuracies in judging the source of a memory (i.e.,
source monitoring errors) are by no means uncommon and can
have important ramifications, as evidenced by mistaken eyewit-
ness testimonies in which fragments of real experiences are accu-
rately recalled but are attributed to the wrong person, time, or
location (e.g., Ross, Ceci, Dunning, & Toglia, 1994).
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Accurate source monitoring is dependent on cognitive processes
that initially bind features into complex memories and on pro-
cesses that reactivate and evaluate such features (Johnson et al.,
1993). Brain areas involved in these cognitive processes include
the medial temporal regions, which are essential for binding and
reactivation, and frontal regions, particularly lateral frontal re-
gions, which are of special importance for strategic retrieval and
evaluation of features of memories (Johnson et al., 1993; Mosco-
vitch, 1994). Evidence for the vital role of the prefrontal cortex
(PFC) in source monitoring comes from clinical studies that in-
volved patients with frontal lobe damage (e.g., Janowsky, Shi-
mamura, & Squire, 1989; Schacter, Harbluk, & McLachlan, 1984)
and, more recently, from studies that involved neuroimaging tech-
niques (e.g., Dobbins, Foley, Schacter, & Wagner, 2002; Dobbins,
Rice, Wagner, & Schacter, 2003; Mitchell, Johnson, Raye, &
Greene, 2004; Nolde, Johnson, & D’Esposito, 1998; Ranganath,
Johnson, & D’Esposito, 2000; Raye, Johnson, Mitchell, Nolde, &
D’Esposito, 2000; Rugg, Fletcher, Chua, & Dolan, 1999; Slotnick,
Moo, Segal, & Hart, 2003). On the basis of this type of empirical
evidence, Johnson and Raye (1998, 2000; see also Nolde et al.,
1998) suggested that the right PFC supports heuristic processing
(e.g., item recognition), whereas the left PFC (possibly together
with the right PFC) subserves source monitoring.

A vast amount of animal (e.g., McGaugh & Roozendaal, 2002;
Roozendaal, 2000) and human (for reviews, see Het, Ramlow, &
Wolf, 2005; Lupien & Lepage, 2001; Wolf, 2003) research has
shown that glucocorticoid (GC) secretion from the adrenal cortex
during stressful episodes may have facilitating as well as disrup-
tive effects on memory formation, consolidation, and retrieval.
Research suggests that memory facilitation may occur when GC
receptors are moderately stimulated while high-affinity mineralo-
corticoid receptors are fully saturated. In contrast, when GC re-
ceptors are extremely occupied under stressful circumstances, high
GC levels may exert detrimental effects on memory (e.g., de Kloet,



SOURCE MONITORING PERFORMANCE AND ACUTE STRESS

Oitzl, & Jogls, 1999; Oitzl & de Kloet, 1992; Reul & de Kloet,
1985). Moreover, it seems that adrenergic activation of the baso-
lateral amygdala and the hippocampus is a prerequisite for GCs to
impair retrieval (e.g., Roozendaal, Hahn, Nathan, de Quervain, &
McGaugh, 2004). Together with brain regions such as the PFC and
the hippocampus, the activated basolateral amygdala along with
the effects of emotional arousal can mediate the effects of GCs on
memory (e.g., McGaugh & Roozendaal, 2002).

In a series of research articles, Moscovitch and colleagues have
convincingly argued that medial temporal lobe (MTL) contribu-
tions to memory are distinct from PFC involvement in memory
(e.g., Moscovitch, 1992; Moscovitch & Winocur, 1992; for a
recent review, see Moscovitch & Winocur, 2002). These authors
asserted that although there is no question as to its importance in
memory processes, the MTL is primarily involved with the content
of memories. The frontal cortex, on the other hand, operates on the
input and output of the MTL in encoding and in performing
heuristic and strategic operations (e.g., determining the source of a
memory; Johnson et al., 1993; Moscovitch & Winocur, 2002).
Whereas the effects of acute stress and high GC levels on memory
recollection involving the MTL have been well studied, their
effects on more strategic memory processes (e.g., retrieval cue
generation and specification, verification, source monitoring) that
are under the regulation of the PFC remain largely unknown." It is
interesting that animal studies have shown that the PFC is a
significant target for negative feedback actions of GCs and that
chronic GC administration and behavioral stress can result in
dendritic reorganization in the medial PFC (e.g., Charney, 2004;
Radley et al., 2004; Sanchez, Young, Plotsky, & Insel, 2000). In
conjunction with other findings implicating the PFC as a target for
circulating GCs (e.g., Lupien & Lepage, 2001), this suggests that
high levels of circulating GCs may stimulate PFC-regulated source
memory.

In the present study, we investigated whether exposure to an
acute psychosocial stressor (i.e., the Trier Social Stress Test
[TSST]; see Kirschbaum, Pirke, & Hellhammer, 1993) and/or the
consequential cortisol elevations would result in altered source
monitoring performance relative to a nonstressed control group. If
acute psychosocial stress and high-GC stress responses affect
PFC-regulated source monitoring performance similarly to MTL-
mediated memory processes, one would expect that stressed par-
ticipants would exhibit more source monitoring errors than non-
stressed control participants. On the other hand, given that there
are studies showing increased cerebral blood flow in the right PFC
during psychological stress (e.g., Wang et al., 2005), one could
speculate that acute stress and/or high levels of GCs have enhanc-
ing effects on source memory performance. Note, however, that
source monitoring appears to be mainly lateralized to the left PFC
and that increased blood flow in the right PFC may instead have
impairing effects by depleting resources that are necessary for
accurate source monitoring.

Method

Participants

Our sample consisted of 40 young, healthy undergraduate students.
Participants were nonsmokers with a normal body mass index, and all were
native Dutch speakers. To rule out the possibility that gender differences

1205

could play a confounding role in cortisol reactions to the stress task (for a
review, see Kudielka & Kirschbaum, 2005), we included only men in the
study. The mean age was 19.2 years (SD = 1.4). Participants were
excluded from the study if they suffered from cardiovascular diseases or
endocrine disorders or if they were on any kind of medication. Test
protocols were approved by the standing ethics committee of the Faculty of
Psychology of Maastricht University. All participants signed a written
informed consent and were given a small financial compensation (12.50€;
approximately U.S.$15) for completing the experiment.

Materials

Several personality questionnaires, including the Thought-Action Fusion
Scale (Shafran, Thordarson, & Rachman, 1996), the Creative Experiences
Questionnaire (Merckelbach, Horselenberg, & Muris, 2001), the Commu-
nity Assessment of Psychic Experiences—Trait Scale (Stefanis et al., 2002),
and the Community Assessment of Psychic Experiences—State Scale (Ste-
fanis et al., 2002), were administered as filler tasks. Psychometric data
derived from these questionnaires will not be addressed here.

Measures

TSST. The TSST (Kirschbaum et al., 1993) is a psychosocial challenge
test that consists of a 10 min preparation period, a 5 min free speech task,
and a 5 min mental arithmetic task performed in front of an audience while
the participant is being videotaped. The TSST is a valid and reliable
procedure to induce physiological stress responses in children, young
adults, and older adults (e.g., Kirschbaum, Wiist, & Hellhammer, 1992;
Kudielka, Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2004; Ku-
dielka, Schommer, Hellhammer, & Kirschbaum, 2004). In a recent meta-
analysis, the TSST was found to provoke the most robust physiological
stress responses (i.e., cortisol stress responses) relative to various other
laboratory stress tasks (Dickerson & Kemeny, 2004). Though the original
TSST protocol has served our lab well in eliciting stress responses (e.g.,
Smeets, Jelicic, & Merckelbach, 2006a, 2006b), in the current study we
used a personalized TSST. In this modified version of the TSST, partici-
pants were asked to describe their personality characteristics in a foreign
language (i.e., in English) in front of an audience over a period of 10 min
while the participant was standing. This performance was preceded by a 5
min preparatory period. During the final 5 min, the participants were asked
to solve 30 mathematical problems of above-average difficulty. For each
problem, they were given a maximum of 8 s.

Source monitoring test (SMT).  This study’s SMT was based on Parks’s
(1997) study and was developed to determine participants’ ability to
discriminate mere thoughts from actually verbalized thoughts. That is,
participants had to indicate whether they had really verbalized or only
imaged answers to earlier presented questions. This test has been proven to
be sensitive to differences in source monitoring abilities (see Henquet,
Krabbendam, Dautzenberg, Jolles, & Merckelbach, 2005). SMT materials
consisted of 24 nonintrusive questions concerning personal history (e.g.,
“When were you born?”) and opinion (e.g., “What foods do you like?”).
Questions were presented on a computer screen, with a computer program
specifically developed for this purpose. The SMT involved 16 trials. On
half of the trials, single questions were presented. On the other half,
questions were presented in pairs, with one question located at the top half
of the computer screen and the other located at the bottom half of the
screen. Questions were presented, after which a white screen was shown
for 3 s. Participants had to prepare an answer to the presented questions. On
single question trials, the word “answer” appeared 1 s after presentation of

! One important exception to this is work on the link between stress and
working memory (for examples, see al’Absi, Hugdahl, & Lovallo, 2002;
Elzinga & Roelofs, 2005; Lupien, Gillin, & Hauger, 1999).
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the white screen. On dual question trials, either the words “answer top” or
“answer bottom” appeared. Thus, here participants had to prepare an
answer to both questions, but they verbalized only one answer. This
resulted in verbalizing answers to 16 questions, whereas 8 answers were
covertly prepared but never verbalized. Single questions and pairs were
presented in a quasi-random order, and two parallel versions were used that
were counterbalanced across participants. An experimenter was present to
monitor whether participants actually verbalized the answers. All partici-
pants were capable of answering the questions; which indicated that the
questions were simple and direct. Participants were instructed to indicate
when they had prepared an answer for the questions. Preparation time
varied among participants but never took longer than 10 s. Given this
constellation, we have every reason to believe that the participants actually
did prepare answers during the preparation phase of the paired-question
trials, as opposed to the participants merely remembering the questions.
Following the presentation of the questions (i.e., source memory acquisi-
tion [SMA]) and exposure to the TSST or filler task, participants were
given a surprise recognition test and SMT (R + SMT). In this test,
participants saw original questions, each paired with a new question of the
same content and form. For example, the old item, “When were you born?”
was presented along with the new item “Where were you born?” Partici-
pants were asked to identify for each of the 24 pairs of old and new items
the question they had seen before (i.e., the recognition memory aspect of
the test). Further, the participants had to indicate whether they verbalized
answers to the old items or only thought about an answer (i.e., the source
memory aspect of the test).

Saliva sampling and biochemical analyses. Cortisol data were ob-
tained with cotton Salivette (Sarstedt, Niimbrecht, Germany) devices. The
saliva samples that were not centrifuged were stored at —40 °C immedi-
ately on collection. Salivary free cortisol levels were determined in dupli-
cate by direct radioimmunoassay (University of Liege, Belgium), including
a competition reaction between '**iodohistamine-cortisol and anticortisol
serum made against the 3—carboxymethyloxime—bovine serum albumin
conjugate. After overnight incubation at 4 °C of 100 pl saliva, separation
of free and antibody-bound '**iodohistamine-cortisol was performed via a
conventional second-antibody method. In order to reduce sources of vari-
ability, we analyzed all 7 samples taken from each participant (see below)
in the same assay. Two Salivette devices contained insufficient saliva for
analyses and were treated as missing values. Mean intra- and interassay
coefficients of variation were less than 4.5% and 8.5%, respectively.

Design

Participants were quasi-randomly assigned to one of two groups. Par-
ticipants who were exposed to a modified version of the TSST (Kirsch-
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baum et al., 1993) served as the stress group (n = 22), whereas other
participants were assigned to a control group that included a filler task (n =
18). The two groups did not differ with respect to age (stress group: M =
19.3 years, SD = 1.6; control group: M = 19.0 years, SD = 1.0), #(38) =
0.73, p = 47.

Procedure

All participants were individually tested in experimental sessions run
between 9 a.m. and 10 a.m., 10 am. and 11 a.m., or 11 a.m. and 12 noon
To allow for objective controlled cortisol sampling, we deprived all par-
ticipants of food, drinks, and heavy exercise at least 1 hr prior to the test
phase. After arrival in the laboratory, participants were given a resting
phase of 20 min during which they signed a consent form and completed
the Community Assessment of Psychic Experiences—Trait Scale. Subse-
quently, participants performed the SMA. All participants then either took
part in the modified version of the TSST or received a filler task (i.e.,
reading a neutral text) of equal duration (see Figure 1). Afterward, partic-
ipants filled out the Creative Experiences Questionnaire and completed the
R + SMT. Finally, during a 10-min recovery period, participants com-
pleted the Community Assessment of Psychic Experiences—State Scale and
the Thought-Action Fusion Scale. Cortisol samples were obtained over a
60-min period at seven measurement points (i.e., —20, —10, 0, +10, +20,
+30, and +40 min, with reference to the onset time [T] of the stressor or
filler task; also see Figure 1). The entire test session never exceeded 1 hr.
Participants were debriefed, paid, and thanked for their participation.

Statistical Analyses

Cortisol responses were analyzed with a 2 (Group: stress, control) X 7
(Time: T — 20, T — 10, TO, T + 10, T + 20, T + 30, T + 40) analysis
of variance, with the last factor being a repeated measure. For each
participant, we computed an individual cortisol response (i.e., delta in-
crease in cortisol) defined as peak cortisol level (T + 10, T + 20, T + 30,
or T + 40) after the TSST or filler task minus prestress cortisol level (T —
10). Note that T — 10 rather than T — 20 was used as the prestress cortisol
level because the novelty of the first cortisol sampling procedure may have
amplified the T — 20 reading. Delta responses were analyzed with an
independent samples ¢ test. Performance on the R + SMT was analyzed as
follows. First, we calculated a recognition memory score by summing the
number of correctly identified old items divided by the number of items
(i.e., proportion of correct recognition of memory items presented during
the SMA). Second, a proportion of correct source hits was calculated,
conditioned on correct memory recognition of the items. That is, a source
hit was only scored if the matching stimulus sentence was correctly

CAPE-T SMA CEQ & R+ SMT CAPE-S & TAF
Modified TSST
or filler task
| | | | I
1 1 1 1 1 N
t-20  t-10 t0 t+10  t+20  t+30  t+40 Time(min)
S S S S S S S
Figure 1. Timeline for completing personality questionnaires, performing memory tests, and sampling saliva

are shown. The Community Assessment of Psychic Experiences—Trait Scale (CAPE-T), Community Assessment
of Psychic Experiences—State Scale (CAPE-S), Thought-Action Fusion Scale (TAF), and Creative Experiences
Questionnaire (CEQ) served as filler tasks. The CAPE-T was 10 min; the source memory acquisition (SMA) test
was 10 min; the CEQ was 5 min; the recognition and source monitoring test (R + SMT) was 5 min; the CAPE-S
was 8 min; the TAF was 2 min. S = Salivette device used for saliva sampling; t = time of the onset of the

stressor or filler task; TSST = Trier Social Stress Test.
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recognized. Similarly, source false-alarm rates (i.e., the number of errone-
ous claims of having verbalized an answer that in fact was covertly
prepared) were calculated conditioned on correct memory recognition of
the items. Finally, measures of accurate and biased discrimination between
internal and external thoughts (i.e., a discrimination index [Pr] and bias
index [Br], respectively) were determined with the two-high threshold
theory (Snodgrass & Corwin, 1988; see also Corwin, 1994). Thus, the Pr
was defined as Pr = [number of source hits — number of source false
alarms]. The Br was defined as Br = [number of source false alarms / (1
— Pr)]. For each of the R + SMT parameters, an independent samples
(group: stress, control) ¢ test was conducted. To evaluate the role of cortisol
in acute stress effects on source monitoring indices, we defined low- and
high-cortisol responder groups with a median split (see below). Indepen-
dent samples 7 tests were then used to check whether low-cortisol respond-
ers differed from high-cortisol responders in their source monitoring per-
formance. Within the stress group, Spearman’s rho correlations (two-tailed
test) between delta increases in cortisol and source monitoring indices were
calculated. When sphericity assumptions were violated, Greenhouse—
Geisser corrected p values were reported. Alpha was set at .05 unless
otherwise specified and adjusted (Bonferroni) for multiple comparisons as
necessary.

Results
Prestress Cortisol Analyses

None of the participants self-reported any violations of the
prohibition on eating, drinking, and heavy exercise. Stress and
control groups did not differ with regard to prestress cortisol levels
at T — 20, T — 10, and TO (zs < 1.60; ps > .12).
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Cortisol Stress Responses

As expected, a significant main effect of time, F(6, 216) = 6.12,
p = .003, and a significant Group X Time interaction, F(6,216) =
24.39, p < .001, were found in the absence of a main effect of
group, F(1, 36) = 1.32, p = .26. Delta increases in cortisol
differed significantly between groups, #(38) = —5.66, p < .001,
with means of 7.47 nmol/L (SD = 5.11) and 0.24 nmol/L (SD =
1.96) for the stress and control groups, respectively. Previous
research has indicated that a cortisol increase larger than 2.5
nmol/L reflects a cortisol secretory episode (Van Cauter & Refet-
off, 1985) and can be taken as a clear-cut cortisol response (see,
e.g., Kirschbaum et al., 1993; Kirschbaum, Wolf, May, Wippich,
& Hellhammer, 1996; Schommer, Hellhammer, & Kirschbaum,
2003). In our study, 18 out of 22 (i.e., 82%) participants in the
stress group displayed a clear-cut cortisol response. Because of the
high variance in cortisol responses to the TSST and following
Domes, Heinrichs, Reichwald, and Hautzinger (2002; also see
Elzinga & Roelofs, 2005), we conducted a post hoc median split
between low- and high-cortisol responders. This resulted in a
group of 11 low-cortisol responders, whose mean delta increase
was 3.17 nmol/L (SD = 2.46), a 75% mean increase, and a group
of 11 high-cortisol responders whose mean increase was 11.77
nmol/L (§D = 2.84), a 185% increase, #(20) = 7.59, p < .001.
Figure 2 shows increases in cortisol levels throughout the exper-
imental session for low- and high-cortisol responders and non-
stressed controls.

Stress induced cortisol responses
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Figure 2. Mean free salivary cortisol levels (nmol/l) for controls and high- and low-cortisol responders in the
stress group are shown. Data points indicate cortisol levels throughout the session. Error bars represent standard
error of mean (SE). t = time of the onset of the stressor or filler task.
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Source Monitoring Performance

Mean scores derived from the SMT for the stress and control
group can be found in Table 1. Independent samples ¢ tests showed
that participants in the stress group outperformed controls with
regard to the proportion of correct source hits, the proportion of
source false alarms, Pr, and the recognition memory component of
the SMT (ps < .05). Groups, however, did not differ in terms of
biased responding (p > .10). To check whether these overall group
differences could be mediated by the extent of the cortisol eleva-
tions, we compared low- and high-cortisol responders. No differ-
ences were found (s < 1.08; ps > .29) between low- and high-
cortisol responders on the proportion of correct source hits (.88 and
.88, respectively), proportion source false alarms (.04 and .03,
respectively), recognition memory score (.99 and .98, respec-
tively), Pr (.84 and .85, respectively), and response Br (.24 and 21,
respectively). Furthermore, within-stress group correlations be-
tween delta increases in cortisol and source monitoring indices
remained nonsignificant (rs < .28; ps > .09).

Discussion

The main results of this study can be summarized as follows.
First, participants exposed to the stressor were better at correctly
identifying verbalized and internally prepared items (i.e., source
hits) than nonstressed controls. Second, relative to controls,
stressed participants were more accurate at discriminating between
targets and distracters when the number of errors that were made
was taken into account (i.e., Pr). Third, participants in the stress
group less frequently misclassified imagined thoughts as verbal-
ized answers (i.e., source false alarms). Fourth, these results were
obtained in the absence of differences in response bias. Further-
more, relative to nonstressed controls, stressed participants were
slightly better at correct recognition of previously presented items.
Finally, scores derived from the R + SMT did not differ between
low- and high-cortisol responders, suggesting that the magnitude
of the cortisol response does not directly influence the effects of
acute stress on source monitoring performance.

To the best of our knowledge, this is the first time that the
effects of acute stress on source memory have been studied. Our
findings are in support of theories contending that the role of the
MTL in memory is markedly different from PFC contributions to

Table 1
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memory (e.g., Moscovitch & Winocur, 2002). Although acute
stress and/or elevated GC levels tend to undermine declarative
memory in a variety of ways (Het et al., 2005; Wolf, 2003), this
study suggests that PFC-regulated source monitoring performance
benefits from stress. Perhaps it is improved cerebral blood flow to
the PFC during psychological stress (e.g., Wang et al., 2005) that
accounts for the beneficial effect of stress on source monitoring
performance. Alternatively, results showing that source monitor-
ing indices did not differ between high- and low-cortisol respond-
ers and that these indices showed no significant correlation with
delta cortisol increases seem to suggest that the noradrenergic
system (e.g., via the release of noradrenaline) is implicated in the
source memory enhancing effect of stress. Clearly, this issue is
open to empirical testing. In any event, our findings seem to
indicate that stress has differential effects on memory perfor-
mance, depending on whether the memory test is regulated by the
PFC or the MTL.

It should be acknowledged, though, that with the study’s design
we cannot rule out the possibility that the source memory enhanc-
ing effect may be related to the MTL. That is, although neuropsy-
chological (e.g., Janowsky et al., 1989; Schacter et al., 1984) and
functional imaging studies (e.g., Dobbins et al., 2002, 2003;
Mitchell et al., 2004; Raye et al., 2000; Slotnick et al., 2003) have
demonstrated that source monitoring relies critically on the PFC,
source monitoring is also related to MTL functioning. However,
given that exposure to acute stress prior to retrieval has typically
been associated with memory impairing effects (e.g., Domes,
Heinrichs, Rimmele, Reichwald, & Hautzinger, 2004; Kuhlmann,
Piel, & Wolf, 2005), the present data thus seem to indicate that the
source memory enhancing effect is PFC driven.

Because in the current study participants were exposed to the
psychosocial stressor only after the SMA phase, our findings
showing enhanced source monitoring performance cannot be at-
tributed to differences in encoding between the two groups.
Whether acute psychosocial stress given before or during the
encoding phase can result in altered source monitoring perfor-
mance therefore remains to be determined. Research on the effects
of acute stress on MTL-regulated declarative memory performance
indicates that memory facilitation may occur when GC receptors
are moderately stimulated while mineralocorticoid receptors are
simultaneously totally saturated. When GC receptors are fully

Source Monitoring Performance of Participants Exposed to the Trier Social Stress Test (Stress

Group) or the Filler Task (Control Group)

Stress group

Control group

Variable M SD M SD 1(38) P
Recognition memory* 0.99 0.02 0.95 0.07 —2.26 .03
Source hits® 0.88 0.07 0.80 0.11 —2.74 .01
Source false-alarm rate® 0.03 0.03 0.08 0.09 2.23 .03
Discrimination index? 0.85 0.10 0.72 0.18 —2.80 .01
Bias index® 0.22 0.25 0.24 0.15 0.21 .83

Note:

¢ Proportion of false positives.
biased responding (two-high threshold).

For the stress group, n = 22. For the control group, n = 18
# Proportion of correctly recognized old memory items.
9 Measure of accurate discrimination (two-high threshold).

® Proportion of total correct source attributions.
¢ Measure of
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occupied, on the other hand, high GC levels may be disadvanta-
geous to memory (e.g., de Kloet et al., 1999). At present, one can
only speculate as to whether such differential effects can also be
found for PFC-regulated SMTs. Also, it remains unclear whether
higher doses (e.g., via GC administration) would results in en-
hanced source monitoring performance.

Some comments as to the limitations of this study are worthy of
note. First, the study used a relatively homogeneous (i.e., male
undergraduate) sample of participants. Therefore, it remains to be
seen whether the findings can be generalized to other populations
(e.g., older adults, women). Second, in the present study we used
an SMT that was specifically designed to elicit internal-internal
source monitoring errors. Future work should investigate whether
these findings also translate to other (i.e., external—external and
internal—external) SMTs. Also note that if participants were able to
correctly remember the presentation format for the 8 single (but
not the 16 paired) items of the SMA that were verbalized at all
times, the participants could infer that they must have verbalized
the answer. Finally, to directly compare the effects of acute stress
on MTL- and PFC-regulated memory tasks, studies including
independent memory tests of both types are needed.

In sum, the present study showed that exposure to acute psy-
chosocial stress can result in improved internal-internal source
monitoring performance. Although the current results seem to
suggest that cortisol does not play a major role in these effects, the
precise neurobiological mechanisms of these effects remain un-
clear. Future work with functional neuroimaging techniques such
as positron emission tomography or functional magnetic resonance
imaging could shed further light on this issue.
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