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Past work indicates that persistent stress leads people to misremember assigned tasks as self-selected, a
phenomenon known as self-infiltration [Baumann, N., & Kuhl, J. (2003). Self-infiltration: Confusing
assigned tasks as self-selected in memory. Personality and Social Psychology Bulletin, 29, 487–497; Kazén,
M., Baumann, N., & Kuhl, J. (2003). Self-infiltration vs. self-compatibility checking in dealing with unat-
tractive tasks and unpleasant items: The moderating influence of state vs. action-orientation. Motivation
& Emotion, 27, 157–197; Kuhl, J., & Kazén, M. (1994). Self-discrimination and memory: State orientation
and false-self-ascription of assigned activities. Journal of Personality & Social Psychology, 66, 1103–1115].
The present research examined the link between self-infiltration and cortisol, a well-established stress
hormone. Participants selected simple office tasks for later enactment and were assigned to do an addi-
tional set of office tasks by an instructor. After an 8-min stress induction, participants were unexpectedly
asked to recognize which tasks were self-selected or assigned. Cortisol was assessed before and after the
stress induction. As expected, self-infiltration was predicted both by pre- and by post-manipulation cor-
tisol levels. These results point to some of the neuroendocrine functions that underlie the self.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

Several years ago, one of the authors of this article knew a
young man who was destined by his parents to run the family
business, a large manufacturing company. After completing his
studies, the young man started to work in the family company,
convinced that he himself chose this profession. However, within
a few months’ time, the young man became burned out in his
job. After a year of soul-searching, the young man decided to try
his luck elsewhere, and began a successful career in acting.

Conflicts between personal desires and the demands of social
environment are an inevitable aspect of social life. People are often
acutely aware of these conflicts but may nevertheless adapt their
goals to external demands, or ‘‘introject” imposed goals (Deci &
Ryan, 2002). At times, however, individuals may lose sight of the
precise origins of their goals and consider it freely chosen, even
when the goal in question is not fully integrated into the self.
The process whereby external goals, expectations, standards, and
values become introjected into the self without the individual’s
awareness of the self-alien nature of the goal is known as self-infil-
ll rights reserved.
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tration (Kuhl & Kazén, 1994). Self-infiltration processes are of fun-
damental interest to social and personality psychologists, because
they speak to the question how external demands become inter-
nalized (see Deci & Ryan, 2002; Moretti & Higgins, 1999). More-
over, self-infiltration is associated with reduced psychological
well-being and poor physical health (Baumann, Kaschel, & Kuhl,
2005; Brunstein, Schultheiss, & Grässman, 1998). It is therefore
important to improve our understanding of self-infiltration
processes.

Our aim in the present research is to illuminate some of the
neuroendocrine functions that underlie self-infiltration. In particu-
lar, we investigate the influence of cortisol release before and after
a stress task on self-infiltration. Cortisol is one of the most widely
investigated stress hormones (Dickerson & Kemeny, 2004). Be-
cause self-infiltration occurs especially under stress (Baumann &
Kuhl, 2003; Kazén, Baumann, & Kuhl, 2003), we suspect that corti-
sol might be associated with self-infiltration. In the next para-
graphs, we begin by reviewing previous work on self-infiltration.
After this, we consider the theoretical rationale for linking cortisol
to self-infiltration. Finally, we present a study that empirically ad-
dressed the association between cortisol release and self-
infiltration.

The study of personal goals has traditionally relied heavily on
self-report measures (e.g., Brunstein et al., 1998; Sheldon,
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Williams, & Joiner, 2003). Although self-report measures are an
important source of information, they are less suitable to the study
of self-infiltration processes. This is because self-infiltration by def-
inition implies that individuals are confused about the true source
of their goals. It is thus necessary to use indirect or implicit mea-
sures to investigate self-infiltration. Implicit measures avoid asking
individuals directly about their psychological responses, and are
increasingly used in social and personality psychology (Greenwald
& Banaji, 1995; Koole & DeHart, 2007).

In a pioneering set of studies, Kuhl and Kazén (1994) developed
an indirect method to assess self-infiltration processes, the so-
called ‘‘self-discrimination task”. In the self-discrimination task
participants are asked to select a certain number of tasks from a list
that are to be performed out later on in the experiment. In addi-
tion, participants are also assigned by the experimenter to perform
certain tasks from the list. Finally, some tasks on the list are neither
self-selected nor assigned. In an unexpected memory retrieval test,
participants are later asked about the initial source of each task,
whether it was self-selected, assigned, or neither. The rate of tasks
that are self-ascribed but originally assigned by the experimenter
is taken as an index of self-infiltration.

Kuhl and associates have theorized that self-infiltration is par-
ticularly likely to occur under persistent stress (Kuhl, 1992, 2000,
2001). The basic idea is that persistent stress blocks people’s ability
to retrieve integrated self-representations. In line with this reason-
ing, Kuhl and Kazén (1994) found in two experiments that individ-
uals with an impaired ability to downregulate stressful affect,
so-called ‘‘state-oriented” individuals (Kuhl & Beckmann, 1994),
showed higher levels of self-infiltration than individuals who are
efficient at down-regulating stressful affect, so-called ‘‘action-ori-
ented” individuals. Baumann and Kuhl (2003) replicated and ex-
tended these findings, by showing that state-oriented individuals
differ from action-oriented individuals in the level of self-infiltra-
tion only when stressful affect is high rather than low. This effect
was found both for self-reported (Study 1) and experimentally in-
duced (Study 2) stressful emotion. The stress-dependent nature of
self-infiltration was replicated by Kazén et al. (2003) in two addi-
tional experiments.

Using the self-discrimination task, Kazén et al. (2003) showed
that self-infiltration occurred for low attractive but not high attrac-
tive items. This finding supports the notion that the self-infiltration
task does not tap into identification tendencies. Identification is an
adaptive process whereby individuals integrate new goals into the
self (Deci & Ryan, 2002). Identification processes operate especially
when new goals are attractive to the person. Thus, if state-oriented
individuals confuse assigned goals as self-selected because of their
enhanced identification with assigned goals, one would expect
state-oriented individuals to misremember assigned goals as self-
selected more when the assigned goals are attractive as opposed
to unattractive, after controlling for memory guessing. In fact, the
opposite pattern occurred among state-oriented individuals. The
self-discrimination task thus taps into introjection rather than
identification processes.

To date, no study has yet directly investigated a possible rela-
tionship between self-infiltration and endocrine functioning. Nev-
ertheless, Baumann et al. (2005) found suggestive evidence of such
a relationship. Baumann, Kaschel, et al. measured self-infiltration
indirectly, by assessing the congruency between goals and emo-
tional needs. When people’s goals do not match their emotional
needs, they choose goals with low intrinsic value to the self. The
presence of goal-need discrepancies is therefore a sign of self-infil-
tration processes. In line with this reasoning, Baumann, Kaschel,
et al. found that goal-need discrepancies are enhanced under the
same conditions as self-infiltration, i.e., among state-oriented indi-
viduals with high levels of stress. Notably, goal-need discrepancies
were correlated with increases in physical symptoms (e.g., back
and stomach aches). These findings are relevant to the present re-
search, in that stress-contingent cortisol dysregulation contributes
to the development and continuation of physical diseases (McE-
wen, 1998).

Cortisol is a glucocorticoid hormone released into the blood
stream by the adrenal glands as a reaction to a cascade of transmit-
ter processes involved in the hypothalamic–pituitary–adrenal
(HPA) system (e.g., Lovallo & Thomas, 2000). Specifically, through
hypothalamic release of corticotropin releasing hormone (CRH)
which in turn stimulates the pituitary gland to release adrenocor-
ticotropic hormone (ACTH). Finally, ACTH stimulates release of cor-
tisol from the adrenal glands into the blood stream, which by itself
down-regulates HPA system activation in a negative feedback loop.
Activity of the HPA system increases in reaction to a broad spec-
trum of threats. A recent meta-analysis found that HPA system is
strongly activated by stressors that threaten the social self, for in-
stance, threats to social acceptance or self-esteem (Dickerson &
Kemeny, 2004; Gruenewald, Kemeny, Aziz, & Fahey, 2004). The
meta-analysis also found that the HPA system becomes activated
in response to uncontrollable stressors (see also Biondi & Picardi,
1999; Mason, 1968), although this effect was smaller than that of
social threat. For example, exposure to uncontrollable noise has
been found to increase HPA activity (e.g., Bollini, Walker, Hamann,
& Kestler, 2004).

Prolonged phases of negative affect can result in persistent cor-
tisol dysregulation, which is in turn associated with a number of
negative health outcomes. For example, cortisol dysregulation is
associated with chronic stress, depressive symptoms, posttrau-
matic stress, reduced hippocampal volume, and psychosomatic
diseases (e.g., Herman, Ostrander, Mueller, & Figueiredo, 2005;
McEwen, 1998). Cortisol dysregulations have also been observed
for individuals with personality traits such as low autonomy or
self-esteem (e.g., Bollini et al., 2004; Pruessner et al., 2005) or high
attachment anxiety (Quirin, Pruessner, & Kuhl, 2008).

The present research was designed to investigate the link be-
tween cortisol release and self-infiltration. Both self-infiltration
and cortisol have been found to increase under stress. It therefore
stands to reason that cortisol may be empirically associated with
self-infiltration. Establishing an empirical association between
self-infiltration and cortisol would substantiate the theoretical no-
tion of the influence of stress (or negative affect) on self-infiltration
and would give rise to a discussion on potential neuroendocrine
underpinnings of self-infiltration, a topic that has remained unad-
dressed in previous research. Not least, the investigation of this
relationship would add to the interdisciplinary field of research
on the link between biological and psychological processes in
general.

To assess self-infiltration, we used the self-discrimination task
(Baumann & Kuhl, 2003; Baumann, Kuhl, & Kazén, 2005; Kazén
et al., 2003; Kuhl & Kazén, 1994). Because high task attractiveness
increases the probability that individuals identify with externally-
assigned tasks with the consequence that goal introjection and
goal identification may be confounded (cf. Baumann & Kuhl,
2003; Kazén et al., 2003), we confined the experiment to tasks that
were judged as low attractive in previous studies. Using only low-
attractive items, false-self-ascriptions of assigned goals can be
attributed to self-infiltration rather than identification processes
(Baumann & Kuhl, 2003; Kazén et al., 2003).

To stimulate HPA arousal, participants were exposed to uncon-
trollable startle noises that were repeatedly applied via headphone
while they performed on a visual-classification task. Salivary corti-
sol was assessed at the beginning of the experiment as a baseline,
as well as 25 min after the onset of stress induction. Additionally,
we measured participants’ negative moods before and after the
stress manipulation to establish the extent to which our findings
were mediated by subjectively experienced stress.
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Circadian cortisol secretion is typically influenced by stress lev-
els individuals experience in their daily lives (Lovallo & Thomas,
2000). We therefore hypothesized that baseline cortisol would be
positively associated with self-infiltration as indicated by an in-
creased rate of false-self-ascriptions of assigned tasks compared to
a baseline of remaining tasks that were neither self-selected nor
assigned. In addition, we hypothesized that increases in cortisol
would predict self-infiltration over and above baseline cortisol.
However, because of the typical circadian decline in cortisol level,
which may counteract stress-contingent cortisol increase, we were
uncertain about whether or not a main effect of cortisol increase
would appear.

2. Methods

2.1. Sample

Forty-eight women, aged 20–45 (M = 33.9, SD = 8.4), were re-
cruited via newspaper announcements and received 20 Euro
(about $25) in return for their participation. Previous research
has revealed differences in HPA regulation between men and wo-
men in levels of free salivary cortisol (e.g., Kirschbaum, Kudielka,
Gaab, Schommer, & Hellhammer, 1999). Therefore, recruiting both
male and female participants would contribute to error variance in
the present study. We thus considered to include only one gender
in the study and decided for women.

Five participants were excluded from the analysis because of
incomplete data. As assessed by self-report, none of the partici-
pants had a depressive or other psychiatric disorder. All partici-
pants were non-smokers. The present study was part of a larger
project aimed at investigating the relations between personality,
motivation, and cortisol release. Data concerning the relationship
of adult attachment styles and related personality traits with
stress-contingent cortisol changes are reported elsewhere (Quirin
et al., 2008). Data regarding the relationship between cortisol mea-
surements and self-infiltration are exclusively reported in the pres-
ent paper. The two studies share data only with respect to overall
changes in cortisol.

2.2. Materials

We assessed self-reported acute stress by the negative affect
scale of the Positive and Negative Affect Schedule (PANAS; Watson,
Clark, & Tellegen, 1988; for the German version, see Krohne, Egloff,
Kohlmann, & Tausch, 1996). In this instrument, participants are
asked to rate their current affective states on a 5-point-Likert scale
ranging from (1) very slightly or not at all to (5) extremely.1

To determine cortisol levels, saliva was sampled with small
pads of cotton wool (‘‘Salivates”, Sarstedt). The pads had to be
chewed until they were soaked with saliva. Cortisol was analyzed
by a time-resolved immunoassay with fluorescence detection (for
a detailed description, see Dressendörfer, Kirschbaum, Rohde,
Stahl, & Strasburger, 1992).

2.3. Procedure

Prior to the experiment, participants were instructed to refrain
from drinking alcohol, or using any other drugs on the day of the
1 We also measured individual differences in threat-related action vs. state
orientation using the action-control scale, a validated scale (Kuhl & Beckmann,
1994). This scale showed significant differences in self-infiltration in previous
research. Threat-related action orientation refers to the ability to control maladaptive
intrusive thoughts (brooding) and concomitant emotional responses to stressors.
However, because we did not find any effects of action vs. state orientation in the
present study, we decided not to report about data on action orientation.
experiment. They were also required to not exercise, eat, drink (ex-
cept water), or brush their teeth up to 2 h prior to participation.
Each session took place at about 2 pm.

Participants were tested individually in small booths furnished
with a desk, a chair, and a computer. Upon arrival, participants
were informed that the session consisted of a series of independent
studies relating to different research questions. Among these stud-
ies, one was concerned with the effects of work on hormonal reac-
tions, which were to be measured with saliva samples. Participants
were then instructed on how to use the salivates and delivered a
first sample of saliva. This baseline measure (Time 1) was adminis-
tered 20 min before the stressor. Cortisol levels at this time varied
between 0.9 and 14.0 nmol/l. Thereafter, participants were intro-
duced to the self-discrimination task (Kuhl & Kazén, 1994). Partic-
ipants were given a list of 36 ‘‘mini-tasks” typically occurring in a
working day of an office secretary. Participants were informed that
the following procedure constitutes a simulation of an office work-
ing day. They were asked to select 12 tasks from the list for puta-
tive later enactment.

Some examples of the tasks that participants could select were:
‘‘writing labels on files”, ‘‘sharpening pencils”, ‘‘renewing the supply
of paper clips”, ‘‘looking up for telephone numbers”, etc. In the origi-
nal German version, each item consisted of two terms, a verb and an
object. Subsequent to the self-selection, as a distraction, participants
were asked to carry out some short tasks and relax until the experi-
menter returned. After 5 min, the experimenter re-entered the room
and handed out the same list of tasks one more time. This time, how-
ever, twelve different tasks were marked and participants were
asked to take note of them, because the ‘‘boss” wanted them to carry
out these tasks as well. After these assignments, participants re-
ported their affect on the PANAS, which was followed by a filler task
of 5 min and the stress induction.

Because previous research suggests that extreme stress situa-
tions such as public speaking (Kirschbaum, Pirke, & Hellhammer,
1993) are less than optimal to reveal relationships between corti-
sol changes and psychological variables (e.g., Gerra et al., 2001;
Pruessner et al., 1997), we decided to apply a moderate stressor.
Specifically, participants received randomly applied uncontrollable
and unpredictable auditory startles (500 ms, 102 db) 36 times over
a period of 8 min during which participants carried out an unre-
lated visual-classification task. Participants neither knew when or
how often the stressor would appear nor had any control over
the stressor, once it occurred. Uncontrollability and unpredictabil-
ity constitute psychological conditions that have been revealed to
stimulate HPA activity in previous research (Dickerson & Kemeny,
2004; Mason, 1968).

Next, participants again completed the PANAS. The PANAS was
followed by a 15-min period of filler tasks, which included the
second cortisol assessment at 25 min after the onset of the stress
task (peak). Cortisol levels at Time 2 varied between 1.7 and
14.5 nmol/l. Separating learning and testing of the office jobs by
filler tasks weakens memory traces and thus raises the probability
that participants make memory retrieval errors including false-
self-ascriptions (Baumann & Kuhl, 2003; Kazén et al., 2003).

Memory for the source of the office tasks was tested in two dif-
ferent computerized tasks in which participants were exposed to
each item appearing sequentially on the screen in random order.
The tasks were preceded by the following story: ‘‘We now return
to the simulation of the office day. An important aspect for the
enactment of tasks is the ability to remember them. Therefore,
we want to carry out a memory test now”. In the self-classification
task, participants had to decide whether the presented item was
originally self-selected or not. In the other-classification task, par-
ticipants had to decide whether the presented item was assigned
to them by the boss (the experimenter) or not. The order of the
classification tasks was counterbalanced between participants.
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2.4. Measures of memory performance

Participants’ rates of false-self-ascriptions of assigned tasks were
calculated as the percentage of activities assigned by the experi-
menter that the participant mistook as self-chosen. To control for
general memory deficits, we subtracted the rates of false-self-
ascriptions of remaining activities that were neither self-selected
nor assigned from the rate of false-self-ascriptions of assigned
tasks, following the usual procedure reported in the literature
(Baumann & Kuhl, 2003; Kazén et al., 2003; Kuhl & Kazén, 1994).
For the sake of brevity, we refer to the corrected rates of false-
self-ascriptions of assigned items simply as ‘‘false-self-ascriptions”.

A second way in which we controlled for global memory deficits
processes was to consider participants’ rates of false-other-ascrip-
tions, that is, activities originally self-selected by the participant
that he or she falsely classified as externally assigned. We cor-
rected participants’ rates of false-other-ascriptions of originally
self-selected tasks for the rate of false-other-ascriptions of remain-
ing activities that were neither self-selected nor assigned by sub-
tracting the latter from the former values. For the sake of brevity,
we refer to corrected rates of false-other-ascriptions of assigned
items simply as ‘‘false-other-ascriptions”. A significant relationship
between cortisol and false-self-ascriptions rather than false-other-
ascriptions would support the assumption that cortisol specifically
reduces self-access as opposed to more global self-other discrimi-
nation abilities associated with source monitoring (cf. Johnson,
1988).
3. Results

To establish whether the stress induction resulted in more neg-
ative moods and increases in cortisol release, we conducted a ser-
ies of paired t-tests. As expected, the stress induction led to a
significant increase in negative affect from Time 1 (M = 1.99,
SD = 0.62) to Time 2 (M = 2.18, SD = 0.79), t(42) = �2.08, p < .05.
Unexpectedly, however, the stress induction did not lead to a sig-
nificant change in cortisol from Time 1 to Time 2, although the
means were in the predicted direction (M = 5.30 nmol/l, SD = 3.14
at Time 1; M = 5.51 nmol/l, SD = 3.21 at Time 2), t(42) = �.79,
p > .40.

From the standpoint of experimental rigor, the variance in cor-
tisol release in response to our stress manipulation may be consid-
ered undesirable. However, because the purpose of the present
study was to investigate the correlation between cortisol increases
and self-infiltration, having some variance in the effects of the
stress manipulation was not necessarily problematic. Notably, if
our manipulation has caused uniform increases in cortisol increase,
the likelihood of finding significant correlations between cortisol
release and external variables would have become smaller because
of restriction of range. Indeed, a closer inspection of the data re-
vealed that 51% of the participants displayed an increase in corti-
Table 1
Correlations, means, and standard deviations for self-infiltration measures, cortisol, and n

FSA FOA Cort Time

FSA –
FOA �.20 –
Cortisol (Cort) Time 1 .37* .05 –
Cortisol Time 2 .58*** .02 .85***

Negative affect (NA) Time 1 �.11 �.12 �.09
NA Time 2 �.04 .02 .09

Note: FSA = false self-ascriptions. FOA = false other-ascriptions.
* p < .05.

*** p < .001.
sol, whereas 49% of the entire sample displayed a decrease in
cortisol. Although an increase in only half of the participants may
not seem impressive, cortisol normally shows a continuous circa-
dian decline (Lovallo & Thomas, 2000). Increases in cortisol at Time
2 as compared to Time 1 were thus likely due to stress rather than
random variation. In any case, it is important to note that a sizable
subgroup of our participants did display increases in cortisol levels
in response to our stress manipulation, even though there was
much variation in this effect. Accordingly, we proceeded with the
analysis of the associations between our measures of cortisol and
self-infiltration.

First, however, we analyzed means and SDs of the non-com-
posed parameters of memory performance. On average, there were
82.0% of correct self-ascriptions (SD = 18.0), 16.2% of false-self-
ascriptions of assigned tasks (SD = 18.0), 12.7% of false-self-ascrip-
tions of remaining tasks (SD = 14.1), 62.5% of correct other-ascribed
tasks (SD = 30.5), 34.9% of false-other-ascriptions of self-selected
tasks (SD = 30.8), and 34.2% of false-other-ascriptions of remaining
tasks (SD = 27.8). These rates are comparable to those reported in
previous studies (e.g., Kuhl & Kazén, 1994, Exp. 1).

Next, we examined the correlations between memory perfor-
mance, cortisol level, and negative affect. The results of this
analysis are displayed in Table 1. Consistent with our hypotheses,
false-self-ascriptions were positively correlated with cortisol levels
at Time 1, r(41) = .37, p < .05. Moreover, false-self-ascriptions were
even more strongly correlated with cortisol levels at Time 2,
r(41) = .58, p < .001. Using a test that compares correlations from
dependent samples (see Meng, Rosenthal, & Rubin, 1992), the
two correlations were found to be significantly different from each
other, Z = �2.43, p < .01. False-self-ascriptions were uncorrelated
with the baseline-corrected rate of false-other-ascriptions,
r(41) = �.20, ns. Thus, there was no indication that the self-infiltra-
tion measure was confounded with general deficits in self-other
discrimination and overall memory performance.

Cortisol levels at Time 1 significantly correlated with cortisol
levels at Time 2, suggesting high reliability of cortisol assessment
during the experiment, r(41) = .85, p < .001. Because of the overlap
in variance between cortisol levels at Time 1 and Time 2, it re-
mained important to establish whether each cortisol measure ex-
plained unique variance in self-infiltration. To this end, we
conducted hierarchical regression analyses. In the correlational
analyses, for the sake of simplicity, false-self-ascriptions of as-
signed tasks were corrected by subtracting false-self-ascriptions
of remaining tasks. By contrast, in the hierarchical regression anal-
yses, we controlled for the latter variable by including it as a covar-
iate among the set of predictors.

In the first hierarchical regression analysis, false-self-ascrip-
tions of assigned tasks were used as a criterion. To test the effect
of post-stress induction cortisol on false-self-ascriptions, pre-stress
and post-stress cortisol levels were successively included as pre-
dictors. Results are shown in Table 2. Baseline cortisol at Time 1
significantly predicted false-self-ascriptions, DR2 = .08, p < .05.
egative affect before (Time 1) and after (Time 2) stress induction.

1 Cort Time 2 NA pre M SD

3.49 16.53
0.67 45.48
5.30 3.14

– 5.51 3.21
�.10 – 1.99 0.62

.05 .77*** 2.18 0.79



Table 2
Hierarchical regression analyses predicting false self-ascriptions and false other-
ascriptions by cortisol release at Times 1 and 2.

Predictor R2 DR2 DF

Regression on false-self-ascription of assigned tasks
False-self-ascription of remaining tasks .24 .24 12.94***

Cortisol at Time 1 (baseline) .32 .08 4.98*

Cortisol at Time 2 .50 .12 13.88***

Regression on false-other-ascription of self-selected tasks
False-other-ascription of remaining tasks .04 .04 1.71
Cortisol at Time 1 (baseline) .04 .00 0.04
Cortisol at Time 2 .11 .07 2.87

* p < .05.
*** p < .001.
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Thus, participants’ initial levels of cortisol were predictive of self-
infiltration. Moreover, after controlling for baseline cortisol levels,
cortisol level at Time 2 remained a significant predictor of false-
self-ascriptions of assigned items, DR2 = .12, p < .001. Thus,
stress-related cortisol release had an independent effect on self-
infiltration, over and above the effect of baseline cortisol.

To examine whether negative affect had similar effects as
cortisol, a parallel regression analysis was conducted on false-
self-ascriptions of assigned items, with pre- and post-induction
measures of negative affect as covariates. This analysis yielded
no significant effects, DR2 < .20, ns. To control for the possibility
that cortisol does not specifically affect self-infiltration but self-
other discrimination in general, a further regression analysis was
conducted on false-other-ascriptions of self-selected items as a
criterion, controlling for false-other-ascriptions of remaining
items. As can be seen in Table 2, there was no significant relation-
ship between cortisol and false-other-ascriptions.

4. Discussion

The present study investigated the association between cortisol
release and self-infiltration, or the tendency to falsely ascribe as-
signed goals to the self. Because past research has found that
self-infiltration becomes enhanced under stress (Baumann & Kuhl,
2003; Kazén et al., 2003), we reasoned that cortisol as an endocrine
stress marker should be positively associated with self-infiltration.
Consistent with this, both initial levels of cortisol at the outset of
the experiment and cortisol levels after a stress induction were sig-
nificant predictors of self-infiltration as measured in the self-dis-
crimination task (Kuhl & Kazén, 1994). These findings suggest
that the relationship between stress and self-infiltration can be
generalized to bodily stress markers such as cortisol. As far as we
know, the present research is the first to establish a link between
neuroendocrine functioning and self-infiltration.

Baseline and post-induction cortisol levels had independent
associations with self-infiltration. This is in line with the idea that
both circadian cortisol rhythms and acute cortisol increases to lab-
oratory stress induction can be taken as endocrine stress indicators
(Lovallo & Thomas, 2000). The independent contributions of base-
line and post-induction cortisol levels suggest that each measure
captured unique variation in stress. Baseline cortisol likely re-
flected some combination of real-life stress that people brought
with them into the experiment, or stress induced by participating
in the experiment itself. Post-induction cortisol likely reflected the
degree to which participants had been stressed by the uncontrolla-
ble noise procedure. The present findings thus indicate that cortisol
releases that are due to different types of stressors are each un-
iquely predictive of self-infiltration.

The stress manipulation did not show a general increase in cor-
tisol. It is conceivable that the stressor applied in the present re-
search was not intense enough for all participants to produce a
main effect in cortisol secretion that counteracts the typical circa-
dian decline (cf. Quirin et al., 2008). Even so, the independent effect
of post-stress cortisol on self-infiltration found in the present study
suggests that the stress induction stimulated HPA activation in at
least a subgroup of individuals, which was strong enough to be
meaningfully associated with self-infiltration.

An unexpected outcome was the lack of effects of negative
mood on self-infiltration. One possibility is that people were una-
ware of the stress that led to higher rates of self-infiltration. An-
other possibility is that the absence of a relationship between
experienced affect and self-infiltration was due to specific nature
of the affect measure. Previous research on self-reported negative
affect and self-infiltration used mood adjectives that were highly
self-relevant such as sad, depressed, worried, anxious, or sorrowful
(e.g., Baumann & Kuhl, 2003; Kazén et al., 2003). By contrast, the
negative affect scale of the PANAS has items such as distressed,
irritable, or nervous, which are less self-relevant but are associated
with general arousal (cf. Pressman & Cohen, 2005). The distinction
between self-relevant vs. arousal-related mood may be tested in
future self-infiltration research.

The present research used a correlational design, so that the
causal link between cortisol release and self-infiltration cannot
completely be determined. On the basis of the temporal sequence
of measurements in the study, it can be ruled out that acute self-
infiltration effects influenced preceding cortisol changes. Never-
theless it remains possible that cortisol increase and self-infiltra-
tion were both influenced by an unknown third variable such as
personality differences (though see Footnote 1) or any other com-
ponent of the human stress response that has not been assessed in
the present study. Future research may manipulate cortisol levels
directly to examine a potential causal impact on self-infiltration
(cf. Wolf, Witt, & Hellhammer, 2004).

Because the present research controlled for measures of mem-
ory performance, the present results cannot be explained in terms
of general memory deficits, reduced working-memory capacity un-
der stress (Johnson, 1988) or less systematic processing of source
cues under stress. The results therefore suggest that cortisol does
not influence memory performance or source monitoring per se
but a specific aspect thereof, namely the tendency to misattribute
assigned items as self-selected, which is in line with previous re-
search on stress and self-access (Baumann & Kuhl, 2003; Kazén
et al., 2003; Kuhl & Kazén, 1994).

Based on a large number of neurobiological studies, several
authors have suggested that the psychological self is supported
by a distinct neurobiological system (e.g., Conway et al., 1999;
Keenan, Nelson, O’Connor, & Pascual-Leone, 2001; Platek, Keenan,
Gallup, & Mohamed, 2004; though see Gillihan & Farah, 2005).
The present finding that cortisol facilitates misremembering
other’s goals as self-selected but not vice versa is congruent with
the notion of the self as a special system and the notion of a
close association between social self threats and cortisol release
(Dickerson & Kemeny, 2004; Gruenewald et al., 2004). By revealing
influences of cortisol on self-infiltration the present study provides
initial evidence that the relationship between the social self and
cortisol secretion may be considered to be bidirectional. Specifi-
cally, it may be speculated whether cortisol secretion has a distinct
effect not only on self-infiltration processes but on cognitions and
emotions associated with the social self in general, such as self-es-
teem or self-determination. Indeed, relationships between baseline
cortisol and self-esteem or subjective autonomy have been re-
ported (e.g., Pruessner, Hellhammer, & Kirschbaum, 1999; Pruess-
ner, Lord, Meaney, & Lupien, 2004; Pruessner et al., 2005), whereas
relationships between personality variables unrelated to the self
such as extraversion and neuroticism have not been found (e.g.,
Engström, Westrin, Ekman, & Traskman-Bendz, 1999; Miller,
Cohen, Rabin, Skoner, & Doyle, 1999; Roy, 1996; Schommer,
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Kudielka, Hellhammer, & Kirschbaum, 1999). Although we do not
question that cortisol has effects on general episodic and autobio-
graphic memory performance (cf. Kirschbaum, Wolf, May,
Wippich, & Hellhammer, 1996; Wolf et al., 2004), the present
results suggest that cortisol may have a more pronounced influ-
ence on self-referential memory traces.

A theory that can place the present findings into a broader the-
oretical context is personality systems interactions (PSI) theory
(Kuhl, 2000, 2001; see also Quirin & Kuhl, 2006). PSI theory accords
central significance to the hippocampus as a subcortical system
supporting the operating of the self (Kuhl, 2000, 2001). The hippo-
campus is known to support both encoding and retrieval of epi-
sodic memory by instantaneously integrating myriads of episodic
information into coherent autobiographic representations (Lepage,
Habib, & Tulving, 1998). Particularly, the hippocampus differenti-
ates information that is relevant to the self, whereas it compresses
information that is less relevant to the self (Gluck & Myers, 2001).
Whereas the hippocampus is inhibited under high levels of cortisol
(McEwen & Sapolsky, 1995), at the same time, the hippocampus
down-regulates activity of the HPA system and concomitant corti-
sol release (Herman et al., 2005). The interaction between hippo-
campus and HPA system parallels the reciprocal inhibitory
relationships postulated between the self and negative affect in
PSI theory. Because cortisol has a detrimental influence on hippo-
campal functioning when above a critical threshold, integrated
self-representations may not be processed any longer in an appro-
priate manner.

It has been speculated that individual differences in threat-
related state orientation, which refers to the inability to control
maladaptive intrusive thoughts (brooding) and concomitant emo-
tional responses to stressors, may show reduced hippocampal
functioning during stress (Kuhl, 2000). As mentioned above,
threat-related state orientation was significantly related to high
rates of self-infiltration after negative affect in previous research.
To demonstrate the relevance of the present research for individual
differences, future research may investigate the role of state orien-
tation (or rumination) in moderating the present effects using
affect inductions that are sensitive to provoke different effects for
individuals high vs. low in state orientation.

In closing, it is worth pointing out that the present findings may
have important implications for everyday behavior and well-being.
When access to personal goals is reduced by stress for the benefit
of alien goals, an individuals’ possibility to make a free choice, that
is to be autonomous and self-determined, is impaired (Deci & Ryan,
2002), as illustrated by our story of the young man whose parents
guided him towards a career that did not fit with his personal pref-
erences. Individuals with low levels of autonomy or self-integra-
tion of goals suffer from reduced well-being and life satisfaction
(Deci & Ryan, 2002) and increased physical symptoms (Baumann
et al., 2005). The present research demonstrates that stress-contin-
gent HPA activity is associated with an inhibition of integrated self-
representations and with an introjection of other individuals’ goals.
Therefore, the present research points to a potential connection be-
tween neuroendocrine processes and the self and adds to the liter-
ature on a link between biological and psychological processes.
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