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Abstract
Cortisol responses are typically more pronounced under low controllability conditions, yet little is
known about the role of individual differences. This study examined whether cortisol response to a
situation with low controllability differs as a function of preexisting control beliefs and age. We
manipulated level of controllability using a driving simulator. Control beliefs were assessed prior
to the lab session. Salivary cortisol was measured before and after the driving simulation.
Participants were 152 adults aged 22-84 from a Boston area sample. In comparison to the normal
controllability condition, those in the low controllability condition reported less perceived control
over driving, supporting the effectiveness of the manipulation. In the low controllability condition
those with higher control beliefs showed a greater cortisol response than those with low control
beliefs. Older adults showed a greater cortisol response than younger adults during the challenge.
Implications of acute cortisol responses for performance outcomes are discussed.
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Introduction
Stress-related neuroendocrine responses, such as in the hypothalamic-pituitary-adrenal
(HPA) axis, under challenging situations are especially pronounced when the amount of
controllability over the situation is limited (Dess et al., 1983; Dickerson and Kemeny, 2004;
Hanson et al., 1976). There is also some evidence that the cortisol response to challenge
varies as a function of individual differences in factors such as general beliefs about control
over desired outcomes (Pruessner et al., 2005; Pruessner et al., 1999). Higher control beliefs
are generally associated with lower cortisol response. It may be that the greatest reactivity
occurs when situational expectations for control conflict with actual experience – as, for
example, when someone with high expectations of control (high control beliefs) is
confronted with a situation where despite their best efforts, situational controllability is low.
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Previous studies (Evans et al., 1993) have indicated that a lack of correspondence, or
incongruence, between situational controllability (i.e., environmental opportunities to
exercise control) and personal control (e.g., control beliefs, desire for control) leads to
negative psychological, physiological, and behavioral outcomes. We are aware of two
studies that have focused on cortisol reactivity as a function of both general control beliefs
and situational controllability over the stressor (Bollini et al., 2004; Peters et al., 2003). In
one study control beliefs did not moderate the effects of controllability on cortisol response
(Peters et al., 2003). The second study (Bollini et al., 2004) showed that participants with
high control beliefs had a smaller cortisol response when given the opportunity for high
controllability. In the present study we examined the effects of low controllability. We
hypothesized a greater cortisol response when those with higher control beliefs are placed in
a situation with low controllability.

Age is another potential moderator of cortisol response (Kudielka et al., 2009). Older adults
typically show greater cortisol response than younger adults in challenging situations, yet
the domains associated with challenge may vary by age. For instance older adults react more
when exposed to circumstances susceptible to threats of age declines such as performance in
cognitive tasks or driving challenges (Neupert et al., 2006; Seeman and Robbins, 1994).

The goal of the current study was to experimentally create a low controllability situation and
to analyze the level of cortisol response as a function of general control beliefs and age.
Other studies have demonstrated that it is possible to experimentally manipulate situational
controllability, such as by varying the opportunity to regulate noise intensity (Bollini et al.,
2004). In the current study we adapted a paradigm for inducing a low controllability
situation using a driving simulation scenario. In the low controllability situation we expected
a greater cortisol response, especially for those with preexisting higher control beliefs. Older
adults were expected to show greater cortisol response than younger adults, particularly
when in the low controllability driving scenario.

Method
Participants

Participants were 152 adults recruited from a list of names randomly sampled by Survey
Sampling International from all the zip codes located within a ten mile radius of the test site
in west suburban Boston. The sample was obtained after applying several exclusion criteria
including: not a current driver, poor self-rated health compared to other people the same age,
low level of educational attainment (no high school degree or General Equivalency
Diploma), and a history of stroke in the last five years, serious head injury, Parkinson’s
disease, or other neurological disorders. Also, non-English speakers and those who learned
English after age 10, as well as those with more than two errors on the Pfeiffer Short
Portable Mental Status Questionnaire (Pfeiffer, 1975) were excluded. The 145 respondents
who completed the study ranged in age from 22 to 84 years (M = 56.84, SD = 15.80) and
included 44.8 % women. We created two age groups: younger (N = 72, M = 43.39) and
older (60 years old or more, N = 73, M = 70.11). The level of education ranged from 12 to
20 years (M = 16.92, SD = 2.13), with 82.7 % having a Bachelor’s degree or higher.

Procedure
Participants were informed that the study involved problem solving, memory tasks, a driving
simulation scenario, as well as mailed questionnaires. During the lab session, we
manipulated the level of actual control over the situation using a driving simulator. The
participants were randomly assigned to one of two experimental driving conditions: normal
(N = 72) and low situational controllability (N = 73). In the low controllability condition,
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control over steering and braking was reduced using a lowered coefficient of friction on the
road surface (.4) and 18 wind gusts (10 to 25 seconds each) to simulate slippery and windy
conditions (Funke et al., 2007). For the normal driving condition the coefficient of friction
was .8 and there was no wind.

For both conditions, the scenario began with 8,800 feet of easy driving (straight roads, no
obstacles) followed by more complex driving, which included curvature of the roadway,
stop signs, traffic lights, obstacles (e.g., construction sites) and concurrent cognitive tasks
(i.e., digit monitoring task, visual attention task, and the logical memory task from the
Wechsler Memory Scale Third Edition (Wechsler, 1997). The entire scenario lasted 19.13
minutes on average, with some variation due to differences in driving speed (SD = 2.22;
range = 15.96 to 33.40). The driving apparatus used was the STISIM Driving Simulator -
M100 (www.stisimdrive.com). Participants seated themselves a comfortable distance from a
24 inch widescreen flat monitor with a sixty degree field of view as if from the driver seat of
a car. Steering, acceleration, and braking were accomplished with the Logitech G25 Racing
Wheel and pedals. The simulator was set for automatic transmission.

Participants were asked ahead of time not to eat or brush their teeth within thirty minutes of
the appointment. Four saliva samples were taken during the lab session, which was
scheduled for times ranging from 8 AM to 7:30 PM, at the participants’ convenience. The
first saliva sample was taken right after the participants arrived and had read and signed the
consent form. The second saliva sample was taken 30 minutes later, right after participants
completed questionnaires and a brief period of driving instruction and adaptation, and just
before the driving challenge. A third sample was taken immediately after the driving
challenge. The fourth sample was taken about 30 minutes after the end of the driving
session. During this 30-minute post-driving period, participants were engaged in cognitive
tasks. The second and fourth samples were used to obtain the cortisol response.

Saliva samples were frozen immediately after each laboratory session and stored at -20°C
until delivery to the Laboratory for Biological Health Psychology at Brandeis University for
assay. After thawing, salivettes were centrifuged at 2,000 × g for 10 minutes, which resulted
in a clear supernatant of low viscosity. Salivary cortisol concentrations were measured in
duplicate using a commercially available chemiluminescence immunoassay (CLIA;
RE62019) with a sensitivity of .16 ng/ml (IBL International, Toronto, Canada). Inter-assay
variability was 3.73% and intra-assay variability was 5.94%.

Measures
General Control Beliefs—This measure, completed before the lab session via a mailed
questionnaire, examines participants’ beliefs about the degree they can influence what
happens in their lives. Participants completed the Midlife in United States (MIDUS) Control
Beliefs scale (Lachman and Weaver, 1998) which includes twelve statements (Cronbach’s α
= .81) regarding personal mastery (e.g., “I can do just about anything I really set my mind
to”) and perceived constraints (e.g., “Other people determine most of what I can and cannot
do”). Participants indicated the degree to which they agree or disagree with each statement
as applied to themselves on a scale from 1 (strongly agree) to 7 (strongly disagree). The
personal mastery items were reverse coded so that higher scale scores indicate higher control
beliefs. Based on a median split (median = 6) we created two groups: lower control beliefs
(N = 70, M = 5.14) and higher control beliefs (N = 73, M = 6.51).

Situational Controllability—As presented in the procedure section, we experimentally
created a low controllability situation and a normal controllability situation, by modifying
the parameters of the driving simulator (i.e., coefficient of friction on the road surface and
instances of wind).
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Perceived Control over the Driving Situation—For a manipulation check, after the
driving period was completed, the participants reported their level of perceived control: “On
a scale of 1 to 5 where 1 is no control and 5 is a lot of control, how much control did you
feel you had during the driving segment?”

Cortisol Response—Cortisol reactivity response was operationalized as the difference
between the fourth (30 minutes after driving) and the second cortisol samples (just before
the driving session).

Covariates
Driving Performance: The driving simulator recorded the position of the vehicle relative to
the roadway dividing line and calculated the percentage of distance traveled out of lane
(both over the center line and off the road edge). This value was multiplied by -1 and was
used as an indicator of driving performance. Higher scores indicated higher performance.

Cognitive Performance during Driving: Three concurrent cognitive tasks were included
during the driving segment: digit monitoring, visual attention, and logical memory. During
the first task, participants listen to a three-minute recording of a series of single-digit
numbers and had to indicate when they hear three odd digits in a row. The final score was
the total number of correct responses provided. For the visual attention task, two gray boxes
each containing a red diamond shape were located in the upper left and right hand corners of
the screen. Participants were instructed to respond by pressing a button on the steering wheel
if they notice that the diamond in one of the boxes has changed to a triangle. The task was
performed for a distance of 13,600 feet. The average reaction time for all the correct
responses was computed in seconds and then multiplied by -1, so that higher values indicate
better performance. Logical memory was measured at the very end of the driving simulation.
Participants listened to a recording of a short, three sentences long story and then they had to
immediately repeat the short story as close to verbatim as possible. Participants were given a
score of 0 to 25 for recall of individual story units.

Time Since Awakening: The number of hours since awakening at the start of the lab
session was computed for each participant.

Medication Use: Participants also listed all medications they took within two days of the
interview. Using information about medications that could affect cortisol from http://
www.epocrates.com, we created a new variable indicating the absence (49%) or presence
(51%) of at least one of the following types of medications (Granger et al., 2009):
corticosteroids, glucocorticoids, beta blockers, beta agonists, birth control, estrogen,
testosterone, cholesterol medication, and nonsteroidal anti-inflammatory drugs.

Data Analysis
The data analysis included all available data from the participants who completed the
experimental driving session (N = 145).

Data Preparation for Cortisol—Cortisol scores greater than 60 nmol/l were assigned as
missing data in order to minimize the influence of outliers or measurement inaccuracies.
This was the case for two participants, for the fourth saliva sample. Nevertheless, when their
data were included in the analysis, the pattern of results did not change. The cortisol scores
were log-transformed to correct for nonnormality (Nicolson, 2008).
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Manipulation Check—The effectiveness of the experimental manipulation was tested in
an ANCOVA model with age, sex, and general control beliefs as covariates. The outcome
variable was the level of perceived control during the experimental manipulation.

The Role of Age, Control Beliefs, and Situational Controllability in Cortisol
Response—The hypotheses were tested using a 2 (situational controllability: low vs.
normal) × 2 (general control beliefs: low vs. high levels) × 2 (age: younger vs. older)
ANCOVA model. The dependent variable was the cortisol response operationalized as the
difference between the two log-transformed cortisol values (i.e., saliva sample #4 - saliva
sample #2). Given that the difference of two logarithms is equivalent to the logarithm of
their ratio, our outcome represents the proportion of change. Several covariates were
identified based on the simple correlations with cortisol response, cortisol levels, general
control beliefs, and experimental condition (see Table 1): education, time since awakening,
driving performance, and visual attention task (the only measure of cognitive performance
during driving associated with cortisol). When the total duration of the driving segment or
medication use were included as covariates, the pattern of results did not change.

Results
Descriptives

The means, standard deviations, and intercorrelations of all variables are presented in Table
1. The correlations between the variables included in the analytic model are presented in
bold.

There was a positive significant association between age and cortisol, both in terms of levels
and change. Overall, older participants had higher levels of cortisol at all time points in the
study and had a greater cortisol response to the experimental manipulation. The descriptive
results were in line with previous studies showing negative associations between age and
cognitive functioning, in our case cognitive performance during driving. In addition, higher
performance on the visual attention task was associated with better driving performance.
The associations between situational controllability (i.e., experimental conditions) and age,
sex, and education were not significant.

Manipulation Check
Participants in the low controllability condition reported significantly less perceived control
over the driving situation [M = 3.29 vs. M = 3.86; F(1,137) =17.09, p <.001] than those in
the normal controllability condition, suggesting that the experimental manipulation was
successful in inducing low levels of situational controllability.

The Role of Control Beliefs and Situational Controllability in Cortisol Response
The main effects of control beliefs and situational controllability on cortisol response were
not significant. Analyses (see Figure 1) revealed the expected significant interaction
between the level of control beliefs and situational controllability [F(1, 113) = 5.50, p =.
021]. In the low controllability condition, those with higher prior control beliefs reacted
more than those with lower control beliefs [F(1, 113) = 4.90, p =.029]. In the normal
controllability condition, cortisol response did not vary significantly as a function of control
beliefs.
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Age Differences in Cortisol Response
As predicted, compared to younger adults, older adults showed a greater cortisol response
during the driving challenge [Figure 2; F(1, 113) = 4.49, p = .036]. Age did not interact with
control beliefs or situational controllability and the three-way interaction was not significant.

Discussion
The aim of this study was to examine the effects of low situational controllability on cortisol
response and the role of individual differences in general control beliefs and age. First, our
driving simulation procedure was found to be effective for manipulating levels of situational
controllability. We examined the level of perceived control over the driving situation as a
manipulation check, and on average, the level of perceived control was higher for the
participants in the normal controllability condition than for those in the low controllability
condition.

In addition, as predicted, the results showed that under low controllability, individual
differences in control beliefs make a difference for cortisol response. Previously, Bollini and
her colleagues found that in a highly controllable situation those with high control beliefs
had a lower cortisol response (Bollini et al., 2004). In contrast, we examined the effects of a
low controllability situation. In this condition we found that those with higher control beliefs
had a greater cortisol response.

Our results provide additional evidence regarding the role of individual differences in
control in relation to cortisol response to situations with limited opportunities for control. In
the low controllability situation, those with high control beliefs had a greater cortisol
response than those with low control beliefs. Irrespective of age, the low controllability
situation led to greater cortisol response for those who generally have high expectations of
control.

Consistent with previous studies (Neupert et al., 2006; Seeman and Robbins, 1994), older
participants showed, on average, greater levels of cortisol response. This was found
regardless of general control beliefs or controllability condition, perhaps because the driving
domain coupled with divided attention involving cognitive tests is particularly stressful for
older adults (Matthews et al., 1999). Interestingly, younger participants did not show a
cortisol response to the driving challenge, on average, as shown in Figure 2, perhaps because
they have more experience with video/driving games or find driving and divided attention to
cognitive tasks less stressful than older adults.

In summary, the results support the importance of considering individual differences in the
cortisol response to challenge. General control beliefs were found to be a source of
individual differences in cortisol response. In a situation with low controllability, it was
those who typically expect to have high control who showed the greater cortisol response.

Future studies are needed to understand the consequences of higher cortisol response,
especially for those with high general control beliefs. In the context of our study, a higher
cortisol response could be indicative of either heightened stress and anxiety or the
mobilization of resources to regain control over the situation. The latter possibility is
compatible with past work suggesting that, when placed in a low control situation, the
participants with a high-level of control make attributions that allow them to regain control
(Taylor and Sherman, 2008). In order to disentangle and isolate these processes, in future
work we will examine the implications of the heightened cortisol response for cognitive
performance and the mechanisms involved (Domes et al., 2002; Kirschbaum et al., 1996;
Lupien et al., 1997; Wright et al., 2005) especially for older adults and those with high
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control beliefs. We can examine whether those who have high control beliefs, who typically
show better performance on behavioral and cognitive tasks (Lachman et al., 2011), will
show greater resilience, recover more quickly from the low controllability situation, and
thereby maintain good performance.
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Highlights

▪ We examined cortisol response to a low controllability situation as a function
of age and prior general control beliefs.

▪ The low controllability situation was experimentally induced using a driving
simulation.

▪ In the low controllability situation those with higher general control beliefs
showed a greater cortisol response.

▪ Older adults showed a greater cortisol response than younger adults across
conditions.
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Figure 1.
Cortisol Response as a Function of Level of Situational Controllability and Control Beliefs;
Error bars are one standard error of the mean
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Figure 2.
Age Differences in Cortisol Response; Error bars are one standard error of the mean
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