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Abstract
The present study investigated cognitive specificity in individuals with seasonal
depression symptoms (SDS) by comparing their attentional bias and
psychophysiological arousal to cognitive schema-relevant stimuli with those in
individuals with nonseasonal depression symptoms (NSDS) and nonseasonal and
nondepressed individuals (control). Attentional bias was measured with responses
on a modified Stroop test and a recall task, while psychophysiological arousal was
measured with facial EMG recordings and image valence ratings during an image-
viewing task. The Stroop word categories reflected constructs that were related to
seasons (summer/winter), light (light/dark), and mood (happy/sad). The recall
task involved incidental recall of the Stroop words following the Stroop test. The
image-viewing task consisted of viewing and rating winter and summer scenes for
degree of appeal while facial EMG recordings of the corrugator supercilii and
zygomaticus major muscle regions were taken. Findings revealed that individuals in
all three group conditions were slower to colour-name summer words than winter
words, slower to colour-name light words than dark words, recalled more dark
words than light words, frowned more (corrugator supercilii) when viewing high
luminance than low luminance images, smiled more (zygomaticus major) when
viewing high luminance than low luminance images, smiled more when viewing
high luminance winter images than either medium or low luminance winter images,
and rated winter images as more appealing than summer images. The two groups
with elevated depression symptoms (seasonal and nonseasonal) smiled less than

the control group when viewing low luminance images. The results do not show a
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convergence across the different experimental tasks, and do not support the notion
that seasonal individuals with depressed symptoms would respond more negatively
than nonseasonal individuals with depressed symptoms to winter or low luminance
stimuli. Limitations of the study are discussed.

Keywords: seasonal depression, nonseasonal depression, attentional bias,

psychophysiological arousal, EMG, Stroop test
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Attentional Bias and Psychophysiological Arousal in Seasonal
and Nonseasonal Depression Symptoms
The effects that the changing seasons have on mood and behaviour have long
been recognized. The notion that seasons can be at the root of mood change or
disease dates back to Hippocrates, an ancient Greek physician who is considered by
many scholars to be one of the most outstanding figures in the history of medicine
(Strong & Cook, 2007). Hippocrates (trans. 1822) wrote, “... The changes of the
seasons are the principal causes of diseases: in the same seasons great changes of
temperature; so likewise of others according to their degree”. This statement
represents Hippocrates’ belief that the seasons have a general overall influence on
human disease. He went on to add, “Of constitutions, some indeed are well adapted
to summer, others to winter, and the reverse” which signifies his view that some
individuals have a greater vulnerability to the influence that the seasons have on
disease. These earlier ideas of season-related diseases are also evident throughout
the writings of 19t century psychiatry such as Pinel and Esquirol (see Wehr, 1989).
Throughout the course of the 20t century, research in this domain has expanded
considerably. For example, Durkheim (1951) suggested that higher rates of suicide
during spring and summer months can be attributed to seasonal changes in social
behaviour. Seasonal Affective Disorder (SAD, also known as winter depression) has
been given particular research attention from the latter part of the 20t century and
into the 215t century. Rosenthal et al. (1984 ) describe those suffering from SAD as
experiencing regularly occurring fall/winter onset of depressive symptoms followed

by a remission period in the spring/summer.
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SAD is defined as a depressive episode with a recurring seasonal pattern in
which the symptom onset occurs in the fall/winter and remits in the summer. The
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition Text Revision
(DSM-IV-TR; American Psychiatric Association, 2000) does not identify SAD as a
distinct diagnostic disorder, but defines it as a seasonal specifier of a depressive
disorder that includes Major Depressive Episodes in Bipolar I Disorder, Bipolar II
Disorder, or Major Depressive Disorder, Recurrent (see Appendix A). Additionally,
the criteria specify that the individual must not be experiencing any regularly
occurring seasonal stressors, that the seasonal pattern must have been evident
during the last two years, and that seasonal major depressive episodes have to
substantially outnumber nonseasonal depressive episodes over the individual’s
lifespan.

There are certain atypical depressive symptoms that are found to a greater
degree in SAD than in nonseasonal depression (Allen, Lam, Remick, & Sadovnick,
1993; Garvey, Wesner, & Godes, 1988; Lam, Tam, Yatham, Shiah, & Zis, 2001;
Meesters, Jansen, Bouhuys, Beersma, & van den Hoofdakker, 1993; Partonen &
Rosenthal, 2001; Rosenthal et al., 1984; Sakamoto, Nakadaira, Kamo, Kamo, &
Takahashi, 1995; Young, Watel, Lahmeyer, & Eastman, 1991). The term “atypical”
refers to the observation that these symptoms are opposite to those more typically
experienced in nonseasonal depression. These atypical symptoms are somatic-
vegetative in nature and include weight gain (rather than weight loss), hyperphagia
(rather than hypophagia), carbohydrate craving, and hypersomnia (rather than

hyposomnia).

14
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Some individuals experience seasonal depression symptoms that are not
sufficiently severe to meet the clinical criteria for SAD. These individuals are
deemed to suffer from sub-syndromal SAD or S-SAD (Kasper, Wehr, Bartko, Gaist, &
Rosenthal, 1989). Nevertheless, they do report similar problems associated with
the changing of seasons, such as changes in sleeping or eating patterns, decreased
productivity or creativity, a diminished sense of well-being (Partonen & Rosenthal,
2001; Westrin & Lam, 2007), and a high level of stress and impairment, as well as
therapeutic benefit from treatments that are typically used for the full-fledged
disorder, such as bright light therapy that is prescribed for clinical SAD (Kasper et
al,, 1989; Westrin & Lam, 2007).

Prevalence, Latitude, and Photoperiod

Epidemiological studies show that the prevalence rate for SAD in the general
population varies between .4% and 12.4% (Blazer, Kessler, & Schwartz, 1998;
Booker & Hellekson, 1992; Dam, Jakobsen, & Mellerup, 1998; Eagles, Naji, Gray,
Christie, & Beattie, 1998; Eagles et al.,, 1999; Magnusson, 2000; Magnusson &
Stefansson, 1993; Mersch, Middendorp, Bouhuys, Beersma, & van den Hoofdakker,
19993, 1999b; Michalak, Wilkinson, Dowrick, & Wilkinson, 2001; Rosen et al., 1990;
Saarijarvi, Lauerma, Helenius, & Saarilehto, 1999). One explanation for this wide
variation may relate to differences in the geographical latitude of the sites where the
various studies were carried out. Northern sites with higher latitudes have
considerably fewer daylight hours than more southern areas during the winter
months. It has been proposed that SAD symptoms are related to the shorter

photoperiod that occurs during the winter months (Rosenthal et al,, 1984). Various
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studies have provided support for this position; higher prevalence rates of SAD are
found in more northerly regions (Booker & Hellekson, 1992; Lee et al., 1998; Mersch
et al.,, 1999b; Potkin, Zetin, Stamenkovic, Kripke, & Bunney, 1986; Rosen et al., 1990;
Sourander, Koskelainen, & Helenius, 1999; Suhail & Cochrane, 1997; Terman, 1988),
and there is an inverse relationship between SAD prevalence and the average
amount of daily sunlight (Magnusson & Axelson, 1993; Mersch et al, 1999b; Molin,
Mellerup, Bolwig, Scheike, & Dam, 1996; Sakamoto, Nakadaira, Tamura, &
Takahashi, 1993). The strongest support for the link between photoperiod and SAD
comes from an abundance of literature that shows the effectiveness of bright light
therapy for SAD (for a meta-analysis, see Golden et al., 2005).

The wide range in prevalence rates also may be partially accounted for by the
type of measurement instrument used to gather the prevalence data. Studies that
use the Seasonal Pattern Assessment Questionnaire (SPAQ: Rosenthal et al,, 1987),
which is a measure of seasonality and a screening tool for SAD, would capture both
clinical and subclinical cases (Eagles et al.,, 1998; Eagles et al., 1999; Levitt & Boyle,
2002; Levitt, Boyle, Joffe, & Baumal, 2000; Magnusson, 1996; Michalak et al., 2001;
Michalak, Wilkinson, Hood, & Dowrick, 2002; Partonen, & Lonnqvist, 1998) rather
than just clinical cases, as would be the case for studies that use diagnostic
assessment tools only.

Etiological Models

Etiological models of SAD have been an important focus of research since the

disorder was originally conceptualized by Rosenthal in 1984. Over the years,

etiological research has looked at various biological and hormonal contributors,
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environmental factors, psychological factors, and the complex interactions between
these models. The following sections highlight some of the more prominent
etiological models of SAD in the literature.
Melatonin Hypothesis

Melatonin has been proposed as the physiological mechanism by which
photoperiod is related to SAD. Melatonin is a pineal hormone that is produced
during hours of darkness and is related to the regulatory process of the sleep-wake
cycle (Arendt, 2006; Cable, Drust, & Gregson, 2006). Its release can be suppressed
or delayed by exposure to environmental light (Lewy, Miller & Hoban, 1987). Its
role in SAD was demonstrated in a study by Wehr (1991) where the duration of
nocturnal melatonin secretion was found to be longer when the participants were
exposed to an imitation “winter photoperiod” (shorter hours of environmental light)
than when they were exposed to an imitation “summer photoperiod” (longer
exposure to environmental light). Furthermore, SAD patients who were exposed to
environmental light in order to mimic a longer photoperiod displayed a remission of
depressive symptoms (Rosenthal, Sack, & Skwerer, 1988). However, many of their
atypical symptoms returned with oral administration of melatonin during this light
exposure.
Phase Shift Hypothesis

The phase shift hypothesis (Lewy et al.,, 1987) proposes that because of a
later dawn during the winter months, there is an abnormal delay of circadian
rhythm relative to clock time and the sleep/wake cycle. In other words, the internal

circadian clock of SAD individuals that is entrained to the external light/dark cycle is
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asynchronous with the external civic clock that dictates sleep/wake schedule.
Because the length of exposure to daylight decreases substantially during winter
months at higher latitudes, individuals in these locations are more likely to
experience this mismatch between their internal biological and external
environmental rhythms. This can have a substantially negative impact on their
sleep habits, mood, temperament, diet, and other aspects of day-to-day life
functioning (Arendt, 2006; Lewy, 2002). Research has shown that depressive
symptoms (atypical symptoms in particular) can increase with this disruption of
regular diurnal patterns (Lewy, Sack, Singer, White, & Hoban, 1989). With well-
timed bright light treatment the circadian pattern can be corrected (Lewy et al,,
1989). It has been proposed that the reason that exposure to bright light helps to
relieve symptoms of SAD is that it delays the secretion of melatonin, thereby
correcting the circadian pattern. Overall, morning exposure to environmental
bright light in patients with SAD has been found to be more effective than both
afternoon and evening exposure to bright light (Lewy et al., 1998; Terman, Terman
& Ross, 1998).
Dual Vulnerability Hypothesis

Young et al. (1991) investigated the temporal onset of the different
symptoms in SAD. They found that the atypical symptoms (fatigue, hypersomnia,
hyperphagia, and weight gain) developed at the onset of the seasonal depressive
episode. The timing of the onset of the remaining symptoms (i.e., the typical
depressive symptoms) was different for different individuals and varied throughout

the course of the depressive episode. The researchers forwarded the dual
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vulnerability hypothesis (DVH), which states that the development of atypical and
typical depressive symptoms is linked to two different underlying pathological
mechanisms. The atypical depressive symptoms consisting of
vegetative/physiological changes that are characteristic of SAD are proposed to
reflect an underlying biological vulnerability to seasonality whereas the typical
depressive symptoms that are more affective and cognitive in nature are said to
reflect a psychological vulnerability to depression (Young, 1999). Lam et al. (2001)
extended the original DVH by proposing that different combinations of loadings on
the seasonality and depression dimension would result in the expression of
variations of depression. More specifically, S-SAD would load mostly on the
seasonality factor with little to no loading on the depression factor. Nonseasonal
depression would be the opposite with most of the loading on the depression factor
and little to no loading on the seasonality factor. SAD would have intermediate
loadings on both seasonality and depression with higher loading on seasonality. A
fourth group called ISR (incomplete summer remission) that experiences winter
depression with incomplete symptom remission in the summer would likewise have
intermediate loading on both factors but would have higher loading on the
depression factor. It may therefore be the case that the typical and atypical
symptoms associated with SAD exist on a continuum, rather than in a categorical
model.

Subsequent research has produced some support for the DVH by showing
that rumination (a cognitive vulnerability factor in depression) predicted winter

typical symptoms in SAD patients (Young & Azam, 2003). As well, among those with

19



ATTENTIONAL BIAS AND PSYCHOPHYSIOLOGICAL AROUSAL IN SDS

seasonal changes in atypical symptoms, a cognitive vulnerability to depression
(denoted by rumination, dysfunctional attitudes, internal attributional style for
negative events) was associated with greater typical symptoms (Engasser & Young,
2007) in the winter.

Cognitive Factors

Recent research has focused on cognitive aspects in SAD to see how they
might be involved in the development and maintenance of the disorder. Individuals
with SAD and nonseasonal depression respond to depressed moods with greater
rumination than nondepressed controls, and greater rumination is associated with
more severe winter depression in SAD patients (Rohan, Sigmon, & Dorhofer, 2003;
Young & Azam, 2003). Similarly, SAD and nonseasonal depressed individuals report
more negative automatic thoughts in response to neutral stimuli compared to
nondepressed controls (Hodges & Marks, 1998; Rohan et al., 2003).

Another interesting finding related to cognition is that the perception and
interpretation of symbolic light in SAD individuals is significantly different from that
of controls (Bouhuys, Meesters, Jansen, & Bloem, 1994). Those with SAD rated
ambiguous faces with dark backgrounds as less inviting than those with light
backgrounds, while the control group did not show any difference between ratings
in the two lighting conditions. In a separate study, Spinks and Dalgleish (2001)
determined that winter performance on a modified Stroop test predicts summer
depressive symptom levels in individuals suffering from winter SAD. A greater

Stroop effect (amount of time taken to colour-name a word) for threat-related
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(season-related and negative) words in the winter predicted better mood in the
summer months.

The Stroop effect, which reflects cognitive interference, is named after John
Ridley Stroop who first published on the phenomenon in the English language in
1935. The effect was previously published in 1929 in German (Jaensch, 1929). In
its original version, the Stroop test consists of a list of coloured words (i.e., words
such as RED, BLUE) presented in different coloured ink on cards. The participant’s
task is to name the colour of the ink that the word is printed in rather than reading
the word itself. In addition to tracking the accuracy rate, the amount of time that it
takes for the participant to respond following the showing of the card (response
latency) is also measured. Error rates and response latency typically increase when
the task is incongruent (e.g., the word RED is printed in green ink) than when the
task is congruent (e.g, the word RED is printed in red ink) (Jensen & Rohwer, 1966).
Since the development of Stroop’s initial test, there has been an assortment of
modifications made to it, such as sorting stimuli into categories rather than naming
the color of the word (see MacLeod, 1991). For example, a participant may be asked
to look at a card with a word printed in a given colour, and then decide which

coloured box to place the card in, based on the colour of the ink.

The Stroop test has also been modified to test other modalities (e.g., visual vs.

auditory functioning) as well as the effects of biligualism on cognitive interference
(Rosselli, Ardila, & Santisi, 2002). Most recently, the Stroop has been modified to
investigate the effect of emotions on cognitive interference (Kampman, Keijsers,

Verbraak, Naring, & Hoogduin, 2002). For example, on an emotional Stroop test
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assessing mood, the word DELIGHT might be printed in blue ink. Again, the
participant’s task is to name the colour of the word’s letters rather than reading the
word itself. Research shows that individuals are slower to colour-name word letters
when the word (semantic) meanings are associated with symptoms and concerns
relevant to their specific clinical condition (Bental & Thompson, 1990; Channon,
Hemsley, & de Silvia, 1988; Cooper, Anatasiades, & Fairburn, 1992; Cooper &
Fairburn, 1992; Dalgleish, 1995; Dawkins & Furnham, 1989; Foa & McNally, 1986;
Fox, 1993; Hill & Knowles, 1991; Klein, 1964; Klieger & Cordner, 1990; Lavy, Oppen,
& Hout, 1994; MacLeod, Mathews, & Tata, 1986; MacLeod & Rutherford, 1992;
Mogg, Kentish, & Bradley, 1993; Williams, Mathews, & MacLeod, 1996). Beck’s
cognitive theory (Beck, Emery, & Greenberg, 1985) and Bower’s (1981) network
theory have both been used to explain the Stroop cognitive interference effect
observed in research with participants with psychological symptoms.

Beck and colleagues (1985) posited that individuals’ negative thoughts about
the self, the world, and the future shape their experiences. An individual who has a
negative style of thinking will be more likely to focus on negative stimuli. Thus,
someone who is depressed would take longer to colour-name negative valence
words on the Stroop test. According to Bower’s (1981) network theory, semantic
and affective nodes hold our memories in a memory network. Similar nodes are
connected and associated with one another. When a single node is activated, similar
ones will also be activated, while other dissimilar ones will be deactivated. For
example, if an individual is reminded of a happy memory, they will also be reminded

of other similar happy memories. Similarly, when a person suffering from a specific
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disorder is reminded of their symptoms on a Stroop test, it would be expected that
he or she will focus more on the emotional meaning of the word than its colour and
therefore take longer to name the colour of the word.

Results from previous works with the emotional Stroop test have
implications for our understanding of the development and maintenance of SAD. It
is possible that attentional bias might play a role (Sigmon et al., 2007). Attentional
bias can be conceptualized within the framework of cognitive theory. As mentioned,
cognitive theory puts forth that individuals who suffer from depression will focus
their attention toward negative-content stimuli due to their internal negative
schemas (Williams et al., 1996), thus rendering them susceptible to a negative
attentional bias. In direct support of the cognitive theory, attentional bias has been
demonstrated using modified Stroop tests in those suffering from nonseasonal
depression in which individuals with nonseasonal depression take longer than
controls to colour-name words with negative content versus words with either a
positive or neutral meaning (Williams et al., 1996; Williams & Nulty, 1986).

More recently, research has shown evidence of a negative content attentional
bias in SAD individuals for depression-related stimuli (Sigmon et al., 2007). The
findings in the Sigmon et al. study were similar to those found in other studies with
nonseasonal depressed groups, i.e., the SAD individuals took longer than controls to
colour-name negative content words. Dark words were also used in their Stroop
design. Similar to the results with depressed-content words, the SAD and
nonseasonal depressed groups took longer to colour name dark-related words.

Conversely, there was no difference between SAD and control groups for neutral
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words. However the nonseasonal depressed group took longer to colour name
words in all categories, which may have been due to cognitive factors that are
typically associated with nonseasonal depression such as slowed processing and
concentration difficulties (Sigmon et al., 2007).

Nonetheless, it should be noted that prior research had demonstrated
greater attentional bias for depressed-content words only (see Williams et al.,
1996). The Stroop effect was also observed with season-related stimuli in SAD
groups (Spinks & Dalgleish, 2001). There was an increased interference in the
responses to season-related words when compared with responses to neutral
words. The SAD individuals also took longer in general to colour-name all words
during the winter months than they did in the summer months. A limitation of the
Spinks and Dalgleish study is that only a SAD group was included in the design. It
would be informative to include a nonseasonal depressed and a control group to
investigate the differences in responses to such stimuli between these groups.
Psychophysiological Factors

Attention to cognitive factors in SAD has given rise to increased interest in
comparing psychophysiological reactions in SAD individuals versus controls.
Research findings support the position that sensitivity to aversive events may be a
predisposing factor in major depression (Lewinson et al., 1985; Sigmon & Nelson-
Gray, 1992; Sigmon, Hotovy, & Trask, 1996). Aversive stimuli used in these studies
ranges from self-referent depressive statements (e.g., I am worthless) to unsolvable
stressful tasks to the observation of aversive visual imagery (such as human faces

with unhappy or angry expressions).
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SAD researchers have reported differences in levels of psychophysiological
arousal (skin conductance levels) in response to such types of aversive stimuli in
SAD versus nonseasonal depressed individuals (Austen & Wilson, 2001; Genricke &

Shapiro, 2000; Rohan et al,, 2003; Sigmon et al,, 2007). Studies that assess

psychophysiological arousal use a variety of different types of assessment measures.

One common method of assessing psychophysiological responses is skin
conductance recordings. In a study by Austen and Wilson (2003), no differences in
skin conductance levels as a function of seasonality were found in non-seasonal
stressful task (i.e., a digit-span task). A similar study by Rohan et al. (2003)
examined skin conductance levels in response to outdoor scenes with varying
degrees of luminance. The authors found that women with a history of SAD
presented with greater skin conductance amplitude and greater depressive affect
than women who did not have a history of SAD when exposed to low-light stimuli.
The researchers did not use a nonseasonal depressed group, rendering it impossible
to discern whether the results are unique to SAD or would be equally applicable to
women with nonseasonal depression.

Similar findings were discovered in a related study that assessed cognitive
bias and psychophysiological arousal in SAD and nonseasonal depression (Sigmon
et al., 2007). Participants in that study engaged in a modified Stroop test and
viewed winter and summer content scenes while skin conductance readings were
taken. The researchers found that participants in both depressed groups took
longer than controls to colour-name dark and depressive content words, but that

the individuals with nonseasonal depression took longer to colour-name words in
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all categories when compared to SAD and control groups. When viewing winter
scenes, individuals with SAD exhibited significantly greater frequency and
amplitude of skin conductance levels when compared to nonseasonal depressed and
control participants.

There are several limitations in Sigmon et al.’s study. The Stroop test that
they used included words from four main categories: dark-related, light-related,
depressive-related, and neutral words. The words on those lists might have
confounds. For example, the word “bright” in their light-related list has a dual
meaning because it could also mean positive mood. Similarly, the word “sunshine”
on the light-related list might tap into the dual concept of bright luminance and the
summer season, which is often associated with enjoyable outdoor activities such as
barbequing, playing Frisbee, or fishing. Also, the authors included depression-
related words on their Stroop test, but did not include any positive-mood related
words. Itis therefore not clear whether the participants’ responses were
characteristic of affective words in general regardless of their valence, or whether
the responses were specific to depression-related words. Another limitation in the
study is the failure to control for the averaged luminance of the summer and winter
images used in the skin-conductance task, which could have been a methodological
confound. The reactions of the participants could in part be due to the different
luminance levels in the images, as well as to the type of seasons depicted. Both
seasons and luminance levels are implicated in the expression of SAD as previously
discussed and their effects on the psychophysiological responses need to be

addressed separately.
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Evidence for psychophysiological differences between depressed and
nondepressed individuals can also be found in studies that utilize facial
electromyography (EMG). EMG involves the strategic attachment of electrodes to
certain facial areas near a given muscle region (typically the musculus corrugator
supercilii near the brow and musculus zygomaticus major near the corner of the
mouth) and the presentation of various stimuli. EMG recordings show
measurements of the electrical activity of motor units in the striated muscles of the
face (Fridlund & Cacioppo, 1986). Facial muscle movement is indicative of facial
expression of a given emotion, and is a more definitive physiological measure of
expression of emotion than skin conductance. For example, smiling is increased in
pleasant situations, while frowning and furrowing of the brow is increased in
unpleasant situations. The force and velocity of movement in the muscles are
controlled both by the number of motor units in the muscle region and by their rate
of firing (Fridlund & Cacioppo, 1986). The size and shape of the waveform on the
EMG output represents the degree of muscle movement in each region. Gehricke
and Shapiro (2000) examined facial muscle responses to emotional stimuli in
participants with major depression and controls. Participants were asked to
imagine happy and sad situations. They found that the depressed group displayed
reduced muscle activity when imagining both happy and sad situations in
comparison to controls. However, self-reported emotion showed no group
differences. These findings suggest that there might be psychomotor retardation in
depressed individuals with regards to facial expression of emotions. However,

given that the researchers used an imaginal task rather than a more concrete form
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of stimulus presentation (e.g., a picture), the validity of the findings is questionable
because there was no direct experimental manipulation of the conditions (happy
versus sad situations); nor was there an experimental check undertaken to
determine how well the participants were engaging in the imaginal task as
instructed. It is also possible that the “happy” situations imagined by the depressed
group were, on average, less positive than those imagined by the control group, and
that the “sad” situations imagined by the depressed group were more negative. No
study has yet examined facial muscle response to emotional stimuli in SAD
individuals.

EMG is often used in laboratory studies of psychophysiology (Harrigan,
Rosenthal, & Scherer, 2005). Because there is more than a single muscle in most
areas of the face, and muscle fibers tend to interweave and overlap, surface EMG
readings have low specificity (Harrigan, Rosenthal, & Scherer). Researchers,
therefore, need to be careful about referring to specific muscles. Fridlund and
Cacioppo (1986) suggest that EMG should be discussed in reference to facial region
(e.g., rather than referring to activity in the corrugator supercilii muscle, it is
preferable to refer to the broader medial frontalis region). The majority of
researchers, however, consistently refer to specific muscles in the face when
discussing EMG findings, while cautioning the reader about the potential lack of
specificity. In order to increase specificity, some researchers have used needle
electrodes, which involve the insertion of very fine wires directly into the facial
muscle (Harrigan, Rosenthal, & Scherer, 2005). However this method requires

special medical training to perform and can be somewhat invasive for the
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participant as opposed to surface electrodes which are simple to attach and non-
invasive. Furthermore, research has indicated that even when using needle
electrodes one should be careful to refer to the facial region rather than the specific
muscle when interpreting the waveforms (Fridlund & Cacioppo, 1986).

With regards to test-retest reliability, facial EMG shows moderate levels of
stability over long intervals of time. Harrigan, Rosenthal, & Scherer (2005) indicate
that this level of test-retest reliability is comparable to that for self-reported
emotion.

An advantage of EMG is that the recordings have high spatial and temporal
resolution (Harrigan, Rosenthal, & Scherer, 2005). High temporal resolution makes
EMG well suited to measure facial expression of emotions that can have a rapid
onset and is often short in duration. Dimberg, Thunberg, and Grunedal (2002)
asked participants to either not react with their facial muscles, or react as quickly as
possible by contracting their corrugator supercilii muscle (i.e., furrowing the
eyebrows, which is associated with frowning) or contracting their zygomaticus
major muscle (i.e., elevating cheeks, which is associated with smiling) while being
exposed to pictures of positive and negative stimuli. Their findings were consistent
with the notion that facial reactions are automatic in nature. That is, contraction of
the zygomaticus major was associated with a happy face and contraction of the
corrugator supercilii was associated with a sad or angry face. The temporal
resolution of their EMG recordings was high enough to discriminate differences in
response time within 500 milliseconds. EMG recordings can detect muscle

movements whether or not they are visible to the human eye. The temporal
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resolution is high enough that they can detect even the slightest muscle movement
(Harrigan, Rosenthal, & Scherer, 2005).
General Summary

The dual vulnerability hypothesis postulates two underlying dimensions in
SAD: seasonality and depression. The vulnerability to seasonality is expressed in
the presentation of vegetative-somatic symptoms with the advent of winter when
photoperiod decreases. The vulnerability to depression is demonstrated by studies
that show cognitive vulnerability reflected in rumination and negative automatic
thoughts. More recent research in the area of SAD has focused on attentional biases
on the premise that they have implications for the development and maintenance of
SAD. Findings suggest that SAD individuals are sensitive to low light stimuli,
season-related words, negative-content words, depression-related words, dark-
related words and season-related images. The experimental methods used to
investigate attentional biases in SAD have used ratings of images and the Stroop
test.

Given that research into cognitive vulnerability and attentional biases in SAD
is quite recent, only a handful of studies have been published. The research
available has methodological limitations that include lack of comparison to
nonseasonal depressed group which preclude any conclusions relating the
uniqueness of the findings in relation to SAD. As well, there has been inadequate
experimental control leading to possible confounds in the experimental tasks. Some
of the words in the Stroop test have had more than one meaning and might tap into

multiple constructs. Failure to use positive valence words and testing only negative
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valence words limits the interpretability of the results. Using images that represent
seasons without ensuring that the images are equal on their averaged luminance
makes it difficult to conclude that the subjects are responding to the seasonal
content of the images and not to the degree of image luminance instead. Finally, the
few psychophysiological studies on SAD have used skin conductance readings that
measures degree of physiological arousal. None have used facial EMG recordings
where different patterns of facial activity can reflect different emotional states, and
in response to different negative and positive affective imagery. Facial EMG
recordings can detect subtle facial emotive expression even when the participant is
instructed to suppress their emotional response, and are thus appropriate for
testing subtle emotional reactions and for identifying the valence of those reactions.
The Present Study

The objective of the present study, which was carried out during the winter
months (late November to March), was to investigate cognitive specificity in
individuals with seasonal depression symptoms (SDS) by comparing SDS with
individuals with nonseasonal depression symptoms (NSDS) and healthy
(nonseasonal and nondepressed) individuals (control). To this end, attentional bias
and psychophysiogical arousal in response to cognitive schema-relevant stimuli
were assessed.

Attentional bias for the three groups was measured with a modified Stroop
test that involved three types of bipolar word conditions: Season word type
(summer/winter), Light word type (light/dark), and Mood word type

(happy/depressed). Each word was yoked to a neutral word that was matched on
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the basis of word length, number of syllables, and part of speech to exclude the
influence of these said word characteristics on the findings. The dependent
variables derived from the modified Stroop test were response latency and
proportion error. Response latency was calculated as the difference in response
time (ms) between a stimulus word presentation and its yoked neutral word
presentation. Proportion error was calculated as the number of incorrect responses
in colour naming divided by the total number of words within a given category.

A five-minute spontaneous recall task was also administered after the
modified Stroop test to ascertain how many words from each word category
(summer, winter, light, dark, happy, depressed) the participants were able to
accurately recall from their modified Stroop test. Accuracy recall rate was defined
as the number of words accurately recalled from each word category expressed as a
proportion.

Psychophysiological arousal was measured with a facial EMG recording of
the corrugator supercilii and zygomaticus major muscles while participants viewed
seasonal images (winter and summer), each with three levels of luminance (low,
medium, high). This enabled the differential assessment of the impact of seasons
and luminance level on the EMG reactions. The degree of facial muscle movement
was indicated by the area amplitude of the EMG waveform generated by the
recordings. More specifically, it was indicated by the difference in area amplitude of
the baseline measurement and the trial period measurement. The participants also
rated each scene for its degree of appeal to them.

Hypotheses
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The following hypotheses were developed for the present study:

1. On the Stroop test, the SDS and NSDS groups were expected to display a
greater attentional bias for depressed words compared to the control group
in that they would make more errors in colour-naming and take longer to
colour-name depressed words.

2. SDS would take longer and make more errors on the Stroop test than the
other two groups to colour-name dark words and winter words.

3. On the recall task, NSDS and SDS were expected recall more depressed words
than the control group.

4. SDS would recall more season-related words and light-related words than
either NSDS or controls.

5. On the facial EMG task, SDS was expected to respond with greater facial
muscle activity compared to NSDS and controls over the corrugator supercilii
area when examining winter images.

6. Similarly, SDS would show increased facial muscle activity compared to NSDS
and control over the corrugator supercilii area when presented with low
luminance images on the facial EMG task.

Method
Prior to conducting the main study, stimulus materials for the experimental
tasks were developed. The following sections describe the development of stimulus
word lists for the modified Stroop test, and the development of stimulus images for
the EMG task.

Development of Stimulus Words for the Modified Stroop Test
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Development of the Stroop stimulus words were carried out in three stages.

Stage one: Generation of potential Stroop stimulus words. Potential
stimulus words (see Appendix B, sections B to G) for the Stroop test were developed
by the present researcher, a peer MA student, and the project supervisor along with
six other individuals who were asked to generate as many words as possible that
would reflect one of these six constructs: summer, winter, light, dark, happy, and
depressed. In addition, the dictionary and thesaurus along with published studies
were consulted for the task of word generation. The words were then classified into
their respective word lists.

Stage two: Rating of potential Stroop stimulus words. The words in the
six word lists that were generated in Stage 1 were reviewed by 43 raters for the
degree to which each word was representative of the constructs they were selected
to reflect. The 43 raters (age M = 23.43 years, SD = 5.02) who were recruited from
the Lakehead University student population and the general community consisted of
10 males, 32 females, and one individual who did not specify their gender. Thirty-
four raters were single, four were living with a common-law partner, and four were
in married relationships. Most were students (n = 28) and all raters indicated their
ethnicity as White. Of the 43 participants, 18 had obtained a high-school diploma as
their highest level of education, 15 were university graduates, four were college
graduates, four had obtained a graduate school degree, and one rater had indicated
an education level of eighth grade or less. One individual did not specify their

highest level of education.
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[t was explained to the raters that the task involved their reviewing different
words that people use to describe a variety of concepts, and rating them on the
degree of their representativeness of the concept (see Appendix C). The raters were
also told that the information collected would be used to develop materials to be
utilized in future research involving people’s reactions to different stimuli.
Furthermore, they were notified that their participation in the stimulus
development task was completely voluntary and that they were free to withdraw at
any time without penalty, that their responses would be kept confidential and
anonymous, and that the data would be kept in secure storage in Dr. Tan’s lab for a
period of seven years. The raters were also informed that there were no
psychological or physical risks or benefits to participating in the stimulus
development, and that the word ratings would take approximately one hour to
complete.

For the rating task, each word was judged on a 1 (not representative at all) to
9 (extremely representative) scale for the degree to which it was representative of
the construct it was selected to reflect (see Appendix B, sections B to G). Any word
that could be related to more than one of the constructs was reflected in all of the
associated rating lists. Ratings were carried out either through the use of a hard
copy of the rating questionnaire or an online copy) available at

<http://cbtc.utoronto.ca/opinio /s?s=302>. The online copy was developed using

Opinio, a secure web-based survey development and data collection tool (see

section on Main Study Materials for more information on Opinio).

35



ATTENTIONAL BIAS AND PSYCHOPHYSIOLOGICAL AROUSAL IN SDS

Stage three: Selection of stimulus words for Stroop test. Ratings from
Stage Two for each word were averaged across the 43 raters. It was decided on a
priori basis that only words that received an averaged rating of 7 or higher would be
considered for inclusion in the final list. Any word that was considered unknown
(rated as DK) by three or more raters was excluded from consideration because it
would mean that at least 7% of people might not recognize the word. Finally, to
ensure that there was no construct overlap among the word lists, any word that
received an average rating of 7 or higher for more than one construct was excluded.
Consequently, the four highest-rated words were chosen for the dark word
category, and the six highest-rated words were chosen for the remaining categories
(summer, winter, light, happy, depressed). For a listing of the selected Stroop words
and their mean ratings, the reader is referred to Tables 1 through 3. Each stimulus
word was then yoked to its own neutral control word that was matched for word
length, number of syllables, and part of speech (see Tables 4 to 6). The neutral
words were developed by the researcher and a peer MA student, who determined
that none of the words were reflective of any of the constructs under investigation
in the study, were not affective-laden, and did not possess positive or negative
valence in their semantic meaning.
Development of Stimulus Images for the EMG Task

The development of stimulus images for the EMG task in the main study was
carried out in four stages.

Stage one: Generation of season images. A total of 64 winter and summer

scenery images were collected from the Internet (www.google.ca) and from a
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collection of photos taken by the researcher. Each of them was edited using online

photo editing software from <www.picnik.com> to ensure consistency in image size

and perceived level of contrast and luminance.

Stage two: Rating of season images. The season images generated in Stage
One were submitted to 35 raters (13 men, 22 women, age M = 23.46 years, SD =
6.30) recruited from the Lakehead University student population and from the
general community for their opinion on how representative they thought each
summer (winter) image was of the summer (winter) season on a scale of 1 (not
representative at all) to 9 (extremely representative). Twenty-seven raters
indicated that they were single, seven were living with a common-law partner, and
one individual was a widow. Most were students (n = 21) and most specified their
ethnicity as White (n = 33). One rater was Aboriginal and one participant was Black,
not of Hispanic origin. Among the student population, 16 were undergraduate
students and five were graduate students. Two raters from the non-student
population had an education level of eighth grade or lower. One rater did not
indicate the highest level of education completed.

[t was explained to the raters that the study looked at different images that
were intended to represent the concepts of summer and winter, and that the
purpose of the study was to gain an understanding of people’s conceptualizations of
the seasons (see Appendix D). The raters were also informed that the data collected
from the image ratings would be used to develop materials for future research
involving people’s reactions to different stimuli. They were notified that their

participation in the development of stimulus materials was completely voluntary
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and that they were free to withdraw at any time without penalty,