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[ ver_zhe last 10 years, there has been an unprecedented expansion in
‘ brgm imaging research. With the availability of magnetic resonance
imaging (MRI) scanners steadily growing, and with the refinement of
tunctional MRI (fMRT) techniques, the pool of brain imaging research-
ers has expanded beyond neuroscience and medical imaging departments
into psychology departments throughour the world, Early adopters of
fMRIin psychology departments were visual psychophysicists interested

‘i mapping the visual processing areas of the brain. Researchers of per-

ception, language, and cognition soon followed, ofren building upon the
theoretical framework provided by animal researchers and neuropsy-
cﬁologists. In addition, affective and social neuroimagers have begun to
offer data to make their case that functional brain Imaging can add valu-
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able insights to the existing experimental descriptions of human behav-
ior already put forward by affective and social psychologists. Ideally,
these insights will enable us to ask new questions to enrich these fields
further. The purpose of this chapter, then, is to identify ways in which
functional brain imaging may be usefully employed in the social and
affective sciences, and to highlight both the advantages and the poten-
tial pitfalls of functional brain imaging as a technique for studying the
human brain within a social and affective context.

What Does TMRI Measure?

It is generally understood that fMRI is not a measure of neural activ-
ity. It is a measure of the ratio of deoxygenated to oxygenated blood,
commonly referred to as “blood-oxygenation-level-dependent” (ROLD)
contrast. Through some good fortune, oxygenated blood and deoxygen-
ated blood have slightly different magnetic properties; this difference
makes it possible to detect the ratio by combining a large electromagnet
and radio waves {for details of the physics of BOLD measurements, see
Moonen, Bandettini, & Aguirre, 1999}, What is clear is that {MRI is
based on the experimentally verified assumption that changes in oxy-
genation in a given region are useful proxies for changes in neuronal
activation in that region.

Seill not entirely understood is what exactly this oxygenated-to-
deoxygenated ratio reflects in terms of neural activity. Is ir the activ-
ity of neurons within this very region commuanicating with other brain
regions? Is it the activity of other regions communicating with this
observed region? Or could it be the activity of neurons within this region
communicating with other neurons within this same region? One line
of research indicates that the BOLD signal scales roughly linearly with
the local summed activity of dendrites, known as the “local field poten-
tial” {Goense & Logothetis, 2008; Logothetis, Pauls, Augath, Trinath,
& Oeltermann, 2001; Logothetis & Wandeli, 2004). These data sug-
gest that BOLD contrast may represent an indirect and approximate
measute of dentritic activity averaged over a certain neural region. This
would mean that BOLD contrast is not a measure of nearon spiking, but
instead that it reflects signals coming into a particular neural region, as
well as signals being passed between neurons within the region {though
not outgoing signals to other parts of the brain). As research concern-
ing the nature of the BOLD signal continues, the best we can do as we
interpret observed BOLD activations is to understand that these differ-
ent possibilities exist.
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Some Advantages of IMRI

The major advantage of fMRI over other techniques of measuring brain
activity is its combined spatial and temporal resolution. fMRI can mea-
sure BOLD contrast with a spatial resolation of a few millimeters and
with a temporal resolution of a few seconds. This compares favorably
with electroencephalography (EEG), which can only measure the effects
of brain activity at the scalp surface with a resolution of a few centime-
ters, and with positron emission tomography (PET), which has a rempo-
ral .resolution of minutes. Thus fMRI is ideally suited to measurement of
various brain processes. For example, fairly extensive areas of primary
and secondary auditory cortex show sustained activity in response to
common sounds, including speech. Large visual processing areas in the
occipital cortex and adjacent parts of the parietal and temporal lobes
show sustained activity to different types of visual stimuli. Where the
temporal and spatial resolution of fMRI comes in handy is in more fine-
grained distinctions between subregions that specialize in one particular
type of visual or auditory processing. For example, Epstein and Kan-
u..risher {1998} and O’Craven and Kanwisher (2000) have found that dis-
tinct pares of the inferior occipiral and remporal lobes are involved in
processing information about faces and people, as opposed to places.
Similar regions in auditory cortex have been identified that respond
selectively to human speech sounds (Belin, Zatorre, & Ahad, 2002;
Beiin, Zatorre, Lafaille, Ahad, & Pike, 2000). ’

Sustained neural activity in delineated areas of prefrontal cortex
and parieral cortex has also been measured during working memory
tasks involving maintenance of items in memory. These sorts of pro-
cesses should thus be amenable to examination with MRI, as has in
fact been demonstrated in many neuroimaging studies {Buckner &
Koutstaal, 1998; Cohen et al., 1997; D’Esposito et al,, 1995; Feredoes
& Postle, 2007; McCarthy et al., 1994). Furthermore, the temporal res-
olution of fMRI has permitted the separate examination of encoding,
maintenance, and retrieval stages in 2 working memory task. In such a
way, fMRI potentially provides researchers in social psychology with a
means to examine the neural processes that support the various stages
of social behavior.

Some Limitations of IMRI

Many neural processes fall outside of this spatial and temporal resolu-
tion, however, For example, many neural processes involved in perception
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and cognition last just a few milliseconds, and so will not be captured
by EMRI unless the experiment is designed in such a way as to allow
the accumulation of several such processes. Batty and Taylor (2003)
used EEG to measure event-related potentials (ERPs) to emotional facial
expressions. They demonstrated effects of emotion {vs. nonemotion} as
early as 90 msec after stimulus onset, and differences between emotion
expressions after just 140 msec. Importantly, fater ERPs showed a differ-
ent pattern across emotion expressions, presumably due to the engage-
ment of later-stage processing of a different type. The same experiment
performed with fMR1 would not be able to identify these different stages
of processing; rather, the measured response to a given expression would
be the cumulative result of all processing stages. For the measusement
of fast neural responses, EEG/ERPs or magnetoencephalography would
thus be a more appropriate choice—although these techniques do not
offer the three-dimensional spatial resolution of fMR], since they are
based on measurements from the scalp surface, and thus reflect the distal
aggregate electromagnetic effects of underlying neural aceivity.

A further consideration with fMRI is that BOLD contrast is a rela-
tive and arbitrarily scaled measurement, as explained above. Although
BOLD varies with dentritic activity, we have no way of guantifying
exactly how much activity is occurring, or even how much more activity
(as a difference or a ratio} occurs in one experimental conditien than in
another. This has a number of implications for emotion and social psy-
chology research, particularly for studies involving individual differences
or special populations. Perhaps the most important is that although all
measured changes in fMRI signal obviously occur with respect to some
underlying baseline neural activity, fMRI cannot tell us anything about
the level of baseline activity (e.g., Stark & Squire, 2001). Furthermore,
fMRI researchers must make the assumption that the amount of BOLD
signal change in response to an experimental manipulation is unrelated,
or at most linearly related, to the (unmeasurable) level of baseline neu-
ral activity. This assamption is questionable on basic nearophysiclogical
grounds {Hyder, Rothman, & Shulman, 2002; Vazquez et al., 2006}, as
well as on psychological grounds. Consider, for example, a researcher
who wishes to study the neural mechanisms underlying anxiety disor-

ders by comparing brain activation in a clinical group with that in a

group of low-anxiety individuals. It is reasonable to expect that upon
entering the scanner, anxious individuals will have elevated activity in
the brain regions involved in anxiety. To what extent, then, might the
researcher expect their fMRI BOLD responses to increase furcher with
the experimental manipulations? Might there be a ceiling effect in the
anxious participants’ MR BOLD responses, due to their elevated base-
fine activity? Is it valid to compare fMRI BOLD signal changes between
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a group with low resting baseline and one with higher resting baseline?
Without the means of measuring the baseline level of neural activity, the
researcher has no way of answering these questions {scc Whalen et al.,
2008).

tMRI measurements also drift slowly over time, in such a way that
EMRI cannot typically be used to measure any change to neural activity
that occurs over a time period of more than a few minutes (though some
newer fMRI techniques, such as arterial spin labeling [ASL], promise
to address this limitation; Wang et al., 2003). So if a researcher’s inter-
est is in long-term changes in neural activity, or characrerizing resting
neural activity as a function of social context or individual differences in
moad, then MR s probably not a good measurement choice. A further
consequence of the relative nature of fMRI BOLD contrast is that com-
parisons of brain activation between different brain regions are difficult.
This is because the magnitude of BOLD response in different neural
regicns to a given experimental manipulation will depend not only on
changes in neural activity, but also on characteristics of the underlying
brairs anatomy and physiology. Even if we were able to measure those
aspects of anatomy and physiology, their relationship with the BOLD
response is not yet well enough understood to enable accurate compari-
sons of BOLD between different brain regions. As a consequence, any
claim based on fMRI that, for example, auditory cortex was more or
less active than visual cortex in response to a social stimufus would be
methodologically questionable. In certain cases, then, PET would be a
more appropriate brain imaging choice, since it can be used for absolute
baseline and change measurements of cerebral metabolism—though its
more invasive nature (involving radioactive tracers) precludes its use in
many studies. Alternatively, ASL and other more absolutely quantifiable
fMRI techniques are under development and are likely to be applicable
to such research designs in the near future (Detre & Wang, 2002; see
also this chapeer’s “Foture Directions . . . ” section).

Experimental Design Considerations

In order to get the most from an fMRI experiment, great consideration
must be given to the ordering, duration, and timing of experimen-
tal conditions and stimuli. All of the same basic rules for psychology
experiments also apply o brain imaging experiments. Conditions need
to be properly counterbalanced or randomized to contro} for habitua-
tion, fatigue, or other order confounds. A suitable number of repetitions
of each experimental condition is needed to produce reliable data. The
exact number will depend not only on the inherent reliability of fMRI,
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but also on the reliability of the behavior under observation. In addition
to more general rules for experimental design, fMRI poses some further
constraints, which we now discuss.

Bfock Designs versus and Event-Relafed Designs

A brief burst of neural activity corresponding to presentation of a short
discrete stimulus or event will produce a more gradual BOLD response
fasting abour 15 sec. Due to noisiness of the BOLD signal, multiple
repetitions of each condition are required in order to achieve sufficient
reliability and statistical power. Block designs and event-related designs
achieve this through slightly different means.

In a block design, multiple stimulus repetitions {rom a given experi-
mental condition are strung together in a condition block, which alter-
nates with one or more other condition blocks or control blocks. The
advantage of snch an approach is that the BOLD signal from multiple
repetitions of closely spaced stimuli scales additively with the number

of repetitions (Bovnton, Engel, Glover, & Heeger, 1996); the more

repetitions, the bigger and more reliable the signal. Because successive
trials within a condition block are all the same condition, there is no
fMRI-imposed lower limit to the intertrial interval {ITT), meaning that
more repetitions can be fitted within a block of a given duration than
would be the case with stimuli of different conditions. Block designs
thus remain the most statistically powerful designs for fMRI experi-
ments, all other considerations being equal (Bandettini & Cox, 2000).
When a researcher is adopting a block design, three decisions need to
be made:

» How long should each block be?
* How many blocks of each condition are needed?
o Should a resting baseline be included?

Based on knowledge of the noise characteristics of IMRIBOLD contrast,
the answer to the first question is in the range of 20-40 sec (Skudlar-
ski, Constable, & Gore, 1999; Smith, Jenkinson, Beckmann, Miller, &
Woolrich, 2007). With blocks shorter than 20 sec, the statistical power
advantage of a block design starts to disappear, particularly if psycho-
logical/behavioral constraints require a reasonably long I'T1. With blocks
longer than 40 sec, the random, slow fluctuations in IMRI BOLD signal
start to compromise the reliabiliey of the mean activation measured over
the duration of a block. Of course, the psychological phenomena under
question will add their own constraints, so this ideal range of block
durations should be seen as a guideline only.
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Because each block of a block design typically includes multiple rep-
etitions of the same stimulus condition, it is not necessary to include many
biocks. Many block design experiments are successful with between two
and four blocks per condition. Once again, more blocks may be required
for behavioral reasons (i.e., to achieve a reliable behavioral effect).

Finally, we strongly recommend inchuding a resting baseline condi-
tion. Such a condition usually consists of having subjects look at a fixa-
tion cross on an otherwise blank screen. The amount of time spent in this
condition is best when it matches the amount of time subjects are engaged
ir other experimental conditions of interest. The importance of including
a resting baseline has been highlighted in some recent research showing
that contrasts berween an experimental condition and a resting baseline
can be more reliable than contrasts between two experimental conditions.
The idea is that a well-controlled resting baseline will be less variable than
responses to many experimental stimuli. For example, Johnstone and
colleagues (2005) reported that BOLD contrast in the amygdala showed
greater test-retest reliability when calculated between responses to
viewed fear faces and a passive fixation baseline than between responses
to fear faces and responses to neutral faces. Obviously such condition—
baseline contrases do not have the task specificity of condition—condition
contrasts, so inclusion of at least two active conditions is usually a good
idea. In this way the condition—baseline conrrast can be used for maxi-
mum sensitivity and reliability, whereas the condition—condition contrast
can be used to answer questions about specific stimulus types or condi-
tions, Inclusion of a resting baseline also makes basic fMRI quality con-
trol easier, since it is easy to check in primary sensory cortices for basic
stimulus—baseline activation. For example, in a paradigm that uses visual
stimuli, lack of stimulus—baseline activation in visual cortex would alert
the experimenter to basic signat problems with the scanner, as well as to
participants who were not paying attention, had their eyes closed, or fell
asleep (not an uncommon problem in fMRI experiments, particularly
with sleep-deprived undergraduate participants).

Although block designs are more statistically efficient (offer-
ing approximately 50% better signal-to-noise ratio than evene-related
designs; Bandettini & Cox, 2000}, event-related designs are more suitable
and often necessary in many experimental situations. In an event-related
design, presentations of trials from different experimental conditions are
interspersed in a random order, rather than being blocked together by
condition (Buckner, 1998). This type of design avoids potential prob-
lems of habituation to specific stimulus types that might occur in a block
design. In the affective and social sciences, eventrelated designs also
avoid the problem of cumulative effects of emotional or social stimuli
on a participant’s mood. Moreover, event-related designs are necessary
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when it is important that the participants not know in advance what
type of stimulus will be presented. Finally, event-related designs allow
subsequent analysis on a trial-by-trial basis, using behavioral measures
such as judgment times, subjective reports, or physiological responses to
correfate with measured BOLD responses.

The minimum number of events, or trials per condition, needed in
an event-relared design must above all else be determined by considering
how many such trials would be required to achieve a reliable behavioral
effect in a nonimaging study. In addition, the low signal and high noise
of fMRI mean that experimenters would do well to include as many
trials as possible within a scan session. For example, Huettel and McCa-
rehy (2001) have shown that even in a fairly simple cognitive task, 50
repetitions of a given condition only resulted in 50% of activated vox-
els being detected—though with a greater number of participants this
number can fall to as low as 20 {Thirion et al., 2007}, or perhaps even
lower for paradigms or stimuli that are particularly potent, such as pain
{e.g., Salomons, Johnstone, Backonja, & Davidson, 2004}, The statistics
underlying the analysis of slowly varying hemodynamic signals impose
further constraints on the timing of trials in an event-related fMRI
design. Because the BOLD response is relatively slow, if trials are spaced
too close rogether, then the BOLD responses from successive trials will
overlap. This is a strength of block designs, because overlapping BOLD
responses add together, leading to a bigger aggregate response. In an
event-related design, however, it can prevent the BOLD responses from
different trials, and different trial types, from being separately quantifi-
able. The easiest and most obvious solution to this is to space successive
trials at least as far apart as the expected duration of the BOLD response
to a single stimulus (e.g., 12 sec apart for brief stimuli, but longer for
stimuli lasting more than about 1 sec; Bandettini & Cox, 2000).

Some simple math shows that this will not always lead to an ideal
experimental design. Take, for example, an experiment in which we
want to examine the differential brain responses to 1-sec presentations
of happy, fearful, or neutral facial expressions, each of which shows
eyes directed straight ahead or averted. Thus the experiment consists of
six conditions. Let’s say that from previous behavioral pilor testing, we
know that we need 30 repetitions of each condition to achieve suitable
statistical power to detect an expression x eye gaze interaction in a 3
{expression) x 2 {eye gaze) within-subjects analysis of variance. Allow-
ing 12 sec per trial, this would amount to 12 x 6 x 30 sec, or 36 min for
the experiment. Although this experiment length might be reasonable
for some participant samples, it may be roc long for adolescent or older
participants, for participants with social anxiety, or for other specific
participant groups. In order to get the most “bang for the buck,” many
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researchers will alse want to run two or more tasks in the one scanning
session. Thus finding a way to reduce the time for a single task is invalu-
able.

The accepted way to do this for event-related designs is to use
variable-length IT1s {i.e., “jitter”). By doing so, we can use the fact that
overlapping BOLD responses add together in an approximately linear
fashion, and so can be linearly separated if we use variable 1TTs with
known timing. Although the math underlying this technique is beyond
the scope of this chapter (Birn, Cox, & Bandettini, 2002; Dale, 1999;
Lin, Frank, Wong, & Buxton, 2001; Smith et al., 2007}, the upshot is
that trials can be spaced apart by an average ITT much shorter than
would etherwise be necessary. In fact, to detect the difference in activa-
tion between two conditions, the shorter the mean I'T1 the better, down
to a limit imposed by nonlinear saturaton effects when successive trials
are very close to one another. Mean ITIs of as low as 2-3 sec can lead to
maximun statistical power with some designs (Friston, Zarahn, Josephs,
Henson, & Dale, 1999); however, it is important to note than such short
ITIs allow for the measurement of the difference in activation between
conditions, but limit the ability to detect brain activation common to all
conditions. To detect both differential and commeon activation, a some-
what longer ['T] is preferable. Using our example of the face expressions
experiment, we could use I[TIs randomly varying between 2 and 10 sec,
with an average ['T1 of 6 sec, which would result in an experiment length
of 6 x 6 x 30 sec, or 18 min—Iless than half the duration required for a
slow event-related design—while retaining similar sratistical power.

Three things are worth noting with respect to experimental design
and timing. The first is that even if overall experimental time is not a
major consideration, using variable ITIs makes it possible to increase
statistical power. In our example, if time were not an issue, we could use
variable I'TTs to double the number of trials per condition {refative 1o a
well-spaced design} without lengthening the experimental duration, and
thus increase the reliability of our data. More sophisticated methods for
choosing optimal experimental timing can vield even greater statistical
power (Birn et al., 2002; Buracas & Boyaton, 2002; Murphy, Bodurka,
& Bandettini, 2007; Murphy & Garavan, 2005; Hagberg, Zito, Patria,
& Sanes, 2001; Wager & Nichols, 2003). The second point is one that
we repeatedly return to: The timing of an event-related design must
make sense in a behavioral context. If it doesn’t make sense to space eri-
als closely or use variable ITIs in a behavioral experiment, then it almost
certainly doesn’t in an fMRIT experiment either. The final point is that
the ordering and timing of trials are critical if che results are to be statis-
tically analyzable. Table 14.1 presents a summary of factors to consider
in designing different types of {MRI experiments.
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TABLE 14.1. Considerations for Different Types of fMR! Designs

Dresign type Comments

Block designs  Have the strongest statistical power, compared to other types.
Length of each block: 20-40 sec.
Number of blocks per condition: Minimum 2-4 blocks.
Resting baseline condition is highly recommended.

Coliection of behavioral and other measures js possible for
correlation/regression analysis across participants.

Event-related Number of events per condition depends on behavioral effect,
designs but typically minimum of 20.

Minimum ITT for evenly spaced events: 12 sec.

Minimuom ITT for jittered events: As low as 2-3 sec.

Using jittered I'TIs and randomized eveat order can increase
statistical power, improve ecological validity, and reduce
habituation/anticipation.

Collection of behavioral and other measures is possible for
correlation/regression analysis within and across participants.
Mixed designs  Uselul when separating sustained from transient brain activity.

Each event is presented using jittered 1TIs within blocks; thus
considerations for both block and event-related designs should be
taken into account.

Coilection of behavioral and other measures is possible for
correlation/regression analysis within and across participants.

Mixed Block and Event-Related Designs

More recently, researchers have recognized the need to take into account
two distinct types of neural processes that occur in the brain during
{MRI tasks. One type of brain activity is sustained throughout the trials
of a task, regardless of individual trials; the other type of brain activity
15 specifically evoked by each trial of a task. Imagine that someone is
taking a test such as the Graduate Record Fxamination. Once the clock
starts ticking and the person begins reading the questions, certain neural
circuits may enter a mode or a state that is optimized for written exams.
However, in addition to this, other neural regions are reacting to each
individual question on the test sheet. Naturally, brain regions turned
on for the task itseif rather than for each individual trial will show pro-
longed, sustained activations, while brain regions reacting to individual
trials will exhibit short, transient activations. Reflecting the difference
in the time course of brain activity, the former is often called “sustained
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acervity,” while the latter is dubbed “transient activity” (Visscher et al.,
2003).

Since a simple block design or event-related design cannot sepa-
rate these two types of brain activity, researchers have developed ways
to combine block and event-related designs in fMRI. These “mixed
designs” have been used for the purpose of dissociating sustained and
transient trial-related activity in the brain (Donaldson, 2004; Don-
aldson, Petersen, Ollinger, & Buckaer, 2001; Dosenbach et al., 2006;
Visscher et al., 2003). In order to separate these two types of processes
in [MRI data, trials are presented within rask blocks interspersed with
control blocks just as in a block design; within the task blocks, however,
the onset of each trial is jittered, just as it would be in an event-related
design. Flaving control blocks allows estimation of sustained brain activ-
ity separately from transient effects, and jittered trials enable dissocia-
tion of transient brain activity from sustained effects. Importantly, the
interaction of sustained and transient manipulations can also be exam-
ined by measuring the difference in event-related responses between dif-
ferent blocks of sustained activity.

Mixed block and event-related designs are likely to be particularly
suitable to social and affective neurescience studies, in which the sus-
tained social or emotional context has a direct impact on more transient
socioaffective behaviors or responses. For example, Smith, Stephan,
Rugg, and Dolan (2006) used a mixed design to examine the sustained
effect of task requirements on retrieval of emotional information.
Retrieval trials were presented as variable-ITI events embedded within
blocks of one of two tasks—one requiring emotional information in
order to make an accurate response, and one for which the emotional
information was irrelevane. Smith and colleagues were able to demon-
strate that connectivity among the hippocampus, amygdala, and orbito-
frontal cortex during retrieval of emotional cues depend on whether the
emotional cues were relevant or irrelevant to the task demands.

In another example, Bishop, Jenkins, and Lawrence (2007) used a
mixed block and event-related design to examine how perceptual load
{high vs. low, manipulated in blocks} would modulate acrivation of the
amydala to anxiety-relevant information (manipulated in an evenr-
related manner with fearful vs. neuntral facial expressions). They found
that trait anxiety interacted with perceptual load in the engagement of
prefrontal circuits thought to regulate amygdala output.

Studies of social interaction may also benefit from such mixed
designs, enabling researchers to modet sustained activation correspond-
ing to attention to certain types of social stimuli {e.g., facial expres-
sions of emotion, emotional speech) separarely from transient activation
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corresponding to processing specific stimulus features (e.g., presence or
absence of a given facial or vocal feature}.

Combining IMRI with Other Online Measures:
Behavior and Physiolagy

fMRI reveals activation at a spatial and temporal scale too coarse to
enable us to say much about the fundamental neural processes involved.
tMRIis also fundamentally correlational, telling us which brain regions
coactivate with a particular behavior or response, but not which brain
regions were responsible for producing the response. But fMRI data do
not exist in isolation, and when combined with other complementary
techniques can lead to valuable insights into the social-affective brain.

Take, for example, the question of the neural mechanisms that
underlie social interaction problems in autism. Individuals with autism
have a spectrum of symptoms, including severe disruption of social con-
tact and interaction (Kanner, 1943). It has been observed that individu-
als with autism perform poorly on tasks involving the perception of emo-
tional facial expressions (Celani, Battacchi, & Arcidiacono, 1999). Early
brain imaging studies comparing individuals with autism to controls in
facial expression tasks found a lack of activation ia the fusiform gyrus, a
brain region thought to be important for processing faces (Pierce, Muller,
Ambrose, Allen, & Courchesne, 2001). The obvious conclusion was that
autism invelves foss of function of this brain region, with consequent
poor performance in facial expression tasks, which would be expected
to have a negative impact on social interaction skills more generally,

In a follow-up to these studies, however, Dalton and colleagues
(2005} questioned whether the lack of fusiform activation was the cause
of performance deficits, or whether it was itself caused by dysfunction
in some other brain region, perhaps reflecting an attentional or affec-
tive deficit. To test this hypothesis, Dalton and colleagues measured the
pattern of eye gaze fixations while individuals viewed pictures of differ-
ent emotional facial expressions. In individuals with autism, not only
fusiform gyrus but also amygdala activation was found to correlate with
the amount of time individuals fixated on the eye region of the faces—
one of the principal regions that conveys emotional informartion in the
face (see Plate 14.1). The implicarion is that faces of strangers, which
are particularly aversive stimuli to individuals with autism, provoke
strong amygdala activation; this may underlie the tendency of those with
autism to avoid focusing on the eye region, and thus may explain the
prior autism findings of hypoactivation in the fusiform gyrus.
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Individuat Differences in Social and Affective Style, Personality,
and Temperament '

Many fMRI studies have two or more experimental conditions, and
look for main effects of these conditions. This is especially true in the
field of traditional visual and cognitive neuroscience, where individual
differences are usually negligible, or considered as a confounding fac-
tor. However, in social and personality psychology studies, individual
differences are often the main focus. For example, researchers conduct-
ing such a study may use a scale that measures empathy to coilect a
range of empathy scores across all subjects. These empathy scores can
then be used to categorize subjects into subgroups {e.g., low empathiz-
ers and high empathizers), or entered as a covariate in a general linear
model analysis. The same approach can be applied to fMRI data. Social
neuroscientists interested in the neural correfates of empathy can collect
empathy scores just as they would do in a behavioral experiment, and
analyze them in conjunction with fMRI data collected during a task
that evokes empathy. As with behavioral experiments, brain activity can
be contrasted between groups (fow vs. high empathizers), or empathy
scores can be used as a regressor to identify brain regions within which
activation correlates with the scores. Obviously, the word “empathy”
in this example could be exchanged with any characteristic of social or
affective style, personality, or temperament of interest. And since we
would have a single value per subject, this analysis could be performed
on FMRI data regardiess of whether a block or an event-related design is
used to collect them. ‘

Another way of using fMRI to study individual differences is to
parametrically model each response to a stimulus within each subject.
To put it another way, when analyzing {MRI data, we could create a
general linear model with subjective ratings for each and every stimulus
entered as a regressor, convolved with an ideal hemodynamic response
function. This would allow us to identify brain regions that show activa-
tion covarying with the magnitude of the subjective rating we have used.
For example, let’s assume that we have presented pictures of human faces
during an fMRI experiment and collected attractiveness ratings for each -
face from all of the subjects. We could analyze the IMRI data by creating
a general linear model as we would in a conventional subtraction analy-
sis, but in this case we would also enter the (zero-meaned) attractive-
ness ratings as a regressor. As a result, we would have a statistical map
for each individual showing brain regions in which activation linearly
tracks the magnitude of attractiveness ratings for each subject. We could
then use a further {second-level) analysis to identify brain regions that
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show such attractiveness activation across subjects. Here lies the major
difference between this type of analysis and the former one: The for-
mer regression is performed during the second level (i.e., “group”-level)
analysis only.

Functional and Effective Connectivity

Complex social behaviors involve the coordinated activity of multiple
brain regions, so testing for fMRI activation in single brain regions is
likely to be of limited use in social-affective neuroscience. Instead, we
may be interested in investigating distributed networks of neural cir
cuitry and determining how it is engaged or disengaged in different type
of tasks. For example, we may want to know whether the activation
we see in the amygdala during emotional face perception is function-
ally coupled to other regions of the brain, such as the orbitofrontal cor-
tex, which is involved in learning and/or storage of hedonic information
{(Ghashghaei, Hilgetag, & Barbas, 2007; lidaka et al., 2001; LoPresti et
al., 2008).

Two different approaches to studying brain connectivity wich fMRI
are functional connectivity analysis and effective connectivity analysis.
“Functional connectivity” is the temporal correlation between spatially
remote neurophysiological evenis, whereas “effective connectivity” is
defined as the influence one neuronal system exerts over another {Fris-
ton, 1994). By definition, output from functional connectivity analysis
is purely correlational; even if two different brain regions show similar
activation profiles across time, it does not necessarily mean that they are
connected and directly influencing each other. In contrast, effective con-
nectivity analysis attempts to infer directional influences of one region
on another, at least to a certain degree.

Concretely, one simple way of applying functional connectiv-
ity analysis to our emotional face expression example would involve
extracting time course data from the amygdala and performing a vox-
elwise cross-correlation analysis across the whole brain, More sophisti-
cated techniques involve testing models of connectivity between multiple
brain regions, using structural equation modeling (SEM; Mclntosh &
Gonzalez-Lim, 1994}, dynamic causal modeling {Friston, Harrison, &
Penny, 2003), or other related analytic techniques. Researchers have suc-
cessfully confirmed that functional connectivity maps generated from
voxels that were active during sensory or motor tasks corresponded
to actual statistical maps of the auditory (Biswal, Yetkin} Haughton,
& Hyde, 1996), visual {Lowe, Mock, & Sorenson, 1998), and motor
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{Cordes et al., 2001; Lowe et al., 1998; Xiong, Parsons, Gao, & Fox,
1999) cortices, validating this approach. As with standard tests of brain
activation, functional connectivity analyses can proceed voxelwise for
the whole brain, though if we have predictions or hypotheses concerning
a set of specific brain regions, it would be desirable to reduce the search
volume to these a priori regions of interest (ROIs). Using an RO{-based
functional connectivity analysis, Kim and colleagues (2004} found that
the amygdala and the rostral anterior cingulate cortex were positively
coupled during the processing of surprised facial expressions when com-
bined with relevant contextual information. Thus this analysis proved
useful in a task where the authors hypothesized that the amygdala would
require assistance from the prefrontal cortex to use contextual informa-
tion to understand the meaning of a given facial expression.

Effective connectiviry analysis involves more advanced methods,
such as psychophysiological interaction (PPI; Friston et al., 1997) analy-
sis and SEM (McIntosh & Gonzalez-l.oma, 1994}, PPI analysis shows
significant changes in the contribution of one brain region to another, as
a function of experimental (psychological) context {Friston et al., 1997).
Like functional connectivity analysis, PPI analysis can be performed
across the whole brain without a priori regions of interest; however,
once again, it is desirable to have a strong hypothesis and use PPl as a
confirmatory rather than an exploratory analysis. This issue becomes
especially important in SEM techniques. SEM takes into account the
covartance matrix among multiple a prior regions of interest, and esti-
mates the overall validity of the model as well as the strength and direc-
tion of the paths between the brain regions. Without a valid hypothesis
for a brain network, SEM can lead to identifying a strongly sigaificant
but anatomically implausible model.

Increasing numbers of social and affective neuroscience researchers
are taking advantage of these functional and effective connectivity anal-
yses. As long as the researchers are aware of their caveats, these analy-
ses have the potential to complement conventional statistical analysis by
providing a more in-depth characterization of the neural mechanisms
underlying a given social or affective process.

Eaﬁsidariﬂg Model Habituation or Familiarity Effects

As briefly mentioned earlier in this chapter, some brain regions tend to
show a lesser degree of activation after repeared exposure to the same or
similar stimuli. One prime example is the amygdala in response to fearful
facial expressions. Amygdala activation to fearful facial expressions has
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been observed to show rapid habituation, regardless of explicit knowl-
edge of perceiving the faces (e.g., use of masked or nonmasked facial
stimuli) or study design (block or event-related; Breiter et al., 1996; Hare
et al, 2008; Whalen et al., 1998). Moreover, the degree of amygdala
habituation to fearful facial expressions has been found to be correlated
with trait anxiety levels (Hare et al., 2008). Thus the rate of habituation
itself could be a particularly interesting aspect of fMRI data.

The question arises of how we can quantify this habituation effect.
Recall that a typical fMRI experiment consists of multiple repetitions
of each event or block type, often distributed over muftiple scan runs.
Depending on how we define a habiraation effect, there are two ways
to calculate this: {1) early trials versus late trials within each run, or (2)
early runs versus late runs. The former miethod is useful when we predict
that the degree of hrain activity wili decline as a function of repetition
or time within each run, whereas the latter method is more suitable if
we think that habituation will occur throughout the entire experiment.

- We can certainly take advantage of both methods as well. For example,
Somerville, Kim, Johnstone, Alexander, and Whalen (2004) calculared
habitvation effects of the amygdala in response to happy and neutral
facial expressions within runs {e.g., block 1 > block 2 > block 3) and
across runs {run I > run 2). Another possibility is to explicitly include
a habituation factor in the general linear model by modifying each con-
dition regressor by some function of time (e.g., an exponential decay;
Tabert et al., 2007).

A remaining question, however, pertains to the underlying mecha-
nism of this apparent habituation effect in the brain. The declination of
brain activity over rime may be solely due to habituation, but an alterna-
tive explanation would involve inputs from other brain areas that modu-
late brain activity in this region. In this case, we could achieve more
complete understanding of our data by using the functional and effective
connectivity methods described carlier to analyze the temporal profiles
of these brain activations.

Future Directions in Social and Affective Brain Imaging

MRIof the human brainisa faitly recent development, and its application
to social and affective neuroscience is even more recent. As'suckh, the con-
stant stream of new MRI techniques and analysis strategies announced
at conferences and in journals can be quite daunting to the social neuro-
scientist. In this section, we highlight a few developments that may find
their way into the social neuroscience toolbox in the near future,
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Ferfusion Imaging

Perfusion imaging, or ASL imaging, is a technique by which blood flow
m arteries {(which supply the brain with blood) is imaged--as opposed
to blood flow in veins {which drain blood), as is the case with eradi-
tional BOLD imaging. ASL involves magnetically “tagging” the blood
{flowing into the brain by subjecting it to a brief radiofrequency burst.
As the tagged blood perfuses into the small arteries in particular neu-
ral regions, it gives rise to an altered MRI signature, One advantage of
ASL is that arterial blood flow changes that are associated with brain
activation are more local than changes to venous draining blood flow
changes, which may reflect downstream effects of large areas of neu-
ral tissue. ASL thus promises to provide better spatial resolution than
BOLD imaging (Detre & Wang, 2002). In addition, ASL MRT can (at
least in principle) be absolutely quantified, and thus ASL changes from
different brain regions, different individuals, and different experimental
sessions should be directly comparable, Even though absolute quantifi-
cation of ASL images is not yet practical in most experimental contexts,
ASL does have berter temporal stability and tese-retest retiability than
BOLD (Leontiev & Buxton, 2007; Wang et al., 2003), thus making it
attractive for the imaging of longer-term brain activation changes or
studies involving repeated imaging sessions. The disadvantage of ASL is
that it is less sensitive than BOLD, showing smaller signal change for a
given experimental maripulation.

Diffusion Tensor Imag_ing

Diffusion tensor imaging (DTI) exploits the fact that water molecules
diffuse ar different rates through different types of brain tissue. In par-
ticular, water diffusion along the myelinated axons in white matter
tracts (bundles of nerve fibers) is greater than across the tracts. DTI can
thus be used to map the white matter tracts of the brain—rthe paths of
nerve fibers that connect different neural regions (Le Bihan, 2003). DTI
is a structural rather than a functional technique. In social and affec-
tive neuroscience, DT is likely to be useful in interpreting data from
functional and effective connectivity analyses—for example, by posing
constraints on which neural regions are interconnected. Without DTI,
knowledge of the neural connections between different brain regions
must be based on studies with animals and on histological studies on
postmortem human brains, neither of which is ideal for the stuciy_ of
healthy human brains. It may also be possible to use DTI to examine
long-term changes to the neural connectivity berween different brain
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regions associated with specific social-affective disorders (e.g., autism;
Alexander et al., 2007; Barnea-Goraly et al., 2004), or in the study of
the development of the human social brain.

Magnetic Resonance Spectroscopy

Most functional brain imaging studies address changes to the activity
of different brain regions resulting from some experimental manipula-
tion. Magnetic resonance spectroscopy (MRS) is a technique that can be
used to measure concentrations of specific merabolites within the brain,
including N-acetyl aspartate, lactate, creatine, and choline. MRS works
by identifying magnetic resonance peaks at frequencies that correspond
to known molecufar resonances. Because the signal-to-noise ratio of
MRI is low, MRS can currently only be applied to measure molecular
concentrations of a small number of molecules in an a priori selected
region of the brain. For the sensitive imaging of the concentrations of
a different range of molecules across the whole brain, PET is a more
suitable technology. Nonetheless, MRS may find uses in studies where
individual differences in the concentration of a specific neurotransmitter
in a given neural region are thought to underlie some affective behavior
or disorder {see Pitman, Shin, & Rauch, 2001; Steingard et al., 2004,
van Elst et al., 2001).

Summing Ug: How Can fMRI Contribute to Social Neuroscience?

As we have seen in this chapter, IMRI can be applied in numerous ways
to study the neural basis of human behavior. Standard BOLD imaging
can measure increases in brain activation resulting from an experimental
manipufation or corresponding to a specific behavior to within a few
millimeters. Connectivity analyses can inform us about how different
parts of the brain Interact in social perception, expression and behavior.
Many of the weaknesses of fMRI, such as its relative lack of temporal
resolution, can be overcome with clever experimental design or through
combination with other techniques (such as EEG).

As with all relatively new scientific approaches, a great deal of cau-
tion is required in designing, performing, and analyzing fMRI experi-
ments. In particular, résearchers need to be wary of using fMRI for
tMRT’s sake—that is, performing fMRT experiments merely because
the scanner and funding to do so are available. Much of the research
reported in the neuroimaging literature might be criticized on this point.
An experiment that tells us which isolated brain regions are activated in

Functionai Magnetic Resonance Imaging 331

a given task may give us no information at all abour what processes are
involved in that task, or how they are instantiated in the brain.

The problem of “inverse inference,” or inferring process from brain
activation, is also a potential pitfall. For inverse inference to be valid, we
need to know enough about the detailed functioning of a given neural
region to start with, yet this is rarely the case. For example, just because
a particular brain region such as the anterior cingulate is involved in
processing pain, this does not imply that activation of the same region
during some other task must involve pain processing. Far more likely is
thar the anterior cingulate serves some other, more fundamental subpro-
cess of pain processing that might equally be involved in processing any
number of other types of stimuli.

The limitations of fMRI are all the more important to keep in mind
for two reasons. One is the cost of fMRI studies. Researchers (and grant
reviewers) need to ask whether the cost involved in brain imaging stud-
ies is justified by the added scientific value. Is an fMRI replication of a
well-known social psychology experiment justified if the only conclusion
that can be drawn is that “process X resides in the brain” {surely only an
ardent dualist would need brain imaging proof of that), or that “process
X activates regions A, B, and C of the brain” (tefling us little or nothing
about what regions A, B, and C do, except the trivial answer “process
X7)2

The second consideration is the weight that brain imaging findings
seem to carry with the general public, and also parts of the research
community. A recent study (McCabe & Castel, 2008) showed that
experimental findings, when accompanied by brain imaging pictures,
were given more credence than the same study without the fancy graph-
ics. A refated study (Weisberg, Keil, Goodstein, Rawson, & Gray, 2008)
showed that non-neuroscience experts were more likely to accept a
flawed explanation of human behavior when it was dressed up in pseu-
doscientific neuroscientific jargon than when the identical theory was
presented in non-neuroscientific terms. Not only researchers, but also
grant reviewers and journal editors and reviewers, need to keep this
very much in mind, and ask themselves this question: “What does brain
imaging really add to the study in question?”

Despite these limitations, there is much to be optimistic about.
fMRI, when combined with well-thought-out, well-controlled, and
theoretically motivated experimental designs and appropriate comple-
mentary measures, offers researchers an unprecedented tool for under-
standing the brain and all the behaviors it supports. The emerging fields
of social and affective neuroscience promise to bring about a profound
change in our understanding of our social and emotional lives.
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