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ABSTRACT 

Recent theories propose that subtle emotional feelings can guide decision-making 

when insufficient information about the source of those feelings exists. To assess whether 

emotion experiences possess the properties necessary to play this functional role, subjects 

in the present study reported on feelings elicited by visually masked emotional pictures. 

Potential sources of individual differences in the ability to discriminate subtle "gut 

feelings" were also explored. 16 long-term meditators and 18 non-meditators viewed a 

series of pictures with pleasant, neutral, and unpleasant content, both masked and non-

masked, and reported on experienced valence and arousal, while measures of skin 

conductance (SCR), facial electromyography (EMG), and heart rate (HR) were 

simultaneously recorded. Masked emotional pictures did not elicit discriminatory SCR or 

EMG responses. HR discriminated among masked pictures by arousal, but not by 

valence. Both meditators and controls discriminated among masked stimuli in self-

reported arousal, but only non-meditators demonstrated accurate valence discrimination. 

Unpleasant pictures were better discriminated from neutral pictures than were pleasant 

pictures. Ability to detect feelings elicited by masked stimuli was unrelated to heartbeat 

detection ability, cardiac vagal tone, or self-reported attention to emotional states, though 

self-reported emotional clarity predicted better arousal discrimination. It is proposed that 

awareness of emotion experience may involve both a visceral awareness and a non-

visceral awareness of feeling qualities. Long-term meditation practice of the type adopted 

by participants in the present study, with its focus on the former, may reduce access to 

non-visceral feeling states. 
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INTRODUCTION 

Imagine that you face the following choice. You have been offered two jobs: the 

first a research and teaching position at University A, bringing excellent chances of 

advancement, good salary and benefits, and significant opportunities for self-

determination; the second a combined administrative and teaching position at University 

B, offering high status at hiring, good salary, more rigid job description, and excellent 

benefits. Both have high appeal, each representing a step toward separate, but competing 

long-held goals. Which do you choose? 

When selecting between two competing but mutually exclusive options, a rational 

tally of pros and cons often fails to yield a definitive choice. Faced with rational 

indecision, individuals sometimes claim to let "gut feelings" be their guide. One 

explanation for how such visceral influences might mediate decision-making is captured 

in the "somatic marker hypothesis" (Damasio, 1994, Bechara, Damasio, Tranel, & 

Damasio, 1997). According to this hypothesis, our emotions can signal the goodness or 

badness of possible future outcomes, providing inputs to decision-making processes. 

Especially under conditions of uncertainty, it claims, one important source of information 

that guides decisions is the emotional response one has when contemplating a choice. 

Somatic markers, it is argued, may be conscious (operating through "gut 

feelings") or unconscious (operating via physiological signals that bias choice without 

awareness of those signals) (Damasio, 1994). In either instance, the marker involves a 

representation of a bodily state (hence, "somatic") in the central or peripheral nervous 

system. What makes this representation conscious or unconscious may depend on which 



13 

system carries signal, on whether it becomes the focus of attention, or on whether it is 

strong enough to cross the threshold into conscious awareness. For present purposes, the 

important claim, and the motivation for the study reported here, is that, when conscious, 

it is "the valence of the feeling state signified by the somatic marker" that enables us to 

"emotionally" distinguish between good and bad choices (Adolphs, Tranel, Bechara, 

Damasio, & Damasio, 1996, p. 160). 

In order for volitional choices to be made on the basis of gut feelings, there must 

be some sense in which an option's potential goodness is experienced differently from an 

option's potential badness. Presumably, a pleasurable feeling or feeling of incentive 

would signal the decision maker to go ahead with a particular choice, while a feeling of 

displeasure or disincentive would serve as a warning to avoid a given option. Do gut 

feelings possess these sorts of qualities? 

It is an open question whether it is possible to discriminate differently valenced 

feelings in the absence of additional disambiguating information. Certainly, in most 

decision scenarios, aspects of the decision context will trigger explicit emotional 

evaluations that will influence one's ongoing emotional state. Being the notorious 

evaluators that we are, whenever we notice feelings in the course of decision-making, we 

tend to attribute them to some feature of the decision context, unless we have good 

reasons to do otherwise (Clore & Parrott, 1991). But what if the context itself provides 

few attribution targets? There is evidence that even in impoverished decision contexts, 

emotional signals of the goodness or badness of particular choices can nonetheless arise. 

This evidence comes from studies using the "gambling task" (Bechara et al., 1997). In 
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this task, subjects make a series of selections from 4 decks of cards, lined up side by side 

on a table or computer screen. Selections result in mock monetary rewards and 

occasional penalties. A cumulative tally of winnings is provided, and subjects are 

instructed to keep choosing cards until the experimenter tells them to stop. Unbeknownst 

to participants, there are two "good" decks (with small individual rewards, but also lower 

penalties) and two "bad" decks (with larger rewards, but even larger penalties, resulting 

in overall losses when consistently selected). Typically, subjects are unable to mentally 

track these outcomes, due to much sampling across decks and variable payoff schedules 

within decks. Yet despite no perceptual differences between the options, and little 

awareness of the actual contingencies of the game, players develop physiologic responses 

(anticipatory skin conductance responses [SCRs]) when contemplating risky choices, and 

many report experiencing gut feelings (conscious hunches) that certain decks are good 

and others bad. These somatic responses and hunches differentiate players who make 

money in the gambling task (most normal controls) from players (typically neurologic 

patients) who do not. 

Findings such as these have helped form the basis of a theory of emotional 

influences on reasoning, of which the somatic marker hypothesis constitutes a core 

component (Damasio, 1994). Support for this hypothesis derives primarily from two 

independent branches of research. The first, spearheaded by Damasio, Bechara and their 

colleagues at the University of Iowa, involves studies of neurologic patients with both 

emotion processing and decision-making deficits. The second explores the functional 

properties of emotions that are elicited preattentively, i.e. when the subject has no explicit 
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information about their source. The present study is a contribution to this latter line of 

research. Specifically, it explores whether emotional feeling states can be elicited when 

emotional processing is triggered preattentively, and whether such feeling states can be 

differentiated along dimensions of emotional arousal and valence. 

Before the details of the current study take center stage, some conceptual and 

empirical background is required. Due to the complex nature of emotion, and 

disagreements in the literature about what constitutes an emotional state, this introductory 

chapter offers some working definitions and presents an analysis of two important 

features of emotion experience that might influence conscious reasoning: raw feelings 

and reflective conscious appraisals. Feelings and appraisals can be difficult to 

disentangle, but because they may play quite different roles in decision-making, efforts to 

experimentally isolate them are needed. The visual masking paradigm, used in the 

present study, provides a possible solution to this methodological challenge, as it may 

allow emotion experiences to be elicited preattentively, i.e. in the absence of conscious 

emotional appraisal. Findings from prior research on the preattentive elicitation of 

emotion are reviewed, providing both backdrop and motivation for the study reported 

here. 

The Nature of Emotion 

There is no consensus among emotion theorists over the proper definition of 

emotion. Yet most would agree that emotions arise in separate, but often highly 

correlated, response systems. Emotions arise as response cascades that focus attention on 

important enviroimiental stimuli, mobilize behavioral responses, and signal our emotional 
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states to others. From an evolutionary perspective, emotions can be conceived of as 

solutions to the adaptive problem of how to coordinate these multiple response systems in 

the service of important survival goals. Some theorists have argued that the emotional 

feeling state is uniquely designed for this purpose, providing the internal signal that 

coordinates behavior and cognition, promoting adaptive flexibility in an ever-changing 

environment (Tooby & Cosmides, 1990). Presumably, emotional influences on decision

making capitalize on such mechanisms for problem solving shaped over our evolutionary 

history. What are the characteristics of these mechanisms, and what sorts of inputs can 

they provide to decision-making processes? 

For the purposes of this discussion, emotions are viewed as complex phenomena 

involving several distinguishable and often dissociable components, including 

physiologic change, cognitive appraisal, action dispositions, expressive behaviors, and 

subjective experience. Theories of emotion differ as to whether any one or a combination 

of these components is necessary or sufficient to indicate the presence of an emotion. 

Empirically, it has been demonstrated that certain of these components tend to operate in 

synchrony. For example, the activity in certain physiological systems is highly correlated 

with the experience of emotion: electrodermal responses and electrocortical activity co-

vary with experiences of emotional arousal, while facial muscle electromyography, heart 

rate, and magnitude of eye-blink startle reflex co-vary with experiences along a 

dimension of emotional valence (Lang, Greenwald, Bradley, & Hamm, 1993). Yet 

despite strong correlations between emotional self-report and physiology, the action in 

both physiologic and experiential systems is multiply determined, and there are large 
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individual differences in both the degree to which different systems are activated and the 

kinds of stimuli that evoke emotional responses. Moreover, the various components of 

emotion appear to be dissociable in a number of ways. For example, a standard 

emotional regulatory strategy allows us to make conscious emotional appraisals and to 

experience emotion while inhibiting emotional behaviors and expression. In addition, 

numerous experimental studies have demonstrated that we can be physiologically aroused 

by emotional stimuli that we have not consciously appraised (reviewed below). Studies 

with neurologic patient populations indicate that the experience of emotion can remain 

unchanged despite deficits in the physiological systems that index emotional arousal and 

expression (Kaszniak, Nielsen, Rapcsak, & David, 2001; Reid, 2000). Such findings 

underscore the difficulty in establishing the necessary or sufficient conditions for 

inferring the presence of an emotional state. 

Were this situation not complex enough, it turns out that the components of 

emotion listed above also have dissociable elements. Cognitive appraisals may involve 

both nonconscious and conscious evaluations, with certain evaluations made prior to 

others (Scherer, 1999). The physiologic change associated with emotion can be separated 

into multiple response units with separate underlying neural substrates - distinct actions 

in the sympathetic and parasympathetic nervous systems, as well as activity in specific 

central nervous system loci. Expressive behaviors have vocal, facial, and postural 

components. Action tendencies may include both dispositions to act and actual 

behaviors, with independent systems for approach and avoidance (Davidson, Ekman, 

Saron, Senulis, & Friesen, 1990; Davidson, 2000; Cacioppo & Gardner, 1999). Indeed, 
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the very feeling state that characterizes an emotion experience may have multiple and 

dissociable components (See Lambie & Marcel, 2002, for a recent discussion). 

The Subjective Experience Of Emotion 

Not all theorists consider phenomenal experience a necessary feature of emotion, 

but for most people, it is the most central component, adding color and meaning to 

events, relationships, and activities. Two independent approaches exist in the literature 

for classifying emotional states, and these have important implications for any analysis of 

emotion experience. One, the dimensional approach, conceives of emotion experiences 

as varying along two orthogonal dimensions of valence and arousal. Any given emotion 

can be located, on this view, in an affective space described by these dimensions 

(Feldman-Barrett & Russell, 1999; Bradley & Lang, 1994). In contrast, the categorical -

or "basic emotions" - approach emphasizes the unique qualities of discrete emotions like 

fear, anger, joy and sadness (Ekman, 1992; Izard, 1992; Panksepp, 1998, 2000), with 

proponents claiming that a dimensional approach obscures important features of 

emotional states, such as its failure to capture the differences between anger and fear, 

both highly arousing, negatively valenced states. Yet the two approaches may be 

compatible. The experience of any given basic emotion may have both intensity (arousal) 

and hedonic tone (valence) while simultaneously possessing unique phenomenal qualities 

not captured by these dimensions. 

Neither the dimensional nor the categorical view does fiill justice to the rich 

phenomenal nature of emotion, as both fail to account for (a) the relational quality of 
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emotion experiences and how this is manifest in felt action tendencies or dispositions, (b) 

the ways perception and attention are altered by emotion and thereby alter emotion 

experience, or (c) the distinction between the raw "what it is like" phenomenal features of 

emotion (Nagel, 1974) and more reflective conscious cognitive components. While a full 

discussion of each of these aspects of emotion experience is beyond the scope of this 

paper, the latter distinction between raw phenomenality and reflective consciousness will 

be explored further, as it provides a useful framework for further discussion of the 

phenomenal nature of gut feelings. 

The "raw feel" of emotions consists largely in what are typically called feelings 

and desires, many of which have a bodily or visceral component. This raw feeling is 

often accompanied by a cognitive overlay involving conscious thoughts and appraisals. 

Raw feelings and reflective cognitions contribute uniquely and interactively to shape 

current emotion experience. As self-reports of emotion experience are generated when 

reflective cognition is brought to bear on these experience-constituting phenomena, they 

are, by definition, a product of their interaction.' 

Among the contributors to the raw feel of emotions are a variety of visceral and 

somatic changes including the felt qualities of action tendencies and emotion expressions, 

feelings of pleasure and displeasure, a host of bodily sensations associated with the 

arousal of various response systems and presumably linked to discrete physiological or 

neurochemical processes, as well as unique physiologic manifestations of discrete 

' Typically, when asked to report on emotion experiences, people do not make these kinds of distinctions 
and will report on thoughts and feelings, as well as on thoughts about feelings and feelings about thoughts. 
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emotions? Additionally, a non-exhaustive list of non-bodily feelings includes unique 

qualia associated with specific emotions, as well as sensations of mental arousal, 

experiences of heightened or narrowed attention, felt changes in the temporal or 

relational properties of sensory qualia, specific perceptual imagery in any sensory 

channel, and cognitive feelings like uncertainty or conviction.^ (See Lambie and Marcel, 

2002, for a recent discussion of some of these features.) 

In most cases, the apprehension of a feeling state is accompanied by a variety of 

reflective cognitions that contribute to shaping the emotion experience. These include, 

but are not limited to, a reflective apprehension of the raw feeling state, the conscious 

appraisal of the eliciting stimulus in terms of one's own goals, needs, and coping 

resources, and reappraisals of the eliciting event as well as of the experience itself 

throughout the course of an emotion episode. These appraisals are often accompanied by 

conscious efforts to control or regulate the emotional state. Additional, non-evaluative 

thoughts may also arise in the course of an emotion episode, and these may or may not 

properly constitute components of the emotion experience. 

How raw feelings and reflective cognitive consciousness interact to shape 

emotion experience is only partly understood. One way in which cognition can shape 

experience is by focusing attention on particular features of that experience, either 

deliberately or as the result of some non-conscious attentional bias. For example, 

^ Panksepp (1998) has outlined discrete neurochemical circuits that, he argues, differently combine to 
create the feeling states associated with particular basic emotions. The extent to which the feeling states 
these give rise to are experienced as bodily sensations or as non-bodily qualia has not, to my knowledge, 
been explored. 
^ Non-bodily feelings will likely have features of being embodied, as when auditory imagery feels as if it is 
experienced in the ear or in the head, but these embodied features should be distinguished from bodily 
sensations that have a clear visceral component, such as a pounding heart, a quickening of the breath, etc. 



21 

feelings and cognitions interact in processes of deliberate emotion regulation (Gross, 

2002), as when one tries to control an angry outburst by reminding oneself of the possible 

deleterious consequences. Interactions between cognition and feelings can also be 

subject to influences outside of one's conscious control, as when a positive mood state 

results in more flexible cognitive processing (Isen, 2000), or when a strong visceral drive 

leads to behaviors that would, in more rational moments, be considered unwise 

(Loewenstein, 1996). Interactions between feeling states and reflective cognition are also 

thought to lie at the root of some psychopathologies. In anxiety, automatic biases in the 

processing of negative environmental stimuli are believed to give rise to emotional 

arousal preattentively, leaving the subject in the grip of fear before the eliciting stimulus 

can be consciously appraised, so that evaluations of the stimulus are exaggerated by the 

already present bodily state (Ohman & Soares, 1998). In contrast, in depression, failure 

of selective (conscious) attention to actively disengage from negative thoughts may lead 

to maintenance of an already sad mood state (Hertel, 2002; Joormarm, in press). 

As the foregoing suggests, the measurement of emotion experience poses 

particular challenges to the researcher. At any given moment, any one or a subset of 

these features of experience may be the focus of attention and available for self-report. 

Thus, open-ended descriptions of emotion experience would tend to be unreliable 

indicators of the presence or absence of specific features of raw emotional 

phenomenality, which may go unnoticed if attention is not directed to them.'^ This 

Such reports can, however, provide a window onto individual differences in attentional focus, the salience 
of particular aspects of experience for specific discrete emotions, and the amenability of different aspects of 
experience to self report. 
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circumstance highlights one distinct advantage of taking a dimensional approach to the 

measurement of emotion experience, namely, the ability to constrain self-reports to 

specific dimensions along which experiences are known to vary. Moreover, the 

dimensions of valence and arousal have the added advantage of being reliably correlated 

with physiological measures, and of constituting the two factors that account for a 

majority of the variance in affective judgments of emotional words (Osgood, Succi, & 

Tarmenbaum, 1957; Russell, 1980). And from a decision-making perspective, there is 

good reason to think that these dimensions capture features of emotion that might be 

functionally useful to a decision maker. Arousal might signal the degree of importance 

or self-relevance of an option, while valence might signal whether one ought to approach 

or avoid that option, or whether a particular outcome is beneficial or harmful to one's 

interests. Thus, while few would maintain that the dimensions of valence and arousal are 

all there is to the experience of emotion, they nonetheless provide a useful starting point 

for examining the functional properties of emotion experience. 

Despite much reliance on dimensional ratings in the study of emotion, the 

inferences subjects use when providing reports along these dimensions are poorly 

understood. Do subjects make ratings on valence and arousal dimensions based on a 

read-out of their raw phenomenal states? Or are reflective processes engaged, whereby 

feelings are interpreted, evaluated, or inferred through a filter of cognitive appraisal 

before being reported? 

In one of the earliest psychological theories of emotion, William James 

(1994/1894) proposed that emotion experience was the direct readout of physiological 
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changes in the body. Over half a century later, Schachter and Singer (1962) proposed a 

modification of this view, suggesting that the valence of an emotion experience is an 

interpretation imposed upon a raw, but perhaps undifferentiated, emotional feeling state 

(a state of physiological arousal), by reference to information in the stimulus context. 

Despite a long history of discussion of these questions within psychology, issues 

regarding the phenomenal and cognitive origins of reported emotion experience remain 

under-explored. 

More ink has been spilt on cataloguing the number of ways in which self-reports 

might be unreliable (e.g., the reconstructive nature of memory for experience, the 

influence of attentional biases on reports, demand characteristics, and so forth), than 

attention has been paid to the phenomenality of emotion itself and to validating our 

standard measures of emotion experience based on subjects' reports. As a result, though 

with notable exception (Lambie & Marcel, 2002), the literature on the nature of emotion 

experience continues to produce modifications of these rather under-specified theories 

about emotion dimensions and the relations between emotion, physiology, and cognition. 

Methods for separately exploring the nature of the unique components of emotion 

experience would greatly contribute to our understanding of emotion phenomenality. 

Can we experimentally measure the nature of raw emotion experience? While 

reported experience is always, by definition, the object of reflective cognition, is it 

possible, by instruction or experimental manipulation, to limit the influence of conscious 

appraisals on experience reports? For a true test of the hypothesis that raw feelings play 

functional roles in behavior and decision-making such an assessment is required. 
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The Origin of Valence Judgments 

A series of studies in the laboratory of Alfred Kaszniak at the University of 

Arizona has examined the nature of emotion experience in neurologic populations and 

adult controls, and attempted, by instruction, to encourage self-reports uncontaminated by 

demand characteristics and reflective appraisals. Typically, subjects viewed a series of 

emotional pictures from the International Affective Picture System (Center for the Study 

of Emotion and Attention, 1999) and reported their experiences on scales of valence and 

arousal while physiologic measures were simultaneously recorded. Efforts were made to 

focus attention on the phenomenal qualities of experiences through instructions 

emphasizing the possibility of remaining emotionally unaffected by highly salient content 

while at other times unexpectedly experiencing strong feelings to mild stimuli. The 

emphasis was placed on gaining information about subjects' actual experiences, rather 

than their reflective evaluations of the scenes, regardless of the form those experiences 

took. Findings from one such study indicated that despite deficits in the involuntary 

generation of emotional facial expressions - frequently considered key indices of 

underlying emotional states - individuals with Peirkinson's disease report experiencing 

emotions with the same intensity and hedonic quality as normal controls (Reid, 2000). In 

related findings, patients with bilateral lesions to the ventromedial prefrontal and anterior 

cingulate cortices - areas believed to be central to the generation of emotional feeling 

states by virtue of their connections to circuitry for the elicitation of emotional arousal -

also reported emotion experiences that did not differ from those of normal controls, 

despite failure to generate measurable SCRs to the emotional stimuli (Kaszniak et al., 
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2001). These latter results are surprising when viewed in the light of other findings. 

Researchers at the University of Iowa have also demonstrated that patients with damage 

to the ventromedial frontal cortex show deficits in the generation of the skin conductance 

responses to emotional scenes (Tranel & Damasio, 1994), yet case study findings suggest 

that lesions to these areas simultaneously abolish the feelings associated with viewing 

such pictures (Damasio, Tranel, & Damasio, 1990). These same patients also perform 

poorly on the gambling task described earlier, failing to develop anticipatory SCRs or 

conscious hunches when contemplating risky choices (Bechara et al., 1997). Deficits in 

these patients are hypothesized to arise from their inability to incorporate emotional 

information in their decision-making, leading to disastrous consequences in both personal 

and financial matters (Damasio, 1994; Adolphs, et al., 1996). 

Why, despite lesions to these crucial prefrontal areas thought to mediate the 

experience of emotion, do the patients studied by Kaszniak and colleagues (2001) still 

report emotion experiences in the normal range? Perhaps instructional manipulations 

alone are insufficient to reduce or remove the influence of reflective cognition on 

emotional self-report. Vivid emotional scenes evoke an "accepted meaning" that may 

provide a coloring to subjective reports that is not truly "experiential," though 

participants unsophisticated at reporting on emotion experiences might not easily make 

this distinction. Even in the absence of genuine raw emotional phenomenality, these 

emotional knowledge schemes may be automatically accessed and used to inform ratings 
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on the valence and arousal scales (as true for normal controls as for patients).^ In the 

Kaszniak et al. (2001) study and others using similar methods, it is difficult to untangle 

the contribution of cognitions about emotional knowledge from the contribution of raw 

phenomenal components of the elicited emotion. 

The Preattentive and Non-reflective Elicitation of Emotion 

If instructional manipulations are insufficient at eliciting reports on raw emotional 

phenomenality, perhaps experimental manipulations offer a solution. A number of 

studies have employed the visual masking paradigm to eliminate conscious cognitive 

evaluation of an emotional stimulus in order to explore the properties of unconsciously 

elicited emotion. This same method may enable us to separate the cognitive and raw 

phenomenal contributions to emotion experience ratings. Findings from research on 

preattentive emotional processing - reviewed here - offer some insights into the nature of 

raw phenomenal states and how they may influence choice and decision-making. But, it 

will be argued, they leave important questions unanswered. 

There are at least two ways in which preattentive emotional processes might 

influence behavior and decision-making. First, this influence could occur entirely 

without awareness of either the stimulus or the subsequent emotional response, e.g., a 

physiological change resulting in an emotional bias on behavior. Alternatively, 

' Assuming, for the moment, that the patients in these studies do have experiential deficits, but that their 
reports simply fail to reveal them, what might explain such a failure? Because social convention often calls 
upon us to endorse feelings congruent with accepted emotional meanings, patients may not experience 
reports derived exclusively from these knowledge schemes as lacking in emotional quality. It is also 
possible that patients have anosagnosia for their experiential deficit such that the distinction between 
emotional knowledge and emotion experience is no longer meaningful to them. 



unconscious processing of an emotional stimulus could give rise to a feeling state, which 

is then referenced when making a choice. Several lines of research are reviewed below 

that provide evidence for both sorts of effects. Most of this research makes use of visual 

masking to elicit emotional processing without awareness of the eliciting stimulus. 

In visual masking paradigms, an emotional stimulus (typically a picture or a 

word) is presented very briefly (usually for less than 50 ms) and is followed - and 

sometimes also preceded - by a visual mask that blocks the conscious perception of the 

target stimulus. Despite no conscious awareness of the stimulus, its brief presentation 

may allow for "preattentive" analysis of its emotional significance, triggering further 

emotional processes. This paradigm removes the primary contextual cues that might lead 

to evaluations of emotional meaning based on knowledge or past experience. Therefore, 

any measurable effects of the stimulus are assumed to be mediated by processing that 

occurs outside awareness. If emotion experiences can be elicited by these means, self-

reports of those experiences should be unbiased by conscious emotional knowledge or 

appraisal. 

Affective Primacy 

According to the affective primacy hypothesis (Zajonc, 1980), affective stimulus 

properties are rapidly processed and can exert global effects on judgment and behavior 

without the intervention of cognitive inferences or conscious awareness. Tests of the 

affective primacy hypothesis have tried to block conscious awareness of affective 

influences in two primary ways. The first involves repeatedly exposing subjects to 

unfamiliar novel stimuli, without their awareness of the degree of exposure. This 
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manipulation results in increased liking of stimuli to which one has been repeatedly 

exposed - an effect aptly termed the 'mere exposure effect.' Typically, large numbers of 

random polygons or other unfamiliar stimuli are presented. Subjects, though unable to 

accurately recognize stimuli as old or new, nonetheless prefer old to new items. The 

mere exposure effect has survived a number of replications using different classes of 

stimuli and different cultural populations. It has also been demonstrated when initial 

exposures to stimuli were subliminal (Kunst-Wilson & Zajonc, 1980). 

Very brief (subliminal) stimulus presentations have been the key manipulation in 

the second series of studies testing the affective primacy hypothesis. In one study. 

Murphy and Zajonc (1993) asked subjects to rate a series of neutral Chinese ideographs 

that were preceded by 4 ms exposures of negative and positive facial expressions. Under 

these presentation parameters, positive facial expressions increased liking and negative 

expressions decreased liking of the ideographs. Similarly, these expressions influenced 

judgments of whether the ideograph represented a pleasant or unpleasant noun. In 

contrast, when the faces preceding the ideographs were presented for a full second, 

allowing conscious awareness, judgments were influenced in the opposite direction, as if 

subjects were trying to overcompensate for what might have appeared as an attempt at 

manipulation of their judgment. In a later study. Murphy, Monahan, and Zajonc (1995) 

demonstrated that such nonconsciously elicited affect additively combines with 

influences of repeated mere exposure in biasing preference judgments. 

Of relevance to research on emotion and decision-making, these findings 

demonstrate that masked emotional primes can exert bivalent, albeit implicit biases on 
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judgment. They do not, however, fully reveal the mechanisms behind that bias. Murphy 

and colleagues (1995) have proposed that both sorts of manipulations (priming and mere 

exposure) give rise to affect for which there is no awareness of the source, affect which is 

"diffuse" and nonspecific, i.e. it has no dedicated object, and which arises without 

cognitive appraisal of the eliciting stimulus. As such, it may, under certain 

circumstances, come to be attached to other objects in the environment. Importantly, 

Murphy and colleagues argue, the bivalent effects of emotional primes on preference 

judgments demonstrate that nonconsciously elicited affect, like conscious emotion has 

valence. However, because subjects are not queried about their ongoing experiences in 

these tasks, what these studies do not show is whether such nonconsciously generated 

affect gives rise to valenced feeling states, or whether it merely generates evaluative 

dispositions that are not consciously apprehended. 

It is one thing to say that emotional states are valenced - quite another to say 

that emotional feelings have hedonic tone (Lambie and Marcel, 2002). Valenced states 

may give rise to dispositions, influence attention, or alter cognition fully outside of 

awareness. States with hedonic tone (pleasurable or unpleasant states, or felt impulses to 

approach or avoid) have, by definition, an experienced quality. Do preattentive 

manipulations of affect give rise to experiences, or merely to valenced dispositions? 

The idea that emotion does its decision-biasing work through the feeling state is a 

core component of the feelings-as-information hypothesis (see for example, Schwarz and 

Clore, 1988; Clore and Parrott, 1991). According to Clore and Parrott (1991), emotion 

experience - like other types of experience (bodily or cognitive) - provides specific 



30 

experience - like other types of experience (bodily or cognitive) - provides specific 

information to decision-making. Emotion experience is the output of our appraisal 

system, indicating the significance that events hold for us. While we may be mistaken 

about the causes of our experience (e.g., if the appraisals are unconscious or we attribute 

our experiences to the wrong features of the environment), as long as the experiences are 

deemed relevant to the decisions that need to be made, they will influence those 

decisions. 

To test whether affective priming gives rise to feelings, Winkielman, Zajonc, and 

Schwarz (1997) capitalized on findings from the feelings-as-information research 

demonstrating that subjects will disregard the influences of irrelevant feelings on 

judgment when they are made aware of the actual causes of those feelings. These 

researchers pitted the feelings-as-information hypothesis (that the conscious feeling of 

emotion informs judgment) against the affective primacy hypothesis (that unconscious 

emotional biases, not consciously accessible, bias judgment) in two studies, using 

adaptations of the subliminal affective priming paradigm of Murphy & Zajonc (1993). In 

the first study, when subjects were told that subliminal primes might lead them to have 

pleasant or unpleasant experiences, the researchers found no evidence of correction of 

liking judgments, as would have been predicted by the feelings-as-information 

hypothesis. In the second study, a more salient misattribution manipulation - the playing 

of mood music (explicitly labeled positive or negative) - was used. In both studies, 

preference judgments of neutral stimuli were still influenced by affective primes, even 



31 

Though these findings suggest that the affective primes were not eliciting 

feelings, there are several reasons why this conclusion may be unwarranted. First, it is not 

clear that any conscious affect elicited by 4 ms primes would be strong enough to survive 

the kind of reappraisal needed when discounting one's feelings. For example, in the first 

study, subjects were sometimes pitting influences of negative primes against expectations 

of positive experiences. As the authors note, "even if subjects discerned their affective 

reactions, they may have felt confused or overwhelmed by the attributional arithmetic 

required from them" (p. 450). Alternatively, subliminal affective stimuli might influence 

conscious emotion experience in subtle ways that naive subjects are not used to noticing. 

Such subtle influences on feelings might not be easily detectable against the background 

noise of the music manipulation in the second study. Notably, subjects in the 

Winkielman et al. (1997) study only reported on whether or not they had noticed any 

emotion experiences after the experiment. Had they been asked to assess their 

experiences trial by trial, and been given scales on which to rate those experiences, they 

might have demonstrated greater sensitivity to any experiences that might have been 

present. Indeed, one should not assume that memory for a subtle experience is long-

lived. It may be abolished well before the end of the experiment. 

Although not directly addressing the question of whether emotional primes can 

preattentively bias feeling states, a recent study of the subliminal mere exposure effect by 

Monahan, Murphy, and Zajonc (2000) is relevant to the issue of whether feeling states 

can be elicited by stimuli processed outside of awareness. The researchers tested whether 

mere repeated subliminal exposure to neutral pictures would influence preference 



can be elicited by stimuli processed outside of awareness. The researchers tested whether 

mere repeated subliminal exposure to neutral pictures would influence preference 

judgments by elevating the mood of the individual. Subjects saw either repeated or 

individual subliminal presentations of unfamiliar Chinese ideographs, and reported their 

current mood on scales from neutral to smiling (pictorial scale), happy to sad, and upbeat 

to depressed (verbal scales). The researchers found that subjects exposed to repeated 

subliminal presentations of the ideographs reported more positive moods than those 

exposed to single presentations. In addition, this positive affect appeared to have the 

kinds of diffuse and undedicated characteristics described by Murphy et al. (1993), as 

preference ratings of old, similar, and novel stimuli were all higher for subjects who saw 

repeated presentations compared to those who saw individual presentations. 

In sum, tests of the affective primacy hypothesis have demonstrated the ability of 

preattentively processed stimuli to bias emotional judgment in both a positive and 

negative direction. While it remains unknown whether subliminal affective priming does 

its v/ork by altering feeling states, there is good evidence that repeated exposure to a 

stimulus may increase positive mood. This univalent effect of repeated exposure on 

emotion experience is suggestive, and presents a useful counterpoint to the findings 

presented below using visual masking paradigms to demonstrate the ability to 

preattentively process negative emotional material. 

Unconscious Mechanisms for Threat Detection 

In an elegant series of studies, Arne Ohinan and colleagues employed a visual 

masking paradigm to demonstrate the abilit;' of fear-relevant stimuli to evoke phobic 



responses preattentively (see Ohman, Flykt, & Lundqvist, 2000, for a review). These 

studies capitalized on Seligman's notion of "biological preparedness" (Seligman, 1970), 

the idea that a species' phylogenetic evolutionary history results in innate dispositions to 

develop strong conditioned responses to certain classes of stimuli. For humans, this class 

is thought to include snakes, spiders, high places, and other stimuli that might have been 

associated with dangers in our evolutionary past. Though strong aversive reactions to 

such stimuli are not necessarily adaptive in our advanced technological society, when a 

person's conditioning history is such that these stimuli have been associated with 

extremely aversive events, an otherwise normal and protective response might become 

pathologic. Taking Seligman's ideas into the clinical laboratory, Ohman and colleagues 

sought to explore the unconscious mechanisms underlying phobia and anxiety. 

In one study, Ohman & Soares (1994) exposed subjects scoring high on measures 

of snake or spider phobia to backwardly masked and non-masked pictures of snakes and 

spiders. In snake phobics, masked snake pictures elicited larger SCRs compared to 

masked spider or neutral pictures, mirroring responses in the non-masked condition (for 

subjects scoring high in spider phobia this pattern was reversed). In another study 

(Ohman & Soares, 1993), non-phobics who had been aversively conditioned to one or the 

other class (snakes/spiders) of fear relevant stimuli showed a similar pattern of 

responding. Subsequent to conditioning, subjects' SCRs differentiated between the 

aversively conditioned and non-conditioned fear-relevant stimuli in both the masked and 

non-masked conditions. Similar effects were not found when non-fear-relevant stimuli 

such as flowers and mushrooms were used as the conditioned stimuli. In a third study 
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(Ohman & Scares, 1998), aversive shocks were associated with masked presentations of 

the fear-relevant stimuli in the acquisition phase of the experiment, and, despite no 

awareness of the CS-UCS contingency, SCRs to aversively-conditioned stimuli presented 

masked during the extinction phase were larger than to non-conditioned stimuli, in line 

with earlier findings (Ohman & Scares, 1993, 1994). 

According to Ohman and colleagues (2000), these findings provide strong support 

for the claim that we are "biologically prepared" to respond quickly and preattentively to 

emotionally relevant — in particular, fear-relevant — stimuli. Presumably, this 

preparedness has automated the emotional response such that full conscious analysis of 

the stimulus is not required for other aspects of the emotional response to be triggered. 

However, under non-experimental circumstances, the triggering of these other aspects of 

emotion should focus attention on the fear-relevant stimulus, allowing for full cognitive 

appraisal and strategic response. These studies nicely demonstrate how the physiologic 

aspects of a phobic response can be engaged before conscious stimulus processing 

begins, resulting in the kind of lack of voluntary control that is so typical of phobias 

(Ohman & Soares, 1993). Ohman and colleagues (2000) propose that masked fear-

relevant stimuli rapidly elicit these fear-like responses by accessing the "Quick and 

Dirty" routes, identified by LeDoux (1996) in studies on rats, involving direct projections 

from the thalamus directly via the amygdala to fear response effectors, bypassing cortical 

circuits for conscious stimulus evaluation. 

Subjects in experiments by Ohman and Soares (1994, 1998) also rated their 

experienced arousal and valence to both masked and non-masked stimuli. Subjects were 
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able to discriminate between neutral and emotional (negative, fear-eliciting) stimuli on 

both valence and arousal dimensions in both conditions. Unfortunately, since these 

studies employed only negative and neutral stimuli, valence information is confounded 

with arousal information, and it is impossible to determine whether subjects were really 

experiencing unpleasantness, or just heightened arousal. Moreover, in the context of a 

study in which electric shocks are administered, arousing states might always be 

interpreted as aversive or unpleasant. 

In the 1998 study, Ohman and Soares also had subjects rate their "shock 

expectancy" in the acquisition phase of the experiment, when stimuli were visually 

masked. Subjects were, on average, able to predict shock above chance, presumably 

using feedback from their physiologic conditioned response. Though some subjects were 

better than others at predicting shocks, these good shock anticipators had neither larger 

SCRs to conditioned stimuli, nor greater physiologic differentiation between conditioned 

and non-conditioned stimuli than poor shock anticipators. This finding raised the question 

of whether some independent subject characteristic predicted sensitivity to impending 

shock. Perhaps, the researchers speculated, good shock predictors were just better at 

reading the very subtle physiologic signals generated by exposure to the masked 

conditioned stimuli. To address this question, Katkin, Wiens, and Ohman (2001) 

replicated the Ohman and Soares (1998) study and included a measure of visceral 

perception - the heartbeat detection task - a task in which participants determine whether 

a series of tones is played in or out of rhythm with their own heartbeat. The researchers 

predicted that subjects who were better heartbeat detectors would also be better at ratings 
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of shock expectancy, due to the reliance of both tasks on some common visceral 

perception ability. Indeed, they found that good heartbeat detectors made more accurate 

shock expectancy ratings, suggesting that they have better skill at detecting subtle 

physiologic changes associated with preattentively signaled potential aversive outcomes. 

The researchers proposed that heartbeat detection ability might index awareness of "gut 

feelings" of impending negative consequences. This finding motivated inclusion of the 

heartbeat detection task in the present study. Once again, however, because Katkin et al. 

(2001) used exclusively negative, fear-relevant stimuli, the jury remains out on whether 

valence information was available in the experiential signal and whether positive stimuli 

have similar signaling properties. Part of an answer to this question comes from studies 

employing the visual masking of emotional facial expressions. 

Preattentive Analysis of Faces 

Like phobic stimuli, facial expressions of emotion have features that convey 

important adaptive information - signaling the intentions and mental states of others or 

the presence of dangers in the environment. Hansen and Hansen (1988) provided an 

early demonstration that attention was easily captured by emotional expressions. When 

subjects in their study were instructed to respond whenever they detected an angry or 

happy face in a display of neutral faces, reaction times were faster for angry faces, 

regardless of the total number of faces in the display. Later findings that subjects can 

identify happy faces more rapidly than sad faces suggest that attentional biases in 

emotional facial expression perception are bivalent (White, 1995). 
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To explore whether these attentional biases result from preattentive processing of 

emotional facial expressions, Esteves, Dimberg, and Ohman (1994), using the paradigm 

developed by Ohman and Scares (1993), conditioned responses to happy or angry faces 

with aversive shock, and explored whether subjects discriminated physiologically 

between the conditioned and the non-conditioned stimuli, when these were presented 

backwardly masked. While masked aversively conditioned angry faces gave rise to 

SCRs, happy faces did not. This finding could be taken as further support for the view 

that fear-relevant stimuli possess special features that are processed preattentively, 

whereas positive stimuli do not. But, as the investigators note, trying to link a positive 

stimulus with an aversive unconditioned stimulus may violate important principles of 

biological preparedness - perhaps we caimot be aversively conditioned to positive 

stimuli. 

However, under other conditions, positive expressions do appear to activate 

emotional processes preattentively. In a series of studies, Ulf Dimberg and colleagues 

(Dimberg, 1982; Dimberg, 1990; Lundqvist and Dimberg, 1997) have demonstrated that 

subjects respond with distinct facial electromyographic (EMG) response patterns to 

differently valenced emotion expressions, experience emotions that correspond to the 

expressions viewed, and are physiologically aroused by facial stimuli. Specifically, there 

is increased activity in the zygomatic major muscle (in the cheek area, involved in 

smiling) in response to happy faces, and increased activity in the corrugator supercilii 

muscle (above the eyebrow and used in drawing the brows together in a frown) in 

response to angry faces. These reactions occur as early as 500 milliseconds after seeing 
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an emotional facial expression (Dimberg, 1997). Dimberg (1988) has argued that the fact 

that these responses to facial expressions in others occur spontaneously and rapidly 

suggests that they derive from innate affect programs. 

Recently, Dimberg, Thunberg, and Elmehed (2000) observed distinct facial 

muscle reactions to backwardly masked 30 ms presentations of differently valenced 

emotional facial expressions. Three groups of subjects participated in the experiment. 

One group saw happy faces masked by a neutral face, another group saw angry faces 

masked by a neutral face, and a third group saw one neutral face masked by another 

neutral face. EMG activity from the corrugator supercilii and zygomatic major muscle 

groups was measured. Differential, bivalent effects of the emotional faces were 

observed, even though those stimuli were processed outside of awareness. Subjects in the 

happy-neutral condition showed larger zygomatic major muscle activity than the angry-

neutral group, with the neutral-neutral group falling in between. Corrugator supercilii 

activity for the angry-neutral group was greater than for the happy-neutral group, with the 

neutral group again falling in between. While these distinct facial reactions tend to be 

correlated with the experience of emotional valence when subjects are aware of the 

stimuli (Lundqvist and Dimberg, 1997), subjects in the Dimberg et al. (2000) study were 

not asked whether they felt the emotion corresponding to their facial response, leaving it 

undetermined whether emotion was consciously experienced in response to these masked 

facial expressions. 



39 

Other Evidence for Bivalent Effects of Masked Stimuli 

Recent neuroimaging and human lesion studies have provided evidence that the 

amygdala plays an important role in the preattentive processing of facial expressions of 

emotion (see Dolan & Vuilleumier, 2003, for a recent review). For example, it has been 

shown that the amygdala is activated in response to backwardly masked, aversively 

conditioned angry faces (Morris, Ohman and Dolan, 1998), as well as when masked 

happy or angry faces are presented without prior conditioning (Whalen et al, 1998). 

Whalen and colleagues (1998) observed that happy faces led to decreases in right 

amygdala activation, whereas angry faces led to increases, suggesting that both sorts of 

expressions are processed preattentively. As in the studies reviewed above, emotion 

experience to the masked faces was not assessed in these studies. 

Recently, Wong and Root (2003) employed the affective priming paradigm of 

Murphy and Zajonc (1995) using happy and sad (rather than happy and angry) faces. 

They found bivalent effects of primes on preference judgments of neutral Chinese 

ideographs, with stronger effects for happy than sad faces under brief exposure durations, 

as well as bivalent priming effects in the above threshold condition, providing strong 

evidence that positive facial stimuli can influence emotional processing preattentively. 

One behavioral study that did assess emotion experiences after exposure to 

masked stimuli was conducted by Robles, Smith, Carver, & Wellens (1987) who inserted 

positive, negative, or neutral frames into three separate, but otherwise identical videos of 

a woman walking through a forest. Robles and colleagues found a bivalent effect of 

video on state measures of self-reported anxiety, suggesting that viewing the video 
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altered emotion experience. The film containing negative frames of threatening or 

violent stimuli elicited higher anxiety, while that containing humorous, positive frames 

elicited lower anxiety than the neutral film. While positive experiences were not directly 

assessed, these bivalent effects on anxiety ratings suggest that the experience following 

the positive primes was qualitatively different from that following the negative or neutral 

primes. 

Summary of Prior Research and Goals for the Present Study 

The visual masking methodology has been a useful tool in the investigations of 

preattentive emotional processes. While masking studies create a highly artificial 

environment for the elicitation of emotional responses, they enable one to experimentally 

control the influences of conscious cognition on the measurements of interest. With little 

or no possibility for reflective, conscious, cognitive appraisal of the emotional stimulus, 

any change in physiologic responding, judgment, or emotion experience that arises as a 

function of the valence of the emotional stimulus can be assumed to arise from the 

automatic activation of emotional processes based on a rough, preattentive analysis of 

stimulus features. 

The research reviewed above lends considerable support to Zajone's affective 

primacy hypothesis that emotional features of stimuli can be processed preattentively and 

give rise to emotional processing without the participation of reflective, conscious 

cognition. Such preattentive emotional processing can be measured in implicit biases on 

judgment and behavior, as well as in the physiologic channels that support emotional 



responding. These effects have been demonstrated with both negative (e.g., fear-relevant 

animals) and positive (e.g. happy faces) stimuli. Limited evidence has been presented 

suggesting that preattentively elicited emotion may give rise to experiences of being not 

only emotionally aroused, but aroused in a particular way. People rate their experiences 

of masked aversively conditioned stimuli as more negative and more arousing than 

experiences to non-conditioned masked stimuli (Ohman & Soares, 1994; 1998), report 

experiencing more anxiety when masked aversive stimuli versus positive masked stimuli 

are shown (Robles et al., 1987), and report more positive moods when exposed to 

repeated presentations of masked unfamiliar neutral stimuli (Monahan et al., 2000). 

There may also be individual differences in the ability to consciously experience 

changes in emotional states resulting from preattentive emotional processing. Good 

heartbeat detectors are better than poor heartbeat detectors at anticipating shocks 

associated with masked stimuli to which they are being aversively conditioned, 

presumably because their heightened visceral perception abilities make them better 

attuned to subtle "gut feelings" (Katkin et al., 2001). No study to date, however, has 

assessed whether the emotion experiences resulting from masked presentations of 

pleasant and unpleasant stimuli can be distinguished from those elicited by neutral stimuli 

in terms of both arousal and experienced positive or negative emotion. As argued above, 

such discriminations along a dimension of emotional valence would be crucial if these 

kinds of experiences are to play a functional role in influencing volitional choice. 
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The Present Study 

The aim of the present study was to discover whether there is a difference in the 

feeling of good (go for it) and bad (avoid it) gut feelings, or whether experiencing 

differently valenced feeling states requires some further cognitive evaluation, e.g. a 

conscious appraisal of the eliciting stimulus. The study employed a visual masking 

paradigm for the presentation of emotionally evocative stimuli to create a condition in 

which emotion experiences may be elicited in the absence of conscious stimulus 

appraisal, and compared responses in this condition with those under normal viewing 

parameters. Measures of both self-reported emotion and emotional physiology were 

included. In response to masked stimulus presentations, differentiation as a function of 

emotional stimulus valence on either of these measures would be considered evidence of 

preattentive emotional processing. 

With regard to self-reported emotion experience, it was predicted that when 

attention is focused on emotion phenomenality on a trial-by-trial basis, subtle changes in 

experienced valence and arousal might be detected that have gone unobserved in previous 

investigations. To better test participants' discrimination abilities, the present study 

examined responses to stimuli at both ends of the valence dimension for which there 

might be a biological predisposition to respond emotionally. 

As noted above, reports of experienced emotional arousal correlate with skin 

conductance responses (SCRs), while reports of experienced valence correlate with 

changes in heart rate (HR) and the activity of the facial muscles (as measured by facial 

EMG) (Lang, Greenwald, Bradley, & Hamm, 1993). In contrast with other investigations 
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that have separately assessed experience and physiologic arousal, the present study 

combined physiological and self-report measures in each trial. It was hoped that in this 

way, it would provide evidence about the extent to which these components of emotion 

are dependent upon conscious cognitive or evaluative processes and the extent to which 

they can be dissociated from these conscious processes and from one another. 

Finally, this study examined whether training in attending to emotion experience, 

or individual differences on various measures of emotional sensitivity, predict the ability 

to discriminate between subtly different emotional feeling states. It was hypothesized 

that participants who (a) have training in attention to features of their emotion experience 

(as exemplified by long-term meditation practice), (b) are high in self-reported emotional 

awareness, (c) have good visceral perception abilities (as measured by the heartbeat 

detection task), and (d) have high cardiac vagal tone, will be better able to make such 

discriminations than their non-meditating, low awareness, poor visceral perception, and 

low cardiac vagal tone counterparts. 

Attentional Training and Emotion Experience 

It is often only in poetry and literature that we find descriptions of emotion 

phenomenality that truly resonate with our own experience. These rare literary encounters 

give us pause, eliciting both awe and gratitude at the writer's ability to express the 

inexpressible. Unlike poets, the average person usually lacks expertise in describing the 

fine phenomenal detail of his or her emotions. Everyday discussion of emotion typically 

serves a functional purpose, rendering vivid descriptions of discrete phenomenal 

characteristics superfluous. Emotions tend to be described as motives - for seeking 



restitution, facilitating social bonding, expressing sympathy - dispositional states that 

serve to justify thoughts and behaviors. A bit of phenomenal description can be useful 

for emphasis (e.g., "I was so angry at him, I thought I would explode"), but excursions 

into the poetic are likely to raise eyebrows and may even be considered pathological. 

The inclusion of long-term meditators in this project was motivated by concerns 

about the ability of participants to report on emotion experiences to which they may not 

typically attend, and for which they have no ready vocabulary. Long-term meditators in 

particular meditation traditions engage in a practice in which they focus their attention on 

subtle changes in the stream of consciousness, including changes in bodily states, images, 

and thoughts that accompany emotional episodes (Young, 1999). Indeed, Vipassana, or 

"mindfulness" meditation training requires practitioners to identify the discrete 

components of their feelings and experiences, and to attend to the way that these 

components combine to produce emotional reactions (Nyanaponika, 2000). Zen 

meditation practitioners do not share this specific focus on emotion, but their training 

typically involves similar practices such as breathing meditations, which draw attention 

to the body, and attentional training techniques, which aim to heighten the precision and 

focus of awareness. To determine whether attentional training improves awareness of 

subtle differences in feelings of valence and arousal, a group of 16 long-term meditators 

from the Vipassana and Zen traditions were enrolled as participants in this study. It was 

predicted that individuals with long-term meditation practice would exhibit skill in 

discriminating their emotion experiences along the dimensions of experienced valence 

and arousal, even when lacking contextual cues for evaluating those experiences. Such 
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Individual Differences in Emotion Experience and Emotion Regulation 

Individuals also differ in the degree to which they are aware of their emotions and 

in the kinds of emotional regulatory processes they employ. Individual differences in 

emotion awareness, assessed by self-report on standardized scales (see Methods, below), 

might reflect a tendency to focus on emotional aspects of everyday life. Such a tendency 

might, in turn, result in a greater ability to discriminate among one's emotion 

experiences. It was therefore predicted that higher self-reported emotional awareness 

would result in more accurate discrimination of emotion experiences elicited by masked 

stimuli. At the same time, the alternative possibility was considered, that beliefs about 

one's emotional awareness might distort reports, leading either to confabulation (in the 

case when one feels one should be feeling something), or to inhibition of reporting (when 

the feelings elicited don't match one's presuppositions about what constitutes an emotion 

experience). Conversely, while individuals low in self-reported emotional awareness 

may fail to notice subtle changes in their experiences, they may alternatively be more 

willing than "high awareness" participants to report experiences on the scales provided. 

A related issue concerns the ways in which beliefs about emotional awareness can 

interact with conscious emotional regulatory strategies. Emotion regulatory processes 

consist in both conscious strategies (suppressing, Eimplifying, or dampening the 

experience and expression of emotion) and unconscious processes (autonomic reactivity 

and control of emotional response). Depending on one's experiential preferences, high 

emotional awareness combined with good strategic control of emotion might lead to 

different phenomenal profiles. In individuals with higher emotional awareness and a 
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emotional awareness combined with good strategic control of emotion might lead to 

different phenomenal profiles. In individuals with higher emotional awareness and a 

preference for equanimity, conscious regulation of emotion experience may result in a 

more placid phenomenal profile and a reduction of emotional intensity as the result of the 

engagement coping mechanisms that dampen affect. Alternatively, for those who prefer 

to feel life more intensely, the ability to successfully tolerate the vicissitudes of feeling 

may lead to a more dynamic and turbulent emotional life. 

While conscious control of emotion may play a large role in determining an 

individual's phenomenal profile, underlying physiologic regulatory mechanisms may 

determine whether one develops the regulatory abilities required for implementing 

strategic control over emotional states. One proposed psychophysiological index of 

emotional regulatory ability is respiratory sinus arrhythmia (RSA), a measure of 

parasympathetic influences on heart rate variability. Parasympathetic vagal control of 

autonomic functions operates through vagus nerve influences on heart rate that are 

associated with changes in respiration. Vagal control operates, according to Porges 

(1997), by allowing the release of the inhibitory parasympathetic brake on cardiac output 

(associated with inhalation) when faced with an emotionally relevant stimulus, resulting 

in an increase in heart rate and a mobilization of sympathetic resources for emotional 

reaction. The re-engagement of vagal control facilitates attentional focus and calming, 

and inhibits sympathetic reactivity. Vagal control is an adaptation unique to mammals 

for the regulation of emotional state (Porges, 1997). High cardiac vagal tone is thought 
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to index an adaptive emotion regulatory style that modulates emotional reactivity to 

arousing stimuli, facilitating coping. 

Vagal tone can reflect both inherited and acquired characteristics, and 

individuals who are higher in cardiac vagal tone, as measured by various indices of RS A, 

are hypothesized to have better emotional regulatory ability (Porges, Doussard-

Roosevelt, & Maita 1994; Beauchaine, 2001). These individuals may be both more 

emotionally reactive to emotional stimuli, and, at the same time, possess the ability to be 

aware of changes in their emotional states. Thus, one might predict that high vagal tone 

would result in greater sensitivity to emotion experiences elicited by masked stimuli. 

One might also expect that individuals with greater attentional control (long-term 

meditators) and practice attending to emotion experience might have acquired greater 

emotional regulatory ability reflected in higher cardiac vagal tone and greater emotion 

awareness than non-meditator controls. 

Expected Results and Possible Interpretation 

Non-masked Condition 

When viewing emotional stimuli under normal presentation parameters (non-

masked), it was anticipated that regardless of group, emotional awareness, cardiac vagal 

tone, or visceral perception ability, all participants would differentiate among pleasant, 

neutral, and unpleasant stimuli in their valence and arousal ratings. Pleasant stimuli 

should be rated as more pleasant and arousing, and unpleasant stimuli more unpleasant 

and arousing, than neutral stimuli. Similarly, main effects of picture valence on all 
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psychophysiological measures were predicted, independent of individual difference 

factors. Emotional (pleasant and unpleasant) stimuli should elicit larger magnitude SCRs 

than neutral stimuli; corrugator muscle activations should be greatest to unpleasant and 

zygomatic to pleasant stimuli; and unpleasant stimuli should elicit greater peak HR 

deceleration, while pleasant elicit greater peak HR acceleration (Bradley & Lang, 2000). 

Masking Condition 

Despite the absence of an aversive conditioning manipulation (as employed by 

Ohman and Soares, 1993; 1998), it was predicted that participants would differentiate 

among "biologically prepared" pleasant, neutral, and unpleasant stimuli both 

physiologically and experientially. It was predicted that skin conductance responses 

would be greater to emotional compared to neutral stimuli in the masking condition. 

Facial EMG might also differentiate among stimulus valences, though the possibility 

exists that preattentive activation of EMG responses can only be elicited by strong facial 

emotional expressions, not employed in the present study. Recent findings reported by 

Codispoti, Bradley, and Lang (2001) suggest that HR does not differentiate among 

differently valenced emotional stimuli at very brief (500 ms) presentations. Therefore, 

HR discrimination was not anticipated in the masking condition. 

With regard to self reported emotion experience, it was predicted that participants 

would be able to discriminate between emotional and neutral stimuli on the arousal 

dimension, although this discrimination might be greater for unpleasant than for pleasant 

stimuli, due to hypothesized biological predispositions to respond more strongly to 

aversive events (Cacioppo & Gardner, 1999). 
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Perhaps the most critical question concerns whether valence discriminations can 

be made in the masking condition. If conscious cognitive or evaluative processes are the 

sole source of judgments of experienced valence, then all participants are likely to be 

impaired on measures of experienced valence, despite possible physiologic 

discrimination. If only meditators, good heartbeat detectors, or participants high in 

emotion awareness or cardiac vagal tone can make valence discriminations, one might 

conclude that detection of that information requires special abilities. If control 

participants demonstrate accurate valence and arousal discrimination in the masking 

condition, this would offer good evidence that emotional gut feelings can provide 

valence-specific information, provided we attend to them as they occur. 

But what if participants are unable to discriminate among masked stimuli based 

on experiences of positive or negative emotion? Such a null result will leave 

undetermined whether valence judgments depend upon interoceptive experiential 

information or on more cognitively mediated processes. One possibility is that the 

experience of emotional valence is merely the output of a process of cognitive appraisal 

and not a "feeling" at all. Yet other possibilities remain, namely: (1) that there is a feeling 

of valence, but that it requires conscious cognitive mediation in order to be generated or 

accessed, or (2) that valenced feelings exist, but are too weak to inform judgments in the 

absence of other information. 
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METHOD 

Participants 

Sixteen long-term meditators (14 female, 2 male) and eighteen non-meditating 

control participants (16 female, 2 male), matched to the meditators on age, gender and 

education level, took part in this study. Meditators included 8 Vipassana (mindfulness) 

practitioners (7 female, 1 male), recruited by referral from teachers at a local Vipassana 

meditation center, and 8 Zen practitioners (7 female, 1 male), recruited through 

announcements in a local Zen community electronic newsletter. Control participants were 

recruited from the University of Arizona staff and the surrounding community. 

Participants ranged in age from 28 to 80 years (meditators: M = 54.56 years, SD = 9.14; 

controls: M = 52.83 years, SD = 11.52), and all had some degree of higher education 

(meditators: M = 19.13 years, SD = 3.44; controls: M = 18.81 years, SD = 2.52). All 

meditators had a regular practice (between 2-14 sessions per week, and between 20-90 

minutes per session) sustained over a period of several years (Mean = 16.44 years, SD = 

8.252). All participants had normal or corrected to normal vision. Only participants free 

of depression, as assessed by the Beck Depression Inventory (BDI) (Beck, Rush, Shay, & 

Emery, 1979), and with no history of psychiatric or neurologic illness were included in 

the study. Informed consent was obtained from all participants in accordance with 

University of Arizona human subjects protection guidelines. Participants were paid $30 

for their participation. 
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Individual Difference Measures 

Standardized Assessments of Emotion Experience 

Participants completed five standardized questionnaires: the Toronto Alexithymia 

Scale (TAS; Taylor, Ryan, & Babgy, 1985), the Private Self-Consciousness Scale (PSC; 

Fenigstein, Scheier, & Buss, 1975), the Mood Awareness Scale (MAS; Swinkels & 

Giuliano, 1995), the Trait Meta-mood Scale (TMM; Salovey, Mayer, Goldman, Turvey, 

& Palfai, 1995), and the Emotional Creativity Scale (ECS; Averill & Thomas-Knowles 

1991). Recently, Gohm and Clore (2000) provided evidence, based on hierarchical 

cluster analyses of data collected from a sample of 151 college students, that these scales 

constitute good measures of two trait dimensions of individual differences in emotion 

experience: attention to emotion, defined as "the extent to which individuals monitor 

their emotions, value their emotions, and maximize their experience of emotion" (p. 684), 

and clarity, or "the ability to identify, distinguish, and describe specific emotions" (p. 

686). Gohm and Clore (2000) recommend the Labeling subscale of the MAS, the Clarity 

subscale of the TMM, and the Difficulty in Identifying Feelings subscale of the TAS as 

good measures of clarity, while the ECS, the PSC, the Externally-Oriented Thinking 

subscale of the TAS, and the Monitoring subscale of the MAS, were recommended as 

good measures of attention to emotion. While other scales reviewed by Gohm and Clore 

(2000) measured factors like intensity of emotion, absorption in emotion, and emotional 

expressiveness, the clarity and attention factors were considered most likely to index the 

ability to attend to and distinguish subtle emotional feeling states. 
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Each subject received a score on each scale or subscale. These scores were then 

standardized with reference to the sample means and standard deviations. The resultant 

z-scores for each attention scale were added to create a composite Attention Score for 

each individual, while z-scores for each clarity scale were added to create a composite 

Clarity Score. 

Heart Rate Variability 

Resting heart rate variability, a measure of the degree of physiological reactivity 

to emotional stimuli and a putative index of individual differences in emotion regulation 

ability (Porges Doussard-Roosevelt, & Maita, 1994), was recorded during 5 minutes of 

eyes open rest at the beginning of each of two testing sessions. The electrocardiogram 

was measured using a Biopac Systems ECG bio-amplifier (Biopac Systems, Inc., Santa 

Barbara, CA), with a low pass filter of 30 Hz and a high pass filter of 1 Hz, with shielded 

electrodes attached to the inner surfaces of both wrists, and a ground electrode in the 

middle of the forehead (also used as ground for facial electromyogram recording, see 

below). To calculate measures of heart rate variability, the electrocardiogram was low 

pass filtered off-line with a cut-off frequency of 50 Hz, and reduced to an interbeat 

interval (IBI) series, which was screened and corrected for artifacts. The 5-minute IBI 

series collected at each testing session was analyzed using CMet (Allen, 2002), a 

program for calculating standard measures of HRV and RS A. Three measures of total 

heart rate variability (HRV) were calculated for both sessions: the log of the variance of 

the IBI series (LogHRV); the standard deviation of the IBI series (SDNN), a measure of 

longer-term variability; and the root mean square of successive differences between IBIs 
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(RMSSD), a measure of short-term variabiUty. In addition, four measures of the 

contribution of the parasympathetic nervous system to heart rate variability (RSA) were 

calculated for each session: mean absolute successive IBI difference (MSD); proportion 

of consecutive IBI differences > 50 ms (PNN50); respiratory sinus arrhythmia, defined as 

Log of band limited (.12-.40 Hz) variance of the IBI series (LogRSA); and a cardiac 

vagal index (CVI; Toichi, Sugiura, Murai, & Sengoku, 1997). 

Heartbeat Detection Task 

Individual differences in visceral perception ability were assessed using a 

heartbeat detection task following the procedure outlined by Wiens, Mezzacappa, and 

Katkin (2000). The task consisted of 50 trials of 10 tones triggered by the R-wave of 10 

consecutive beats of the participant's heart. After each trial, participants were presented 

with the question "Were the tones in synch with or delayed from heartbeats?" For 25 of 

these trials, the tones were presented 200 ms after the R-wave. For the remaining 25 

trials, tones were presented 500 ms after the R-wave. Research suggests that at the 200 

ms delay, tones are perceived as synchronous with heartbeats, while tones at the 500 ms 

delay are perceived as delayed from actual heartbeats (Wiens & Palmer, 2000). Heartbeat 

was collected on with Biopac Systems ECG amplifier, with output to a PC rurming 

AcqKnowledge software (Biopac Systems, Inc., Santa Barbara, CA). The 

AcqKnowledge program triggered another PC running DMDX software (developed at 

Monash University and at the University of Arizona by K.I. Forster and J.C. Forster), 

which generated tones linked to the subject's current R-wave and governed trial order 

using a randomization algorithm. 
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For familiarization with the procedure, subjects participated in a practice session 

similar to that used by Katkin et al. (2001), in which they viewed a graphic of a heart 

beating on the computer screen and heard tones linked to those beats at either a 0 ms or 

300 ms delay. So that the intervals between tones would be similar to what subjects 

would experience during the actual task, the rate of the heartbeat corresponded to actual 

IBIs from the subject's previously recorded resting heart rate. Subjects indicated verbally 

whether tones were in synch with or delayed from beats, and the practice session 

continued until subjects completed 20 trials or made 5 consecutive correct responses, 

whichever came first. 

In the actual task, subjects sat upright in a recliner and were instructed to attend to 

their heartbeats without feeling their pulse. Subjects responded verbally when the 

question appeared on the computer screen, and responses were entered on the computer 

keyboard by the experimenter. Trials were scored as correct when tones 200 ms delayed 

were reported as "in synch" or when tones 500 ms delayed were reported as "delayed." 

Each subject received a score for the number of correct trials. 

Emotional Stimulus Materials and Design 

The experimental stimuli were 16 neutral-low arousal, 16 unpleasant-high 

arousal, and 16 pleasant-high arousal color pictures selected from the International 

Affective Picture System (Center for the Study of Emotion and Attention, 1999), divided 
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into two sets (Set I and Set II) matched for content and for valence and arousal norms.^ 

Pleasant and unpleasant pictures represented categories for which humans may have a 

"biological preparedness" to respond emotionally, such as babies, happy and angry faces, 

nudes, spiders, snakes, and vicious animals. Neutral stimuli were non-arousing, neutral-

valenced pictures with biological content (humans, animals, plants). Sample stimuli are 

shown in Figure 1. Findings from initial pilot studies revealed that under masked 

presentation conditions, picture luminance affected subjective ratings of arousal, such 

that more luminous stimuli were rated as more arousing, regardless of content. Thus 

pleasant, neutral, and unpleasant experimental stimuli were matched for mean luminance, 

involving slight adjustments of brightness for some pictures. Image processing software 

was used to construct a set of visual masks for the emotional pictures by overlaying 

sections of six stimulus pictures (2 pleasant, 2 neutral, 2 unpleasant), leaving no readily 

identifiable object features visible. The resultant masks were brightened, and randomly 

placed white abstract shapes were inserted into the image, creating masks both complex 

and bright enough to interrupt visual processing of the target stimuli. Figure 2 shows a 

sample mask. Masks were then rated on subjective valence and arousal scales using a 5-

point version of the Self-Assessment Manikin (SAM; Bradley & Lang, 1994, see Figure 

3) by 5 independent raters. Only masks rated as neutral in valence and low on arousal 

were selected for inclusion in the study. Masks were then matched to target stimuli based 

® The lAPS pictures used in this study were: Set I (pleasant: 2150, 2344, 1811, 4653,4660, 2340, 2040, 
2165; neutral: 5534 2215, 2516, 5535, 5510, 2383, 7550, 5520; unpleasant: 1300, 2900, 1274, 1050, 1200, 
1052,2800, 3060). Set II (pleasant: 4670, 2550, 2160, 2058, 2050,4220 (for males)/4520(for females), 
2341, 1710; neutral: 2840, 2190, 5531, 9070, 1616, 2495, 9210, 5530; unpleasant: 3168, 1120, 1270, 3170, 
1220, 1930, 1301, 1070). 



Figure I. Sample lAPS stimuli with pleasant (left), neutral (center), and unpleasant (right) content. 

Figure 2. Sample mask of cut and paste lAPS pictures. Mask complexity and brightness facilitated 
successful visual masking. 
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on subjective evaluation of adequate masking by the experimenter and a research 

assistant, with the added stipulation that masks for neutral, pleasant, and unpleasant 

stimuli be matched for luminance, and for mean red, blue, and green saturation. 

Each participant attended two testing sessions. For each experimental testing 

session, one set of stimuli was presented masked and the other non-masked. The set 

masked at the first session was presented non-masked at the second session, and vice 

versa, with set order counterbalanced across participants. Each session consisted of six 

blocks of trials, alternating between masked and non-masked, with approximately 10 

trials per block. Sessions in which Set I was masked began with a block of non-masked 

trials, whereas Set II masked sessions began with a block of masked trials, such that all 

participants experienced both block orders. Within each block, each stimulus valence 

was represented at least twice, with stimuli pseudo-randomly ordered within blocks. 

There were two pseudorandom stimulus orders, counterbalanced across participants. 

Combined with set order, this resulted in a total of 4 stimulus presentation conditions. 

Stimulus presentation and psychophysiological data acquisition were 

synchronized and controlled by a PC running DMDX software. Stimuli were presented 

on a 17-inch computer monitor positioned directly in front of the subject at a distance of 

30 inches. Each trial began with a fixation cross that remained onscreen for 4 seconds 

while baseline psychophysiological data was recorded. This was immediately followed 

by a 3000 ms stimulus presentation. In the non-masked condition, the target stimulus 

appeared on the screen for the full 3000 ms. In the masked condition, a forward mask 
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Figure 3. Self-Assessment Manikin for use in making valence and arousal ratings. The scale at the top 
captures the valence dimension, and the scale at the bottom captures the arousal dimension. 

appeared for 45 ms, immediately followed by a 45 ms presentation of the target stimulus 

and a reappearance of the mask for 2910 ms. For all trials, the stimulus was followed by a 

blank screen for 4 seconds, during which time participants were instructed to focus on 

their feeling states. 5-point SAM valence and arousal scales appeared consecutively on 

the computer screen after this pause and were removed when participants entered their 

experience ratings on the keyboard. Finally, a frame appeared in which participants were 

asked whether they had seen the stimulus. For the masking trials, participants were 

instructed to respond affirmatively by pressing "Y" for "Yes" whenever they thought 

they had seen some identifiable feature or figure in the briefly presented target stimulus. 

Otherwise they responded "N" for "No." For the non-masked trials, participants merely 

indicated by yes or no response whether they had seen the picture. This ended the trial 
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and triggered the onset of the next trial. (See Figure 4 for presentation parameters in the 

two conditions.) 

In addition to masked and non-masked trials, eight catch trials were included in 

each testing session (2-3 in each block of masked trials). These trials consisted of 

masked masks, and as such had no emotional content. Catch trials were used to assess 

discrimination accuracy and bias. 

It should be noted that the 45 ms target presentation is somewhat longer than the 

30-33 ms typical in studies with emotional pictorial stimuli in which only backward 

masks have been employed. However, use of a forward and backward mask, effectively 

consuming visual processing capacity on both sides of the target, results in successful 

visual masking at this slightly longer stimulus duration. Research from lexical masked 

priming studies has demonstrated that at durations shorter than 50 ms, using forward and 

backward masks, participants are surprised to learn that a target stimulus has been 

presented, while at durations from 60-67 ms, participants may be aware that something 

occurred, but are unable to identify the stimulus (Forster, Mohan, & Hector, in press). 

The current study employed complex pictorial stimuli for which such systematic 

examinations of perception at varying exposure durations have not been explored, but all 

masking presentations were pilot tested on participants familiar with the lAPS stimuli 

who reported no awareness under the current presentation parameters. 
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Figure 4. Stimulus presentation parameters for A. the masking condition and B. the non-masked condition. 
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Measurements of Emotion Experience and Physiology 

Subjective Experience Measures 

Participants rated their experienced valance and arousal in response to all stimuli 

on 5-point versions of the SAM that pictorially represents the two dimensions (see Figure 

3). The valence scale depicts positive valence on the left, negative valence on the right, 

and neutral valence at the midpoint. The arousal scale represents high arousal on the left 

and low arousal on the right. Instructions for use of the scales emphasized the focus on 

measuring experienced emotion, regardless of the objective content of the stimuli. (See 

Appendix A for the complete instructions to subjects.) 

Psychophysiological Measures: Recording and Data Reduction 

Skin conductance (SCR), heart rate (HR) and facial electromyographic (EMG) 

data were recorded using Biopac MP 100 Systems bio-amplifiers. All physiologic 

measures were sampled at 1000 Hz for 4 seconds prior to and 11 seconds post stimulus 

presentation. 

SCR was recorded using a constant voltage (0.5 V) amplifier and 8 mm Ag/AgCl 

electrodes filled with a pharmaceutically prepared electrolyte (0.05 molar NaCl in 

Unibase). Electrodes were attached to the medial phalanges of the first and second 

fingers of the non-dominant hand. The skin conductance signal was low pass filtered (10 

Hz) and amplified 20 times. Prior to scoring, the signal was smoothed off-line over a 

100-ms moving window and re-sampled at 20 Hz. For each stimulus, the amplitude of the 

first skin conductance response with minimum amplitude of 0.03 microSiemens and 
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onset in the time window 1-4 seconds post-stimulus was recorded. Trials with no 

measurable SCR were assigned a magnitude of zero and included in all analyses. 

EMG signals were recorded from the left and right corrugator and zygomatic 

facial muscle groups, using electrode placements recommended by Fridlund and 

Cacioppo (1986). Two 4 mm Ag/AgCl electrodes were placed over each muscle site, 

with a ground placed in the center of the forehead. Impedances at all sites were less than 

10 kQ. EMG signals were amplified 5000 times and notch filtered to remove 60 Hz 

noise. Signals were band-pass filtered off-line over a range of 10-500 Hz, rectified, and 

smoothed over a 20-ms moving window. Change scores from a 1 second pre-stimulus 

baseline were computed for all 100 ms epochs from 0-6 seconds post-stimulus. 

The electrocardiogram was recorded with electrodes attached to the inner surfaces 

of both wrists, low pass filtered at 30 Hz, high pass filtered at 1 Hz and amplified 1000 

times. The data was reduced off-line to heart rate (HR) in beats per minute (BPM). Post-

stimulus changes in HR were calculated by subtracting BPM at a 500 ms pre-stimulus 

baseline from BPM at each 500 ms interval from 0-6 seconds post-stimulus. 

Procedure 

Participants came to the laboratory in the Psychology building of the University 

of Arizona for two sessions of approximately 2 .5 hours separated by at least 24 hours 

and not more than two weeks. After arriving on the first day, participants were informed 

of the laboratory tasks. All testing took place in a small room containing a computer for 

stimulus presentation, bioelectrical amplifiers for psychophysiological measurement, a 
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digital video camera, and two chairs. The experimenter remained in the room for the 

emotion interview and the heartbeat detection task. For all other procedures, the 

participant was alone in the testing room. 

Session I 

At the first session, meditators were questioned about their meditation practice, its 

duration and regularity, and the particular sort of meditation techniques employed. Each 

participant took part in a structured emotion experience interview in which they described 

recent intense experiences of positive and negative emotion. The interview was 

videotaped for subsequent transcription and behavioral coding as part of a separate study. 

The interview was positioned at the start of the session to help participants focus on the 

nature of their emotional feeling states. 

The electrodes for electrophysiological recording of skin conductance, heart rate, 

and facial EMG were attached, and baseline measures were collected to determine proper 

attachment of the electrodes and to establish the presence of (a) psychological and (b) 

physiological skin conductance responses in the subject in response to (a) a loud whistle 

and (b) a deep breath and cough. The subject was then instructed to sit upright in a 

relaxed position, with eyes open, while heart rate was measured for a 5 minute baseline 

period. 

Participants then received instructions in the emotional picture-viewing task. 

These instructions disclosed stimulus presentation parameters and included a mention 

that previous research had demonstrated that masked stimuli sometimes give rise to 

subtle physiological responses (See Appendix A). Participants were told that the 
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investigators wanted to determine whether people also have emotion experiences in 

response to masked stimuli, and were instructed to pay very close attention to any subtle 

changes in feelings, in order to rate them on the valence and arousal scales. A practice 

set of non-masked stimuli, different from the test stimuli, was presented for rating. 

Participants were asked to explain their ratings, to confirm that they were reporting 

emotional feelings and not emotional knowledge. Participants also viewed and rated 

responses to a set of 10 masked stimuli in order to familiarize them with the task. After 

the practice session, the subject was left alone in the testing room to complete the 

experiment. 

Session II 

When participants arrived for the second testing session, they were connected to 

electrophysiological recording instruments, and baseline measures and resting heart rate 

were recorded as in Session I. After a brief practice session, participants completed the 

second part of the emotional picture viewing experiment. Participants then completed the 

five questionnaires measuring individual differences in emotion experience. Finally, 

participants completed the heart beat detection task. Participants received payment at the 

end of Session II. 
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DATA ANALYSIS AND RESULTS 

Group and Individual Differences 

Self-Reported Emotional Awareness 

To assess overall differences between meditators and controls in self-reported 

emotional awareness, scores on the five standardized assessments of emotion experience 

and their relevant subscales were subjected to separate one-way ANOVAs with Group 

(meditators, controls) as the between subjects factor. The first hypothesis tested was 

whether meditators demonstrated greater attention to emotion, as assessed by self-report 

n 

on the Emotional Creativity Scale (ECS) , the Private Self-Consciousness Scale (PSC), 

the Externally-Oriented Thinking subscale of the Toronto Alexithymia Scale (TAS), and 

the Monitoring subscale of the Mood Awareness Scale (MAS). There were no group 

differences in Externally-Oriented Thinking, F(l,32) = .399, p = .532, or Monitoring, 

F(l,32) = 1.679, p = .204. Overall Emotional Creativity also did not differ between 

groups, F(l,32) = 2.350, p = .135. However, the ECS has three subscales on which group 

differences were also assessed. The Novelty subscale measures the degree to which one's 

emotion experiences and reactions are creative and unique; the 

Effectiveness/Authenticity subscale measures both the ability to effectively and openly 

express one's emotions and the extent to which one's emotions are reflective of one's 

values and beliefs; while the Preparedness subscale measures the tendency to attend to 

the emotions of oneself and others. Meditators reported greater effectiveness and 

' Three items from the ECS were inadvertently left off the questionnaire due to a copying error. These 
consisted in one item each from the Effectiveness/Authenticity, Novelty, and Preparedness subscales. 
Scores for these items were prorated based on individual subscores on the scales. 



66 

authenticity, F(l,32) = 5.779, p = .022, though at the same time reported less novel 

emotion experiences, F(l,32) = 4.015, p = .054, than did controls. Similarly, while there 

were no group differences in overall Private Self-Consciousness, defined as the tendency 

to direct attention inward, F(l,32) = .176, p = .678, subscales of the PSC did reveal slight 

differences. The PSC captures both private and public aspects of self-focused attention, 

with the former measuring a tendency to attend to one's thoughts and feelings, and the 

latter a tendency to be aware of the self as a social object. Continued research on the 

PSC, motivated by the seemingly incongruous finding that high scores on the Private 

subscale predicted both more accurate self-awareness and greater psychopathology, has 

led to a division of that subscale into two further subscales. These have been termed 

Internal State Awareness and Self-Reflectiveness. High scores on Internal State 

Awareness are thought to indicate a balanced awareness of and interest in one's bodily 

states and emotions, while high scores on Self-Reflectiveness should reflect a more 

ruminative and maladaptive type of self-obsession, predicting greater psychopathology 

(Watson, Morris, Ramsey, Hickman, & Waddell, 1996; Anderson, Bohon, & Berrigan, 

1996; Trapnell & Campbell, 1999). Meditators tended (non-significant trend) to score 

higher on the Internal State Awareness subscale of the PSC, F(l,32) = 2.359, p = .134, 

while the two groups did not differ on the Self-Reflectiveness subscale, F = .543, p = 

.467. On the Public subscale of the PSC, controls scored significantly higher, F(l,32) = 

7.004, p = .013, suggesting a greater awareness of the self as a social object. There were 

no differences between groups on the Monitoring subscale of the MAS, F(l,32) = 1.679, 

p = .204, or on the Externally-Oriented Thinking subscale of the TAS, F(l,32) = .399, p = 
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. 532. Overall, the differences between groups on measures of attention to emotion were 

very slight, with no difference in overall Attention scores derived from summing the z-

scores on all relevant scales, F(l,32) = .122, p = .729. 

Next examined were differences between meditators and controls on measures of 

clarity of emotion experience, as captured by the Labeling subscale of the MAS, the 

Clarity subscale of the Trait Meta-Mood scale, and the Difficulty in Identifying Feelings 

subscale of the TAS. Controls reported being much worse at Labeling (MAS) their 

moods, F(l,32) = 8.340, p = .007, and tended (non-significant trend) to have less Clarity 

(TMM) about the specific nature of their moods, F(l,32) = 2.993, p = .093, though they 

did not report more Difficulty in Identifying their Feelings (TAS), F(l,32) = .624, p = 

.435. Comparisons of composite Clarity scores derived from summing the z-scores on all 

these measures indicate that meditators believe themselves to have significantly more 

clarity about their emotional states than controls, F(l,32) = 8.281, p = .007. Among 

meditators, clarity scores were positively correlated with years of meditation, r = .574, p 

= .020. (See Table 1 for mean group scores on the individual scales.) 

To assess whether there were differences between Vipassana and Zen meditators 

on either Clarity or Attention, the above analyses were repeated using a 3 Group 

(Vipassana, Zen, Control) between subjects factor. Bonferonni-corrected post-hoc t-tests 

were performed on all ANOVAs reaching significance. A significant between groups 

difference in Clarity remained, F (2,31) = 4.183, p = .025, with post-hoc tests revealing 

that Vipassana meditators scored higher in overall Clarity than controls (p = .042), with 

no differences between the two meditator groups, and a non-significant trend toward a 
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ECS PSC TAS: MAS: Attention MAS: TMM: TAS: Clarity 
EOT Men Composite Lab Clar DID Composite 

Control 102.8 54.7 15.2 19.2 -0.10 21.7 40.39 14.83 -0.57 
(10.0) (10.2) (3.9) (4.4) (1.61) (4.5) (5.5) (5.4) (1.12) 

Meditator 97.4 50.3 14.4 21.4 0.12 25.7 44.19 13.5 0.64 
(10.3) (13.2) (3.4) (5.8) (2.09) (3.5) (7.3) (4.3) (1.31) 

Vipassana 103.5 51.4 14.0 22.1 0.89 25.8 42.6 15.4 0.80 
(8.5) (15.1) (1.5) (4.5) (2.35) (2.7) (5.9) (2.9) (1.28) 

Zen 91.4 49.3 14.8 20.8 -0.67 25.6 45.75 11.6 0.48 
(8.4) (11.8) (4.7) (7.1) (1.58) (4.3) (8.6) (4.7) (1.41) 

Table 1. 
Raw scores on self-assessments of emotional awareness, by group. Measures of Attention to Emotion: 
Emotional Creativity Scale (ECS); Private Self-Consciousness Scale (PSC); Toronto Alexithymia Scale, 
Externally Oriented Thinking subscale (TAS:EOT); Mood Awareness Scale, Monitoring subscale 
(MAS:Mon). Measures of Emotional Clarity: Mood Awareness Scale, Labeling subscale (MAS: Lab); Trait 
Meta-Mood Scale: Clarity subscale (TMM:Clar); Toronto Alexithymia Scale: Difficulty Identifying 
Feelings subscale (TAS:DID). Scores on the attention and clarity composite measures are mean z-scores. 

difference between Zen meditators and controls barely approaching significance (p = 

.165). This difference in Clarity scores was once again largely accounted for by group 

differences on the Labeling subscale of the MAS, F(2,31) = 4.4042, p = .028, with 

controls tending toward lower scores than both Zen (p = .092) and Vipassana meditators 

(p = .079). 

On measures of Attention to emotion, there were significant group differences on 

Emotional Creativity, F(2,31) = 4.756, p = .016, with Zen meditators reporting 

significantly less creativity in emotion experience than both Vipassana meditators (p = 

.043) and controls (p = .022). There were also significant differences on the Novelty 

subscale of the ECS, F(2,31) = 4.726, p = .016, with Zen meditators reporting emotion 

experiences as less novel than controls (p = .015) and nominally less so than Vipassana 

meditators (p = .101). Public Self-Consciousness also differed between groups, F(2,31) = 

3.631, p = .038, with controls more conscious of the self as a social object than Vipassana 
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(p = .055) but not Zen meditators (p = .269). Contrary to the hypothesis that Vipassana 

meditators would show greater attention to emotion, there was no difference between 

groups in composite Attention scores. 

Heart Rate Variability 

IBI-series data were missing from two meditators, due to scoring difficulties 

arising from irregularities in the electrocardiogram. For the remaining subjects, all 

measures of HRV (LogHRV, RMSSD, and SDNN) were significantly correlated at the p 

= .01 level, with r-values ranging from .52-.95, both within and between sessions, with 

the exception of SDNN for Day 1 and RMSSD for Day 2, r = .389, p = .028; RMSSD for 

Day 1 and LogHRV for Day 2, r = .404, p = .022; and LogHRV for Day 1 and RMSSD 

for Day 2, which approached significance, r = .341, p = .056. Likewise, all correlations 

between measures of RSA (MSD, PNN50, CVI, and LogRSA), both within and between 

sessions, were significant at p < .02, with r-values ranging from .45 - .94. There were no 

significant differences between meditators and controls on any measures of HRV or 

RSA. (See Table 2 for group means and standard deviations on these measures.) 

Vagally-mediated variability is tied to respiration, which in adults is 

approximately .12-.4 Hz (Porges & Bohrer, 1990). CMet converts the IBI series to a time 

series sampled at 10 Hz, and filters this series with a finite impulse response filter with 

band pass of .12-.4 Hz (Allen, 2002). The natural log of the variance of the band-limited 

series is taken as an index of RSA. Therefore, to classify participants as low or high in 

RSA, or cardiac vagal tone, a median split was performed on LogRSA for Days 1 
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Controls 
Dayl Day2 

Meditators 
Dayl Day2 

LogHRV 7.23 
(.70) 

7.03 
(.68) 

7.18 
(.93) 

6.94 
(.94) 

RMSSD 28.90 
(18.99) 

27.58 
(23.51) 

41.17 
(29.54) 

32.17 
(30.68) 

SDNN 41.44 
(14.87) 

37.68 
(15.53) 

44.29 
(22.85) 

38.45 
(16.94) 

MSD 19.42 
(11.07) 

13.54 
(13.49) 

22.78 
(13.54) 

19.03 
(14.42) 

PNN50 5.68 
(7.61) 

5.26 
(9.62) 

8.36 
(11.60) 

4.76 
(8.34) 

CVI 4.15 
(.37) 

4.07 
(.37) 

4.26 
(.45) 

4.064 
(.52) 

LogRSA 5.18 
(1.05) 

5.08 
(1.08) 

5.577 
(1.01) 

5.01 
(1.24) 

Table 2. Group means and standard deviations on measures of heart rate variability derived from separate 
IBI series recorded during 5 minutes of eyes open rest on two separate days. 

(median = 5.26) and 2 (median = 5.23). The 12 participants who scored in the upper half 

on both days (4 controls and 8 meditators: 4 Zen, 4 Vipassana) were classified as high in 

vagal tone. 

Heartbeat Detection 

Data for the heartbeat detection task were missing from two participants. For one 

meditator (female), R-spikes in the electrocardiogram were too small to reliably trigger 

tones. For one control participant (male), equipment failure precluded data collection. 

Individual scores representing number of correct responses were subjected to separate 

one-way ANOVAs, with both 2 (meditator, control) and 3 (Zen, Vipassana, control) 

Groups as the between subjects factors, to explore group differences in visceral 

perception ability. Neither long-term meditation practice, F (1,30) = .264, p = .611, nor 
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meditation style, F(2,29) = .250, p = .780, predicted higher scores on the heartbeat 

detection task. 

The binomial probability of 30 or more correct trials out of 50 is less than .05 

(.042), and participants were classified as good heartbeat detectors if they responded 

correctly on 30 or more trials. Of the 34 participants, 3 meditators (1 Zen, 2 Vipassana) 

and 4 control participants were classified as good heart beat detectors. All were female. 

Of the remaining participants, 12 meditators and 13 control participants were classified as 

poor heart beat detectors. 

Relations among Individual Difference Measures 

Correlation analyses were used to explore the relationship between resting heart 

rate variability and cardiac vagal tone (as measured by indices of HRV and RSA, 

respectively), individual differences in attention to emotion and clarity of emotion 

experience (as measured by self-report), and visceral perception ability (as measured by 

scores on the heartbeat detection task). There were significant positive correlations 

between composite scores for Attention to emotion and two measures of RSA on Day 2: 

LogRSA, r - .467, p = .007, and CVI, r = .454, p = .009, with trends in the same direction 

on Day l(LogRSA: r = .313, p = .081; CVI; r = .278, p = .123). One measure of HRV, 

LogHRV, was likewise positively correlated with Attention to emotion, r = .370, p = .037 

on Day 2, also approaching significance on Day 1, r = .317, p = .077. These correlational 

findings were corroborated by comparisons between high and low vagal tone participants 

based on the median split on LogRSA. Participants with high vagal tone reported greater 

attention to emotion than low vagal tone participants, F(l, 30) = 4.935, p = .034. 
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There were no correlations between self-reported emotion awareness and 

heartbeat detection ability, either when considering individual subscales or composite 

scores of Attention and Clarity. Nor were there relations between heartbeat detection 

ability and any indices of HRV or RSA. One-way ANOVAs comparing good (n=7) and 

poor (n=25) heartbeat detectors revealed no significant differences in Attention, Clarity 

or any of their subscales. Nor did good and poor heartbeat detectors differ on any 

measures of HRV or RSA. 

Emotional Responses to Masked and Non-masked TAPS Pictures 

For all self-report and psychophysiological measures, mean values were 

computed for each subject for each picture valence (pleasant, neutral, unpleasant) in each 

condition (masked, non-masked), collapsed over the two viewing sessions. Order effects 

on ratings of emotional experience were explored, and are discussed below. 

In the masking condition, items for which the participants reported awareness of 

the target picture were excluded in calculation of these mean values. Responses to items 

in the non-masked condition that participants reported not seeing were likewise excluded. 

In all, 5 participants (4 controls, 1 meditator) reported missing one of the non-masked 

items, whereas 20 out of 34 participants reported seeing some of the masked items. 34 

subjects viewed 16 masked items of each valence, resulting in a total of 544 masked 

presentations in each valence condition. Of these, a total of 51 masked pleasant items 

(M=1.5, SD=2.58); 34 neutral items (M=l, SD=1.87); and 40 unpleasant items (M=1.18, 

SD=2.22) were reported seen. 
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Equipment failures or experimenter errors resulted in missing data for the left 

corrugator from one control participant, and for the right corrugator from one control and 

two meditators. A heart murmur contaminated the ECG of one meditator whose data 

were therefore excluded from analyses of heart rate change. 

The non-masked viewing condition was included as a manipulation check on the 

ability of the selected lAPS pictures to evoke emotional responses, both subjective and 

physiological, and to illuminate any baseline group differences on these measures. All 

measures were subjected to 2 X 3 X 2 (Group X Valence X Masking Condition) repeated 

measures ANOVAs, with alpha set at .05, and using a Greenhouse-Geisser correction for 

violations of the sphericity assumption. There were significant effects of condition on all 

measures, as anticipated. As detailed below, there were no significant differences 

between meditators and controls in the non-masked condition in either self-reported 

emotion or psychophysiological responses to the pictures. Furthermore, there were no 

significant differences between Vipassana and Zen meditators on any measure in either 

condition of the picture-viewing task, so, with the exception of occasional noteworthy 

trends, results of these comparisons will not be reported. 

Self Reports of Experienced Valence and Arousal 

Mean valence and arousal ratings for pleasant, neutral, and unpleasant non-

masked pictures were calculated for each subject over the two experimental sessions. 

Valence ratings ranged from 1 (most pleasant) through 3 (neutral) to 5 (most unpleasant). 

Arousal ratings were reverse-coded from the original SAM numerical scale (5 for low 
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arousal - 1 for high arousal), to allow for a more intuitive representation on a scale 

ranging from 1 (not aroused) to 5 (very aroused). 

Separate Omnibus 2X3X2 (Group X Valence X Masking Condition) repeated 

measures ANOVAs on valence and arousal ratings revealed no group differences, but 

significant effects of condition, picture valence, and a picture valence by condition 

interactions in both cases (all p's < .001). Mean valence and arousal ratings for both 

groups, by condition are plotted in Figure 5. 

In the non-masked condition, there was the predicted significant main effect of 

picture valence on valence ratings, F(2, 64) = 271.21, p < .001, eta^ = .894, and arousal 

'y 
ratings, F(2, 64) = 76.756, p < .001, eta = .706, but no difference between groups. 

Pleasant pictures were rated as more pleasant, F(l, 32) = 113.051 ,P< .001, and more 

arousing, F(l, 32) = 98.486, p < .001, than neutral pictures, while unpleasant pictures 

were rated as more unpleasant, F(l, 32) - 342.949, p < .001, and more arousing, F(l, 32) 

- 119.183,p < .001, than neutral pictures. Unpleasant pictures were also rated as 

significantly more arousing than pleasant pictures, F(l, 32) = 17.313, p < .001. There 

was a trend to a Gender X Picture Valence interaction, F(2, 64) = 2.912, p = .062, when 

comparing valence ratings of male (n=4) and female (n=30) participants, with females 

tending to rate pleasant pictures as more pleasant and unpleasant pictures as more 

unpleasant than males. There were no gender differences in arousal ratings. 

In the masking condition, a 2 X 3 (Group X Valence) repeated measures ANOVA 

revealed that arousal ratings were significantly influenced by picture valence, F(2, 64) = 

4.339, p = .017, eta^ = .119. Post-hoc 2X2 (Group X Valence) tests revealed that 
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unpleasant pictures were rated significantly more arousing than neutral pictures, F(l, 32) 

= 10.489, p = .003; with a trend for pleasant pictures to be rated as more arousing than 

neutral pictures, F(l, 32) = 3.476, p = .071; and no difference between pleasant and 

unpleasant pictures, F(l,32) = .813, p = .374. There was no main effect of group or group 

by valence interaction on arousal ratings in the masking condition (see Figure 5). 

A 2 X 3 (Group X Valence) repeated measures ANOVA on valence ratings in the 

masking condition revealed a trend to a main effect of picture valence, F(2,64) = 1.705, p 

= .190. While this effect did not reach statistical significance, and there was no main 

effect of group or Group X Valence interaction, an inspection of the means suggested that 

controls and meditators performed somewhat differently on this rating task. Therefore 

separate analyses were conducted for controls and meditators, revealing a significant 

main effect of picture valence on the valence ratings of controls, F(2, 34) = 5.609, p = 

.008, eta^ - .248, but not meditators,, F(2, 30)= .009, p = .991 (see Figure 5 ). 

Comparisons between the different picture valences revealed that controls rated pleasant 

masked pictures significantly more pleasant than unpleasant pictures, F(l, 17) = 9.589, p 

= .007, eta^ = .361, and unpleasant pictures significantly more unpleasant than neutral, 

F(l, 17) = 5.004, p = .039, eta = .227, with a non-significant trend for pleasant pictures 

to be rated more pleasant than neutral, F(l, 17) = 1.930, p = .183, eta^ = .102. In contrast 

to these findings in control participants, meditators showed no valence discrimination 

whatsoever in their self-reports of experienced emotion to masked pictures. 
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Figure 5. Arousal and valence ratings for the non-masked (upper 2 panels) and the masking (lower 2 
panels) conditions, by group. 
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Condition Group N Mean Valence 
Rating 

SD 

Maslied Pleasant Zen 8 3.08 .209 Maslied Pleasant 

Control 18 2.98 .199 

Maslied Pleasant 

Vipassana 8 2.91 .357 
Masked Neutral Zen 8 2.98 .163 Masked Neutral 

Control 18 3.05 .115 

Masked Neutral 

Vipassana 8 3.04 .487 

Masked Unpleasant Zen 8 3.05 .184 Masked Unpleasant 

Control 18 3.13 .167 

Masked Unpleasant 

Vipassana 8 2.95 .297 

Non-masked Pleasant Zen 8 1.74 .202 Non-masked Pleasant 

Control 18 1.71 .431 

Non-masked Pleasant 

Vipassana 8 1.85 .553 

Non-masked Neutral Zen 8 2.74 .308 Non-masked Neutral 

Control 18 2.78 .263 

Non-masked Neutral 

Vipassana 8 2.69 .448 

Non-masked Unpleasant Zen 8 4.15 .446 Non-masked Unpleasant 

Control 18 4.21 .420 

Non-masked Unpleasant 

Vipassana 8 3.98 .488 

Table 3. Means and standard deviations for valence ratings of masked and non-masked pictures 
for control participants, Zen meditators, and Vipassana meditators. 

Interestingly, though statistical tests did not reveal any significant differences 

between Vipassana and Zen meditators in their self reported emotion experience ratings, 

Vipassana meditators showed greater variability in their ratings of pleasant, neutral, and 

unpleasant stimuli on the valence dimension, compared to both Zen meditators and 

controls, whose variances were comparable (see Table 3). 

Valence. Arousal, and Individual Differences 

Differences in ratings as a function of individual difference factors were assessed 

using separate 2X3 (Group X Valence) repeated measures ANOVAs for both the non-

masked and masking conditions. There were no differences between good and poor 
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heartbeat detectors, or between participants high or low in RSA, clarity, or attention to 

emotion in either valence or arousal ratings to non-masked pictures. 

In the masking condition, neither good and poor heartbeat detectors nor 

participants high and low in attention to emotion differed on ratings of valence and 

arousal. Comparison of participants high and low in vagal tone revealed a significant 

Group X Valence interaction, F(2, 60) = 3.478, p = .039, on valence ratings. Neutral 

pictures were rated more unpleasant by subjects high in vagal tone, and more pleasant by 

those low in vagal tone. High and low vagal tone participants did not differ in their 

arousal ratings to masked pictures. 

Comparisons of arousal ratings in the masking condition for participants high and 

low in clarity revealed a trend for a Group X Valence interaction, F(l, 32) = 2.193, p 

.121. Post hoc within subjects 3 (Valence) repeated measures ANOVAs revealed that 

high clarity participants showed significant differentiation among stimuli in their arousal 

ratings, F(2, 32) = 4.344, p = .03, rating pleasant (F[l,16] = 5.211, p = .036) and 

unpleasant (F[l,16] = 5.847, p = .028) masked pictures more arousing than neutral 

pictures, whereas their low clarity counterparts only showed a non-significant trend 

toward correct differentiation, F(2, 32) = 2.190, p = .148. In a 2 Group (meditators, 

controls) X 3 Valence repeated measures ANOVA, with clarity score entered as a 

covariate, the significant main effect of valence remained, F(2,62) = 4.608, p = .014, but 

there was an additional, almost significant Valence X Clarity interaction, F(2,62) = 3.084, 

p = .054 (see Figure 6). There were, however, no main effects of clarity or group. In 
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Figure 6. Arousal ratings for the three picture valences in the masking condition for participants high and 
low in self-assessed clarity of emotion experience. 

contrast to these differences in arousal ratings, high and low clarity participants did not 

differ significantly in their valence ratings to masked pictures. 

Psychophysiological Measures 

Skin Conductance 

The average skin conductance response (SCR) magnitude was calculated for each 

picture valence in each condition. An omnibus 2X3X2 (Group X Valence X 

Condition) repeated measures ANOVA revealed a significant effect of condition, F(l, 15) 

= 12.239, p = .001, with larger skin conductance responses to all stimulus types in the 

non-masked condition, and a significant Condition X Valence interaction, F(2, 63) = 

4.837, p = .013. While expected patterns were found on SCR to non-masked pictures, 

with pleasant and unpleasant pictures eliciting greater responses than neutral pictures, 
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Figure 7. Mean skin conductance responses for the three picture valences in the non-masked and masking 
conditions, by group. 

there was a reversal of the usual pattern in the masked condition, with neutral pictures 

eliciting the largest responses. Mean SCRs for both groups, by condition, are shown in 

Figure 7. 

In the non-masked condition, a 2 X 3 (Group X Valence) repeated measures 

ANOVA on skin conductance magnitude revealed a nearly significant main effect of 

valence, F(2,64) = 3.124, p = .058. Skin conductance responses were greater for both 

pleasant, F(l,32) = 4.818, p = .036, and unpleasant pictures, F(l,32) = 5.755, p = .022, 
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compared to neutral pictures, with no differences in skin conductance magnitude between 

pleasant and unpleasant pictures. This pattern of results falls in line with predictions that 

pictures with emotional content would be more physiologically arousing than neutral 

content pictures. There was a non-significant trend for meditators to have larger skin 

conductance responses overall, F(l,32) = 1.923, p = .175. 

In the masking condition, picture valence did not influence skin conductance 

magnitude, although there was an unusual trend for neutral pictures to elicit larger SCRs 

than unpleasant pictures, F(l, 32) = 3.175, p = .084, possibly related to the slightly - but 

not significantly - greater luminance of masks used for neutral pictures. This effect for 

neutral pictures appeared to be due solely to the reactions of meditators, who showed a 

non-significant trend toward a main effect of valence, F(2, 30) = 2.206, p = .138, with a 

trend for neutral pictures to elicit larger SCRs than unpleasant pictures F(l, 15) = 3.503, p 

= .081. Controls' SCRs in the masking condition did not differ as a function of picture 

valence. 

Skin conductance and heartbeat detection. In the non-masked condition, there was 

a significant Group X Valence interaction, F(2, 60) = 6.420, p = .002, such that good 

heartbeat detectors showed much larger SCRs to unpleasant pictures (M = .121, SD = 

.136, in iJ,S) than poor heartbeat detectors (M = .045, SD = .079). There was no heartbeat 

detection group main effect or group by valence interaction on SCRs in the masking 

condition. 

Skin conductance and individual differences. There were no differences between 

the SCRs of participants high and low in cardiac vagal tone. There were also no 
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differences between the SCRs of participants high and low in clarity or attention to 

emotion. 

Facial EMG 

There were significant differences between conditions in activity in all facial 

muscle groups, such that expected activation patterns were found in the non-masked 

condition, while no effects of picture valence were evident in the masking condition. 

Average facial EMG responses for the 3 s of picture viewing (0-3 s post-stimulus onset) 

and the 3 s after the picture was removed from the screen (the 3-6 s period) were 

examined in separate analyses. Further analyses looked at changes in activation over 12 

successive 500 ms intervals from 0-6s post-stimulus onset, allowing the examination of 

subtle valence-specific activation differences over time that might otherwise be obscured 

by averaging over longer intervals. This technique has been used in previous studies of 

facial EMG reactions to masked pictorial stimuli (Dimberg et al., 2000). 

In the non-masked condition, mean facial EMG responses during the 3 seconds of 

picture viewing differed as a function of picture valence, in line with predictions. Using 

2x3 (Group X Valence) repeated measures ANOVAs on mean activation in the period 

from 0-3 s, significant activation differences were found in the corrugator on both the 

left, F(2, 62) = 13.292, p < .001, and right, F( 2, 58) = 7.022, p = .011, as a function of 

picture valence. A priori 2X2 (Group X Valence) comparisons revealed greater 

corrugator activation to unpleasant pictures on both sides of the face compared to both 

neutral (left: F[l, 31] = 6.525, p = .016; and right: F[l, 29] = 4.555, p = .041) and 

pleasant pictures (left: F[l, 31] = 16.483, p < .001; right: F[l, 29] = 8.081, p = .008), as 



well as greater activation to neutral than to pleasant pictures on the left, F(l, 31) = 

14.951, p = .001, and right, F(l, 29) = 13.555, p = .001. Similarly, activation in the left, 

F(2, 64) = 15.454, p < .001, and right, F(2, 64) = 15.062, p < .001, zygomatic muscle 

groups v^as influenced by picture valence. As anticipated, pleasant pictures elicited more 

zygomatic activation than both neutral (left: F[l, 32] = 13.573, p = .001; right: F[l, 32] = 

15.444, p < .001), and unpleasant pictures (left: F[l, 32] = 19.298, p < .001; right: F[l, 

32] = 15.465, p < .001). There were no differences between controls and meditators on 

any of these measures. Detailed results of comparisons in each muscle group are 

presented below. Figures 8 and 9 show facial EMG responses in the non-masked 

condition in the left and right corrugator (Figure 8) and left and right zygomatic (Figure 

9) muscle groups. 

In the masking condition, there were no significant differences in facial muscle 

activation in either corrugator or zygomatic muscle groups as a function of picture 

valence during 0-3 s or 3-6 s periods. Separate analyses of activation in 500-msec epochs 

also failed to reveal significant activation differences as a function of picture valence. 

Figures 10 and 11 show facial EMG responses in the masking condition in the left and 

right corrugator (Figure 10) and left and right zygomatic (Figure 11) muscle groups. 

Left corrugator. A 2 X 3 X 2 (Group X Valence X Condition) repeated measures 

ANOVA on mean activation during the 0-3 s period revealed a main effect of picture 

valence, F(2, 62) = 10.710, p <.001, with unpleasant pictures eliciting the most 

activation, followed by neutral pictures, and pleasant pictures, which showed deactivation 
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Figure 8. Left and right corrugator muscle activation changes from a 1 s pre-stimulus baseline, for pleasant 
(white triangles), neutral (gray circles), and unpleasant (black triangles) pictures in the non-masked 
condition, shown separately for control participants (upper panels) and meditators (lower panels). 
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Figure 9. Left and right zygomatic muscle activation changes from a 1 s pre-stimulus baseline, for pleasant 
(white triangles), neutral (gray circles), and unpleasant (black triangles) pictures in the non-masked 
condition, shown separately for control participants (upper panels) and meditators (lower panels). 
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Figure 10. Left and right corrugator muscle activation changes from a 1 s pre-stimulus baseline, for 
pleasant (white triangles), neutral (gray circles), and unpleasant (black triangles) pictures in the masking 
condition, shown separately for control participants (upper panels) and meditators (lower panels). 
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Figure 11. Left and right zygomatic muscle activation changes from a 1 s pre-stimulus baseline, for 
pleasant (white triangles), neutral (gray circles), and unpleasant (black triangles) pictures in the masking 
condition, shown separately for control participants (upper panels) and meditators (lower panels). 
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from baseline. There was also a Valence X Condition interaction, F(2, 62) = 14.276, p < 

.001, due to a lack of influence of picture valence in the masking condition. There was 

no group main effect or group by valence interaction on left corrugator activity. In the 

period from 3-6 s post-stimulus, there was a continued main effect of valence, F(2, 62) = 

14.081, p <.001, a Valence X Condition interaction, F(2,62) = 26.309, p <.001, as well as 

a trend to a Group X Valence X Condition interaction, F(2, 62) = 2.101, p = .139, with 

this latter effect appearing to be due to controls showing greater activation to masked 

pleasant pictures during this period. 

A2X3X12X2 (Group X Valence X Time X Condition) repeated measures 

ANOVA on left corrugator activity using data from each of twelve 500 ms intervals 

likewise revealed a main effect of picture valence, F(2, 62) = 13.722, p < .001, a Valence 

X Condition interaction, F(2, 62) = 22.991, p <.001, a Valence X Time X Condition 

interaction, F(22, 682) = 2.675, p = .035, as well as a trend to a Valence X Time 

interaction, F( 22, 682) = 2.197, p = .068. There was no group main effect or group by 

valence interaction and no main effect of condition. 

In the non-masked condition, a 2 X 3 X 12 (Group X Valence X Time) repeated 

measures ANOVA over successive 500 ms intervals revealed a significant influence of 

valence on left corrugator activation, F(2, 62) = 19.661 ,P< .001, and a Valence X Time 

interaction, F(22, 682) = 2.887, p = .003. Post hoc tests revealed that activation from 0-

500 ms showed only modest valence differences, F(2, 62) = 3.326, p = .066, becoming 

marked at 500-1000 ms, F(2, 62) = 7.570, p = .007, and remaining significant throughout 

the remaining 5 seconds. Differences in the interval 500-1000 ms interval were due to 
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unpleasant pictures eliciting significantly greater activation, F(l, 31) = 9.782, p = .004, 

and pleasant pictures significantly more deactivation, F(l,31) = 17,493, p < .001, 

compared to neutral pictures, with this pattern sustained over the remaining 5 seconds. 

In the masking condition, there was a trend for left corrugator activity to be 

influenced by a Group X Valence X Time interaction, F(22,682) = 2.117, p = .068. 

Inspection of the average waveforms suggested that controls had more corrugator activity 

to pleasant pictures during these time intervals, as supported by 3 X 2 (Group X Valence) 

repeated measures analyses for individual 500 ms intervals, which revealed trends for 

Group X Valence interactions at 4000-4500 ms, F(2, 62) == 3.280, p = .054; 4500-5000 

ms, F(2, 62) = 2.734, p = .079; and 5000-5500 ms, F(2, 62) = 2.624, p = .087. These non-

hypothesized valence effects did not reach significance in a 3 Valence repeated measures 

ANOVA on controls' response in the 4000-4500 ms interval, and will not be discussed 

further. 

Right corrugator. Findings in the right corrugator closely replicated those for the 

left. In the 3 seconds of picture viewing, there was a main effect of Valence, F(2, 58) = 

6.261, p = .015, and a Valence X Condition interaction, F(2, 58) = 7.492, p = .008. In the 

3-6 s period, there was a continued main effect of valence, F(2, 58) = 9.627, p =.002; a 

Valence X Condition interaction, F(2, 58) = 13.017, p <.001; as well as a trend to a 

Group X Valence X Condition interaction, F(2, 58) = 2.945, p = .079. 

Analyzed over 12 500-ms intervals, right corrugator activation showed a 

significant main effect of valence, F(2, 58) = 8.520, p = .005; a Condition X Valence 
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interaction, F(2, 58) = 10.947, p = .001, but no significant effects of group, time, or 

condition or group by condition interaction. 

A 2 X 3 X 12 (Group X Valence X Time) repeated measures ANOVA on right 

corrugator activity in the non-masked condition likewise revealed a main effect of 

valence, F(2, 58) = 10.067, p = .002. In the masking condition, however, the main effect 

of time approached significance, F(11, 319) = 3.199, p = .053, with activation averaged 

over all picture valences showing a gradual increase over time. This seemed to be 

accounted for by the fact that control participants showed greater right corrugator activity 

than meditators, regardless of picture valence, with post hoc 2 Group univariate 

ANOVAs on overall right corrugator activity revealing trends to group effects in the 500 

ms intervals from 3000-4500 ms, and significant group effects from 4500-6000 ms. This 

increase of corrugator activity on both the left and the right in controls in the masking 

condition might reflect concentration or perplexity associated with task difficulty and the 

unusual presentation parameters. 

Left zveomatic. Mean left zygomatic activations during the 3 seconds of picture 

viewing were influenced by condition, F(l, 32) = 13.369, p = .001, with overall 

activations greater in the non-masked condition, as revealed by a 2 X 3 X 2 (Group X 

Valence X Condition) repeated measures ANOVA. As with the corrugator muscle 

groups, there was a main effect of picture valence, F(2, 64) = 14.342, p < .001, due to 

pleasant pictures eliciting greater zygomatic activation than neutral or unpleasant 

pictures; and a Valence X Condition interaction, F(2, 64) = 14.873, p < .001, due to the 

failure of masked pictures to elicit zygomatic responses. In the following 3 s period. 
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there was likewise a significant effect of condition, F(l,32) = 15.763,p<.001;a main 

effect of picture valence, F(2, 64) = 16.798, p <.001; and a Valence X Condition 

interaction, F(2, 64) = 15.955, p < .001. 

A2X3X12X2 (Group X Valence X Time X Condition) analysis on left 

zygomatic activation over 12 500-ms intervals revealed a significant main effect of 

condition, F(l, 32) = 15.79, p < .001; a main effect of valence, F(2, 64) - 18.680, p < 

.001, and a Valence X Condition interaction, F(11, 352) == 5.334, p = .003. There was 

also a main effect of Time, F(11, 352) = 4.708, p = .008; a Valence X Time interaction, 

F(22, 704) = 3.981, p = .013; and a Valence X Time X Condition interaction, F(22, 704) 

= 4.206, p = .009. Examination of the average waveforms for all conditions suggests that 

the time effect arises from the large and rapid increase and subsequent slow decline of 

zygomatic activation in response to non-masked pleasant pictures. There was no main 

effect of group or group by condition interaction on left zygomatic activity. 

A 2 X 3 X 12 (Group X Valence X Time) repeated measures ANOVA on left 

zygomatic activity in the non-masked condition similarly revealed a main effect of 

Valence, F(2, 64) = 20.519, p < .001, a main effect of Time, F(ll, 352) = 5,518, p = .003, 

and a Valence X Time interaction, F(22, 704) = 4.303, p = .010). The time effects were 

explored using separate post hoc 2X3 (Group X Valence) ANOVAs for successive 500 

ms intervals. These tests revealed that while pleasant pictures elicited significantly 

greater activation than neutral or unpleasant already in the 0-500 ms interval, this 

difference increased over time, peaking in the interval from 2000-2500 ms, and subsiding 
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thereafter. A related 2X3X12 (Group X Valence X Time) analysis in the masking 

condition yielded no significant effects of group, valence, or time. 

Right zygomatic. In a replication of the pattern of findings for the left zygomatic, 

mean right zygomatic activity during the 3 s of picture viewing differed as a function of 

condition, F(l, 32) = 11.989, p = .002, picture valence, F(2, 64) = 14.048, p < .001, and a 

Valence X Condition interaction, F(2, 64) = 14.929, p < .001. Similarly, mean activation 

in the 3-6 s period was influenced by condition, F(l, 32) = 13.258, p = .001; picture 

valence, F(2, 64) = 14.454, p < .001; and a Valence X Condition interaction, F(2, 64) = 

11.857, p<.001. 

Similarly, when analyzed over 12 500-ms intervals, right zygomatic activation 

showed a main effect of Condition, F(l,32) = 13.382, p = .001; Valence, F(2, 64) = 

15.730, p < .001; and a Valence X Condition interaction, F(2, 64) = 14.542, p < .001). 

There were also significant effects for Time, F(11, 352) = 5.625, p = .006; Time X 

Condition, F(11, 352) = 4.649, p = .003; Valence X Time, F(22, 704) = 4.701, p = .002; 

and Valence X Time X Condition, F(22, 704) = 6.225, p < .001. 

A 2 X 3 X 12 (Group X Valence X Time) repeated measures ANOVA on right 

zygomatic activity in the non-masked condition revealed a main effect of picture valence, 

F(2, 64) 16.334, p < .001; amain effect of Time, F(ll,352) = 6.680, p = .001; and a 

Valence X Time interaction, F(22, 704) = 6.653, p = .000. 

In the masking condition, there was a trend to a Group X Time interaction, F(11, 

352) = 2,834, p = .081, due to the apparent increase in right zygomatic activation over 

time for controls, compared to a decrease in activation over time for meditators. 
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One possible explanation for this difference between controls and meditators in 

late zygomatic activity (also apparent on the left side, though not reaching significance) 

could be that in this post-viewing period, during which participants are attending to their 

emotional reactions, controls find the task of attending more difficult than do meditators, 

and this experienced difficulty elicits a slight tensing of facial muscles. Alternatively, it 

is possible that meditators disengage more quickly from the stimuli, resulting in a 

suppression of zygomatic activity as time from the stimulus increases. While this latter 

interpretation is in line with hypotheses about emotional reactivity in meditators, findings 

in the non-masked condition do not support it. 

Facial EMG and heartbeat detection. Heartbeat detection ability has been linked 

with more pronounced facial expression of emotion (Ferguson & Katkin, 1996). 

Comparisons of EMG activations of good and poor heartbeat detectors in the present 

study did not corroborate this finding. Good heartbeat detectors did show a non

significant trend toward more sustained zygomatic activation in the 3-6 s period to 

pleasant pictures on the left side, F(2, 60) = 2.458, p .119, and though the pattern of the 

means suggests a similar effect on the right side, this comparison did not even approach 

significance, F(l,30) = .209, p = .695. In the left corrugator, however, the opposite 

pattern was detected; poor heartbeat detectors showed a trend to more activation in the 

left corrugator in all valence conditions in the 3-6 s period compared to good heartbeat 

detectors, F(l,29) = 3.392, p = .076. 

Facial EMG and cardiac vagal tone. In the non-masked condition, there were 

trends for low RSA participants to show greater mean activation in the 3-6 s period than 
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high RSA participants in left corrugator, main effect of Group, F(l, 29) = 4.031, p = .054; 

right corrugator, F(l, 27) = 2.604, p = .118; and left zygomatic, F(l, 30) = 1.993, p = 

.168; though the overall pattern of activation as a function of picture valence did not 

differ between groups. 

In the masking condition, low RSA participants showed significantly greater 

mean left corrugator activation in the 3-6 s period, main effect of group, F(l, 29) = 6.328, 

p = .018; with a similar trend in the right corrugator, F(l, 27) == 3.209, p = .093. Low 

RSA participants also showed more overall left zygomatic activity in the 0-3 s period, 

F(l, 30) = 3.646, p = .066 and the 3-6 s period, F(l, 30)= 7.928, p = .009, with similar 

findings in the right zygomatic from 0-3 s, F(l, 30) = 2.457, p = .128, and 3-6 s, F(l,30) 

= 8.482, p = .007. This pattern could be interpreted as indexing the ability of high vagal 

tone participants to quickly down-regulate expressive emotional responses, consistent 

with the hypothesis that cardiac vagal tone is related to emotion regulation ability. Mean 

facial EMG responses in both the non-masked and the masking condition for participants 

low and high in cardiac vagal tone are show in Figure 12. 
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Figure 12. Facial EMG mean change from baseline, by picture valence, for participants low and high in 
cardiac vagal tone during the 3-6 s post-stimulus onset, shown for left and right corrugator in the non-
masked condition (upper 2 panels), and for both corrugator and zygomatic muscles on the left and right in 
the masking condition (lower panels). 



96 

Facial EMG and self-reported emotional awareness. In the non-masked condition, 

participants high in self-reported attention to emotion showed increased left corrugator 

activity in the 0-3 s period, compared to low attention participants, main effect of Group, 

F(l, 31) = 5.392, p = .027, due to larger responses to unpleasant pictures of high versus 

low attention participants, but no differences in the 3-6 s period. There was a trend to a 

similar pattern in the right corrugator, with a trend to a main effect of Group, F(1, 29) -

2.040, p = .164. There were no differences between these groups in either left or right 

zygomatic activation in the non-masked condition. In the masking condition, there was a 

main effect of group in the right corrugator, such that low attention participants showed 

greater overall activation in the 3-6 s period, regardless of stimulus valence, F(l, 29) -

4.526, p = .042. 

Comparisons of participants high and low in self-reported clarity revealed a trend 

for a Group X Valence interaction, F(2, 58) == 2.991, p - .058, in right corrugator 

responses in the 3-6 s period in the masking condition, such that low clarity participants 

showed greater right corrugator activation to pleasant pictures compared to unpleasant 

and neutral, while high clarity participants showed no differentiation. In contrast, in the 

left zygomatic, high clarity participants showed more activation to masked unpleasant 

pictures than to pictures of the other two valences, while low clarity participants did not 

discriminate. Group X Valence interaction, F(2, 64) = 3.379, p = .054. Both patterns of 

activation are opposite to the predicted direction. There were no other differences 

between high and low clarity participants in facial EMG response. 
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Heart Rate 

Heart rate (HR) changes from a pre-stimulus baseline were measured at thirteen 

500 ms intervals, from 0-6 s post-stimulus onset, and mean HR change at each interval 

was calculated for each picture valence. Average waveforms were constructed from these 

values for each group in each condition and are represented in Figure 13. In addition, 

average HR change over the entire 6 s period (calculated as mean change over 13 

intervals) was computed for each subject, for each picture valence, in each condition. 

An omnibus 2X3X13X2 (Group X Valence X Time X Condition) repeated 

measures ANOVA on HR change revealed significant effects for Time, F(12, 372) = 

24.306, p < .001; Group X Valence, F(2,63) = 3.769, p = .029; Valence X Time X 

Condition, F(24, 755) = 2.988, p = .013; and an almost significant effect of Group X 

Valence X Time X Condition, F(24, 744) = 2.151, p = .061. For all stimulus types, in 

both conditions and in both groups, average waveforms were characterized by an initial 

deceleratory component lasting for most of the 0-3 s period, followed by a flattening or 

slight acceleration in the subsequent period from 3-6 s. This expected initial deceleration 

would appear to account for the significant effect of time, which was also observed in 

separate 3X13X2 (Valence X Time X Condition) analyses for both controls, F(12, 204) 

= 11.518, p < .001, and meditators, F(12,168) = 16.717, p < .001. These time effects 

were equally strong in the masking and the non-masked condition for both groups. 

Separate 2X3X13 (Group X Valence X Time) analyses in the non-masked and 

masking conditions also revealed a trend to a Group X Valence X Time interaction in the 

non-masked condition, F (24, 744) = 1.990, p = .095, while in the masking condition. 
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Figure 13. Heart rate change (in beats per minute) from pre-stimulus baseline in the 6 seconds post-
stimulus onset for control participants (left panels) and meditators (right panels) in the non-masked 
condition (upper panels) and the masking condition (lower panels). 

there was a significant Group X Valence interaction, F(2, 62) = 4.379, p = .019, and a 

Valence X Time interaction, F(24,744) = 2.402, p = .028. 

HR change at each 500 ms time interval was analyzed separately using 2X3 

(Group X Valence) repeated measures ANOVAs to explore the significant Group X 

Valence X Time interaction in the non-masked condition. There was a significant valence 

effect at 3000 ms, F(2,62) = 3.408, p = .040. A priori F-tests using 2 Valence repeated 

measures ANOVAs revealed that this effect was accounted for by the greater deceleration 

in response to unpleasant compared to pleasant pictures, F(l, 31) = 6.155, p = .019. There 
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was also a non-significant trend for pleasant pictures to elicit less deceleration than 

neutral pictures, F(l,31) = 2.355,p = .135, while neutral and unpleasant pictures did not 

differ significantly. At 5000 ms, however, a trend for a Group X Valence interaction 

begins to appear, F(2, 62) = 1.939, p = .156, which reaches significance at 5500 ms, 

F(2,62) = 5.587, p = .006, and 6000 ms, F(2,62) = 5.198, p = .012. At 5500 ms, controls 

show a trend for more acceleration to neutral pictures than to pleasant, F(l, 17) = 1.997, p 

= .176, or unpleasant pictures, F(l, 17) = 3.389, p = .083, but no difference in responses 

to pleasant and unpleasant pictures, F(l, 17) < .001, p = .995. In contrast, meditators 

show greater acceleration for pleasant items, F(l, 14) = 10.174, p = .007, and unpleasant 

items, F(l, 14) = 4.972, p = .043, compared to neutral items, with no difference between 

pleasant and unpleasant, F(l, 14) = .767, p = .396. At 6000 ms, controls show increased 

acceleration to neutral compared to unpleasant, F(l, 17) = 3.771, p = .069, with no other 

valence differences. Meditators at 6000 ms show significantly greater acceleration to 

pleasant than neutral items, F(l, 14) = 10.082, p = .007, an almost significant effect for 

greater acceleration to unpleasant than neutral items, F(l, 14) = 4.194, p = .06, and a 

trend for greater acceleration to pleasant compared to unpleasant pictures, F(l, 14) = 

2.070, p = . 172. 

The observed pattern in the non-masked condition of initial decelerations in the 

waveform conforms to predictions of a valence effect, based on prior research (Bradley & 

Lang, 2000), whereby pleasant pictures elicit less HR deceleration, and unpleasant 

pictures more deceleration, than neutral pictures. However, the predicted greater late 

peak acceleration for pleasant pictures, with lower values for neutral, followed by 
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unpleasant pictures, was not observed. Rather, in control subjects, late component 

changes in HR appear to be influenced by arousal rather than valence, with arousing 

pictures (pleasant and unpleasant) showing a continued deceleration, compared to neutral 

pictures, for which an acceleratory component is evident. In meditators, however, this 

arousal effect takes the opposite form, with neutral pictures continuing to decelerate, 

while arousing pictures show modest evidence of a late acceleratory component. 

Cuthbert, Bradley & Lang (1996) have also reported arousal-related heart rate changes. 

Using a set of lAPS pictures graded for arousal, they found that high arousal pleasant and 

unpleasant pictures elicited more HR deceleration than low arousal pictures with pleasant 

or unpleasant content. 

The Group X Valence interaction in the masking condition arises from the fact 

that controls exhibit less average HR change (overall deceleration) in response to neutral 

pictures, compared to unpleasant, F(l,17) = 5.075, p = .038, and pleasant pictures, 

F(l,17) = 2.310, p = .147, whereas meditators showed less average deceleration to 

unpleasant masked pictures, compared to pleasant pictures, F(l,14) = 4.780, p = .046, and 

neutral pictures, F(l,14) = 1.318, p = .270. These differences in average HR change 

obscure waveform patterns of deceleration and acceleration that may differ among 

valences, and which are explored below. 

Patterns in HR responses in the masking condition were explored separately for 

each group. A 3 X 13 (Valence X Time) repeated measures ANOVA on meditators' 

responses in the masking condition, revealed a non-significant trend toward a main effect 

of Valence, F(2, 28) = 2.354, p = .118, and a significant Valence X Time interaction, 
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F(24, 336) = 2.523, p = .045, as well as a main effect of Time, F(12, 168) = 13.762, p < 

.001. Post hoc tests revealed a main effect of Valence, F(l, 14) = 4.780, p = .046, and a 

main effect of Time, F(12, 168) = 13.269, p < .001, when comparing meditators 

responses to pleasant versus unpleasant masked items. Comparison of pleasant versus 

neutral masked items revealed a significant main effect of Time, F(12, 168) = 11.471 ,P< 

.001, and a Valence X Time interaction, F(12,168) = 5.244, p = .005, but no Valence 

main effect. Pleasant pictures elicited a greater and more sustained deceleration, whereas 

neutral pictures elicited less deceleration and a later acceleratory component. There was 

no Valence main effect or Valence X Time interaction on HR change to unpleasant 

compared to neutral masked pictures in meditators. 

Subjecting controls' HR responses to masked items to a similar 3X13 (Valence 

X Time) repeated measures ANOVA revealed an almost significant main effect of 

Valence, F(2, 34) = 3.265, p = .056, and a significant main effect of Time, F(12, 204) = 

10.754, p < .001, but no Valence X Time interaction. Post-hoc comparisons revealed that 

controls discriminated significantly between neutral and unpleasant items, main effect of 

Valence, F(l,17) = 5.075, p = .038, with a non-significant trend to a Valence X Time 

interaction, F(12, 204) = 1.776, p = .135. There was no Valence main effect or Valence 

X Time interaction when comparing controls' HR responses to pleasant and unpleasant 

masked pictures. Comparisons of responses to neutral and pleasant masked items only 

revealed a non-significant trend to a main effect of Valence, F(l, 17) = 2.310, p = .147. 

While it appears that meditators discriminated between pleasant and unpleasant 

masked pictures in overall heart rate deceleration, with greater deceleration for pleasant 
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pictures compared to unpleasant pictures, examination of HR waveforms by meditation 

group suggests that Zen meditators were largely responsible for this effect, while 

Vipassana meditators' responses were more similar to controls' (see Figure 14). Indeed, 

a 3 Group (Vipassana, Zen, Control) X 3 Valence X 13 Time repeated measures ANOVA 

on HR responses in the masking condition revealed an almost significant Group X 

Valence interaction, F(4,60) = 2.464, p = .060, with post-hoc 2X3X13 (Group X 

Valence X Time) tests locating the source of this interaction effect in differences between 

controls and Zen meditators, for whom there was a significant Valence X Group 

interaction, F(2, 46) = 5.276, p = .010. There were no differences between controls and 

Vipassana meditators or between the two meditation groups. It should be noted that the 

pattern of resuhs in Zen meditators is directly opposite to the pattern in the non-masked 

condition, and was not predicted. 
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Figure 14. Heart rate change, by picture valence, from pre-stimulus baseline, in the masking condition for 
Zen (left panel) and Vipassana (right panel) meditators. 
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Figure 15 shows HR change, collapsed across groups, for the three picture 

valences in both the non-masked and masking conditions. The Valence X Time effect in 

the masking condition was explored using separate 3 valence repeated measures 

ANOVAs on heart rate collapsed across groups at each 500 ms interval. At 5000 ms, a 

significant valence effect emerged, F(2, 64) = 3.711, p = .034. At this time point, an 

acceleratory component emerged in response to neutral pictures, whereas pleasant and 

unpleasant pictures continue to elicit HR decelerations. This difference is reflected in 

waveform means at 5000 ms, in which pleasant (M = -2.01, SD = 1.84) and unpleasant 

(M = -1.89, SD = 1.77) pictures show larger decelerations than neutral (M = -1.199, SD = 

1.81). This apparent arousal effect in the masking condition, where arousing (pleasant 

and unpleasant) pictures elicit more extended decelerations compared to neutral pictures, 

was not predicted and has not been found in one other study that examined HR responses 

n 
to briefly presented (500 ms presentations) pictures (Codispoti et al., 2001) . It differs 

from the expected pattern of valence-specific influences on HR change, as well as from 

the pattern observed in this study in the non-masked condition, where valence influences 

are seen in the initial deceleratory component of the wave. It is, however, consistent with 

the arousal effect on HR reported by Cuthbert et al. (1996), whereby high arousing 

pictures 

^ Interestingly, the plots of HR data in the Codispoti et al. (2001) paper suggest that HR might have 
displayed some arousal discrimination, though no such effects were reported. Waveforms for neutral 
stimuli showed smaller peak decelerations and larger peak accelerations than those for either pleasant or 
unpleasant stimuli. Differences between the present task, involving sustained attention to feeling states, 
and the passive viewing task of Codispoti et al., might explain the overall differences in waveform patterns, 
while still allowing that HR tracks the arousing quality of an emotional stimulus. 



104 

Heart Rate Change 

Non-Masked Condition 

TIME (ms) 

.^ALENCE 
Neutral 

Pleasant 

Heart Rate Change 

Masking Condition 

VALENCE 

 ̂ UnpleaianI 

TIME ms 

Figure 15. Heart rate change, by picture valence, from pre-stimulus baseline, collapsed across groups in the 
non-masked (left) and masking (right) conditions. 
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Figure 16. Heart rate change, by picture valence, from pre-stimulus baseline, in the non-masked condition, 
for participants with low (left panel) and high (right panel) cardiac vagal tone. 
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elicited more HR deceleration than low arousing pictures, though pictures in the Cuthbert 

et al. study were not presented masked. 

Heart rate and individual differences. There were no significant differences in 

heart rate responses to pictures in either the masking or non-masked condition between 

good and poor heartbeat detectors or individuals high and low in self-reported attention 

or clarity. However, a 2 X 3 X 13 (Group X Valence X Time) repeated measures 

ANOVA comparing HR change in the non-masked condition in subjects low and high in 

cardiac vagal tone revealed trends for a main effect of Group, F(l, 29) = 3.208, p = .084, 

and a Group X Time interaction, F(12, 348) = 2.252, p = .117. As shown in Figure 16, 

low vagal tone subjects exhibited more overall deceleration in response to the pictures, 

but only high vagal tone participants appeared to discriminate among picture valences in 

their HR responses. Post-hoc tests revealed that the difference between HR responses to 

pleasant and unpleasant pictures approached significance for high RSA participants, F(l, 

10) = 3.984, p = .074, but not for low RSA participants, F(l,10) = .405, p = .532. There 

was no difference between participants high and low in cardiac vagal tone in HR 

responses in the masking condition. 
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Secondary Post-Hoc Analyses: 

An Exploration of Valence Discrimination in the Masking Condition 

The primary aim of the present study was to determine participants' ability to 

discriminate subtle differences in emotion experiences elicited by masked emotional 

stimuli, and to determine any individual characteristics that might influence 

discrimination performance. This section addresses features of both the experimental 

design and of individual subjects that may have influenced experience ratings in the 

masking condition, and introduces an alternative way of exploring individual differences 

in emotional valence discrimination. 

Awareness of Target Stimuli 

For each masked trial, participants indicated whether or not they believed they 

had seen some identifiable figure or feature of the target stimulus. The number of such 

"seen" items was recorded for each subject, by session and picture valence. One control 

participant (CO 19) reported seeing many more masked items than other participants (30 

out of 48 masked items; 17 on Day 1, 13 on Day 2) and also claimed to have recognized 

items from the previous sessions in the masking blocks on the second day of testing. 

Analyses on valence and arousal ratings in the masking condition were re-run without 

data from this participant, and there was still a significant main effect of picture valence 

on arousal ratings when both groups are considered, F(2, 62) = 3.777, p = .03, and a 

significant effect of picture valence on valence ratings when only controls are considered, 

F(2,32)-4.136,p = .034. 
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Apart from the above-mentioned individual, participants did not report seeing 

many masked items. In all, 20 out of 34 participants reported awareness of one or more 

masked emotional stimuli. Excluding data from CO 19, the remaining participants 

reported seeing an average of 2.88 masked items (SD = 4.588), with a range from 0-19, 

a median of 1, and a mode of 0 items seen. More pleasant (M = 1.18, SD = 1.828) and 

unpleasant (M = .94, SD = 1.767) than neutral pictures (M = .76, SD = 1.251) were 

reported seen. There were no differences between controls and meditators in the number 

of seen masked items. Among those 19 participants reporting some awareness of masked 

items, there was no difference in the number of items reported seen on Day 1 (M = 2.58, 

SD = 2.65) versus Day 2 (M = 2.47, SD = 2.95) of testing, F(l, 18) = .040, p = .843. 

There were no differences between the numbers of pleasant, neutral, and unpleasant items 

reported seen on Day 1. However, on Day 2, significantly more pleasant items were 

reported seen than neutral, F(l, 18) = 11.509, p = .003, or unpleasant items, F(l, 18) = 

6.892, p = .017 (pleasant: M = 1.32, SD = 1.38; neutral: M = .42 , SD = .769; unpleasant: 

M = .74, SD=1.33). 

Because so few items were reported as seen, and by so few subjects, ratings of 

seen and unseen i tems were  not  compared.  Ins tead,  separa te  omnibus  2X3X2 (Group 

X Valence X Seen) analyses were conducted for valence and arousal ratings in the 

masking condition, comparing ratings for only those items for which there was no 

reported awareness with ratings for all masked stimuli (including seen items). The 

significant effect of picture valence on arousal ratings remained, F(2, 64) = 4.666, p = 

.015, with no effect of including seen items. There was an almost significant influence of 
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including seen items on valence ratings, F(l, 32) = 3.966, p = .055, with ratings tending 

more toward the pleasant end of the scale when seen items were included, but with no 

significant differences in the pattern of ratings. Figure 17 shows mean valence and 

arousal ratings for both groups in the masking condition when seen items are included. 

Once again, however, the patterns of valence ratings were suggestive of differences 

attributable both to group and to inclusion of seen items. Controls appeared to 

discriminate along the valence dimension regardless of whether seen items were 

included, though discrimination appeared stronger when only unseen items were 

considered. Conversely, meditators appeared to show some valence discrimination when 

seen items were included, with this pattern disappearing when ratings for those items 

were removed. Separate exploratory 3X2 (Valence X Seen) analyses for each group 

revealed a significant effect of valence on the valence ratings of controls, F(l, 32) = 

4.264, p = .025, with a trend to a main effect of excluding seen items, F(l, 17) = 3.199, p 

= .092. There were no significant influences of picture valence or inclusion of seen items 

on meditators' valence ratings in the masking condition. Lack of a significant influence 

of seen items on experience ratings in the masking condition suggests that despite reports 

of awareness, seen items were not processed as if they were non-masked, as they did not 

elicit strong emotional responses. It is possible that awareness of seen items was quite 

limited and even inaccurate, and that rather than strengthening the affective signal, 

perceptual experiences of "seen" items merely added perceptual and/or affective noise. 
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Figure 17. Mean arousal (upper panel) and Valence (lower panel) ratings in the masking condition for all 
picture valences, by group, when ratings for items that participants reported "seeing" are included. 

Some evidence that the experience of seeing masked items was qualitatively 

different from that during no awareness trials comes from the following finding. When all 

seen items were pooled across subjects, and ratings of pleasant (n=51), neutral (n=35), 

and unpleasant (n=40) seen items were compared, there was no significant influence of 

picture valence on either valence ratings, F(2, 123) = .515, p = .599, or arousal ratings. 
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F(l, 123) = .26, p = .486. This stands in contrast to the findings for unseen items, where 

participants accurately discriminated between arousing and non-arousing pictures, and 

where control participants accurately discriminated among stimuli in their valence 

ratings. This suggests that the experience of believing that one has seen a masked item 

may interrupt processing of its affective properties, thereby short-circuiting the elicitation 

of emotion experiences and resulting in no influence of those properties on ratings of 

experienced valence and arousal. 

Order Effects 

While individual differences in perceptual thresholds were not controlled in the 

experimental design, resulting in differences in reported awareness of masked items as 

outlined above, a number of precautions were taken to remove systematic biases on 

experience ratings. Participants were instructed to disregard thoughts about what they 

thought they should be feeling in response to particular stimuli or conditions, and to rate 

their actual feeling states, regardless of why they thought they were feeling that way. 

The experiment was constructed such that stimuli were presented in 4 different pseudo

random orders, covmterbalanced across subjects, with differently valenced stimuli equally 

distributed across 6 experimental blocks during each session. 

Finally, stimulus set presentation order was counterbalanced in the experimental 

design. However, one consequence of using two stimulus sets repeated over two 

sessions, is that on the second day of testing, all participants viewed pictures in the 

masking condition that they had seen under non-masked conditions on the first day and 

vice versa. Though participants were not aware that pictures would be repeated in the 
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study, it is possible that prior exposure itself may have influenced ratings in either 

condition. Effects of testing day on valence and arousal ratings were therefore assessed 

using 2X3X2 (Group X Valence X Day) repeated measures ANOVAs. There were no 

significant main or interaction effects or trends related to day of testing on either valence 

or arousal ratings of masked or non-masked items. 

Valence Discrimination 

The finding of a significant influence of picture valence on arousal ratings to 

masked pictures, and of no group differences in this ability, supports the hypothesis that 

the arousing qualities of emotional stimuli can be processed preattentively and can 

influence emotional phenomenology. Indeed, examination of individual subject means 

reveals that 13 out of 34 participants showed the predicted pattern of arousal ratings in 

the masking condition, with both pleasant and unpleasant pictures rated, on average, 

more arousing than neutral pictures, while an additional 14 participants reported greater 

arousal to either pleasant (n=5) or unpleasant (n=9), compared to neutral masked 

pictures. Findings reported in the previous section indicate that the arousal effect is 

strongest for unpleasant pictures, though the trend for pleasant pictures goes in the 

expected direction. In spite of this finding, true discrimination among emotional stimuli 

- of the sort that would be useful to guide behavior - requires discrimination between the 

pleasantness and unpleasantness of emotion experiences. Indeed, merely responding to 

stimuli based on their ability to evoke emotional arousal could be maladaptive. Though 

often equally arousing, pleasurable and unpleasant stimuli in many cases appropriately 

evoke opposing behavioral responses (i.e., approach versus withdrawal). Behaviorally 
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useful discrimination of feeling states would therefore require discrimination along the 

valence dimension. Evidence was provided above that control subjects were able to 

make discriminations of their feeling states on the valence dimension, though this was not 

the case for meditators. 

However, an examination of individual means for valence ratings revealed that 

not all subjects in the control group had ratings fitting the expected pattern, and some 

meditators did appear to show valence discrimination. Therefore, a signal detection 

approach was taken to identify individual "good valence discriminators" in order to 

determine whether as a group they shared any common features. 

Two separate signal detection analyses were conducted, one for pleasantness 

discrimination and one for unpleasantness discrimination, yielding separate measures of 

sensitivity (d') and willingness to endorse the presence of an emotional state (criterion) 

for both pleasantness and unpleasantness. Valence discrimination was assessed in the 

following manner. All pleasant or unpleasant masked items that subjects reported not 

seeing were modeled as signals. Of these, pleasant items rated as 1 or 2 on the 5-point 

valence scale were classified as pleasant "hits"; unpleasant items rated as 4 or 5 were 

classified as unpleasant "hits." Catch items (masked masks) were modeled as noise. The 

same 16 catch items were included in assessments of both pleasantness and 

unpleasantness discrimination. Catch items rated as 1 or 2 were classified as "false 

alarms" for the pleasantness discrimination analysis, while catch items rated as 4 or 5 

were classified as "false alarms" for the analysis of unpleasantness discrimination. Data 

from the one control participant reporting a high number of seen masked items were 
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excluded from these analyses, due to the unusually low number of items classified as 

signals in that particular case. Among the remaining 33 participants, actual numbers of 

pleasant hits ranged from 0-11 (M = 2.88, SD = 2.955 items) and unpleasant hits ranged 

from 0 - 9 (M = 3.21, SD = 2.446) out of a maximum possible 16 items in each case. 

Pleasantness Discrimination 

11 participants had positive pleasantness d' values, ranging from .03-1.61. Of 

these only 5 had d' values of .5 or greater, an arbitrarily chosen demarcation value for 

distinguishing good from poor discriminators. Of these 5, 4 were controls and 1 was a 

meditator. Good pleasantness discriminators had a mean of 6.67 pleasantness "hits" (SD 

= 3.62) and 2.50 "false alarms" (SD = 2.81) compared to poor discriminators (hits: M = 

2.04, SD = 2.047; false alarms: M = 3.04, SD = 2.875). This difference in the number of 

hits was statistically significant, F(l, 31) = 18.714, p < .001. 

Unpleasantness Discrimination 

17 participants had positive unpleasantness d' values, ranging from .17 to 1.94. 

Of these, 7 had d' values above .5: 4 controls and 3 meditators. By these criteria, only 

one participant, a control, was classified as good at both pleasantness and unpleasantness 

discrimination. Good unpleasantness discriminators had significantly more 

unpleasantness "hits" (M = 4.86, SD = 2.91) than poor discriminators (M = 2.77, SD = 

2.16), F(l, 31) = 4.450, p = .043. And they tended to have fewer unpleasantness "false 

alarms" (M = 1.29, SD = 1.11) than poor discriminators (M = 3.12, SD = 2.455), F(l, 31) 

= 3.621, p = .066. 
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There were no significant correlations between pleasantness d' or unpleasantness 

d' values and cardiac vagal tone, heartbeat detection accuracy, or self-reported attention 

to or clarity of emotion experience. Likewise, there were no group differences between 

good and poor pleasantness or unpleasantness discriminators on these measures. 

Relating Awareness To Valence Discrimination 

There was no correlation between pleasantness d' and the number of pleasant 

masked items reported as seen (r = -.025, p = .891), or between unpleasantness d' and the 

number of unpleasant items seen (r = -.087, p = .630). Total number of hits (pleasant 

plus unpleasant) was negatively correlated with total number of masked items reported as 

seen, r = -.391, p = .088. These findings suggest that it was not the case that participants 

with good valence discrimination were simply more perceptually accurate. 

For the 19 participants who reported seeing some of the masked items, hit rates 

for seen items were computed by dividing the number of seen items correctly rated on the 

valence dimension by the total number of seen items. 5 of the 19 participants who 

reported seeing some masked items were classified as good pleasantness discriminators. 

These 5 individuals saw from 1-2 masked items. The 4 good unpleasantness 

discriminators who reported seeing some masked items saw between 1 and 3 items out of 

a possible 48. Among these 19 individuals, there were no differences in hit rates for seen 

items between good and poor pleasantness discriminators, F(l, 17) = .133, p = .720, or 

between good and poor unpleasantness discriminators, F(l, 17) = .151,p = .072. This 
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set of findings further supports the conclusion that good valence discrimination was not 

due to greater perceptual accuracy.^ 

Willingness to Endorse Experiences of Emotional Valence 

Interestingly, both unpleasantness criterion and pleasantness criterion values were 

negatively correlated with arousal ratings to both pleasant (pleasantness criterion, r = 

-.492, p = .004; unpleasantness criterion, r -.590, p = .003) and unpleasant (pleasantness 

criterion, r = -.511, p = .002; unpleasantness criterion, r = -.525, p = .002) masked 

pictures. A lower criterion indicates a greater willingness to report the presence of a 

signal. These correlations suggest that without experienced arousal, participants were 

unwilling to endorse experiences on the valence dimension. Perhaps when determining 

whether one is in an emotional state, the first observation one makes is to note whether or 

not one is aroused; when arousal is present, valence judgments may arise as a secondary 

appraisal on the emotional state. 

Given that participants could endorse positive, negative, or neutral valence in the 

masking condition, a more accurate measure of criterion might include willingness to rate 

stimuli as pleasant or unpleasant. A combined measure of valence discrimination was 

therefore calculated, wherein both pleasant and unpleasant hits and false alarms were 

considered, and for which both pleasant and unpleasant targets (n=32 minus any seen 

' The foregoing assumes that accurate perception of masiced items would tend to bring experience ratings in 
line with those for the non-masked condition. An alternative possibility is that the experience of perceiving 
part of an item that had been intentionally blocked from one's view may be more influenced by surprise or 
the cognitive evaluation of awareness rather than by the emotional qualities of that stimulus. This could 
also account for qualitative differences in emotional responses to these items. 
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Figure 18. Correlations between valence rating criterion and arousal to pleasant masked pictures (left 
panel) and arousal to unpleasant masked pictures (right panel). 

items) were included, whereas catch items were counted once (n=16) as for the previous 

calculations of pleasantness and unpleasantness discrimination. This yielded an overall 

measure of valence discrimination (d') and an overall valence criterion. Correlations 

between overall valence criterion and arousal ratings for 33 participants (excluding CO 19) 

in the masking condition were also highly significant (pleasant arousal, r = -.635, p < 

.001; neutral arousal, r = -.646, p < .001; unpleasant arousal, r = -.632, p < .001), lending 

further support to the suggestion that emotional arousal may be a prerequisite for valence 

endorsement (see Figure 18). 

Interestingly, on the measure of d' generated by this overall discrimination 

analysis, valence discrimination was negatively correlated with self-reported attention to 

emotion, r = -.356, p = .042, though it was not correlated with clarity scores, heartbeat 

detection ability, or cardiac vagal tone. 
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Group Differences in Valence Discrimination 

Comparisons of controls and meditators revealed that controls tended to score 

higher than meditators on pleasantness discrimination, F(l, 31) = 3.650, p - .065, but not 

unpleasantness discrimination, F(l,31) = .470, p = .498. However, on the measure of 

overall valence discrimination (d'), when both pleasant and unpleasant ratings were taken 

into account, controls scored significantly higher than meditators, F(l, 31) = 8.256, p = 

.007. In addition, controls set a higher criterion for endorsing pleasantness than did 

meditators, F(l,31) = 9.096, p = .005 (controls: M = 1.74, SD = .24; meditators: M = .78, 

SD = .81). Meditators were not, however, unwilling to endorse valence experiences in 

the masking condition. Meditators made significantly more pleasantness false alarms 

than controls, F(1,31) = 9.20, p = .005. This was true regardless of meditation style, as 

revealed by post-hoc t-tests (equal variances not assumed). Zen and Vipassana 

meditators did not differ in their pleasantness false alarm rates, but Vipassana meditators 

had significantly higher pleasantness false alarm rates than controls, t (9.49) = 2.865, p = 

.018, and Zen meditators showed an almost significant effect in the same direction, 

t(13.265) = 2.019, p = .064. As these higher false alarm rates would suggest, Vipassana 

meditators were setting a much lower criterion for endorsing experiences of pleasant 

valence than controls, t(20.306) = 3.889, p = .001; and Zen meditators showed a trend in 

the same direction, t(14.997) = 1.914, p = .075, with the two meditation groups not 

differing on this measure, t(12.744) = 1.335, p = .205. 
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Physiology and Valence Discrimination 

To explore relationships between psychophysiological measures and valence 

discrimination accuracy, good and poor pleasantness and unpleasantness discriminators 

were compared on measures of SCRs, facial EMG, and HR in the masking condition. 

Good vs. poor unpleasantness discriminators. A 2 X 3 X 12 (Group X Valence X 

Time) repeated measures ANOVA on left corrugator responses in the masking condition 

revealed no significant differences between good and poor unpleasantness discriminators, 

though a comparison of mean left corrugator activation to pleasant vs. unpleasant masked 

pictures in the 3-6 s period revealed a trend to a Group X Valence interaction, F(l, 30) = 

2.221, p = .147, such that good unpleasantness discriminators showed a trend toward 

greater left corrugator activation to unpleasant than to pleasant pictures, compared to 

poor unpleasantness discriminators who showed a trend toward the opposite pattern. 

However, for the 6 good unpleasantness discriminators for whom left corrugator data was 

available, the difference between responses to pleasant and unpleasant pictures was not 

significant. 

2X3X12 (Group X Valence X Time) repeated measures ANOVA on right 

corrugator, left zygomatic, and right zygomatic responses in the masking condition 

revealed no significant effects of unpleasantness discrimination group. There were no 

differences between good and poor unpleasantness discriminators on measures of SCR or 

HR to masked pictures. 

Good vs. poor pleasantness discriminators. In a 2 X 3 X 13 (Group X Valence X 

Time) repeated measures ANOVA on HR in the masking condition, there was a trend 
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toward a main effect of Group, F(l,30) = 3.521, p = .070, such that good pleasantness 

discriminators showed overall more HR deceleration than poor pleasantness 

discriminators, largely accounted for by greater deceleration for pleasant and unpleasant 

compared to neutral pictures. Poor pleasantness discriminators showed less overall 

deceleration and no difference in responses to the different picture valences. Good 

pleasantness discriminators had significantly greater mean HR deceleration for 

unpleasant pictures, F(l, 30) = 5.314, p = .028, and a trend toward greater mean HR 

deceleration to pleasant pictures, F(l, 30) = 3.083, p = .089, than poor pleasantness 

discriminators. A similar analysis in the non-masked condition revealed a non-significant 

trend to a group main effect on HR, F(l, 30) = 1.774, p = .193. Heart rate change in the 

non-masked and masking conditions for good and poor pleasantness discriminators is 

shown in Figure 19. 

Other investigators have found that HR did not differentiate among stimuli of 

positive, neutral, and negative valence under very brief (500 ms) stimulus presentations, 

and have argued that the HR response may require longer stimulus processing than the 

other physiologic measures such as SCR and facial EMG that do arise early (Codispoti et 

al., 2001). This suggests that HR arises from controlled processing of emotional stimuli, 

perhaps from a process of conscious, cognitive appraisal. Perhaps for good pleasantness 

discriminators, however, the experience of emotion serves as sufficient stimulus to 

initiate changes in HR. 

There was a non-significant trend for good pleasantness discriminators to have 

larger SCRs to masked pictures than poor pleasantness discriminators, F(l,31)=1.788, 
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Figure 19. Heart rate change from baseUne in the non-masked (upper panels) and masking (lower panels) 
conditions, for good pleasantness discriminators (left) and poor pleasantness discriminators (right). 
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p = .191. SCRs to masked unpleasant pictures were significantly larger in good compared 

to poor pleasantness discriminators, F(l, 31) = 5.174, p = .030, but neither group showed 

the expected pattern of greater SCRs to pleasant and unpleasant pictures, compared to 

neutral pictures. Rather, good pleasantness discriminators showed the largest responses 

to unpleasant, followed by neutral, then pleasant pictures. There were no differences 

between good and poor pleasantness discriminators in SCRs in the non-masked 

condition. 

Separate 2X3X12 (Group X Valence X Time) repeated measures ANOVAs on 

left and right corrugator responses in the masking condition revealed a trend for a group 

effect in the left corrugator, F(l, 30) = 2.295, p = .140, and a significant effect of group 

on the right, F(l, 28) = 4.203, p = .050. In both cases, good pleasantness discriminators 

had more overall corrugator response, regardless of picture valence, but the pattern of 

responses was not different between the groups, and was not in line with predictions. 

A 2 X 3 X 12 (Group X Valence X Time) repeated measures ANOVA on left 

zygomatic responses in the masking condition revealed no significant effects. However, 

in the right zygomatic there was a significant Group X Valence interaction, F(2, 62) = 

3.926, p = .047, and a trend to a Group X Valence X Time effect, F(22, 682) = 1.964, p = 

.112. While both groups showed more right zygomatic response to unpleasant pictures 

than to the other two picture types, poor pleasantness discriminators also showed a late 

increase in activation to neutral and pleasant pictures, while good discriminators 

responded only to unpleasant pictures. This effect was most pronounced in the 3-6 s 

period, for which there was a significant Group X Valence interaction, F(2, 62) == 
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Figure 20. Right zygomatic activation (change from pre-stimulus baseline) in the masking condition in 
good pleasantness discriminators (left) and poor pleasantness discriminators (right). 

4.184, p = .040, on mean right zygomatic activity. Figure 20 shows right zygomatic 

change in good and poor pleasantness discriminators in the masking condition. Good and 

poor pleasantness discriminators did not differ in their right zygomatic responses in the 

non-masked condition. 

This finding in good pleasantness discriminators of differential HR response for 

arousing (pleasant and unpleasant) masked pictures compared to neutral pictures, 

combined with greater SCRs and zygomatic responses for unpleasant masked pictures, 

suggests a possible underlying physiologic discrimination that could provide bodily 

feedback useful in evaluating one's emotional state. However, as noted above, on a 

standard measure of visceral perception ability - the heartbeat detection task - good 

pleasantness discriminators did not score higher overall, and only one was classified as a 

good heartbeat detector. Moreover, only one of these participants was good at 

unpleasantness discrimination, making the physiologic differentiation hypothesis a less 

likely explanation of pleasantness discrimination ability. The possibility remains. 
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however, that the bodily feedback is delivered non-consciously, which would explain the 

lack of relation between pleasantness discrimination and heartbeat detection performance, 

but would not provide an explanation for why this feedback facilitates pleasantness 

discrimination but not unpleasantness discrimination. Alternatively, it is possible that the 

availability of some conscious emotion experience itself amplifies the physiologic 

response, giving rise to physiologic change rather than arising from it, as was suggested 

in the discussion of the HR findings in the masking condition in good pleasantness 

discriminators. 
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DISCUSSION 

Summary of Findings 

In an emotion picture-viewing paradigm, in which stimuli were presented both 

masked (45 ms exposure duration) and non-masked (3 s exposure duration), differences 

between long-term meditators and control participants were assessed on measures of self-

reported emotion experience (valence and arousal) and emotional physiology (skin 

conductance, facial EMG, and heart rate change). Individual differences associated with 

visceral perception ability (as assessed by a heartbeat detection task), cardiac vagal tone, 

and self-assessed emotional awareness (on standardized questiormaires), were also 

explored. 

In the masking condition, both meditators and controls were able to discriminate 

the arousing quality of emotion experiences, though participants scoring high in self-

assessed emotional clarity - indicating a greater ability to distinguish and describe 

specific emotion experiences - showed more accurate arousal discrimination than their 

low clarity counterparts. On the valence dimension - the extent to which feelings are 

experienced as pleasant or unpleasant - only control participants were able to correctly 

discriminate among masked stimuli in their pattern of valence reports, with meditators 

showing no discrimination whatsoever. Signal detection analyses exploring the ability of 

participants to extract specific pleasantness or unpleasantness information from their 

emotion experiences in response to masked stimuli revealed a subset of good 

pleasantness discriminators and a separate subset of good unpleasantness discriminators. 

Control participants showed greater sensitivity to pleasantness information than 
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meditators, with no differences between the groups on unpleasantness detection. In 

addition, the less arousal individuals reported experiencing to pleasant or unpleasant 

pictures, the higher their criterion for endorsing experiences of pleasant or unpleasant 

emotion, suggesting that without experienced arousal, participants may be less inclined to 

evaluate their emotion experiences as having a valenced quality. This raises the 

possibility that the assessment of one's emotion experience is a two-stage process, 

involving an initial assessment of whether one is mentally or physiologically aroused, 

and, if so, a subsequent assessment of the pleasant or unpleasant nature of that aroused 

state. Interestingly, participants were always presented with the valence scale first, 

suggesting that this finding was not a mere artifact of the experimental conditions. 

Long-term meditators and control participants did not differ significantly on 

measures of heartbeat detection, cardiac vagal tone, or self-assessed attention to emotion 

experience. Meditators, however, rated themselves higher in emotional clarity - the 

ability to accurately discriminate different emotional states - than controls. This clarity 

measure, as previously noted, was related to the ability to accurately discriminate masked 

emotional stimuli on the dimension of experienced arousal, though meditators and 

controls did not differ significantly in reported arousal to masked pictures. 

In the non-masked condition of the picture-viewing task, there were no 

differences in self-reported emotion experiences of valence or arousal related to any of 

the individual difference measures or as a function of long-term meditation practice. 

Some differences between meditators and controls in late components of the HR response 

to non-masked pictures were observed, though early valence-specific deceleratory 
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patterns did not differ between the groups. Significant physiological differences 

between subjects high and low in cardiac vagal tone were found, however, in both the 

non-masked and the masking condition, and are discussed further below. No other 

significant differences were revealed in the non-masked condition. 

Participants showed little physiologic discrimination among masked pictures as a 

fxmction of picture valence. Apart from a difference in HR responses in meditators in the 

non-predicted direction, whereby pleasant masked pictures elicited greater HR 

deceleration than unpleasant masked pictures, there were no differences in physiologic 

responses to pleasant and unpleasant pictures in the masking condition. This suggests 

that physiologic signals may not have been the source for judgments of experienced 

emotional pleasantness or unpleasantness. However, heart rate did discriminate between 

masked arousing (pleasant or unpleasant) and neutral pictures, with arousing pictures 

eliciting greater and more sustained decelerations from baseline than neutral pictures. 

Several issues raised by these results are discussed below. Perhaps the most 

surprising result in this study was the finding that, contrary to hypotheses, controls were 

better than meditators at discriminating experiences of emotional valence in the masking 

condition. It was predicted that meditators, with their training in attending to bodily 

states and to discrete components of emotion experiences, would perform better than 

controls on this task. Also surprising was the lack of physiologic discrimination among 

picture valences on measures that have previously been shown to discriminate masked 

emotional stimuli (SCR and facial EMG), and the simultaneous presence of arousal 

discrimination in heart rate, a measure that in prior studies has not been sensitive to very 
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brief stimulus presentations. Methodological differences between the present and prior 

studies may go some way to explaining these physiologic differences. Both the self-

report and psychophysiological findings have implications for our understanding of "gut 

feelings" and the ability of emotion experiences to inform volitional choice. These 

implications are discussed in more detail below. 

Relation of Experience to Physiology 

Lack of Physiologic Valence Discrimination 

Unlike prior studies using masked aversively conditioned stimuli (Ohman & 

Soares, 1993, 1994, 1998; Katkin et al., 2001), or masked pictures of facial affect 

(Dimberg et al., 2000), there was no discrimination among differently valenced emotional 

pictures in the present study on any of the physiological measures, despite discrimination 

in emotional self-report. Two points should be emphasized with regard to this finding. 

The first is that it is not uncommon in emotion research for experience to be unrelated to 

physiology (Lang, 1994; Ferguson & Katkin, 1996; Ohman & Soares, 1998). As 

previously discussed, the different components of emotion are capable of dissociation, 

and there are individual differences in the extent to which people are emotionally affected 

by stimuli on any given measure. 

The second point, of particular relevance to the current discussion, is that the lack 

of a physiologic marker for "gut" feelings suggests that these feelings may not be visceral 

after all. It might be that unconscious appraisals can elicit emotional feeling states 

directly, bypassing peripheral physiology. Unlike prior studies involving masked 
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emotional stimuli, the present study did not use an aversive conditioning paradigm, nor 

did it use highly specific emotional facial expressions known to trigger facial mimicry. 

As a result, large-scale autonomic or somatic response systems may not have been 

engaged. Nonetheless, emotion experiences were reported in response to the masked 

stimuli. This finding suggests that processes of unconscious emotional appraisal can 

directly elicit emotion experience, without feedback from the periphery, and that these 

experiences may have their origin in central, rather than peripheral, nervous system 

processes. The precise nature of central mechanisms for the generation of feeling states 

is beyond the scope of the present discussion, but it should be noted that this idea bears 

similarities to Damasio's (1994) proposal of an "as-if cortical loop for the generation of 

a representation of a somatic emotional state, as well as to Panksepp's (1998) proposal 

that the nature of an emotional feeling state may be determined by activity of sub-cortical 

neurochemical circuits that modulate brain function. Moreover, it is supported by 

neuroimaging evidence showing that the amygdala, a sub-cortical structure believed to be 

involved in preattentive processing of emotional stimuli, is activated in humans in 

response to the presentation of masked facial expressions of emotion (Whalen et al. 

1998). Neither amygdala activation, nor the proposed activity of as-if loops or 

neurochemical systems requires feedback from the periphery for the generation of an 

emotional response. Yet such activity may be sufficient for the elicitation of a conscious 

experience with emotional qualities. 
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Heart Rate and Arousal Discrimination of Masked Pictures 

The only physiologic measure that was sensitive to the emotional qualities of 

masked emotional pictures was heart rate, which, in contrast to the non-masked condition 

did not discriminate between pleasant and unpleasant pictures (i.e., on the valence 

dimension), but rather on the dimension of emotional arousal, with greater peak 

decelerations for pleasant and unpleasant pictures, compared to neutral pictures, and a 

late acceleratory component for neutral pictures only. One possible explanation for these 

differences between conditions may be related to the different attentional demands they 

imposed. 

Early psychophysiological studies established a link between heart rate and 

attentional processes, with evidence suggesting that heart rate deceleration indexes an 

orienting response accompanying attention to the environment, whereas heart rate 

acceleration is associated with cognitive processing necessary for problem solving 

(Lacey, 1967). A classic pattern of stimulus-linked heart rate response (initial 

deceleration, later acceleration, subsequent deceleration) associated with these attentional 

processes has been observed in passive viewing paradigms involving emotional pictures 

(Bradley & Lang, 2000) and cued presentations of emotionally relevant words (Thayer, 

Friedman, Borkovec, Johnsen, & Molina, 2000). This triphasic response is thought to be 

associated with an initial orienting to emotionally relevant stimuli, followed by the 

engagement of appropriate motivational systems for approach or avoidance. 

The ambiguous (in terms of conscious experience content) stimulus presentations 

in the masked condition, combined with the possible preattentive processing of emotional 
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information in the masked pleasant and unpleasant pictures, may have resulted in greater 

orienting and more sustained attention to emotional compared to neutral masked stimuli. 

The masked pleasant and unpleasant stimuli may have provided subtle emotional 

information to which participants persisted in attending, resulting in sustained heart-rate 

deceleration. However, neutral stimuli, for which no emotional information is present, 

would not have made such attentional demands, facilitating (after initial focus on the 

stimulus) a shift to a cognitive search (heart-rate acceleration) for how to respond on the 

emotion rating scales. In contrast, in the non-masked condition, in which the emotion-

relevant information is consciously available in the stimulus presentation, initial attention 

(heart-rate deceleration) provides sufficient information for all stimulus valences, and is 

supplanted by a shift to cognitive processing (heart-rate acceleration) in preparation for 

the emotion ratings. 

An alternative - but not incompatible - possibility, suggested by the finding that 

the arousal effect on HR in the masking condition was more pronounced in good 

pleasantness detectors, is that attention to the emotion experience itself (in the case of 

pleasant or unpleasant stimuli) elicits greater HR deceleration. It could be that the 

experience of emotion (rather than the emotional stimulus) can trigger the HR response, 

or, alternatively, that this attention to a feeling state serves to amplify that response in 

subjects who detect the subtle emotional information available in the stimulus. 

Taken in combination with the finding that both meditators and controls were able 

to discriminate the arousing quality of their emotion experiences in the masking 

condition, the finding of HR discrimination between arousing and neutral masked stimuli 
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suggests that HR change could have provided visceral information that participants 

accessed when making arousal discriminations. However, good heartbeat detectors were 

no better at making these discriminations than poor heartbeat detectors, rendering this 

interpretation somewhat less likely. Rather, it may be that the experienced arousal and 

HR deceleration have a common origin, but that attention to experience can amplify the 

HR deceleratory response. 

Individual Differences in Emotion Experience and Physiology 

Long-Term Meditation Practice 

Long-term meditators were enrolled in the present study because of their 

presumed expertise in noting changes in emotion experiences, expected to result in 

greater accuracy in discrimination of the discrete qualities of those experiences. While 

the present investigation was not a study of meditation per se, the counterintuitive finding 

of a lack of valence discrimination in the masking condition in long-term meditators 

raises a number of questions about the effects of meditation practice on emotional 

awareness. 

One potential drawback of the present study is that the inclusion of both 

Vipassana (mindfulness) and Zen meditators in the long-term meditator group may have 

obscured important differences between the two sets of practitioners (Kornfield, 1979). 

However, given that no significant differences between the two meditation groups were 

observed on any of the dependent measures in the picture-viewing task (except for a 
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slight difference in HR responses to masked pictures between Zen practitioners and 

controls), this concern does not seem justified. 

In addition, Shinzen Young, a Vipassana meditation teacher and Buddhist scholar, 

has argued that all Buddhist meditation traditions share the common aim of facilitating a 

balance between mental and physical calm on the one hand, and heightened awareness on 

the other (Young, 2002). While Zen tradition focuses more on the former, using 

exercises to control conscious attention and still the mind, Vipassana or mindfulness 

training focuses on the latter, in order to achieve a heightened awareness of the contents 

of the conscious stream as a step toward developing greater equanimity regarding the ebb 

and flow of experience. Despite these superficial differences, both practices are 

characterized as paths to emotional balance and fulfillment. "It is of utmost importance" 

Young (2002) writes, "... that one component not be enhanced at the expense of the 

other. To do so is no longer meditation. Tranquility at the expense of awareness is 

dozing; awareness at the expense of calm is "tripping."" Meditators with a long history 

of practice, such as those enrolled in the present study, were assumed to have traveled 

some distance along the path to integrating relaxed concentration and awareness, and to 

possess the skills for careful discrimination of conscious states, including emotion 

experiences. 

According to Buddhist psychology, every conscious state has a feeling tone, a 

quality of pleasantness, unpleasantness, or neutrality. The experienced meditator can 

discriminate these qualities without engaging in the kind of emotional elaboration of 

them that leads to unhealthy states of desire or resistance (Nyanaponika, 2000). "When 
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feelings are experienced with equanimity, " writes Young (2003), "they assure their 

proper function as motivators and directors of behavior as opposed to driving and 

distorting behavior." One might therefore suppose that long-term meditators would be 

particularly skilled at detecting the informative properties of feelings and more intuitive 

in their use of feelings as guides to volitional choice. 

Why, then, are meditators in the present study unable to discriminate the valence 

of emotions elicited by masked emotional stimuli? Several explanations might be put 

forth. First, it could be that meditators interpreted the task of rating the emotional 

valence of their feeling states as a request to report on unhealthy attitudes of desire or 

resistance, which they did not experience. Yet meditators reported far more pleasantness 

false alarms (rated experiences elicited by catch stimuli as pleasant) and Vipassana 

meditators exhibited greater variance in their valence ratings of masked pleasant, neutral, 

and unpleasant items than control subjects (see Table 3). Meditators, it seems, were quite 

willing to endorse experiences of pleasure and displeasure in response to stimuli of which 

they were not consciously aware. It just happens that their ratings did not accurately 

correspond to the valence of the stimuli presented. 

As noted earlier, despite no differences between Zen and Vipassana meditators in 

their sensitivity to (d') or willingness to endorse awareness of (criterion) pleasant or 

unpleasant valence information in their emotional states, the variances in Vipassana 

meditators' valence ratings were consistently greater than those of either controls or Zen 

practitioners. Whereas Zen meditators' ratings hovered around the neutral point on the 

scale, due perhaps to efforts to maintain equanimity, Vipassana meditators endorsed 
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experiences more broadly across the range of the valence dimension. The heightened 

emphasis on emotional awareness in Vipassana practice, in contrast the Zen focus on 

attentional control, might explain these subtle differences. 

Yet despite endorsements of emotionally valenced states, the Vipassana 

meditators were simply "wrong" (insofar as one can be wrong about the current contents 

of one's own consciousness) about the valence of the feeling states elicited by masked 

stimuli. How can this be explained? One possible answer lies in the nature of Vipassana 

training in awareness of emotion, which typically involves heightened attention to the 

myriad of bodily sensations that constitute an emotional state, so that one not misinterpret 

these, or worse yet, be unaware of them and let them influence behavior and thought 

unconsciously (Young, 2003). This focus on bodily states associated with emotions may 

have imposed a kind of top-down filter on meditators' awareness, such that it reduced 

access to emotional information carried in "non-bodily" channels, i.e. experiences that 

were not localizable or reducible to bodily sensations or changes. Perhaps, therefore, in 

searching for evidence of valenced emotional states, Vipassana meditators were "minding 

the body" and exploring whether what they observed there matched their pre-existing 

hypotheses about what constitutes a pleasant or unpleasant state. If the subtle feeling 

states elicited by masked stimuli were not broadcast in the bodily channels to which 

meditators were attending, these signals might have been missed. Control participants, on 

the other hand, lacking a bias to attend to bodily states, may have detected subtle changes 

in non-visceral aspects of their experiences elicited by the masked stimuli. The superior 
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valence discrimination of controls may have arisen from a naive willingness to take 

emotional states at face value, unfiltered through prior expectations. 

This still does not explain why Vipassana meditators endorsed pleasantness 

experiences when the stimuli contained no pleasantness information, and why their 

valence ratings displayed such variability. A charitable explanation would be to say that, 

while Vipassana meditators were indeed quite good at detecting subtle feeling states, the 

feelings elicited by masked stimuli occurred against a background of constantly shifting 

feeling (of which the meditators were also aware) and were simply difficult to discern 

against this noise. On this view, the valence ratings of meditators might have accurately 

reflected their current conscious states, but these states possessed more variability than 

those of control subjects, who were less attentive to such affective shifts. It is not clear, 

however, why focusing controls' attention on those shifts, as in the present task, would 

lead to more accurate valence discrimination rather than to ratings as noisy as those of 

meditators. 

A final possibility is that there is a difference between controls and meditators in 

the very early, preattentive processing of emotional stimuli, such that unlike controls, 

meditators do not react automatically to emotional stimuli in their environment. 

Attentional training and the cultivation of tranquility may reduce one's susceptibility to 

emotionally relevant stimuli, or it may alter one's appraisals of which stimuli are 

relevant. In either case, the emotional responses typically seen in non-meditators may fail 

to be engaged. Future studies with emotional stimuli employing measures of central 
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nervous system activity (employing evoked potentials or neuroimaging techniques) may 

shed light on this issue. 

Heartbeat Detection 

Contrary to predictions, and in contrast with the findings of Katkin et al. (2001) 

demonstrating that good heartbeat detectors were better at predicting shocks contingent 

on masked, aversively conditioned, fear-relevant stimuli, good heartbeat detectors did not 

demonstrate superior performance on the emotion discrimination task in the masking 

condition in the present study. Katkin et al. (2001) argued that heartbeat detection ability 

might index a heightened sensitivity to visceral cues, and proposed that such ability might 

make one more sensitive to hunches or "gut feelings" and better able to access these 

feelings to guide decisions. Perhaps, as discussed above, awareness of visceral cues did 

not provide any advantage in the present study in which strong physiologic responses 

were not elicited by the masked emotional stimuli. Whereas a heightened visceral 

sensitivity might facilitate emotion awareness in circumstances of impending danger (as 

when stimuli signal the likelihood of upcoming shock), it may not be of much use when 

the emotional signal is carried in a non-bodily channel. 

Interestingly, scores on the heartbeat detection task were not correlated with self-

assessed emotional awareness (attention and clarity) or with measures of cardiac vagal 

tone. The lack of relationships between these separate measures of emotional sensitivity 

or awareness suggest that heartbeat detection accuracy captures an ability different from 

that assessed by the emotion awareness self-report measures, and that awareness of 
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heartbeat is unrelated to the parasympathetic regulation of heartbeat indexed by measures 

of cardiac vagal tone. 

It should also be noted that the present study did not find the increases in facial 

expressiveness in good heartbeat detectors that have been reported previously (Ferguson 

& Katkin, 1996), nor did good heartbeat detectors report more arousal to emotional 

stimuli, as other investigators have found (Wiens et al., 2000). In the present sample, 

there were seven good heartbeat detectors, almost equally split between meditators (n=3) 

and non-meditators (n=4). Perhaps heartbeat detection ability interacts with meditation 

practice in ways that reduce the effects on emotion expression and experience. 

Unfortunately, the small sample of good heartbeat detectors in the current study prohibits 

exploration of such effects. 

Cardiac Vagal Tone 

Two measures of cardiac vagal tone (LogRSA and CVI) and one measure of heart 

rate variability (LogHRV) were positively correlated with composite scores of self-

assessed attention to emotion. And high vagal tone participants reported significantly 

greater attention to emotion than their low vagal tone counterparts. Assuming that 

attention to emotion is a prerequisite for emotional regulation, these findings support the 

hypothesis that people who pay more attention to their emotional states also engage in 

more regulation of those states. This, in turn, assumes that regulatory abilities are 

reflected in RSA. This assumption would be consistent with a story that views cardiac 

vagal tone as a developmental achievement resulting from the learned ability to bring 

regulatory processes to bear on baseline emotional reactivity. Insofar as conscious 
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attention to emotional states is required for emotion regulation, it would be likely that 

self-reported attention to emotion might indicate a greater propensity for emotional 

regulation. These linkages between measures and constructs are speculative, given that 

actual emotion regulation strategies were not assessed. 

In the picture-viewing task, there were significant differences between 

participants high and low in cardiac vagal tone on several measures of emotional 

physiology. High vagal tone participants showed reductions in facial muscle activation 

after 3 seconds of picture viewing in both the non-masked and masking conditions, 

whereas participants with low vagal tone showed sustained activation in the corrugator 

muscle in the non-masked condition, and in both corrugator and zygomatic muscles on 

both the right and left side in response to masked stimuli. High vagal tone participants 

also differed from their low vagal tone counterparts in heart rate responses to non-masked 

pictures. Low vagal tone participants tended to show greater overall heart rate 

deceleration to all picture valences than their high vagal tone counterparts, with no 

differentiation among stimulus types. In contrast, there was a trend for high vagal tone 

participants to differentiate between pleasant and unpleasant stimuli in their heart rate 

responses. Unlike the facial EMG findings of similar patterns in the non-masked and 

masking conditions, these HR differences between high and low vagal tone participants 

did not carry over to the masking condition. 

Vagal Tone and Facial EMG 

The present findings of less sustained facial muscle responses in high vagal tone 

participants in both the non-masked and masking conditions suggest that these 
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participants were better able to regulate their emotional responses in a channel over 

which they have some voluntary control, even when they were not fully aware of the 

causes of those responses. One might speculate that these individuals have developed a 

partially automatized emotional regulatory capacity for the control of facial expression. 

As suggested above, this pattern of results could be interpreted as indexing the 

ability of high vagal tone participants to quickly down-regulate expressive emotional 

responses, consistent with the hypothesis that cardiac vagal tone is related to emotion 

regulation ability. 

Vagal Tone and HR 

Phasic HR changes in response to environmental stimuli are parasympathetically 

mediated, via the vagus nerve (Coles, 1984, cited in Papillo & Shapiro, 1990), and tend to 

be greater in magnitude in individuals (particularly infants) with higher cardiac vagal 

tone (Forges et al., 1994). There are a few studies in the literature that directly address 

the relationship between vagal tone and physiologic reactivity to emotional stimuli in 

adults. In one study, Palomba, Sarlo, Angrilli, Mini, & Stagagno (2000) had participants 

view three films, one with pleasant and two with unpleasant (surgery and threat) content. 

Average heart rate changes from baseline for the different films, measured at each of four 

33 s epochs during film viewing, revealed a pattern of overall deceleration for the 

pleasant and surgery film, but acceleration for the threatening film. Heart rate response 

patterns differed as a function of RS A measured during a paced respiration task. In 

response to the surgery film only, low vagal tone subjects showed overall heart rate 

increases, whereas high vagal tone subjects demonstrated overall decreases in heart rate. 
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which the authors attributed to heightened stimulus-specific parasympathetic reactivity in 

high vagal tone subjects. These findings appear to run counter to the present findings of 

larger HR decelerations and less valence discrimination in HR in low vagal tone 

participants, and may be related to the specific nature of the stimuli, and the fact that HR 

was recorded over longer periods under sustained stimulus presentation. 

Recently, Jormson & Sonnby-Borgstrom (2003) reported that HR responses to 

masked and non-masked emotional facial expressions did not differ as a function of 

stimulus presentation duration (subliminal or supraliminal), but that male (but not female) 

participants showed a pattern whereby stimulus-linked high frequency HR power, 

reflecting RSA reactivity, was higher, and mid-interval cardiac acceleration (but not 

deceleration) was lower in response to angry compared to happy faces. The investigators 

interpret these findings as reflecting more sustained attention and slower vagal 

withdrawal to emotionally relevant stimuli. No measure of resting RSA was taken in this 

study, making comparisons to the present findings related to RSA difficult. However, the 

finding by Jonnson & Sonnby-Borgstrom (2003) of valence differentiation in HR 

responses to happy and angry facial expressions under subliminal as well as supraliminal 

presentation conditions, supports the view that emotional stimuli can activate HR change 

preattentively, but also stands in contrast to the present findings and to findings of 

Codispoti et al. (2001) in which HR did not discriminate between briefly presented 

stimuli of pleasant and unpleasant valence. 

Two studies by Thayer and colleagues yielded findings more directly comparable 

to the present investigation. Consistent with predictions that high vagal tone would be 
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(2000) found that the magnitude of deceleratory (orienting) HR responses to cued threat 

words was positively correlated with resting RSA. Again, these findings are in direct 

contrast to the present findings of a trend for low vagal tone participants to exhibit greater 

HR deceleration to masked stimuli. More recently, in an investigation of the relationship 

between heart rate variability and eye-blink startle responses to emotional pictures from 

the lAPS stimulus set, Ruiz-Padial, Sellers, Vila, and Thayer (2003) found that greater 

resting high frequency heart rate variability predicted greater differentiation in 

emotionally-modulated startle reflex, measured as the magnitude of the eye-blink startle 

response to acoustic startle probes. Specifically, blink magnitudes for high vagal tone 

participants increased as a function of picture valence, with the smallest responses 

elicited to startle probes following pleasant pictures, and largest following unpleasant 

pictures, with responses to neutral pictures falling in between. In contrast, low vagal tone 

participants had larger magnitude startle responses to pleasant and neutral stimuli than 

high vagal tone participants, and did not differ in the magnitude of their responses to 

unpleasant and neutral pictures. These findings of less physiologic differentiation in low 

vagal tone participants suggest that cardiac vagal tone may be related to emotional 

reactivity and differentiation. The lack of HR differentiation in low vagal tone 

participants to differently valenced stimuli in the present study supports a similar 

conclusion. The tendency for high vagal tone participants to exhibit smaller HR 

decelerations might be interpreted as evidence of their ability to more readily engage 

regulatory resources, after a brief orienting response. On this interpretation, low vagal 
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tone participants, who show somewhat greater and more sustained attentional orienting to 

pictorial stimuli, and also sustain their facial reactions for a longer time, would be seen as 

less able to regulate their emotional responses. 

That vagal tone did not facilitate awareness of emotion experiences conditional on 

masked stimuli suggests that the kinds of regulatory processes indexed by RSA are not 

directly related to the specific kind of emotional awareness required for performance on 

the picture-viewing task. Though participants with high vagal tone reported greater 

attention to emotion experience than low vagal tone participants, assessments of attention 

to emotion may be a better measure of a metacognitive awareness about emotion than of 

an ability to discriminate emotional states according to their raw phenomenal 

components. Arguably, a metacognitive awareness of how emotion functions in daily life 

may be more relevant for emotion regulation than awareness of raw feelings. 

Self-Assessed Emotional Awareness 

Given these considerations, it is perhaps unsurprising that, contrary to predictions, 

greater self-assessed attention to emotion in daily life did not predict more accurate 

discrimination of emotion experiences in the masking condition. Self-assessed clarity, or 

the ability to discriminate and distinguish different emotional states did, however, predict 

better discrimination of arousal elicited by masked stimuli of pleasant, neutral, and 

unpleasant valence. This supports the idea that the two dimensions of clarity and 

attention capture different aspects of emotional awareness (Gohm & Clore, 2000). It also 

suggests that beliefs about emotional awareness do not fully reflect actual abilities in 

discriminating emotion experiences on all dimensions of emotional phenomenality. 
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It is probably most appropriate to think of self-assessments of emotional 

awareness as representing belief structures (a) about one's level of expertise on a certain 

skill, i.e. emotional awareness, and (b) about the nature of the phenomena of interest, in 

this case emotion experiences. Beliefs about one's skills may influence performance on 

tasks that tap those skills, just as beliefs about the nature of particular phenomena may 

bias how those phenomena are experienced and classified. In the latter case, if beliefs are 

inconsistent with the "true" nature of the phenomena, they may serve as impediments 

rather than aids to certain types of phenomenal discriminations. Both sorts of beliefs may 

have influenced Vipassana meditators' performance in the masking condition of the 

present study; their beliefs that emotions manifest themselves in bodily sensations 

combined with their beliefs about a particular way of gaining awareness of those states 

may have reduced their access to emotional information that did not present itself in a 

manner consistent with those beliefs. 

Can Feelings Inform Choice? 

The motivating research question for the present study was whether it is possible 

to tell the difference between subtle feeling states of different valences, an assumption 

that forms the basis of both folk theories about the ability of gut feelings to guide 

decisions and the "somatic marker hypothesis" (Damasio, 1994; Bechara et al., 1997). 

The present study offers evidence that a "raw" feeling of arousal generated by a pleasant 

or an unpleasant stimulus can be detected, even when individuals are not consciously 

aware of the stimulus that triggered that arousal. However, mere emotional arousal will 
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not provide sufficient information for adaptive decision-making. For feelings to 

adaptively guide volitional choice, discrimination between experiences of pleasant and 

unpleasant valence would also be required. Generally speaking, pleasant stimuli tend to 

be those we want to approach (potential mates, caregivers, safe environments, etc.), 

whereas unpleasant stimuli should be avoided under most circumstances (predators, 

dangerous environments, untrustworthy individuals, noxious substances, etc.). Making 

mistakes about the valence of an arousing stimulus could lead to potentially disastrous 

behavioral outcomes. 

The present study provides evidence that "raw" feelings of pleasantness and 

unpleasantness do exist, do not require conscious evaluation of the eliciting stimulus in 

order to be generated, and are better detected by some individuals than others. 

Surprisingly, it was those subjects who had no special training in attending to emotion or 

in focusing awareness who were best at making these discriminations. 

The failure of long-term Vipassana meditators to discriminate subtle shifts in 

feelings along the valence dimension, despite extensive training in attending to emotion 

phenomenality, suggests that expectations about emotion experience derived from beliefs 

or practice may inhibit access to subtle, emotionally relevant feelings, and that training 

ourselves to be better at discriminating "gut" feelings may be counterproductive from a 

decision making standpoint. Indeed, subjects who are less focused on particular features 

of their emotional states may be more accurate in discriminating subtle shifts in feeling. 

It may also be that the feelings that guide choices are not felt in the gut at all. Rather, they 

may be expressed in non-bodily channels that carry the outputs of more central 
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mechanisms. Heightened attention to bodily sensations may reduce access to these other 

sources of emotional information. 

Additionally, one can speculate that, in the context of Buddhist practice, 

attentional training results in a reduced susceptibility to the influences of emotional 

stimuli in the environment. Future research may shed light on whether long-term 

meditation practice can alter the sort of automatic affective processing that has been 

demonstrated in non-meditating populations in studies of affective priming and 

conditioned responses to aversive masked stimuli. Studies using measures of early stages 

of processing of emotional stimuli may provide information on whether any observed 

differences between meditators and controls were due to changes in early (automatic) or 

late (controlled) emotional processing. 

An Evolutionary Basis for Feeling-guided Choice 

Given that these subtle, affectively valenced feelings are difficult to detect, and 

appear to be only available to some individuals, one might wonder whether they are 

capable of playing the kinds of decision-making functions that have been posited for 

them. Couldn't they be mere epiphenomena to the "true" decision-guiding processes that 

perform their functions outside of conscious awareness? Unfortunately, the present 

research cannot answer this question, though several points in favor of what might be 

called the "functional feelings hypothesis" deserve final emphasis. 

First, conscious feelings seem particularly suited to influence volitional choice, 

because they are, hypothetically, broadcast in the global workspace of consciousness 

where planning, decision-making, and conscious control of behavior and thought can 
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occur (Baars, 1993). Secondly, there are good evolutionary reasons to think that 

emotions might function in this way. From an evolutionary perspective, conscious 

emotions may have evolved to facilitate the control of behavior in complex environments 

by indicating the relative significance of competing alternatives and organizing behavior 

in response to relevant information. The emotional feeling state may serve as a 

condensed global assessment of the relevance of particular options in a given decision 

environment. Tooby and Cosmides (1990) have argued that such emotional signals put 

the organism into motivated states that facilitate adaptive coping. As the foregoing 

review demonstrates, proposals abound for how such systems might work. 

Some writers have proposed that only unpleasant, but not pleasant, stimuli are 

capable of evoking emotion experiences preattentively (Ohman et al., 2000; Robinson, 

1998). Consistent with this idea is the notion of an evolutionarily designed "negativity 

bias" whereby organisms exhibit greater responses to negative stimuli in the service of 

self-preservation (Cacioppo & Gardner, 1999). In other words, it's more important to 

avoid immanent harm than to gain immediate pleasure, as failure to avoid harm may 

close off all future opportunities for pleasure seeking. The finding that unpleasantness 

detection was more common in the present sample, and that unpleasant stimuli were more 

distinguishable from neutral stimuli than were stimuli of pleasant valence, could be 

interpreted as supporting this view. 

Nonetheless, for some subset of subjects, pleasant stimuli were also discriminated 

accurately. And there are good reasons to think that preattentively elicited positive 

emotions could also play a functional role in guiding behavior. Fredrickson (1998) 
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proposed that the function of positive emotion is to broaden the current mental and 

behavioral repertoire, enabling the building up of intellectual, social, and physical 

resources, as often occurs through exploratory thinking, integration of knowledge, 

pleasant social interaction, and play. Positive emotion experiences elicited by subtle 

social cues could facilitate bonding, nurturance, and exploration in young organisms, and 

serve to maintain and modulate social interactions throughout the lifespan (Nielsen, 

2002). 

Of course, feelings might not always provide the best information for the decision 

maker. Loewenstein (1996) reviews a variety of conditions under which people allow 

current "visceral factors" to override rational self-interest, resulting in poor decision

making. He describes how the close proximity of emotionally relevant stimuli can trigger 

visceral reactions that lead to decision biases. When desired stimuli are present, subjects 

have more difficulty delaying the gratification of their desires. When aversive stimuli are 

present, subjects have more difficulty shifting attention to other information. Yet here 

again, the idea is that it is the feeling state that is doing the functional work in the 

decision process. 

A Final Methodological Note 

A better understanding of the role of emotions in decision making will arise only 

from studies capable of exploring, in parallel, the various channels in which emotional 

information is carried, so that we can better assess which of the many components of 

emotion is doing the functional work in any given decision context. Due to limitations on 

the accuracy of retrospective self-reports, it is insufficient to conduct a physiological or 



behavioral experiment and then subsequently ask whether participants experienced any 

emotions. Moreover, there is a great need to develop new and more sophisticated 

methods for sampling participants' emotion experiences. While scales representing 

valence and arousal provide a useful starting point, they do not capture many of the 

qualities of emotional feeling states that may nonetheless play an important role in 

decision making. Future studies employing concurrent measures of physiology, 

behavior, and emotion experience in a variety of decision contexts and using a variety of 

reporting mechanisms may illuminate the specific ways that feelings and cognition 

interact to guide choice. 
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APPENDIX A. 

Instructions to Participants 

In this experiment, you will be viewing some pictures with emotional content on the 
computer screen. The pictures you will see might cause you to have an emotional 
reaction. Some of the pictures you may find pleasing; you may find others unpleasant; 
and some may not cause you to have any emotional reaction at all. 

These pictures will be presented in 2 different ways. Sometimes we'll show the picture 
for 3 seconds, so that you can see it clearly. Other times we will show the picture for a 
fraction of a second, and will be sandwiched in between jvimbled pictures. This type of 
presentation usually makes it impossible for people to recognize the pictures, though they 
may perceive a flash or a bit of movement when the picture is briefly displayed. In both 
cases we will ask you to describe your emotional state after the picture has been shown, 
using scales that rate how pleasant or unpleasant your feeling is and how aroused or 
unaroused you feel. 

Previous research has shown that people are sometimes respond to very brief (sometimes 
called "subliminal") presentations of emotional pictures with physiological responses like 
changes in their skin conductance (production of sweat on the fingertips). This 
experiment looks at whether people are also able to distinguish between emotional 
pictures with positive, negative, and neutral content based on their experienced reactions 
to these pictures when they are presented very briefly. 

All together, you will see about 60 pictures in this experiment, broken up into 6 
alternating blocks of pictures you can see and pictures that are presented very briefly. It 
will be important that you pay very close attention to the screen throughout the 
experiment, as you might otherwise miss the pictures when they are presented. Try to 
keep you eyes focused on the cross at the center of the computer screen whenever it is 
displayed, so that you will be looking at the screen when a picture appears. 

We will give you a brief training session to demonstrate how the pictures are presented 
and to explain how to make your responses on the scales. Then you will be left alone to 
complete the experiment. This session will also allow your visual system to become 
accustomed to viewing briefly presented pictures. First, let me explain the scales you 
will use to report your experiences when seeing the pictures. 

The first scale is the positive - negative scale. On this scale we want you to rate how 
pleasurable or displeasurable your feeling was. At this extreme end of the scale (point to 
figure) indicated by the figure with a big smile, you would be feeling completely positive 
in some way, completely happy, pleased, contented, hopeful, joyfial - some very positive 
feeling. At the opposite extreme end of the scale (point to figure) indicated by the figure 
with a big frown, you would be feeling completely negative in some way. Completely 
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unhappy, distressed, despaired, melancholic - some very negative feeling. In the middle 
of the scale (point to figure) you are feeling completely neutral, neither positive nor 
negative. 

The next scale only goes in one direction. It captures how aroused you are feeling. At 
this extreme end of the scale (point to figure) you are feeling completely calm, unaroused, 
relaxed, sleepy, unmoved. As you move along the scale notice how the activity in the 
belly of the figure grows. This is to indicate that you are getting more and more excited. 
At this extreme end of the scale you would be feeling completely excited, aroused, wide
awake, jittery or frenzied. Again, you should select the number on the scale that indicates 
what you reaction to the picture was like for you. 

Regarding the valence scale: You can see that this scale has a middle point and then goes 
in two directions, becoming more and more positive in this direction (indicate by 
pointing) and more and more negative in this direction (indicate by pointing). As you 
move in this direction along the scale, your feeling gets more and more positive. In the 
opposite direction, your feeling gets more and more negative. In the middle of the scale, 
you would be feeling completely neutral, neither positive nor negative. To make your 
rating on the scale, just select the number that best represents how you feel. 

Regarding the arousal scale: You'll notice that unlike the first scale, which has a 
midpoint and goes in two directions, this scale starts at this end and continues to go in 
one direction only. It has no "neutral" midpoint. A lot of people get confused by this. 
Does that make sense to you? 

After both scales have been show, take out paper version of the SAM scales and say the 
following: Now the idea with the two scales is that they capture two separate aspects of 
your emotional experience, and you can have any sort of combination of the two scales. 
For example, you could be feeling pretty positive about something, say you were 
watching a beautiful sunset, but not feel too excited, maybe more calm. On the other 
hand you could be feeling pretty positive about something, like if you just won the 
lottery, and feel really excited. The idea is that there are many possible combinations of 
these two scales. Does that make sense to you? 

NOW THIS IS VERY IMPORTANT FOR YOU TO UNDERSTAND. We are 
interested in your HONEST REPORTS of your emotional state, when viewing the 
picture. We DO NOT want you to make an intellectual judgment about the picture. We 
want you to tell us HOW YOU FEEL. Don't think too Wd about whether you can 
attribute your feeling to the picture or to something else. JUST TELL US HOW YOU 
FEEL WHENEVER YOU ARE ASKED TO RATE YOUR EMOTIONAL STATE, 
REGARDLESS OF WHY YOU THINK YOU FEEL THAT WAY. Try to go with your 
GUT FEELING. Take time to notice your emotional state, but try not to deliberate too 
much about your responses. 
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(Presentation of a series of 3 second exposure - non-masked - pictures). Now we will 
see some pictures presented for 3 seconds each. It will be important that you pay very 
close attention to the screen, as you might otherwise miss the pictures when they are 
presented. Try to keep your eyes focused on the cross on the computer screen whenever 
it is displayed, so that you will be looking at the screen when a picture appears. 

After the picture is displayed, there will be a black screen for several seconds. During 
this time, please take notice of your emotional state. Please sit very still while the picture 
is displayed and during the time the black screen is shown, as this is when we are taking 
our physiological ratings, and any movements you make will create a problem for our 
measurements. When the scales come up, you are free to make your ratings on the 
keyboard with you right hand. 

After your ratings, you will be asked whether you saw the picture. Please say NO if you 
missed seeing the picture for any reason. 

(NOTE: After each slide in this first section, participants are asked to talk about how they 
made their ratings, to notice any physiological or other reactions to the slides. When 
they describe 'feelings" or any type of bodily sensations or images, they receive 
feedback that they are doing the task properly. If they refer to the content of the picture 
and say something like "well, it's obviously a very negative picture " then point out that 
you don't want an intellectual response, but rather a response about how they feel.) 

(Presentation of a series of 45 ms exposure - masked - pictures). Now you will be shown 
a set of pictures that are "masked", that is, they are presented very briefly between 
jumbled pictures. You may be able to see the first "masked" pictures, because they will 
actually be on the screen a bit longer than the others. This is to demonstrate to you that 
there are actually real pictures being presented. However, gradually the length of time 
the pictures are shown will get shorter and shorter until they are probably not visible to 
you. Even in cases where you caimot see the actual picture, you might see a flash or 
something that looks like movement. You might see a flash, but still not see the picture. 
Just like before, we want you to sit very still while the pictures are being shown and 
during the time the blank screen is visible. During this time, pay attention to your 
emotional state. Then rate your emotional state on the scales when they appear. 

REMEMBER: We are interested in your HONEST REPORTS of your emotional state, 
after the pictures are shown. We DO NOT want you to make an intellectual judgment 
about the pictures or about the jumbled pictures that are used to "mask" them. We 
simply want you to tell us HOW YOU FEEL. Don't think about whether you can 
attribute your feeling to the picture or to something else. JUST TELL US HOW YOU 
FEEL WHENEVER YOU ARE ASKED TO RATE YOUR EMOTIONAL STATE, 
REGARDLESS OF WHY YOU THINK YOU FEEL THAT WAY. 
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You will be asked, after you make your ratings, whether you could see the "hidden" 
picture. If you think that you saw an identifiable object in the picture or if you could 
clearly see some identifiable feature of the picture, then you should say YES, for 
example, if you saw the silhouette of a head or a hand, or if you saw a blade of grass or 
an eye. (NOTE: These were features in the non-masked pictures just seen.) If you cannot 
see an identifiable feature or figure, then say NO. REMEMBER, you may see a flash or 
movement as the picture is presented, but nothing identifiable. If that is all you saw, you 
should answer NO, that you did not see the hidden picture. Your task is NOT to TRY to 
see the hidden picture. Indeed we do not expect that you will see most of them, but if you 
do, we want to know, and you should be able to report this even without making any 
special effort to try see the picture. Instead of doing that, your attention should be focused 
on your emotional state, not on trying to see the hidden picture. Nonetheless, we want to 
know whether you did see something on any specific trial. 

ALSO, the pictures are presented very briefly, so it is important to keep their attention 
focused on the screen on the central cross that appears, so that your eyes are on the screen 
when the masked picture is shown. After the cross reappears, try not to BLINK so that 
you don't miss the briefly presented picture. 

This sample set of masked pictures will be presented without pauses. After you make 
your ratings, you should prepare to see the next pictvire, so keep your eyes on the screen 
and remember that a new picture will come after the cross appears. 

(Practice Run of Masked Pictures) 

OK, now we will run the actual experiment. In the experiment you will see 6 sets of 
pictures, with about 10 pictures in each set. The masked and visible pictures will not be 
mixed up. You will see a set of pictures that are visible, then there will be a pause, then 
you will see a set of pictures that are masked, and so on. Take your time between 
sections of the experiment if you eyes get tired and you need to rest them briefly. Once 
you have started a set, however, there are no built-in pauses. The pictures will keep 
coming until you have finished that set. If needed, you can always pause before 
responding to the question of whether or not you saw the picture, as the next trial will not 
start until you enter your answer to that question. 

REMEMBER: Please sit very still while the picture is displayed and during the time the 
black screen is shown, as this is when we are taking our physiological ratings, and any 
movements you make will create a problem for our measurements. So please do not 
make any big movements, and please do not allow your arms to rest anywhere but on the 
arms of the chair. Also, keep your palms up, as we cannot have any pressure on any of 
the sensors on your wrists or fingertips. When the scales come up, you are free to make 
your ratings on the keyboard with you right hand. Also, when the scales come up, just 
report how you feel at the time, without thinking about why you feel that way. There are 
no right or wrong answers. 
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