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Abstract

Much research has been devoted to understanding and identifying facial expressions and their significance.  In this study we attempt to evaluate the significance of the eye-brow frown, and specifically to test the hypothesis that, in part, the eyebrow frown signals the perception of goal-obstacles.  For this experiment, we explicitly manipulated subjects’ frowning in addition to a control facial movement with no associated emotion and a second control involving a requested facial action with no associated emotion. We then asked participants to complete a modified Stroop task in which they identified the colors in which words associated with the following categories were presented:  pleasantness, unpleasantness, high obstacle, high effort, and neutral (i.e., low obstacle/low effort).  Our hypothesis is that subjects in the eyebrow frown, but not the other conditions, will take longer to react to high obstacle and unpleasant words relative to the other word categories due to the fact that the meaning of these words are more accessible to the participants because they have been primed by the eyebrow frown, and that this will interfere with the subjects’ ability to respond to the words' color.  Essentially, brow-furrowing increases the perception that the task at hand is more difficult (i.e., has more obstacles associated with it), than it really is.  Our results demonstrate that there are statistically significant results for the unpleasant category of words in the brow condition compared to the lip and control conditions.  Also, there is somewhat promising evidence that obstacle is implicated in the brow condition compared to the lip and control conditions as well.  This suggests that brow furrowing may prime certain appraisals related to unpleasant-type words. 
Introduction

Facial expressions are prevalent in our everyday lives.  It is possible to evaluate certain emotions based on their facial cues, for example, happiness with a smile, or anger with a tight mouth and a frown.  Facial expressions are the gateway to communicate to others how you feel and react to stimuli.  Thus, the study of facial expressions and the advancement of our understanding of how people communicate their emotions through facial cues could help us to better understand the human race as a whole and the functions that emotion plays in human endeavors.

 The literature on the facial expression of emotion has been characterized by two distinct, albeit not necessarily incompatible approaches.  One approach, which has been primarily concerned with the universality of facial expression (Ekman & Friesen, 1986)) has been concerned with the global messages conveyed by facial expressions.  There is considerable evidence indicating distinct, prototypical facials signals that, across a variety of cultures, can be reliably recognized as corresponding to at least six different emotions.  One of the most prominent figures in the study of facial expressions and their utility is Paul Ekman, who has been widely recognized as having examined these key emotions.  These six expressions are happiness, sadness, anger, fear, surprise and disgust, with implications for other emotions as well such as shame (Izard, 1971), contempt (Ekman & Friesen, 1986), and interest (Smith & Scott, 1997).  This theory invariably poses the question that if there are six universally recognized facial expressions that there may be others and furthermore, that it is possible that the components of the facial expression create a universally recognized symbol of emotion.  With this in mind, my study is considering the eyebrow frown with regards to this notion of individualized facial components.  

This work has emphasized that certain emotions are communicated by certain patterns of facial action, and that these patterns appear to be universally recognized, across diverse cultures, as representing their associated emotions.  A second approach, sometimes referred to as a componential approach (Smith and Scott, 1997), has pushed the first approach a bit further, and has asked whether the individual muscle actions, or facial components, that contribute to the global facial expressions, themselves carry meaning.  No one muscle conveys each emotion, but patterns are repeated through repeated facial expressions.  Furthermore, patterns share components.  I chose to study the eyebrow frown in particular because it is a component of several negative facial expressions ranging from sadness, to fear, to anger, to effort, and to disgust.  However, in each of these emotions, the eyebrow frown is used to create an entirely different facial structure to express these specific emotions.  
Within these negative facial expressions that use the eyebrow frown for expression, there must be some commonalities among them.  For present purposes, a key premise of the appraisal theory is that the emotion-eliciting appraisals initiate and organize other components of the emotional response, including facial activity, motivational urges, and autonomic nervous system activity (Smith and Lazarus, 1990).  Given that appraisals organize the emotional response, including facial actions, Smith (1989) has hypothesized that certain facial actions might directly reflect certain aspects of how a person is appraising his or her circumstances.  This multifunctional facial muscle is therefore important, and in some cases, essential in conveying outwardly the emotion elicited.  
When considering the eyebrow frown from an appraisal perspective, Smith maintained that the “appraisal theory posits that each emotion includes a patterned physiological response and that this response is intimately related to the appraisals producing the emotion” (Smith, 1989).  
With the appraisal theory in mind, for my experiment I will be focusing the outward expression of the emotion, or in other words, the facial expression of emotion, and how facial expressions interact and influence the expression elicited.  The appraisal theory claims that emotions are a result of a meaning analysis in which one's circumstances are evaluated for their implications for personal well-being.  Different emotions are produced by different outcomes of this meaning analysis, such as happiness and anger.  If you are perceiving an event to be positive, rewarding, and satisfying, you are evaluating most likely a happy situation and would therefore feel happy.  If you are appraising your surroundings to be negative, unsuccessful, or upsetting, you are appraising the event to make you feel angry or unhappy. 
 In particular, Smith (1989; Pope & Smith, 1994) has proposed that, in addition to a long-known relation between the eyebrow frown and subjective unpleasantness, the eyebrow frown reflects something further, more appraisal-related, that is specific to the perception of goal obstacles.

In Smith (1989), an experiment was conducted in which the tasks requested of the participants demonstrated a clear main effect for effort, with higher effort for the high effort tasks and lower effort for the low effort tasks.  Pleasantness was partially confounded in this, or that is to say that effortful scenarios were slightly less pleasant than low effort ones.  This study demonstrated that there was higher corrugator activity in the high effort situations than the low effort situations.  There was a confound between effort and appraisals of motivational congruence versus incongruence.  Furthermore, follow-up analyses indicated that the differences in brow activity in the high versus low effort conditions were primarily due to the perceptions of goal-obstacles and not effort.
Similarly, in Pope & Smith (1994), another imagery based study was conducted to examine the information encoded by the eyebrow frown and the smile.  This was a replication of the previous experiment in order to clarify the overall significance of the eyebrow frown.  This experiment placed the participant in one of six scenarios: two of which were unpleasant, two were pleasant, and two were pleasant involving goal-obstacles or challenges.  This study demonstrated again, that the eyebrow frown was associated with something other than subjective unpleasantness.  Brow activity linked both subjective unpleasantness and motivational incongruence together, but did not specifically have any findings related to anticipated effort.
With this in mind, it is my goal through my work to extend the findings of Smith in his 1989 article to further the understanding and scientific comprehension of the significance of the eyebrow frown.  Essentially, I am endeavoring to examine the ability of the eyebrow frown to prime its relevant appraisals.  Smith (1989, 1994) has shown that if you manipulate appraisals of perceived obstacles you get the predicted changes in brow muscle activity.  What I want to do is examine the relationship from the other causal direction.  Does the relationship go the other way as well?  That is, if you manipulate brow activity, do you find evidence that you have activated, or primed appraisals of goal-obstacles? 
With this in mind, my experiment has the added benefit of having the potential of providing an account of the facial feedback hypothesis that is consistent with the appraisal theory.  The facial feedback hypothesis states that facial expressions can be elicited by evaluations of events and situations.  Extensive research has been done in regards to this somewhat controversial theory, but in essence, the facial feedback hypothesis states that facial movement could influence emotional experience (Soussignan, 2002).  Most accounts for the facial feedback hypothesis are non-cognitive.  In other words, the facial activity directly elicits the associated emotion.  We are seeking evidence that facial activity can prime an appraisal known to be associated with the elicitation of emotion.  The facial feedback hypothesis is important because it suggests a plausible psychophysiological mechanism through which behavioral influences may affect certain sensations and responses (Prkachin 2003).  This work is important because it is possible that the priming effects involved in my experiment would reconcile differences between the appraisal theory and the facial feedback hypothesis.  This is because the priming of the facial expressions before the presentation of the Stroop task could provide evidence that could link a physiological response (from the FFH) to the appraisal theory’s idea that uses memory-activating stimuli to quickly perceive and interpret surrounding events. 

Some preliminary evidence has already been obtained to suggest that the eyebrow frown activates concepts related to both unpleasantness and the perception of goal obstacles.  This research was conducted by Jessica Leffler, a recent Vanderbilt graduate.  She conducted a study in which participants were asked to make two golf tees that were attached to the participant’s face above the inside corners of the eyebrows touch, which could only be done by contracting the corrugator supercillii muscle.  For the control condition, participants had the golf tees glued to their thumb and index finger and their task was to hold the tips of the tees together. 

A modified Stroop task was used to assess the potential priming effects of these conditions.  In this task, across a series of trials, participants indicated which color (red versus blue) words were presented in.  The words presented however, were preselected to represent five distinct categories: unpleasant, goal obstacle, effort, arousal, and neutral words (Leffler, 1998).  According to the logic of the Stroop task, it was predicted that, to the extent to which the eyebrow frown activated a concept, such as unpleasantness or goal-obstacles, participants would have a more difficult time responding to the color of words related to those concepts because words' meanings would capture their attention, and interfere with their ability to respond to the word color.  Thus, Leffler's prediction was that relative to the control condition, when furrowing their brows, participants would selectively respond more slowly to both unpleasant and obstacle-related words. As it turns out, Leffler’s results demonstrate a significant difference in unpleasant and obstacle words, with little or no difference in effort, arousal, or neutral categories of words.

Unfortunately, a number of Leffler’s participants complained that the golf tees became uncomfortable and at times painful because they were asked to hold a very strong contraction of the involved muscles for such an extended amount of time.  This discomfort did not characterize the control condition, where participants were simply touching the tees together with their fingers in a fairly natural position.  Beyond the discomfort, anecdotal reports suggested that the control task was a fair bit easier than the experimental one.  Thus these two differences between the tasks, in both discomfort and ease of task, represent potential confounds that potentially could account for the observed results.  The confound is that it is possible that the experimental task itself was more effortful, high obstacle, and unpleasant than the control task and it could be that it is the tasks differences themselves that produced the results rather than the selective priming of the unpleasantness and goal obstacles.
 In my study, I decided to conceptually replicate the experiment while altering the ways in which the participants were to hold the facial expression that would lessen the amount of strain and re-focus their efforts on the word rating task itself.  This would minimize pain in the participant and error in my results due to confounding variables.  Also, for my experiment I wanted to include a larger database of words.  Leffler’s experiment used a relatively small number of words (7) in each category, and for my study I set out to both rework the categories under investigation and use a larger number of words to represent each category, in order to provide a more reliable indicator of priming for each category.

The five categories I have chosen to further research are pleasant words, unpleasant words, low effort/low obstacle (neutral) words, high effort, and high obstacle words.  For my experiment, I am hypothesizing that, under the conditions of the eyebrow frown, I expect to see slower responses on Stroop task words representing unpleasantness and obstacles, but not the other categories of pleasantness, effort, or neutral words.

Method
Participants – Participants for the study were 19 Vanderbilt Undergraduates (12 female, 7 male). Participants were recruited via email for their participation.   As noted below, data for one of the male participants needed to be discarded due to an extremely high error rate on the Stroop task, thus the final sample size was 18 participants. 

Overview of design.    The experiment consisted of a three-condition, fully within-subjects design.  Each participant performed the same modified Stroop task three times, while engaging in each of three facial activity conditions - one experimental condition, and two control conditions.  In the main, experimental ("brow") condition, participants maintained an eyebrow frown while performing the Stroop task.  In the facial action ("lip") condition participants maintained a pose in which they curled their lips outward (selected because this action is not believed to be associated with any emotional facial expression), and in the "no activity" control condition, participants were not instructed to assume any particular facial action while performing the Stroop task.  The order in which these three conditions were performed was randomized across participants with the constraint that roughly equal numbers of participants be engaged in each of the 6 possible orders of these three tasks.  In order to minimize the carryover of potential priming effects from one condition to the next, participants were engaged in an easy, irrelevant task (solving an easy Sudoku puzzle) for approximately five minutes before each of the three experimental tasks.
Posing task.  Participants were asked to perform a posing task while completing a Stroop task  During the control condition, the participant was asked to keep his/her face calm and relaxed.  During the brow-furrowing condition, the participant was told explicitly to furrow his/her brow, but was never told to “frown” due to primed associations with frowning.  And finally, in the mouth condition, the participant was asked to extend his/her lips outward, such that the upper lip curled up towards the nose and the lower lip down toward the chin.  For each condition, the participant was instructed to hold the particular pose requested of them throughout the Stroop task.

Modified Stroop Task.  Each participant engaged in a modified Stroop task four times.  At the start of the experiment participants were engaged in a practice version of the task in which they responded to 36 words that were not selected to particularly correspond to any of the conceptual categories under investigation.  Then during each of the three conditions of the experiment, participants were engaged in a 110-trial version of the task.  In this version the participant first responded to 10 practice/filler trials (that were not retained for analysis) followed by the main task.  In the main task, participants responded, in an order that was fully randomized for each participant within each condition, to 100 words preselected such that 20 words corresponded to each of five categories:  high obstacle, high effort, low effort/low obstacle (i.e. neutral), pleasantness, and unpleasantness.  The same set of words was used in all three conditions.

The words to be included were selected on the basis of a pilot study in which I asked 12 students from the Vanderbilt population to rate on a 7-point likert-type scale 300 words in relation to their relevance to goal-obstacles, effort, and pleasantness/unpleasantness (Appendix 1).  These 300 words were then analyzed and chosen based on their relevance to each specific category and the top 20 words were selected for each  An effort was made to make each of the word categories as pure and independent from one another as possible, but this was not wholly successful (See Table 1).  As the table demonstrates, although there is a separation across the categories, there is still a noticeable confound among the effort and obstacle words.  The level of obstacle is somewhat elevated for the effort words and the level of effort is somewhat elevated for the obstacle words as well. 
During the task half of the words in each category were presented in blue text and half as red, the color of each word was randomly assigned, subject to this constraint, within each condition for each participant.  Participants were instructed to respond to the color of the word by pressing either the four (red) or six (blue) key on the numeric keypad of their computer keyboard.  These keys were color coded on the keypad to help make the task obvious.

For each trial, a fixation point was presented in the center of the participant's screen for 750 ms, this was replaced by a blank screen for a variable interval raging from 250 to 750 ms.  The word was then presented in the place of the fixation point, in its randomly assigned color, and remained on the screen until the participant responded by pressing the blue or red key.  Whether the participant responded with the correct key, and the time from initial presentation of the word until the participant's response (the reaction time, or RT) were recorded for further analysis.


Facial Activity.  Facial muscle tension over the brow (corrugator supercillii) and lip (Obicularis Oris) were continuously monitored using electromyography (EMG) during the performance of the Stroop task in all three conditions in order to provide a check on the manipulation of the facial posing conditions.  Activity in the brow region is elevated during the production of the eyebrow frown, whereas activity in the lip region is elevated during the production of the lip pose. The EMG in both sites was recorded using standard bipolar placements over the relevant muscles (Fridlund & Cacioppo, 1986 ).  Miniature (2.5 mm diameter) Ag/AgCl surface sensors were used.  All placements were on the left side of the face, with an interelectrode distance of 12 mm.  Coulbourn electrode electrolyte gel was used as the conducting medium.  The raw EMG samples were amplified and filtered using Coulbourn bioamplifiers with bandpass filters (S75-01) with high and low cutoffs of 8.0 and 1000 Hz, respectively.  The signals were then rectified and smoothed using  Coulbourn contour-following integrators (S76-01) with time constants of 20 ms.  The resulting waveforms were sampled at 30 ms intervals and stored on hard-disk for subsequent reduction and analysis.


Procedure – The participant signed a consent form upon entering the lab.  The participant was then led into a private room where they were given instructions as to what they were about to do and then the experimenter placed the electrodes on his/her face.  The subjects’ physiological responses were monitored (from an adjoining control room) for approximately five minutes to check the integrity of the electrode placements and to gain a baseline reading of the participant’s physiological responses.  During this time the participant was asked to quietly work on their sudoku puzzle.  The participant was then asked to complete the practice phase and was told to alert the researcher upon finishing in order to begin the experiment.  This was then repeated for the second and third testing phases with five minute sudoku breaks in between.  The participant was finally asked to alert the experimenter when they were done with the final task.  After the experiment was completed the participant was debriefed as to what the purpose of the experiment was. The debrief essentially stated that we were really only interested in the eyebrow furrowing condition in comparison to the other two trials.  They were then informed that we were hoping to find that their reaction times were slower for the high obstacle and unpleasant categories of words compared to the remaining three categories of words.  They were then given a chance to ask any questions they may have had about the experiment as well. The total experiment time did not exceed one hour.
Data reduction.  Both the EMG data and the reaction time data from the Stroop task were reduced for further analysis.  For the EMG data, the mean level of activity in both the brow and lip sites was computed over the entire Stroop task (which lasted between 5 and 7 minutes for each participant) within each experimental condition.

For the reaction time data from the Stroop task, after cleaning the data for incorrect responses and invalid reaction times (see below) the mean reaction time for the remaining words (up to 20) in each category was computed separately for each of the three conditions.  Trials were eliminated if:  a) the participant indicated the wrong color for the word; b) the reaction time was less than 100 ms (i.e., too fast for a valid response), or c) the reaction time was greater than 1500 ms (i.e., very slow – modal responses were in the 300-800 ms range).  As noted above, one participant's data was characterized by a very high elimination rate (56.33% of his responses were eliminated).  This was deemed too high to be valid, and this participant's data were eliminated from further consideration.  With the elimination of this participant, the number of invalid trials was quite low for each participant with an average of 0.2% of the trials being eliminated for any given participant.

Results
Manipulation Check.  The first set of analyses examined whether the experiment was successful in manipulating facial activity as intended.   To the extent to which participants produced the intended facial actions, brow activity should be higher in the brow-pose condition than in either the lip-pose and no-pose control conditions, whereas lip activity should be higher in the lip-pose condition than in either the brow or no-pose conditions.  

The mean EMG levels observed for the brow and lip sites for all three conditions are depicted in Figure 1.  As can be seen, the posing task was highly successful in manipulating muscle activity in both the brow and lip regions as intended.  First, considering the brow muscle activity, activity in this region was much higher during the brow pose than in either the lip pose or no pose control condition, and this difference was highly statistically reliable, F (1, 17) = 59.15, p < .001.  The lip pose and no pose conditions did not reliably differ from one another, F (1, 17) < 1, ns.   As intended, activity in the lip region was similarly very much higher for the lip pose than for the other two conditions, F (1, 17) = 71.20, p < .001.  However, lip activity in the brow pose condition was also reliably elevated relative to no-pose condition, F (1, 17) = 12.39,  p < .01.  However, as can be seen by comparing the means, in absolute terms, relative to the no-pose control condition, the elevation of lip activity during the brow pose was very small (2.15 uV) compared to that observed for lip activity during the lip pose (26.03 uV).  Thus, the experimental manipulation of facial activity through the posing task can be considered to have been highly successful.
Reaction Time Data – The reaction time data for the different word categories were examined across the three conditions to look for evidence of priming of these categories, as reflected by slower reaction times due to Stroop-related interference when a category was primed.  I was not expecting to see any Stroop-related interference in either of the control conditions (i.e., no activity and lip pose conditions), but was expected to see such activity, limited to the categories of goal-obstacle and unpleasantness, in response to the brow pose.  Specifically, in the brow pose condition, relative to the other two, I expected to see longer reaction times to the unpleasant and obstacle-related words, whereas I did not expect the conditions to differ for the high effort, pleasant, and neutral words.


In an initial set of analyses I used MANOVA techniques both including and not including variables encoding the order in which each participant engaged in the three conditions as covariates, to examine whether the results were substantially affected by order effects (e.g., by the participant learning to react more quickly over the course of the experiment).  In the MANOVA controlling for task order, and considering all five word categories simultaneously, there was a marginally significant effect of facial action condition, suggesting that overall, the three conditions tended to vary somewhat in their associated reaction times, Wilke's lambda = .58, Approximate Multivariate F (10, 58) = 1.80. p = .08.  However, none of the omnibus univariate effects for the five word categories approached the .05 level of significance (all ps > .18).  However, comparison of these tests to the results of the same MANOVA without task order as a covariate indicated the two sets of univariate effects were highly similar.  Therefore, the raw data without the covariate were examined in the subsequent analyses.


Because I had advanced a priori hypotheses regarding the specificity of the expected Stroop interference, these hypotheses were evaluated through a series of univariate ANOVAs in which the between condition variance was divided into two orthogonal contrasts.  The first, which captured the predictions, contrasted the brow pose condition with both of the control conditions, and the second contrasted the two control conditions with each other.  The means entering into these analyses are presented in Figure 2.


As can be seen in the figure, the predicted pattern of means was clearly obtained for the unpleasant words, with the reaction time in the brow condition being notably longer than in either the no activity or lip pose conditions.  The a priori contrast indicated that this pattern was statistically reliable, F (1, 17) = 4.60, p < .05.  Although somewhat similar patterns were observed for both the obstacle- and effort-related words, the pattern was less strong, with some elevation in the lip-pose condition, relative to the no activity condition, being apparent.  In neither case was the overall pattern statistically reliable, obstacle F (1, 17) = 2.22, p = .16, effort F (1, 17) = 2.99,  p = .10.  In contrast, there was absolutely no evidence of selective interference in the brow condition for either the neutral, F (1, 17) = .21, p  = .67, or pleasant, F (1, 17) = .20, p U = .66, words.  In no case did the contrast of the two control conditions approach traditional levels of significance (all Fs < 2.5, all ps > .13).
Discussion

To clarify once again, I am mainly interested in whether or not brow activity will prime/activate relevant concepts concerned with unpleasantness and perceived obstacles, but not pleasantness or the absence of effort/obstacles.  Another question to consider is whether effort will be primed. Existing data suggests not, but it is something we wanted to explore in my experiment.  As my data suggests, there were reliable results for facial priming for unpleasant words.  This means that during the word rating task, it took participants significantly longer to respond to unpleasant words due to their facial activity in the brow condition in comparison to a relaxed face or a face with curled lips.  This suggests that the  facial activity of the eyebrow frown does in fact prime, or activate, its theoretically associated construct of unpleasantness.  This has implications for possibly uniting the appraisal theory in relation to the facial feedback hypothesis because the physiological priming of the facial muscles (i.e. the FFH implication) hindered quick response times for the unpleasant words (the appraisal theory implication).  The fact that facial activity primes related cognitive constructs provides a means by which facial activity might activate relevant appraisals, and thus produce their associated emotions through appraisal, rather than the facial actions eliciting the emotions directly.  
Furthermore, by showing the link between the eyebrow frown and unpleasantness, this experiment provides convergent validation of the componential approach. 
Also apparent in the analysis of my data was that there was no evidence of the priming effects for the pleasant and neutral words.  The absence of effect here helps to establish the specificity of the effects.  Because the increased reaction times in the brow condition did not apply across all word conditions, it demonstrated that the effects were specific to the construct(s) for which the effects were demonstrated (unpleasantness) and not due to some general factor (e.g., task difficulty) that would have affected all word categories.  Similarly, the pattern of results in this study demonstrates that we can easily rule out any possibility that the furrowed brow is congruent with low effort/low obstacle words and pleasant words. 

Limitations – Upon examining the data, there are a number of limitations that could be addressed for future research.  First of all, the pattern of means was somewhat in the predicted direction for both the effort-related words and the obstacle-related words.  This suggests both promise and problems for this approach.  First of all, with greater statistical power, we might well be able to document, in line with previous research, that in addition to unpleasantness, brow activity primes the concept of perceived obstacles.  Second, we could limit the number of the words in each category in order to be more selective in the words we use and potentially reduce the confounds even more.  The fact that we are seeing similar pattern for effort related words, however, does give some pause, as it runs counter to previous findings (i.e., those of Smith, 1989, Smith & Pope, 1994, and Leffler, 1998).  In considering this, there may a natural confound in the language between effort- and obstacle-related words.  In future work we will need to try to break down this natural confound as much as possible.  The final limitation for my experiment was the small sample size.  It was a within-subject experiment, however, which gave the results stronger the statistical power.



The study of facial expressions in general and the brow furrow in particular can be very beneficial to the greater understanding of how facial expressions relate to our emotional states.  If the brow furrow does in fact code for some sort of perceived obstacle or some level of unpleasantness, then it would be reasonable to expand this knowledge onto other facial components that maybe they, too encode for a particular emotion or perception.  This could have huge implications on the study of facial expressions and how they have adapted evolutionarily to be attached to certain meanings.  The study facial expressions on a general level is essential in order to better communicate with one another to more adequately assess the emotion that others are feeling.  Most importantly, this experiment allows us to acknowledge that the components of a facial expression may combine together to prime an emotion before you actually recognize that you are feeling it.  This work is primarily valuable because it could change the way in which we test facial expressions in the future.  If brow furrowing truly implies a perceived obstacle or level of unpleasantness, then this study could broaden our evaluations of facial expression to see if it is the components themselves that are universal, and not just the facial expressions as a whole. 
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Table 1: Task Words Means Across Categories
	High Effort (Effort Rating >= 4; Obstacle Rating <=3; Pleasantness free to vary)
	 

	Effort
	Obstacle
	Pleasantness
	
	
	
	 

	4.25
	2.15
	-0.5
	
	
	
	 

	 
	
	
	
	
	
	 

	High Obstacle (Effort Rating <= 3; Obstacle Rating >=4; Pleasantness free to vary)

	Effort
	Obstacle
	Pleasantness
	
	
	
	 

	2.8
	4.6
	-1.3
	
	
	
	 

	 
	
	
	
	
	
	 

	Low Effort/Low Obstacle (Valence = 0; Effort Rating/Obstacle = 0 and other Effort/Obstacle <=1)

	Effort
	Obstacle
	Pleasantness
	
	
	
	 

	0.45
	0.05
	0
	
	
	
	 

	 
	
	
	
	
	
	 

	Positive Words (Pleasantness >=2, Effort & Obstacle as high as possible)
	 

	Effort
	Obstacle
	Pleasantness
	
	
	
	 

	1.75
	0.9
	2.7
	
	
	
	 

	 
	
	
	
	
	
	 

	Negative Words (Pleasantness <= -2, Effort & Obstacle <= 3)
	
	 

	Effort
	Obstacle
	Pleasantness
	
	
	
	 

	1.95
	2.5
	-2.8
	 
	 
	 
	 




	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Figure 1: Graph of EMG Physio Means

[image: image1.emf]0

5

10

15

20

25

30

35

No Pose Brow Pose Lip Pose

Brow

Mouth


Figure 2: Graph of Reaction Time Means
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Appendix

Candidate Words for Facial Priming Task

Word
Effort Rating
Obstacle Rating
Pleasantness Rating

High Effort (Effort Rating >= 4; Obstacle Rating <= 3; Pleasantness Free to vary – last word didn't meet criteria)

1) Destroy
4
3
-2

2) Drill
4
2
-1

3) Effort
5
3
0

4) Endeavor
4
2
1

5) Energy
4
1
1

6) Exertion
5
2
0

7) Haul
5
3
-1

8) Heave
4
3
-1

9) Job
4
2
0

10) Lynch
4
3
-3

11) Painstaking
5
3
-2

12) Power
4
1
1

13) Strain
5
3
-2

14) Strive
5
2
1

15)  Toil
4
3
-2

16) Tow
4
3
-1

17) Try
4
1
0

18) Undertake
4
1
0

19) Work
4
2
0

20) Venture
3
0
1

Word
Effort Rating
Obstacle Rating
Pleasantness Rating

Hi Obstacle (Effort Rating <= 3, Obstacle Rating >=4; Pleasantness Free to vary

1) Setback
3
5
-2

2) Prohibition
2
5
-1

3) Barricade
3
5
-1

4) Restriction
3
5
-1

5) Barrier
3
5
-1

6) Block
3
5
-1

7) Blockade
3
6
-1

8)  Constraint
3
5
-1

9) Impediment
3 
6
-2

10) Insurmountable
3
5
-1

11) Trouble
3
4
-2

12) Thwart
3
4
-1

13) Limitation
3
4
-1

14) Interference
3 
4 
-1

15) Handicap
3
4
-2

16) Burden
3
4
-2

17) Hamper
2
4
-1

18) Nuisance 
2
4
-2

19) Deterrent
3
4
-1

20) Inhibit
2
4
-1

Word
Effort Rating
Obstacle Rating
Pleasantness Rating

Lo Effort, Low Obstacle – neutral valence – these are our "neutral" words, I believe –

Criteria:  Valence = 0, 1 of Effort or  Obstacle = 0; and other of Effort or Obstacle < = 1

1) Aluminum
0 
0
0

2) Apparent
0
0
0

3) Briefly
1
0
0

4) Cabinet
1
0
0

5) Circular
0
0
0

6) Corridor
0
1
0

7) Cylinder
0
0
0

8) Doorway
0
0
0

9) Inert
0
0
0

10) Inhabited
1
0
0

11) Interval
1 
0
0

12) Microwave
1
0
0

13) Narrative
1
0
0

14) Ordinary
0
0
0

15) Residential
0
0
0

16) Scissors
1 
0
0

17) Sedentary
0
0
0

18) Standing
1
0
0

19) Straight
1
0
0

20) Undemanding
0
0
0

Word
Effort Rating
Obstacle Rating
Pleasantness Rating

Positive Words (Pleasantness >= 2, effort & Obstacle as high as possible)
1) Amazing
1
1
3


2) Beauty
2
1
3

3) Beloved
1
1
3

4) Charming
2
1
3

5) Ecstasy
1
1
3

6) Freedom
2
0
3

7) Friends
2
1
3

8) Funny
1
1
3

9) Glorious
2
0
3

10) Honored
2
1
2

11) Incredible
1
1
2

12) Kiss
2 
0 
2

13) Love
3
1
3

14) Magnificent
1
1
3

15) Peace
2
1
3

16) Perfect
3
1
2

17) Radiant
1
1
3

18) Romance
2
1
2

19) Security
3
2
2

20) Thrilled
1
1
3

Word
Effort Rating
Obstacle Rating
Pleasantness Rating

Negative Words (Pleasantness <= -2, effort & Obstacle <= 3)
1) Agony
2
3
-3


2) Bomb
3
3
-3

3) Brutal
2
3
-2

4) Harm
3
3
-3

5) Hate
2
3
-3

6) Poison
2
3
-3

7) Detested
2
3
-3

8) Dismal
1
2
-2

9) Dreadful
2
3
-3

10) Monstrous
2
2
-3

11) Sinister
2
2 
-3

12) Snobby
1
2
-3

13) Sorrow
2
3
-3

14) Stinky
1
1 
-2

15) Undesirable
1
2
-3

16) Vulgar
2
2
-3

17)  Uninvolved
0 
1
-2

18)  Crime
3
3
-3

19)  Divorce
3
3
-3

20) Theft
3
3
-3
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