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Abstract 

Flexion and extension arm actions have been studied with regard to whether and in what 

way(s) they are associated with attitudes. In this paper, I report the results of three 

experiments in which I investigated the valence of the attitude objects, the 

meaningfulness of the attitude objects, and the repetition of the arm action as factors that 

might influence the relation between flexion and extension arm actions and attitudes. In 

Experiment 1, I tested the influence of flexion and extension on attitude formation with 

novel, meaningless, but valenced, stimuli (Chinese characters). I predicted an Action x 

Stimulus Valence interaction such that both arm flexion and arm extension would result 

in higher pleasantness ratings of Chinese characters, when they were paired with positive 

and negative stimuli, respectively. Rather than the hypothesized interaction, I observed 

only a main effect for Stimulus Valence: positive characters were rated as more pleasant 

than were negative characters. In Experiment 2, I tested the influence of flexion and 

extension on attitude change with familiar, meaningful, valenced stimuli (foods). I 

predicted a main effect for Action, such that arm flexion would result in higher 

pleasantness ratings than would arm extension, regardless of Stimulus Valence, I also 

predicted a main effect of Stimulus Valence, such that positive foods would be rated as 

more pleasant than negative foods. Again, I observed only a main effect for Stimulus 

Valence in the predicted direction. In Experiment 3, I examined the influence of arm 

actions on attitudes over time using novel, meaningful, valenced stimuli (faces). I 

predicted that attitudes, as measured by an IAT, would be less biased for participants who 

repeatedly practiced responding to negative stimuli with a flexing action, compared to 



 

 

iii 

those of participants who repeatedly practiced responding to negative stimuli with an 

extending action. This prediction was weakly supported. 
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CHAPTER 1 

INTRODUCTION 

During the past three decades, social psychologists have taken an increased 

interest in how the body affects cognition, or embodiment (Glenberg, 2008; Niedenthal, 

Barsalou, Winkielman, Krauth-Gruber, & Ric, 2005). Researchers taking a social 

cognition approach to studying emotion (Strack, Martin, & Stepper, 1988), attitudes and 

persuasion (Briñol & Petty, 2003; Wells & Petty, 1980), and the automaticity of 

behaviors (Chen & Bargh, 1999) have demonstrated that the actions of the body both 

influence cognitive processes and are influenced by them. Still in question, however, are 

the processes through which such influence transpires. Even within the relatively focused 

study of the psychological effects of flexion and extension actions made with the arms, 

for example, several different explanations have been hypothesized and tested; yet these 

explanations have not yet been synthesized into a comprehensive theory. 

Existing research has examined the relation between flexion and extension arm 

actions and outcomes such as creative insight (Friedman & Förster, 2000, 2002), food 

intake (Förster, 2003), language abstraction (Beukeboom & de Jong, 2008), cognitive 

control (Koch, Holland, Hengstler, & van Knippenberg, 2008), and attitude formation 

and change (Cacioppo, Priester, & Berntson, 1993; Centerbar & Clore, 2006; Förster, 

2004; Kawakami, Phills, Steele, & Dovidio, 2007). With regard to the latter, the evidence 

is equivocal as to how arm flexion and extension actions, specifically, are influential in 

the formation and change of attitudes. Essentially, there is debate as to whether the 

actions of flexion and extension are themselves meaningful and thus capable of 

contributing to the construction of meaning about the objects with which they are paired 
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(motor-processes hypothesis), or, whether their influence is wholly contingent upon 

contextual factors, such as compatibility/incompatibility of the objects (compatibility 

hypotheses). Like many questions in psychology, this question has typically been posed 

and approached empirically as though it is an either/or issue. I propose, however, that 

both factors may be operative: it is more productive to accept that arm flexion and 

extension actions can be influential in the formation and change of attitudes, and focus 

efforts on identifying situational features that allow us to explain when and how such 

influence takes place and when it does not. I take an embodied social cognition approach 

to studying attitudes, and thus will briefly outline this approach in comparison to the 

information processing approach. 

Embodiment 

Embodiment is a relational concept that synthesizes the standpoints of biology, 

person, and culture that together make a whole (Overton, 2008). These standpoints co-

constitute each other, thus, none can be considered to be independent of the others. From 

an embodiment perspective, the cognitive capabilities of adult humans are developed 

through the action of “the body as a form of lived experience, actively engaged with a 

world of sociocultural and physical objects” (Overton, 2004, p.202). Rather than the 

information processing explanation of thought, (which goes roughly like this: sensory 

information  mentalese  thought), the embodiment explanation is that sensory 

experience processed in modality-specific ways is thought. Embodiment grounds the 

construction of meaning, and thus cognition, in the action of the lived body engaged with 

the world of sociocultural and physical objects and events. 
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The cognitive revolution began as a movement to reclaim the concept of meaning 

from its behaviorism-era exile, and establish it as one of the central concepts of the field 

of psychology (Bruner, 1990). Shortly after this effort was initiated in the 1950s, the 

movement was diverted to the study of information rather than meaning, and 

computational information processing models became the dominant metaphor for the 

mind (Bruner, 1990). Proponents of information processing models hypothesize that 

information exists objectively in the world. When information from the world comes into 

the body/senses it is translated into a “mentalese,” or mental code, so it can be 

cognitively manipulated (Fodor, 1975). This translation is analogous to a computer using 

a code of 1s and 0s to represent the letters in the words. The strings of 1s and 0s are 

fundamentally different from the words, but the computer software can process them. 

Similarly, mentalese is fundamentally different from the information conveyed by the 

body/senses, but the brain can process it. The product of this processing is translated back 

into the body/sensory form and expressed as behavior. 

For example, I ask you to pick up the salt and pass it to me. In an information 

processing model, this request is represented in your brain using a system of amodal 

symbols. That is, symbols that are potentially different from, and do not necessarily share 

brain circuitry with, the brain activity that is involved in the action of your arm when you 

pass me the salt. Thus, in an information processing model, cognitive representation is 

not hypothesized to be related to the physical source and expression of its contents. 

In contrast, embodiment is predicated on the argument that meaning is 

constructed through the action of lived the body actively engaged in the sociocultural and 

physical world. Meaning is an emergent quality of that active experience. Information 
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does not exist objectively in the world; rather, meaning is constructed through the co-

constitutive systems of biology, person, and culture. From the embodiment perspective, 

translating from body/sensory form to amodal symbols and back again is unnecessary and 

slow (and impossible—translation implies that the coded message exists to be translated, 

whereas a foundational tenet of embodiment is that meaning is constructed through bio-

socio-culturally contextualized lived experience). Rather than a system of amodal 

symbols, embodiment models propose that the mental processes that allow you to 

understand my request to pass the salt and fulfill that request use the same type of 

symbols (Glenberg, 2008). Because they were developed through a contextualized, lived, 

experiential process of meaning-making, these shared symbols are modality-specific and 

involve some of the same brain circuitry. Understanding the request to pass the salt, for 

example, involves activity in the arm and hand areas of the motor cortex just as the action 

of passing the salt does (for a review see Glenberg, 2008). The comprehension of 

requests for action involving a simulation of that action in the relevant area of the motor 

cortex is an example of the grounding of meaning in action (Niedenthal, 2007; 

Niedenthal, Barsalou, Winkielman, Krauth-Gruber, & Ric, 2005). In the same way that 

moving electrons are electricity, mental simulation of action is comprehension of a 

request for that action. The timing of these apparent mental simulations suggests that they 

are automatic; they happen rapidly, outside of awareness, without conscious intention, 

and cannot be controlled (Pulvermüller, Shtyrov, & Ilmoniemi, 2003). 

Embodiment models have prompted researchers in cognitive and social 

psychology to formulate hypotheses that differ noticeably from those based on 

information processing models. Embodiment models have also provided a framework for 
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making sense of existing findings in which physical actions influenced mental processes 

or vice versa. The research concerning flexion and extension actions is one example. 

Attitude creation and/or change have been demonstrated to be associated with flexion and 

extension actions (Cacioppo et al., 1993) and existing attitudes have been shown to be 

associated with the facilitation of flexion and extension actions made in reference to 

attitude objects (Chen & Bargh, 1999). 

Flexion, Extension, and Attitudes 

According to theories of embodied cognition, meaning is developed through the 

action of the lived body in the world. Infants are not born with the ability to mentally 

represent people, objects, concepts, or even their own appendages (Piaget, 1960). 

Initially, they cannot think about an action without doing it, so for them, thinking is doing 

and through that doing, they construct knowledge about the world. During this 

developmental process, infants are making meaning structures through and about the 

experiences of the lived body in the world, based on temporal and spatial contiguity and 

outcomes. In terms of flexion and extension actions, this learning process might lead to 

arm flexion taking on a positive meaning through the association with grasping wanted 

items and drawing them nearer, whereas arm extension might take on a negative meaning 

through the association with pushing negative things away. Once that meaning is 

established, such valenced arm actions might contribute to the development of meaning 

about (i.e., attitudes toward) novel stimuli. 

Most studies of flexion and extension arm actions fall into one of two categories: 

investigations of physical action leading to changes in an attitude or behavior (top arrow 

of Figure 1), or investigations of existing attitudes leading to changes in physical action 
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(bottom arrow of Figure 1). In the first category, researchers manipulate participants’ 

physical action and measure subsequent attitudes. For example, participants might press 

down on a tabletop or up against the underside of it while evaluating a novel stimulus set; 

later, their liking of the stimuli is assessed. If the stimuli viewed during one type of action 

are liked more than those viewed during the other type of action, the physical action 

manipulation is interpreted to have influenced liking. In the second category, researchers 

manipulate participants’ attitudes and measure subsequent physical actions. For example, 

participants might view pleasant and unpleasant stimuli and push/pull a joystick to sort 

them. If pushing or pulling tends to be faster in response to one type of stimulus than the 

other, the attitude manipulation is interpreted to have influenced physical actions. 

Familiarity with both types of research is essential when thinking about either because of 

the bidirectionality of action and attitude processes. 

These categories of research provide a very coarse level of analysis, because the 

processes involved likely include various feedback loops, such that a physical action or 

an attitude is not a single independent manipulation so much as an input into a recursive, 

bidirectional system involving both bottom-up and top-down processes. The difficulty of 

studying such complex systems, however, frequently results in research approaches that 

vary one aspect of the relation and measure the other. Feedback loops and the issue of 

bidirectionality, though acknowledged, have not been examined systematically. 

The Bottom Arrow: Manipulating Attitudes and Measuring Physical Actions 

The etymology of the word attitude has been traced to the Sanskrit root ag, 

meaning to do or to act (Bull, 1951). The assumption implicit in this lineage is that an 

attitude is a physical state, or at least related to a physical state. Indeed, the history of this 
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assumption in psychological theories pertaining to attitudes dates to the 1860s (Cacioppo 

et al., 1993). In terms of flexion and extension actions, research has focused on the 

question of whether, or under what conditions, positive or negative attitudes 

automatically facilitate different physical actions. Early research on this topic was 

conducted by Solarz (1960), whose participants moved stimulus cards printed with 

valenced words toward and away from themselves along a track mounted on a moveable 

stage. Chen and Bargh (1999) conceptually replicated Solarz. Their participants used a 

joystick to categorize valenced words presented on a computer screen. Computerized 

categorization tasks have since been used extensively to study flexion and extension 

actions. Drawing on theories of classical conditioning, Solarz and Chen and Bargh, 

hypothesized that through life experiences arm flexion comes to be associated with 

pulling (presumably positive) things toward the self and arm extension with pushing 

(presumably negative) things away. The actions themselves become meaningful, flexion 

for example denoting good/positive/I want, and extension denoting bad/negative/I reject. 

Positive stimuli might then facilitate flexion actions, whereas negative stimuli might 

facilitate extension actions. Consistent with this hypothesis, participants in the 

experiments of both Solarz and Chen and Bargh tended to respond more quickly to 

positive words when a flexion (pull) response was used than when an extension (push) 

response was used, whereas they tended to respond more quickly to negative words when 

an extension response was used than when a flexion response was used. This type of 

effect in which a salient attitude facilitates a physical action of similar valence is 

generally referred to as a motor-compatibility effect. 
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Recent research has tested the associations between flexion and approach and 

extension and avoidance more extensively. Findings have demonstrated that manipulating 

situational factors such as task instructions can reverse the relation, suggesting that 

flexion and extension actions do not have inherent, fixed meaning (Bamford & Ward, 

2008; Eder & Rothermund, 2008; Seibt, Neumann, Nussinson, & Strack, 2008). Flexion 

and extension are differentially associated with approach and avoidance goals, depending 

on whether the actor is instructed to move toward an object (i.e., approach via extension) 

or bring the object toward her/him (i.e., approach via flexion). These findings implicate 

the involvement of higher-level processes. Rather than being inherent and fixed, the 

effects of flexion and extension actions are flexible and change with the shifting goals of 

the actor (Krieglmeyer, De Houwer, & Deutsch, 2011). 

In summary, manipulating attitudes, whether by valenced words or stimuli 

portraying members of differentially liked groups, is associated with faster motor 

responses to approach positive stimuli and avoid negative stimuli. The particular actions 

used to approach and avoid may be in reference to the self (e.g., approach via flexion) or 

the stimulus (e.g., approach via extension), depending on the task instructions. 

The Top Arrow: Manipulating Physical Action and Measuring Attitudes 

The initial research on the influence of arm flexion and extension on attitude 

formation was conducted by Cacioppo et al. (1993). Like Solarz (1960) and Chen and 

Bargh (1999), Cacioppo et al. hypothesized that arm flexion and extension come to be 

associated with positive and negative things, respectively, through life experiences 

(Cacioppo, Marshall-Goodell, Tassinary, & Petty, 1992; Wagner & Brandon, 1989). The 

actions thus become meaningful themselves, and might contribute to the development of 
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attitudes toward novel stimuli. Cacioppo et al. tested this hypothesis, which they referred 

to as the motor-processes hypothesis, in a series of six experiments. They demonstrated 

that arm flexion or extension performed during the evaluation of novel stimuli was 

subsequently associated with greater or lesser liking of those stimuli, respectively. 

Motor-Processes Hypothesis. In a series of six experiments testing Cacioppo et 

al.’s (1993) motor-processes hypothesis, participants performed arm flexion and 

extension while they viewed novel, neutrally-valenced Chinese characters1 and reported 

whether they liked or disliked each. After a 5-minute break, participants completed a 

forced-choice ranking task in which they ranked the characters on the dimension of 

pleasantness. Cacioppo et al. found support for the motor-processes hypothesis: attitudes 

toward novel stimuli viewed during arm flexion were more positive than those toward 

novel stimuli viewed during arm extension. They interpreted these results as due to the 

respective positive and negative meaning of those actions. They hypothesized that arm 

actions become valenced via life experience through the association of flexion with 

bringing desired things toward the self and the association of extension with distancing 

undesired things from the self. Their results suggest that once this connection is 

established, the actions are part of the process whereby meaning is imparted to novel 

attitude objects (i.e., persons, places, things, or events toward which one has an attitude) 

with which they are paired (Cacioppo et al.; Priester, Cacioppo, & Petty, 1996). In 

follow-up studies, Cacioppo et al. ascertained that an evaluative (i.e., like/dislike) 

mindset during the arm action was integral to the effect, as the effect was not observed 

                                                
1 The pretest pleasantness rating of all the Chinese characters was near the mid-point of the scale, but the 
researchers further controlled for variability in the valence of the characters by creating matched sets based 
on pretest data. This procedure is in contrast to that employed by other investigators in subsequent research, 
all of whom have manipulated stimulus valence. 
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when participants made immediate judgments about the complexity of the characters. 

They further demonstrated that both actions contributed to the effect: arm flexion led to 

positive attitudes and arm extension led to negative attitudes, relative to a relaxation 

control condition. This research has been widely cited as a basis for subsequent work 

investigating the influence of physical states and actions on mental processes. That is, 

this research has been received as convincing with the result that few other researchers 

have tested the effect, and have instead proceeded directly to building upon the effect. 

One potential implication of Cacioppo et al.’s (1993) findings is that if arm 

flexion and extension influence attitude formation, they might also be influential in 

attitude change. To the extent that flexion and extension arm actions are positively and 

negatively valenced, performing them in conjunction with viewing meaningful attitude 

objects may result in accentuated or attenuated attitude reports. The physical feedback 

from the arm actions may augment or detract from the affective reaction typically elicited 

by attitude objects, resulting in a stronger or weaker attitude. Kawakami et al. (2007) 

devised a training paradigm in which flexion and extension actions were repeatedly 

paired with meaningful positive and negative stimuli (photographs of faces of White and 

Black men). Participants in the Approach Blacks condition paired a flexion action with 

negative stimuli (Black faces) and an extension action with positive stimuli (White 

faces), whereas participants in the Avoid Blacks condition paired an extension action 

with negative stimuli (Black faces) and a flexion action with positive stimuli (White 

faces); participants in the right–left control condition performed sideways actions in 

conjunction with the face stimuli. After participants completed a 480-trial action-training 

period, their racial attitudes were assessed. Consistent with Cacioppo et al.’s motor-
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processes hypothesis, Kawakami et al. predicted that training in responding to negatively 

stereotyped outgroup members with flexion actions would be associated with attenuated 

racial bias. That is, after performing the action-training, participants in the Approach 

Blacks condition, who had practiced responding to photographs of the faces of Black men 

with a flexing action (positive), would like Blacks more than participants in the Avoid 

Blacks condition, who had practiced responding to the same stimuli with an extension 

action (negative). Results were as predicted: participants in the Approach Blacks 

condition who had practiced responding to photographs of the faces of Black men with a 

flexing action exhibited more positive implicit attitudes toward Blacks than did 

participants in the Avoid Blacks condition or the right–left control condition. 

The findings of Kawakami et al. (2007) extend the findings of Cacioppo et al. 

(1993) by demonstrating that flexion and extension arm actions can influence shifts in 

attitudes toward strongly valenced novel stimuli (photographed faces of strangers 

belonging to negatively stereotyped social groups). Thus, flexion and extension arm 

actions have been shown to be influential in attitude formation and change, specifically 

because doing these actions produces valenced proprioceptive feedback. 

Compatibility Hypotheses. Several alternative hypotheses posit some form of 

compatibility as the process whereby flexion and extension arm actions influence 

attitudes. According to the motor-compatibility hypothesis, both the actions and their 

intended objects are valenced and when these valences match, reported attitudes are 

accentuated. According to the motivational-compatibility hypothesis, an action becomes 

valenced based on the goal that is salient in the context of its current intended object. 
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Motor-Compatibility Hypothesis. Förster (2004) proposed the motor-

compatibility hypothesis, suggesting that the respective positive and negative valence of 

arm flexion and extension might accentuate reported attitudes toward meaningful 

valenced objects. For instance, arm flexion while viewing a liked object would produce 

two sources of information (i.e., the bodily feedback and the affective reaction) that are 

difficult to distinguish and, because their valences are aligned, result in an accentuated 

positive attitude. Arm extension while viewing a disliked object would also be 

compatible, but result in an accentuated negative attitude. This prediction is consistent 

with Cacioppo et al.’s (1993) motor-processes hypothesis in that flexion and extension 

arm actions are valenced. When the valence of the action and the attitude differ, however, 

no observable effect of arm action on liking is predicted, presumably because the 

evaluator is able to distinguish between the two sources of meaning and discount the 

input from the action as irrelevant (Förster). This prediction does not align with Cacioppo 

et al.’s motor-processes hypothesis, however evidence supporting it was observed in 

Förster’s Experiment 2. 

Participants in Förster’s Experiment 2 viewed a presentation that displayed the 

names of various edible products, such as Snickers candy bar (positive) and beef lung 

(negative) while engaged in either arm flexion or arm extension. Following each product 

slide, they rated how much they liked it. As predicted, main effects of product valence 

and arm action were observed. That is, positive products were liked more than negative 

products, and products viewed during flexion were liked more than products viewed 

during extension. Critically, Förster also observed an interaction such that flexion was 

associated with increased liking of positive products but had no impact on liking of 
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negative products, and extension was associated with decreased liking of negative 

products but had no impact on liking of positive products. These findings suggest that the 

influence of flexion and extension arm actions on the evaluation of meaningful valenced 

attitude objects hinges upon the match between the valence of the action and that of the 

object. 

Motivational-Compatibility Hypothesis. Centerbar and Clore (2006) proposed the 

motivational-compatibility hypothesis. These researchers suggested that it was not the 

learned association of flexion with approach and extension with avoidance that 

influenced the attitude effects observed by Cacioppo et al. (1993). Referencing Heider 

(1958; Heider & Simmel, 1944), Centerbar and Clore maintained that the meanings of 

flexion and extension actions depend on the context, that is, they are situated. 

Motivational-compatibility exists when the outcome that would typically be produced by 

the action matches the valence of the object that it intends. Performing a flexion action 

while viewing a positive character or performing an extension action while viewing a 

negative character are examples of motivational-compatibility, the former would achieve 

the goal of drawing a liked object closer, whereas the latter would achieve the goal of 

distancing a disliked object. Performing a flexion action while viewing a negative 

character or performing an extension action while viewing a positive character are 

examples of motivational-incompatibility, the typical outcome of the actions is at cross-

purposes with the valence of the objects that they intend. Centerbar and Clore 

hypothesized that participants experienced motivationally compatible pairs as pleasant 

and attributed that pleasantness to the Chinese character stimuli, as evidenced by the 

difference in pleasantness ratings. Thus, rather than the main effect of arm action as was 
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observed by Cacioppo et al. (Figure 2) or the interaction between arm action and stimulus 

valence observed by Förster (2004; Figure 3), Centerbar and Clore predicted an 

interaction between arm action and stimulus valence such that both flexion and extension 

would result in accentuated liking as long as they were paired with compatibly-valenced 

stimuli (i.e., positive and negative, respectively; Figure 4). 

To test their hypothesis, Centerbar and Clore (2006) conducted a series of three 

experiments, including a near-replication of Cacioppo et al. (1993). In these experiments, 

participants adopted either a flexed or extended position with their dominant arm while 

viewing Chinese characters displayed on a computer monitor and indicating whether they 

liked or disliked each. After the flexion or extension task, they rated the pleasantness of 

each character. Characters were rated as more pleasant when the arm action 

motivationally matched their valence, such that negative characters viewed during arm 

extension were rated as more pleasant than were positive characters viewed during arm 

extension. Similarly, positive characters viewed during arm flexion were rated as more 

pleasant than were negative characters viewed during arm flexion. Thus as predicted, 

motivational-compatibility between the valence of the stimuli and the arm action 

performed while viewing them was associated with higher pleasantness ratings than was 

a mismatch between the two. Arm action was not independently related to ratings of the 

pleasantness of the characters. Thus, in contrast to cases in which evaluators encounter 

meaningful valenced stimuli and a compatibly-valenced arm action intensifies their 

attitude, in cases in which evaluators encounter meaningless valenced stimuli and a 

compatibly-valenced arm action, the pleasantness of compatibility between the two is 
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misattributed to the attitude objects itself, resulting in both flexion and extension being 

associated with greater liking. 

It is interesting to note that the motor-compatibility and motivational-

compatibility hypotheses are in conflict with each other, as in the former, compatibility 

leads to the accentuation of the attitude, whether it be positive or negative, whereas in the 

latter, compatibility always results in positive attitudes. In addition, neither of these 

hypotheses is able to account for the findings of Kawakami et al. (2007) that the pairing 

of incompatible stimuli led to accentuated positive attitudes, whereas pairing compatible 

stimuli had no effect on attitudes. 

A Possible Reconciliation 

Flexion and extension arm actions can and do influence attitude formation and 

change; however, there is at present no coherent theory as to the process(es) through 

which they do so. Current findings support both the motor-processes hypothesis proposed 

by Cacioppo et al. (1993) and the two compatibility-based hypotheses proposed by 

Förster (2004) and Centerbar and Clore (2006). None of these hypotheses can explain the 

results of all the research in this area of investigation, nor have their supporters clearly 

articulated factors that might be used to predict when one is more relevant than the 

others. Nevertheless, I argue that the existing research on flexion and extension arm 

actions and attitudes offers several areas for further study: the meaningfulness of the 

attitude objects, the valence of the attitude objects, and the repetition of the arm action. 

Meaningfulness of Attitude Objects 

Stimuli vary in the degree to which they are meaningful, and there are many 

dimensions of meaning that might be relevant to attitudes. One dimension that might be 
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influential, particularly with regard to the question of whether attitude change will 

generalize beyond the stimuli used in the experiment, is the degree to which a stimulus is 

socially meaningful. The existing research on flexion and extension arm actions and 

attitudes does not distinguish between social and non-social stimuli. Stimuli appear to 

have been chosen according to the topic of interest, with little to no mention of the 

theoretical underpinnings for their adoption, if any exist. Cacioppo et al. (1993) and 

Centerbar and Clore (2006) used Chinese characters,2 non-social stimuli that have little, if 

any, meaning for individuals who do not read Chinese. Novel stimuli with little meaning 

are likely to be processed perceptually, rather than conceptually, as it is unclear what 

conceptual meanings would be attached to them. The Black and White male face stimuli 

used by Kawakami et al. (2007) have considerable social meaning. Stimuli that are 

socially meaningful are likely be evaluated perceptually and conceptually. For instance, 

in Kawakami et al., participants viewed one set of 24 Black male faces during the 

flexion–extension training. Over the 200+ trials in which the set of Black male faces was 

viewed, one would expect the ease of perceptual processing of those faces to increase. 

Yet the positive response to those faces generalized to responses to a set of 6 different 

Black male faces used in the IAT, and to immediacy behaviors toward a Black male 

confederate, indicating conceptual processing related to the social category of these 

stimuli, in addition to perceptual processing. It is not known if the same would be true of 

stimuli with little social meaning, such as if participants viewed one set of novel irregular 

octagons during flexion–extension training, whether the positive response would 

                                                
2 These stimuli do have an extensive history, however. Prior to their use by Cacioppo et al. (1993) and 
subsequently Centerbar and Clore (2006), they were used by Zajonc (1968) to study the attitudinal effects 
of mere exposure; Zajonc adopted them from Hull’s (1920) study of concept formation. Chinese characters 
have also been used extensively as neutral target masks in an affective priming task developed by Murphy 
and Zajonc (1993). 
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generalize to other novel irregular octagons that did not share perceptual features such, as 

angles or length of line. 

Valence of Attitude Objects 

Closely connected to stimulus meaning is stimulus valence. To the extent that a 

stimulus is conceptually meaningful, it is also likely to be positive or negative. Because 

the motor-processes hypothesis and the motivational-compatibility hypothesis make 

different predictions as to how or if flexion–extension arm actions will be associated with 

evaluative judgments of stimuli that vary in valence, any research aimed at reconciling 

them should account for valence. Both Cacioppo et al. (1993) and Centerbar and Clore 

(2006) accounted for valence of stimuli in their experiments, but they did so via different 

methods. Cacioppo et al. controlled for it at the individual level by using valence ratings 

previously provided by each participant to match the characters on valence and randomly 

assigning the pairs to the sets of stimuli viewed during the flexion–extension task. 

Centerbar and Clore manipulated valence of stimuli at the aggregate level by using a set 

of characters comprised of those identified as positive and negative by a group of pretest 

raters. These methods of accounting for valence might be associated with different 

patterns of results, thus further investigation is needed. Research should also be designed 

to examine multiple levels of valence. For example, how or if flexion and extension arm 

actions influence attitudes toward a stimulus that is perceptually pleasant or familiar 

(Zajonc, 1968), but has a negative meaning (e.g., an attractive person who is bad, a 

catchy commercial for a product that you dislike, etc.). Kawakami et al. (2007) exploited 

these levels, in a way, by taking something that is negatively valenced and using 

familiarity coupled with flexion to weaken negative attitudes toward it. 
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Repetition of Arm Action 

To the extent that humans automatically form attitudes about everything (Zajonc, 

1980), situated meaning due to compatibility between an existing attitude, even if 

nascent, and physical action is reasonable. Thus, Centerbar and Clore’s (2006) findings 

are logical as a point-in-time effect of attributing the pleasantness of action–stimulus 

compatibility to the stimulus itself. Centerbar and Clore make the case for situated 

meaning (Heider, 1958; Heider & Simmel, 1944), but they do not include history of 

embodied action as an aspect of the situation. Their description of situated meaning 

suggests that the meaning of each situation is independent of all others. Situated meaning 

is an emergent effect of the action within that situation and the actor’s previous 

experiences of embodied action. Essentially, history of embodied experience is part of the 

situation and so contributes to its meaning. Kawakami et al.’s (2007) findings are 

consistent with an embodiment explanation that the arm actions are meaningful and that 

through the repeated pairing of flexion arm actions with an initially negative stimulus, a 

shift in valence occurs as the positive meaning of the action becomes associated with the 

stimulus. 

The explanation that arm flexion and extension are meaningful reconceptualizes 

what situated meaning entails by acknowledging the history of embodied experience of 

actions. An action can be thought of as retaining traces of the meanings of previous 

situations, such that the current meaning is laden with them. Thus, if, through life 

experience, arm flexion is most frequently associated with positive outcomes such that 

arm flexing becomes positively valenced, flexing in response to a negative stimulus links 

that stimulus with positive valence and doing so repeatedly might ambiguate its valence. 
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To the extent that the actions have some enduring meaning, Kawakami et al.’s (2007) 

action training paradigm is very different from the action manipulation used by Cacioppo 

et al. (1993), Centerbar and Clore (2006), and other researchers. It might be possible to 

show the motivational-compatibility effect of Centerbar and Clore, using valenced 

stimuli at the onset of the experiment, and replicate the attitude change results of 

Kawakami et al. by then instituting the action-training paradigm. 

Outline of Experiments 

In my dissertation research, I investigated these factors in three experiments. In 

each experiment, participants encountered attitude objects and performed arm flexion 

and/or extension. In Experiments 1 and 2, I aimed to reconcile the two compatibility 

hypotheses by varying the valence and meaningfulness of the attitude objects. In doing 

so, I predicted that the influence of arm flexion and extension would correspond with 

Centerbar and Clore’s (2006) motivational-compatibility hypothesis when valenced 

attitude objects were meaningless (Experiment 1), but would correspond with Förster’s 

(2004) motor-compatibility hypothesis when valenced attitude objects were meaningful 

(Experiment 2). In Experiment 3, I investigated the motor-processes hypothesis, 

examining the effect of action repetition by following a replication of Experiment 2 with 

the action-training paradigm used by Kawakami et al. (2007). I assessed the effect of the 

compatibility/ incompatibility of arm actions and attitude objects both immediately and 

after a training period, to examine whether there was a change as a result of action 

repetition. The immediate phase of Experiment 3 tested the motor-compatibility 

hypothesis, and the repetition phase allowed me to investigate whether the motor-

processes hypothesis might best explain effects observed following action repetition. 
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CHAPTER 2 

EXPERIMENTS 1 & 2: RECONCILING MOTIVATIONAL- & MOTOR-

COMPATIBILITY 

The primary aim of Experiments 1 and 2 was to test whether the meaningfulness 

of the attitude objects is a pivotal factor in the influence of flexion and extension arm 

actions on attitudes.3 I hypothesized that in Experiment 1 I would observe Centerbar and 

Clore’s (2006) pattern of compatibility effects for meaningless valenced stimuli, whereas 

in Experiment 2 I would observe Förster’s (2004) pattern of compatibility effects for 

meaningful valenced stimuli. When valenced stimuli are meaningless, the compatibility 

/incompatibility between the attitude objects and the arm action should drive the results, 

which should mimic the pattern observed by Centerbar and Clore. According to their 

motivational-compatibility hypothesis, a match between the arm action and the stimulus 

is pleasant and participants misattribute that feeling to the stimulus itself. Similarly, a 

mismatch between the arm action and the stimulus is unpleasant and participants 

misattributed that feeling to the stimulus itself. Having no other basis for evaluating 

meaningless, valenced stimuli, participants’ responses should rely on the 

pleasantness/unpleasantness resulting from the compatibility/incompatibility of arm 

actions and stimulus objects when evaluating stimuli (Figure 4). 

When valenced stimuli are meaningful, a compatible arm action paired with a 

positive or negative stimulus should result in accentuated liking/disliking of the stimulus. 

In such cases, it may be difficult or impossible for participants to distinguish between the 

                                                
3 Experiments 1 and 2 were originally proposed as one study that would directly test the factor of stimulus 
meaning by manipulating it between-participants. However, due to complications in identifying stably-
valenced sets of Chinese characters, and the need to conduct an additional pilot study to investigate a 
possible explanation for this difficulty, the data were collected in different semesters. 
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matching affective and physical feedback, and the result may be an accentuation of their 

reported attitude. An incompatible arm action should have little to no effect on 

participants’ reports of liking/disliking of the stimulus. In this case, it may be easier for 

participants to distinguish between the dissonant affective and physical feedback, and the 

attitude report is unaffected by the physical feedback from the arm action. Thus for 

meaningful, valenced stimuli, the results should mimic the pattern observed by Förster 

(Figure 3). 

Method 

Experiment 1 was a replication of Centerbar and Clore (2006); Experiment 2 was 

identical save for the stimulus materials. The purpose of Experiments 1 and 2 was to test 

whether the discrepant patterns of attitudes observed in previous research can be 

explained by the use of meaningless versus meaningful attitude objects as stimuli. 

Participants, Design, and Power Analysis. In Experiment 1, participants were 

224 Temple University students recruited from the Psychology Department online 

participant pool. They participated in the experiment in return for partial course credit. 

Participants were asked if they could read Chinese or were familiar with the Chinese 

characters used in the experiment; data from participants responding affirmatively, or 

who responded inaccurately to the manipulation check, were excluded from analyses, 

leaving a final sample of 188 (138 women, Mage = 20 years). Of the sample, 55% reported 

their ethnicity as White-American, 23% as African-American, 10% as Asian-American, 

6% as Hispanic-American, and 6% as an ethnicity that was not listed. The experimental 

design of Experiment 1 was a 2 (Action: flexion vs. extension) x 2 (Stimulus Valence: 

positive vs. negative) design, in which the first factor was manipulated between-
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participants, and the last factor was manipulated within-participants. Centerbar and Clore 

(2006) obtained medium to large effects. For this design, 90 participants were needed in 

order to detect an effect of f = .15 with 80% power (G*Power 3; Faul, Erdfelder, Lang, & 

Buchner, 2007). 

In Experiment 2, participants were 118 Temple University students recruited and 

compensated in the same fashion as were those in Experiment 1. Data from participants 

who responded inaccurately to the manipulation check were excluded from analyses, 

leaving a final sample of 107 (76 women, Mage = 20 years). Of the sample, 63% reported 

their ethnicity as White-American, 10% as African-American, 18% as Asian-American, 

7% as Hispanic-American, and 3% as an ethnicity that was not listed. The experimental 

design (and thus, the power analysis) of Experiment 2 was identical to that of Experiment 

1. 

Materials. In Experiment 1, as in Centerbar and Clore (2006), a set of 24 Chinese 

characters served as the meaningless valenced stimuli. In Experiment 2, as in Förster 

(2004), a set of 20 names of food served as the meaningful valenced stimuli. In pilot 

testing, with separate groups of participants not included in the main studies, I obtained 

pleasantness ratings for 156 Chinese characters and 62 foods. Students rated items using 

a 7-point scale with the following points labeled: -3 = very unpleasant, 0 = neutral, and 3 

= very pleasant (Chinese characters), 1 = very unpleasant, 0 = neutral, and 7 = very 

pleasant (foods). 

I identified two groups of 12 Chinese characters, the 12 most negative items with 

standard deviations less than 1.5 (M = -.41), and the 12 positive items that most closely 
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matched them (M = .41). See Appendix A for the Chinese characters used in Experiment 

1. 

I identified two groups of 10 foods, the 20 most extreme items. The positive foods 

(M = 6.08, SD = .56) were: bagels, spaghetti, pizza, chocolate, brownies, mashed 

potatoes, strawberries, ice cream, French fries, and macaroni and cheese. The negative 

foods (M = 1.99, SD = .10) were: Spam, caviar, beets, beef liver, cow tongue, sardines, 

pickled eggs, lard, Brussels sprouts, and anchovies. 

Procedure. In Experiments 1 and 2, I replicated the procedure of Centerbar and 

Clore (2006) with minor modifications to accommodate features of Förster (2004). The 

procedures of these two experiments were identical, except for the type and number of 

stimuli participants evaluated. In Experiment 1, participants rated 24 Chinese characters; 

in Experiment 2, participants rated 20 food names. 

Students participated in the experiment in groups of 1 to 4 people (in order to 

make efficient use of lab space and time). Upon arrival in the lab, participants were 

informed that the purpose of the experiment was to study the effects of muscle tension on 

judgments and that muscle tension would be achieved by performing different arm 

actions. The experimenter demonstrated the arm flexion and extension positions and 

explained what would happen in the rest of the experiment. Participants then completed 

the flexion or extension task and outcome measures. 

Participants were randomly assigned to engage in either arm flexion or arm 

extension by pressing the palm of their dominant hand upward against the bottom surface 

of the table or downward against the top surface of the table, respectively. Following 

Centerbar and Clore (2006), the Chinese characters or food names were presented in a 
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fixed random order. While viewing each Chinese character or food name, participants 1) 

initiated the arm position with their dominant hand, 2) pressed a button using the index 

finger of their nondominant hand to initiate presentation of the figure, and 3) evaluated 

how much they liked the Chinese character or food name on a 7-point scale (1 = not at 

all, 7 = very much). After deciding, participants discontinued the arm position and 

recorded their rating on a response sheet. This immediate pleasantness rating was the 

dependent measure. Participants repeated this process for all 24 of the Chinese characters 

or 20 food names. Next, they evaluated, on 7-point scales, their overall mood and how 

pleasant, difficult, and effortful the task was. These variables were measured in order to 

test alternative hypotheses related to effort justification and mood. To be consistent with 

the procedures of previous research, participants then completed several filler 

questionnaires. These measures were not related to the current experiment and the data 

were not analyzed as part of this dissertation. Following the filler tasks, participants again 

evaluated the pleasantness of each of the pictures they viewed during the arm action task 

on a 7-point scale (1 = very unpleasant, 7 = very pleasant). The delayed pleasantness 

ratings were collected because the two compatibility hypotheses and the motor-processes 

hypothesis make different predictions concerning when the influence of flexion and 

extension arm actions will be observed. The latter posits that the effect is not immediate, 

but rather is observed after a brief delay (e.g., 5 minutes after completion of the 

flexion/extension task), which is indeed the outcome observed by Cacioppo et al. (1993). 

The former hypotheses hold that the effect is immediate and quite transient, which is 

consistent with the findings of Centerbar and Clore and Förster (2004). Collecting both 

immediate and delayed ratings allowed me to investigate this difference. Finally, 
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participants indicated which arm action they performed, reported whether they could read 

the Chinese characters (Experiment 1 only), and provided demographic information. 

They were then debriefed, thanked, and dismissed. 

Results 

Experiment 1. Twenty-six participants returned incomplete data for the 

immediate pleasantness ratings of the characters. All participants made their immediate 

ratings on a paper rating sheet, rather than through the computer interface via which all 

the data later in the procedure were collected. It seems that the 26 participants lost their 

place on the sheet and accidentally put two ratings on some response scales and no 

ratings on others. As there was no way to determine which character each rating was 

intended for in such cases, I conducted all analyses on the data from the 160 participants 

who yielded complete data on both the immediate and delayed pleasantness ratings. 

The mixed-model 2 (Action: flexion vs. extension; between) x 2 (Stimulus 

Valence: positive vs. negative; within) analysis of variance (ANOVA) conducted on the 

immediate pleasantness ratings revealed only a significant main effect for Stimulus 

Valence, F(1, 158) = 30.90, p < .01, ŋ2
partial = .16. Positive characters (M = 4.08; SD = 

.67) were rated as significantly more pleasant than negative characters (M = 3.85; SD = 

.73), but contrary to my prediction, this difference did not vary by Action condition 

(Table 1). The Stimulus Valence by Action interaction, F(1, 158) = .19, p = .66, ŋ2
partial = 

.00 was not significant, nor was there a significant main effect for Action, F(1, 158) = 

.02, p = .89, ŋ2
partial = .00. Participants in the Flex condition did not rate the characters 

differently than did participants in the Extend condition (MFlex = 3.96, SD = .57 vs. 

MExtend = 3.97, SD = .71). 
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The same analysis on the delayed pleasantness ratings showed a similar pattern. 

The main effect of Action was not significant, F(1, 158) = .407, p = .52, ŋ2
partial = .00. 

Participants in the Flex condition did not rate the characters differently than did 

participants in the Extend condition (MFlex = 4.05, SD = .62 vs. MExtend = 3.98, SD = .79). 

The main effect for Stimulus Valence was significant, F(1, 158) = 18.97, p < .01, ŋ2
partial 

= .11. Positive characters (M = 4.11; SD = .73) were rated as significantly more pleasant 

than negative characters (M = 3.92; SD = .79). The Stimulus Valence by Action 

interaction was marginally significant, F(1, 158) = 2.80, p < .10, ŋ2
partial = .02.4 

Participants’ ratings of the effortfulness, difficulty, or enjoyableness of the arm 

actions did not differ by Action condition, all ts < .54, all ps > .59. Finally, Action 

condition had no influence on participants’ current mood, t(158) = .51, p = .61, d = .08. 

Experiment 2. As in Experiment 1, a number of participants returned incomplete 

data for the immediate pleasantness ratings of the foods. I excluded the data from these 

21 participants and conducted all analyses on the data from the 86 participants who 

yielded complete data. 

The mixed-model 2 (Action: flexion vs. extension; between) x 2 (Stimulus 

Valence: positive vs. negative; within) ANOVA conducted on the immediate 

pleasantness ratings revealed only a significant main effect for Stimulus Valence, F(1, 

84) = 570.22, p < .01, ŋ2
partial = .87. Positive foods (M = 5.94; SD = .75) were rated as 

significantly more pleasant than negative foods (M = 2.08; SD = .97), but contrary to my 

prediction, the main effect for Action was not significant, F(1, 84) = 1.23, p = .27, ŋ2
partial 

= .01. Participants in the Flex condition did not rate the foods differently than did 

                                                
4 I reran the analysis on the delayed pleasantness ratings and included the data from the 26 participants 
originally excluded due to incomplete data on the immediate pleasantness ratings. The Stimulus Valence by 
Action interaction did not reach significance with the additional data, F(1, 186) = 1.48, p < .23 ŋ2

partial = .01. 



 27 

participants in the Extend condition (MFlex = 3.90, SD = .47 vs. MExtend = 3.99, SD = .45). 

The Stimulus Valence by Action interaction, F(1, 84) = .17, p = .68, ŋ2
partial = .00 was not 

significant. 

The same analysis on the delayed pleasantness ratings showed a similar pattern. 

The main effect of Stimulus Valence was significant, F(1, 84) = 698.86, p < .01, ŋ2
partial = 

.89 , but the Stimulus Valence by Action interaction and the Action main effect were not, 

Fs < 1.46, ps > .14.5 Positive foods (M = 6.05; SD = .74) were rated as significantly more 

pleasant than negative foods (M = 1.94; SD = .98), but Participants in the Flex condition 

did not rate the foods differently than did participants in the Extend condition (MFlex = 

3.92, SD = .55 vs. MExtend = 4.07, SD = .41). As in Experiment 1, participants’ ratings of 

the effortfulness, difficulty, or enjoyableness of the arm actions did not differ by Action 

condition, all ts < .45, all ps > .66. Finally, Action condition had no significant influence 

on participants’ current mood, t(84) = -1.15, p = .25, d = .25. 

In the analyses above, average pleasantness ratings were computed using the 

positive and negative stimulus groupings derived from pilot testing. An alternative way to 

analyze the data from Experiments 1 and 2 would be to compute idiosyncratic averages 

by selecting the ratings for the characters that the individual participants rated above 

(positive) and below (negative) the midpoint of the response scale, regardless of a priori 

valence groups. I did so and then filtered for participants who rated between 7 and 18 

characters positively and between 7 and 18 characters negatively (to ensure variability). 

This procedure accounted for individual participants’ aesthetic appreciation of the 

                                                
5 I reran the analysis on the delayed pleasantness ratings and included the data from the 21 participants 
originally excluded due to incomplete data on the immediate pleasantness ratings. The additional data did 
not change the pattern or significance level of the results. 
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Chinese characters and taste in food. Analyzing the data in this way, however, produced 

results that did not differ substantially from those obtained via the a priori analyses. 

Discussion 

In Experiments 1 and 2 I tested whether manipulating the meaningfulness of the 

stimuli resulted in different patterns of arm-action-influence on attitudes. This two-part 

experiment was intended as a replication and extension of research of Centerbar and 

Clore (2006) and Förster (2004). In Experiment 1, I predicted an Action x Stimulus 

Valence interaction such that both arm flexion and arm extension would result in higher 

immediate pleasantness ratings of Chinese characters, when they were paired with 

positive and negative stimuli, respectively. Rather than the hypothesized interaction, I 

observed only a main effect for Stimulus Valence, such that positive characters were 

rated as more pleasant than were negative characters. This finding is not at all in keeping 

with that observed by Centerbar and Clore for the same type of meaningless, but 

valenced, novel stimuli. Concerning the issue of immediate vs. delayed ratings, the only 

outcome that differed between the two was the Stimulus Valence x Action interaction, 

which was not significant for the immediate ratings, but marginally significant for the 

delayed ratings. Upon closer examination, the interaction is being driven by the 

difference in the negative characters among participants in the Flex condition. Whereas 

immediately, participants in the Flex and Extend conditions rated the negative Chinese 

characters almost identically, after a brief delay, those in the Flex condition rated the 

negative Chinese characters slightly as slightly more pleasant. This difference is 

consistent with the motor-processes hypothesis in that, assuming arm flexion is positively 

valenced, it should result in more liking of a negative thing with which it is paired. 
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However, this difference should be interpreted with caution as the interaction is marginal 

and there is no corresponding difference for ratings of the positive characters by 

participants in the Extend condition (which would be expected to be lower). 

In Experiment 2, I predicted a main effect for Action, such that arm flexion would 

result in higher pleasantness ratings than would arm extension, regardless of Stimulus 

Valence, I also predicted a main effect of Stimulus Valence, such that positive foods 

would be rated as more pleasant than negative foods. Again, I observed only a main 

effect for Stimulus Valence in the predicted direction. This finding is not consistent with 

that observed by Förster for the same type of meaningful valenced stimuli. 

I do not have an overly satisfying explanation for these results. I initially thought 

that the failure to replicate in Experiment 1 might be due to the stimuli. In pilot testing 

with several groups of participants, the valence of the Chinese characters did not appear 

to be stable. When a second group of students rated the characters that had been selected 

based on the first group’s ratings, there was little consistency in which characters were 

rated as positive and which were rated as negative across the groups. Yet the observed 

main effect for Stimulus Valence would seem to preclude this explanation, as the 

characters identified as positive were indeed rated as significantly more pleasant than 

those identified as negative. 

An alternative explanation, albeit not an overly illuminating one, is that 

participants did not perform the arm action adequately. Three of the four desks used in 

this experiment have drawers where participants placed their hands to push up against the 

underside of the desk. Because of this, engaging in the flexing action resulted in the 

drawer moving, which made noise, which might have been mildly annoying to at least 
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some participants. As a consequence, participants in the arm flexion condition may have 

not performed the action as energetically as they otherwise might have. However, 

participants’ ratings of the effortfulness and difficulty of the arm action did not differ by 

Action condition, which seems to argue against that possibility. In addition, Cacioppo et 

al. (1993) found that arm extension resulted in more negative attitudes relative to no-

action control, so even if participants were not fully engaging in arm flexion, I would still 

expect differences based on Action condition. Thus improper execution of the arm 

actions does not seem to be a satisfactory explanation for the observed results. In 

conclusion, the failure to replicate the previous findings suggests that the effects of arm 

flexion and extension actions on attitudes are fragile at best. 
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CHAPTER 3 

EXPERIMENT 3: RECONCILING MOTOR-PROCESSES & MOTOR-

COMPATIBILITY 

The primary aim of Experiment 3 was to test whether the influence of flexion and 

extension arm actions on attitudes varies over time as the actions are repeatedly paired 

with attitude objects. Previous research has produced contradictory patterns of results 

when examining the influence of flexion and extension arm actions on attitudes toward 

meaningful valenced stimuli. Förster (2004) observed that when the valence of arm 

actions and attitude objects were matched, reported positive and negative attitudes were 

accentuated, whereas when they were mismatched, there was no detectable influence of 

arm actions on attitudes. Kawakami et al. (2007), however, observed an attenuation of 

attitudes when the valence of arm actions and attitudes were mismatched, but no 

influence of arm actions when their valence matched the attitude objects. 

In Kawakami et al.’s (2007) Study 1, participants, none of whom were Black, 

responded to photographs of faces of Black and White men by using flexing and 

extending actions to control a joystick. The experimenter instructed participants in the 

Approach Blacks condition to “approach Blacks” by pulling a joystick toward themselves 

in response to Black faces and “avoid Whites” by pushing the joystick away from 

themselves in response to White faces. Participants in the Avoid Blacks condition were 

instructed to do the opposite: to approach Whites by pulling a joystick toward themselves 

in response to White faces and avoid Blacks by pushing it away from themselves in 

response to Black faces. Participants in a control group moved the joystick to the right or 

left. Participants practiced these responses over 480 trials during one experimental 
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session. Following the action-training, participants completed a Black–White implicit 

association test (IAT; Greenwald, McGhee, & Schwartz, 1998).6 The IAT is an indirect 

attitude measure that uses response latencies to assess the speed with which respondents’ 

categorize compatible targets together versus incompatible targets together. In one 

critical block of the Black–White IAT, traditionally White names are categorized using 

the same key as positively-valenced words, and traditionally Black names are categorized 

using the same key as negatively-valenced words. In the other critical block, these 

pairings are reversed: traditionally White names are categorized using the same key as 

negatively-valenced words, and traditionally Black names are categorized using the same 

key as positively-valenced words. The IAT effect is the difference in the average 

response times across these two blocks, the size and direction of which is interpreted as 

the degree to which the respondent implicitly prefers one group relative to the other. 

On average, respondents of all racial groups except Blacks tend to show an 

implicit pro-White preference on the IAT; Black respondents tend to show no implicit 

preference for Whites or Blacks (Nosek et al., 2007). That is, respondents of all racial 

groups except Blacks tend to be faster at categorizing when traditionally White names are 

paired with positively-valenced words and traditionally Black names are paired with 

negatively-valenced words than when traditionally Black names are paired with 

positively-valenced words and traditionally White names are paired with negatively-

                                                
6 In this and their three subsequent studies Kawakami et al. (2007) only measured racial attitudes indirectly. 
They did not examine explicit or self-report measures of racial attitudes. Cacioppo et al. (1993) and other 
researchers examining the influence of arm actions on attitudes assessed the impact of flexion and 
extension directly, via self-report measures including forced-choice ranking and Likert-type rating scales, 
but did not examine indirect measures. The discrepancy in method of measurement across studies is an 
issue that must be addressed in any research aimed at a comprehensive understanding of the influence of 
flexion and extension arm actions on attitude formation and change, as these processes may manifest 
differently across situations. 
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valenced words. Black respondents tend to respond at about the same speed to both 

pairings.  

Participants across all conditions of Kawakami et al.’s (2007) Study 1 showed the 

typical implicit bias in favor of Whites on the IAT. Participants in the Approach Blacks 

condition, however, did so to a significantly lesser extent than did participants in the 

Avoid Blacks condition and the right–left control condition. Consistent with the motor-

compatibility hypothesis, extensive practice in approaching Blacks and avoiding Whites 

via pulling (flexion) or pushing (extension) a joystick was associated with less-

pronounced implicit racial bias as measured by the IAT. The IAT scores of participants in 

the Avoid Blacks condition and the right–left control condition did not differ 

significantly. This equivalence is in keeping with previous research suggesting that 

training conditions consistent with an existing attitude and control conditions have 

similar effects (Kawakami, Dovidio, Moll, Hermsen, & Russin, 2000; Kawakami, 

Dovidio, & Van Kamp, 2005). Essentially, the association between Whites and good is 

already automatic, thus rehearsing a flexing action in response to pictures of White faces 

did not accentuate the positive attitude. Kawakami et al. (2007) replicated and extended 

these results of attenuated implicit racial bias in three follow-up studies. 

To investigate whether the influence of flexion and extension arm actions on 

attitudes varies over time as the actions are repeatedly paired with attitude objects, I 

replicated the procedure of Kawakami et al. (2007), but included an immediate 

assessment of attitudes following the procedure described in Experiments 1 and 2. By 

pairing flexion and extension arm actions with meaningful valenced attitude objects and 

examining their influence both immediately and after a number of action-object pairings, 
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I hoped to be able to identify situations in which each of the three hypotheses I have 

described explains the relation of arm actions and attitudes. 

One reason for contradictory patterns of results when examining the influence of 

flexion and extension arm actions on attitudes toward meaningful valenced stimuli may 

be that Förster (2004) assessed attitudes immediately following a single pairing of arm 

actions with attitude objects, whereas Kawakami et al. (2007) assessed attitudes 

following a training period during which participants paired arm actions and attitude 

objects nearly 500 times. To the extent that flexion and extension arm actions are 

valenced and capable of imparting meaning to attitude objects with which they are paired, 

such influence on attitudes may only manifest following a number of repetitions. The 

repetition of the pairing is a potentially critical factor in understanding the discrepancy 

between the two patterns of results. Whereas they appear to support competing 

hypotheses, it may be the case that the findings of Förster and Kawakami et al. represent 

two points in the operation of attitude processes. In Experiment 3, I explored the effects 

of action repetition, with the aim of reconciling the motor-compatibility hypothesis and 

the motor-processes hypothesis. I predicted that I would observe Förster-type effects in 

the immediate attitude assessment, supporting the motor-compatibility hypothesis, but 

Kawakami et al.-type effects in the post-repetition attitude assessment. 

Method 

Experiment 3 tested the effect of repetition in pairing arm actions with meaningful 

valenced attitude objects (Black and White faces), with the aim of reconciling the motor-

compatibility hypothesis and the motor-processes hypothesis. Experiment 3 incorporated 

an arm-action-training phase in order to examine the influence of repetition of 
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compatible/incompatible arm action and attitude object pairings on attitudes. In addition, 

Experiment 3 conceptually replicated Experiment 2, providing an additional test of the 

motor-compatibility hypothesis. 

Participants, Design, and Power Analysis. Participants were 108 Temple 

University students recruited from the Psychology Department online participant pool. 

They participated in the experiment in return for partial course credit. Data from 

participants who provided incomplete data or whose error rate on the IAT exceeded 20% 

were excluded from analyses, leaving a final sample of 92 (64 women, Mage = 20 years). 

Of the sample, 60% reported their ethnicity as White-American, 16% as African-

American, 12% as Asian-American, 8% as Hispanic-American, and 4% as an ethnicity 

that was not listed. Experiment 3 had two phases. The experimental design of the 

immediate phase was a 2 (Action: Flex Black vs. Extend Black) x 2 (Stimulus Valence: 

positive vs. negative) design, in which the first factor was manipulated between-

participants, and the last factor was manipulated within-participants. This was a 

replication of Experiment 2, using different stimuli and different arm actions; the pattern 

of results should mimic those predicted in Experiment 2. For the design of this phase of 

Experiment 3, 90 participants were needed in order to detect an effect of f = .15 with 80% 

power (G*Power 3; Faul et al., 2007). 

The action-training phase of Experiment 3 followed Kawakami et al.’s (2007) 

procedure and was a Training (Flex Black vs. Extend Black) between-participants design. 

Kawakami et al. obtained large effects. For the design I propose, 52 participants were 

needed in order to detect an effect of f = .40 with 80% power (G*Power 3; Faul et al., 
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2007). Taking the larger of the two estimates, a sample of 90 participants was obtained 

for Experiment 3. 

Materials. I obtained the photographs of the faces of 25 Black and 25 White men 

used by Kawakami et al. (2007). I pretested the faces to obtain ratings of average liking 

(1 = very unpleasant, 7 = very pleasant), which were used to identify 10 faces of each 

race that were rated similarly. Though previous research shows that people tend to have 

more positive associations with White faces than Black faces, Black and White faces that 

were rated as being equally liked or disliked were selected and used. See Appendix B for 

the faces used in Experiment 3. 

Procedure. Students participated in the experiment in groups of 1 to 4 people. 

Upon arrival in the lab, students were told they would participate in a series of three 

separate, unrelated studies. In reality, they completed the immediate phase (ostensibly 

Study 1), the arm-action-training phase (ostensibly Study 2), and then completed several 

attitude measures, including the IAT (ostensibly Study 3; Greenwald, MGhee, & 

Schwartz, 1998). 

The procedure of the immediate phase of Experiment 3 was identical to that of 

Experiments 1 and 2, except that participants flexed and extended by pulling and pushing 

a joystick, rather than pressing up or down on a table. Thus the arm action manipulation 

in the immediate phase was the same as that in the arm-action-training phase. All 

participants in Experiment 3 engaged in either arm flexion or extension while viewing 

and evaluating White and Black faces. Participants evaluated each face and subsequently 

reported their current mood, the pleasantness and effortfulness of the task, and rated the 
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pleasantness of each of the stimuli. Rather than being debriefed and dismissed, they then 

participated in the arm-action-training phase. 

The procedure of the arm-action-training phase of Experiment 3 followed that of 

Study 1 of Kawakami et al. (2007). Participants in Experiment 3 were randomly assigned 

to one of two training conditions (Flex Black vs. Extend Black). They were told that their 

primary task was to respond to a series of photographs in a study of cognitive processes. 

The experimenter explained that photographs of Blacks and Whites would appear on the 

computer screen and that they should respond by pulling a joystick toward themselves or 

pushing it away from themselves (depending on their condition) upon presentation of the 

particular kinds of stimuli. For example, participants in the Flex Black condition were 

explicitly told to “approach Blacks” by pulling the joystick toward themselves when a 

Black face was presented and to “avoid Whites” by pushing the joystick away from 

themselves when a White face was presented. Participants in the Extend Black condition 

did the opposite (pulled in response to White faces and pushed in response to Black 

faces). 

On each trial of the action-training task, the stimulus image remained on the 

screen until the participant responded by pushing or pulling the joystick. If the response 

was correct, a blank screen appeared for 1,000 ms before the next stimulus was 

presented. If the response was incorrect, a blank screen appeared for 100 ms before a red 

X was presented for 800 ms, followed by a blank screen for 100 ms. Participants had to 

respond correctly in order to advance to the next trial. Before beginning the critical trials, 

participants were presented with a set of 8 practice trials involving Black and White face 

stimuli not used in the critical trials. In total, participants received 480 critical trials (10 



 38 

blocks of 48 trials). In each block, black-and-white photographs of 24 Black and 24 

White men were presented in a random order. After each block, participants were given a 

break and asked to press the mouse button when they were ready to continue the 

experiment. Participants were instructed to complete each trial as quickly and as 

accurately as possible. 

Following the arm-action-training phase, participants were told that their last task 

was to categorize words and pictures as quickly and accurately as possible. They then 

completed a Black-White IAT, which allowed me to assess the effects of the action-

training on implicit attitudes. In this task, participants were instructed to categorize 

photographs of Black and White faces and positive and negative concepts. In particular, 

the stimuli included in this phase were black-and-white photographs of six Black faces 

and six White faces not used in the flexion–extension task, as well as five positive words 

(i.e., love, cheer, rainbow, peace, and happy) and five negative words (i.e., evil, pain, 

grief, vomit, and hate). The category labels were “Black.” “White,” “Good,” and “Bad.” 

In accordance with standard race IATs (Greenwald et al., 1998), in the incompatible 

block of critical trials, participants were instructed to use one key to categorize Black 

faces and positive words and another key to categorize White faces and negative words. 

In the compatible block of critical trials, participants were instructed to use one key when 

categorizing Black faces and negative words and another key to categorize White faces 

and positive words. Each critical block of compatible and incompatible associations 

consisted of 60 trials, and the order of the compatible and incompatible critical trials was 

counterbalanced across participants. The internal reliability of the IAT was low, which is 

not atypical for the measure (Cronbach’s α = .66). 
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On completion of the IAT, participants again rated how much they liked each of 

the faces they viewed in the immediate phase of the experiment on a 7-point scale (1 = 

not at all, 7 = very much). This set of ratings was collected in order to test whether the 

action-training might influence explicit, as well as implicit attitudes. After they 

completed the explicit attitude measure, participants provided demographic information 

before being debriefed, thanked, and dismissed. 

Results 

I conducted the analyses for the immediate phase of Experiment 3 on participants’ 

immediate ratings of the Black and White faces. The mixed-model 2 (Action: Flex Black 

vs. Extend Black; between) x 2 (Stimulus Valence: positive vs. negative; within) 

ANOVA conducted on the immediate pleasantness ratings revealed no significant effects, 

all Fs < 2.59, all ps > .11. Though the main effect of Action was not significant, on 

average, participants in the Flex Black condition rated the faces as slightly more pleasant 

than did participants in the Extend Black condition (M = 3.89, SD = .75 vs. M = 3.68, SD 

= .50). With regard to Stimulus Valence, White faces were rated slightly less positively 

on average, compared to Black faces (M = 3.78, SD = .77 vs. M = 3.80, SD = .68), the 

opposite of what was predicted. In addition to not being significant, as shown in Table 2, 

the pattern of means for the Action x Stimulus Valence interaction was not at all 

consistent with my prediction. Participants in the Flex Black condition rated White faces 

as more pleasant than Black faces (M = 3.93, SD = .87 vs. M = 3.85, SD = .75), whereas 

participants in the Extend Black condition rated Black faces as more pleasant than White 

faces (M = 3.74, SD = .61 vs. M = 3.62, SD = .63). 
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Interestingly, participants in the Flex Black condition (M = 4.77, SD = 1.10) 

reported being in a significantly more positive mood than participants in the Extend 

Black condition (M = 4.11, SD = 1.24), t(90) = 2.70, p < .01, d = .57. Participants in the 

Flex Black condition (M = 4.21, SD = 1.01) also reported enjoying the task more (t(90) = 

3.05, p < .01, d = .64) and feeling that it was less difficult (M = 1.48, SD = .85) (t(90) = -

3.05, p < .01, d = .64) than did participants in the Extend Black condition (M = 3.59, SD 

= .92 and M = 2.20, SD = 1.39, respectively). 

To assess the influence of the action-training phase of Experiment 3 on 

participants implicit associations, I computed IAT scores using the D score algorithm 

(Greenwald, Nosek, & Banaji, 2003). In this measure, the difference between the test 

block means is divided by the standard deviation of all the latencies in the two test 

blocks. Higher scores reflect more implicit prejudice/preference by showing, for 

example, greater facilitation when categorizing Blacks with unpleasant words and Whites 

with pleasant words. I performed an independent samples t-test to compare the IAT 

scores of participants in the Flex Black condition and the Extend Black condition; the 

difference was marginally significant, t(90) = -1.67, p = .098, d = .34. As predicted, IAT 

scores of participants in the Flex Black condition (M = .35, SD = .42) were lower than 

those of participants in the Extend Black condition (M = .50, SD = .42). 

To assess whether participants’ explicit ratings of the Black and White faces 

changed over time, particularly with regard to the post-action-training ratings, I 

conducted an exploratory mixed-model 2 (Action: Flex Black vs. Extend Black; between) 

x 2 (Stimulus Valence: positive vs. negative; within) x 3 (Time: immediate vs. delayed 

vs. post-action-training) ANOVA. This analysis revealed only a significant main effect 
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for Time, F(2, 180) = 7.93, p < .01, ŋ2
partial = .08, such that later ratings tended to be more 

positive than earlier ratings (i.e., a mere-exposure effect). For all other effects, Fs < 2.52, 

ps > .12. Thus the action-training seems to have had no appreciable effect on explicit 

attitude ratings. 

In order to test whether participants’ ethnic identity was a relevant factor in this 

experiment, I conducted separate exploratory analyses on the data from Black (N = 15) 

and White participants (N = 55). For Black participants, the mixed-model 2 (Action: Flex 

Black vs. Extend Black; between) x 2 (Stimulus Valence: positive vs. negative; within) 

ANOVA conducted on the immediate pleasantness ratings revealed a marginally 

significant main effect of Stimulus Valence, F(1, 13) = 3.17, p = .098, ŋ2
partial

 = .20. Black 

participants rated Black faces (M = 4.07, SD = .83) as more pleasant than White faces (M 

= 3.77, SD = 1.02), regardless of Action condition; this pattern is opposite to that I 

predicted, but the in-group preference is not completely surprising. The main effect of 

Action was not significant, F(1, 13) = .03, p = .86, ŋ2
partial

 = .00. On average, participants 

in the Flex Black condition rated the faces as slightly less pleasant than did participants in 

the Extend Black condition (M = 3.87, SD = 1.27 vs. M = 3.96, SD = .34). Though not 

significant, the pattern of means for the Action x Stimulus Valence interaction is as 

predicted. Participants in the Flex Black condition (M = 4.12, SD = 1.22) rated Black 

faces as more pleasant than did participants in the Extend Black condition (M = 4.01, SD 

= .31), whereas they rated White faces as less pleasant (M = 3.61, SD = 1.46) than did 

participants in the Extend Black condition (M = 3.90, SD = .47) 

IAT scores of Black participants in the Flex Black condition (M = -.11, SD = .44) 

did not differ significantly from those of Black participants in the Extend Black condition 
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(M = .19, SD = .41), t(13) = -1.40, p = .19, d = .78. However, the difference between the 

means is in the expected direction; .78 is a large effect and the failure to reach the 

conventional level of significance is likely due to the small sample. 

For White participants, the mixed-model 2 (Action: Flex Black vs. Extend Black; 

between) x 2 (Stimulus Valence: positive vs. negative; within) ANOVA conducted on the 

immediate pleasantness ratings revealed a significant main effect for Action, F(1, 53) = 

5.78, p = .02, ŋ2
partial

 = .10. White participants in the Flex Black condition rated Black and 

White faces as more pleasant than did participants in the Extend Black condition. This 

effect was qualified by a marginally significant Action by Stimulus Valence interaction, 

F(1, 53) = 3.32, p = .07, ŋ2
partial

 = .06. White participants’ ratings of White faces in the 

Extend Black condition (M = 3.54, SD = .69) were lower than those in the Flex Black 

condition (M = 4.03, SD = .66), and ratings of Black faces in both Action conditions 

(MFlex Black = 3.92, SD = .48, MExtend Black = 3.76, SD = .59). This pattern was not expected 

and is not easily interpreted. IAT scores of White participants in the Flex Black condition 

(M = .52, SD = .41) did not differ significantly from those of White participants in the 

Extend Black condition (M = .61, SD = .40), t(53) = -.87, p = .42, d = .24. Thus it seems 

as though the Black participants are largely driving the marginally significant IAT effect 

observed in the original analysis. 

Discussion 

In Experiment 3, I tested whether repetitive action training resulted in different 

patterns of influence of arm action on attitudes, compared with a single action 

manipulation. I predicted that attitudes, as measured by an implicit association test, 

would be less biased for participants who repeatedly practiced responding to negative 
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stimuli with a flexing action, compared to those of participants who repeatedly practiced 

responding to negative stimuli with an extending action. This prediction was weakly 

supported, as participants who repeatedly flexed in response to Black faces demonstrated 

less bias on a race IAT than did participants who repeatedly extended in response to 

Black faces. Though the effect did not reach the conventional level of significance, the 

effect size was moderate. Exploratory analysis performed separately on Black and White 

participants’ data revealed a large effect within the Black subsample, indicating that the 

responses of Black participants were driving the marginally significant difference in the 

overall sample. The malleability of IAT effects is well-documented (Blair, 2002). One 

factor that may contribute to changes in implicit attitudes is attitude ambivalence: people 

often have both positive and negative associations about a given topic or social group. It 

may be the case that Black individuals, compared to Whites, have a greater number of 

positive associations with Blacks, thus providing a broader basis on which arm flexion 

and extension attitudes can exert influence. On the other hand, weak attitudes are more 

subject to change than are stronger attitudes (Priester et al., 1996), and it seems that 

minority group members, for whom race is more salient, might have more established 

attitudes about race than majority group members do. Unfortunately, as the IAT is a 

comparative measure of attitudes, it does not allow for a precise understanding of how 

exactly attitudes differ between the Flex Black and Extend Black groups. That is, there is 

no way to determine whether attitudes toward Blacks are becoming more positive or 

whether those toward Whites are becoming less so, or whether it is a bit of both. Though 

the IAT’s relative structure made it an appropriate choice of measure in that it matches 

the comparative action-training task, a single-category implicit measure, such as the 
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Single-Category IAT (Karpinski & Steinman, 2006) would have allowed for a more 

precise understanding of the influence of the action-training on racial attitudes. 

Experiment 3 also provided a second test of the hypotheses tested in Experiment 

2, with the same predicted results, and unfortunately, with similar observed null results. 

In Experiment 3, neither of the main effects was significant. In addition, the pattern of 

means for the non-significant Action x Stimulus Valence interaction was precisely 

opposite to my prediction: participants in the Flex Black condition rated White faces as 

more pleasant than Black faces, whereas participants in the Extend Black condition rated 

Black faces as more pleasant than White faces. A possible explanation for this pattern is 

that, despite clear instructions to “approach Blacks by pulling the joystick toward you” 

and “avoid Whites by pushing the joystick away from you” (and vice versa), participants 

were conceptualizing the flexing action as avoidance and the extending action as 

approach. Though previous research has found increased liking as a result of extension 

and decreased liking as a result of flexion, such outcomes are typically obtained by 

instructing the participant to move toward an object (i.e., approach via extension; 

Bamford & Ward, 2008; Eder & Rothermund, 2008; Seibt, et al., 2008). As this is the 

exact opposite of what I instructed my participants to do, this explanation seems unlikely. 

A promising observation from the separate race analyses was the finding that, 

among Black participants, those in the Flex Black condition rated Black faces as more 

pleasant than did participants in the Extend Black condition, whereas they rated White 

faces as less pleasant than did participants in the Extend Black condition. This pattern 

holds across all three sets of ratings. Kawakami et al. (2007) did not include Black 

participants in their research; my finding suggests that, at least among the Temple 
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University participant pool, action-training has a greater impact on Black participants 

than on White participants. A puzzling finding from the separate race analyses was the 

marginally significant Action x Stimulus Valence interaction among White participants. 

White participants’ ratings of White faces in the Extend Black condition were lower than 

those in the Flex Black condition, and ratings of Black faces in both Action conditions. 

This pattern was not expected and is not readily interpretable. 
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CHAPTER 4 

GENERAL DISCUSSION 

In this research, I attempted to reconcile three seemingly conflicting hypotheses 

within the existing literature on the influence of arm flexion and extension actions on 

attitude formation and change. In doing so, I focused on the factors of stimulus meaning, 

stimulus valence, and action repetition, but there are a number of factors that must be 

considered in order to test the basic and interactive/emergent effects of flexion and 

extension arm actions on attitudes. For example, there are several method differences 

across the research that comprises the existing literature that are potentially important, 

such the method of measuring attitudes. Issues pertinent to research designed to test 

competing hypotheses include the following; it may be the case that one or more of them 

is a more pivotal factor with regard to attitudes than those I studied. 

Attitude Being Formed/Developed/Changed 

Strength. There is evidence suggesting that the influence of flexion and extension 

arm actions varies by attitude strength. Priester et al. (1996) demonstrated that flexion 

and extension arm actions influenced pleasantness rankings of novel, but not familiar 

semantic stimuli. Following the same procedure used by Cacioppo et al. (1993), Priester 

et al.’s participants viewed words or pronounceable nonwords while engaged in the 

flexion–extension task and indicated whether they liked or disliked each. They then 

completed a forced-choice ranking task. Results for the novel stimuli, the pronounceable 

nonwords, replicated those of Cacioppo et al. in that those viewed during arm flexion 

were liked more than those viewed during arm extension. Liking of the familiar word 

stimuli, about which initial attitudes were presumably stronger that were those for the 
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pronounceable nonwords, did not differ by arm action. Priester et al. interpreted this 

interaction as due to participants’ stronger attitudes (in the form of associative links) 

about the familiar words as compared to the novel pronounceable nonwords. Attitude 

strength is likely to interact with the meaningfulness of the stimuli. Although Centerbar 

and Clore (2006) observed a motivational-compatibility effect when coupling flexion and 

extension arm actions with novel stimuli that were not conceptually meaningful, the same 

effect was not observed for familiar consumer products about which participants had 

strong attitudes (Förster, 2004). This is because pleasantness that is due to an aspect of 

the situation, such as motivational-compatibility between an action and its object, is less 

likely to be (mis)attributed to an object about which an opinion has already been formed 

(Petty & Krosnick, 1995). 

Univalent vs. Ambivalent. Kawakami et al. (2007) note that racial attitudes are 

ambivalent in that Whites are likely to have both positive and negative associations with 

Blacks. Ambivalent attitudes might be more susceptible to change associated with flexion 

and extension arm actions. When attitudes are ambivalent, both positive and negative 

associations already exist and can be made accessible. It might be easier to make 

accessible/strengthen existing associations through flexion and extension actions than to 

create new ones. Further research on actions and attitude change should be conducted to 

examine whether univalent attitudes can be changed via coupling with flexion and 

extension arm actions (i.e., attitudes toward uniformly negative groups such as child 

molesters or skinheads). 
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Method of measurement 

Direct vs. indirect. In order to design future research that might reconcile the 

results of Cacioppo et al. (1993), Centerbar and Clore (2006), and Kawakami et al. 

(2007), one must deal with the method of measuring the attitude in question. Kawakami 

et al. measured racial bias using the IAT, which is an indirect attitude measure, whereas 

the other researchers used self-report, or direct attitude measures. How attitudes are 

measured is potentially quite important as attitude differences or changes might not be 

observed on direct measures when studying some kinds of attitudes. Direct measurement 

might be effective with non-social stimuli, but might become loaded when measuring 

attitudes such as those about race. Social desirability concerns might influence 

responding and/or ceiling/floor effects might obscure differences. On the other hand, the 

efficacy of indirectly measuring some kinds of attitudes is questionable. Via a direct 

force-choice measure, Kunst-Wilson and Zajonc (1980) showed that participants liked 

“old” irregular polygons more than “new” ones, even though recognition was at chance. 

It is not known whether the IAT and other indirect attitude measures can detect this type 

of difference. Indirect behavioral measures of attitudes, such as interpersonal distance 

and body orientation as Kawakami et al., might be particularly informative when 

evaluating changes in attitudes about social groups. In Study 4, training in arm flexion in 

response to Black faces was associated with subsequent nonverbal behavior toward a 

Black individual that was more positive than that observed following training in arm 

extension. 

Comparative vs. Noncomparative. Another factor that might be important when 

choosing an attitude measure is whether it is comparative or noncomparative. Recall that 
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Cacioppo et al. (1993) specifically hypothesized that motor-processes effects might be 

discernable via comparative measures, such as the force-choice ranking task they used. 

Priester et al. (1996) observed similar results using the same measure. Although not 

immediately obvious, Kawakami et al. (2007) also used a comparative measure. The IAT 

measures implicit associations about a target category (e.g., Blacks) relative to a contrast 

category (e.g., Whites). Because the IAT is comparative, it is difficult to determine what 

an IAT score represents (Karpinski, 2004). For instance, Kawakami et al. interpret the 

reduced racial bias amongst participants in the Approach Blacks condition as being due 

to the approach Blacks portion of the training and reflecting a change in attitudes toward 

Blacks (i.e., that they had become more positive amongst participants in the former). But 

the difference could just as easily be due to the avoid Whites portion; it is impossible to 

discern this information, given the structure of the IAT. Kawakami et al. addressed this 

issue in Study 3 by using Asians as an alternative contrast group and found similar 

effects. They took that as evidence that the reduced implicit racial bias of participants in 

the approach Blacks–avoid Asians (Whites) conditions stem from the approach Blacks 

portion of the training, not the avoid Asians (Whites) portion. Another indirect attitude 

measure, the Single Category IAT (SC-IAT; Karpinski & Steinman (2006) does not 

require a contrast category, rendering instead a measure of a respondent’s good and bad 

associations about a single category of interest. Therefore researchers could use the SC-

IAT to specifically examine associations with Blacks following the different training 

conditions. If motor-processes effects are more detectable via comparative measures, the 

IAT and SC-IAT might show different results following the approach Blacks–avoid 

Whites training. Whereas the SC-IAT would allow assessment of attitudes toward 
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Blacks, specifically, its noncomparative structure might make it a less sensitive measure 

of motor-processes effects. 

Metacognition 

Evaluation/Evaluative Mindset. Cacioppo et al. (1993) conducted their Study 3 

in order to test whether an evaluative mindset is necessary for attitude formation during 

flexion and extension actions. Their data suggest that it is, as judging the complexity of 

Chinese ideographs, rather than liking of them, was not associated with differential 

pleasantness ratings of stimuli viewed during the arm flexion and extension task. 

Similarly, Forster and Strack (1997; 1998) found that an evaluative mindset was 

necessary in order to observe an influence of arm flexion and extension. While either 

flexing or extending their non-dominant arm, participants listed names of celebrities and 

other people. Participants listed more positive names while flexing and more negative 

names while extending, but only when an evaluative mindset was evoked during recall 

through use of a response sheet with columns labeled like, dislike, and neutral. There was 

no effect of arm action when participants were given a blank response sheet and asked to 

evaluate the names after the flexion–extension task. In contrast, Kawakami et al. (2007) 

did not explicitly instruct participants to evaluate stimuli during the flexion–extension 

training; yet the two types of training were associated with differential outcomes on the 

IAT. This finding suggests that the social categories represented by meaningful stimuli 

have been evaluated previously and prime associated automatic behaviors, such as 

approach and avoidance (Dovidio, Kawakami, Johnson, Johnson, & Howard, 1997; 

Greenwald et al., 1998). Alternatively, it may be the case that making 

approach/avoidance explicit, which Kawakami et al. did, puts participants in an 
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evaluative mindset (Neumann, Hülsenbeck, & Seibt, 2004). Whether or not an evaluative 

mindset is required to observe motor-processes effect might depend on features of the 

stimuli. 

Awareness. Kawakami et al. (2007) observed differences in implicit racial bias 

associated with flexion–extension training even when Black and White face stimuli were 

presented subliminally in Studies 2 and 4. These findings suggests participants need not 

be aware of the stimuli in order to observe effects, at least when social stimuli are used. 

Whether similar results would be observed when non-social stimuli are used or when 

manipulating, rather than training, flexion and extension as Cacioppo et al. (1993) did, is 

unknown. 

Kawakami, Steele, Cifa, Phills, and Dovidio (2008) observed an ironic effect 

potentially related to this issue. Participants were American women who varied in the 

degree to which they identified with math. As in the training procedure of Kawakami et 

al. (2007), those in the approach math–avoid arts condition were instructed to approach 

math by pulling a joystick in response to math symbols and avoid arts by pushing the 

joystick in response to arts symbols. Participants in the approach arts–avoid math 

condition were instructed to do the opposite, approach arts by pulling a joystick in 

response to arts symbols and avoid math by pushing it in response to math symbols. 

Participants practiced these responses over 480 trials during one experimental session. 

Following this training, they completed and math–arts IATs, one measuring attitudes 

(e.g., good–bad), and one measuring identification (e.g., self–other). 

In the group of interest, low math identified women, training in approaching math 

was associated with more positive math attitudes and stronger identification with math, as 
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measured by the IAT. Among high math identified women, results of the math attitude 

IAT did not differ by training condition, but the results of the math identification IAT 

did. Training in approaching math was associated with weaker math identification as 

measured by the IAT, as compared to training in avoiding math. Kawakami et al. (2008) 

interpreted this result as consistent with stereotype threat, a negative state of cognitive 

arousal due the anxiety of potentially confirming a negative stereotype about one’s group 

via one’s behavior. Kawakami et al. posited that approaching math made the gender 

stereotype about women’s math ability salient, causing women who were already high in 

math identification to experience anxiety about confirming that stereotype (Spencer, 

Steele, & Quinn, 1999); such anxiety would have likely disrupted performance on the 

IAT. 

The role of metacognition in this finding could be tested by manipulating 

awareness of the stimuli. If high math identified women showed the same result of 

lowered identification with math following the subliminal flexion–extension training 

paradigm in which math symbols were presented below the subjective threshold of 

awareness, it would suggest that the stereotype threat effect takes place outside 

awareness. If such women showed no effect or increased identification with math 

following the subliminal flexion–extension training, it would implicate conscious 

processes in the production of stereotype threat effects. 

In spite of the null findings, conducting these experiments has given me ample 

opportunity to reconsider the research questions that initially sparked my interest in this 

area of research. In pursuing this particular line of inquiry, I would use another 

procedure, particularly for any experiments addressing questions pertaining to 
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meaningless but valenced stimuli. Though the overall ratings suggest that I selected and 

categorized the Chinese characters used in Experiment 1a appropriately in terms of 

valence, the discrepant results during the multiple rounds of pilot testing did not promote 

confidence. Rather than trying to identify sets of valenced stimuli in this way and dealing 

with concerns about participants’ idiosyncratic aesthetics, I would employ an evaluative 

priming technique to “create” positive and negative stimuli (Hermans, De Houwer, & 

Eelen, 1994; Murphy & Zajonc, 1993). The basic procedure for evaluative priming is to 

precede presentation of each stimulus with presentation of a known-to-be-valenced 

stimulus, such as a happy or angry face. Use of evaluative priming would help to rule out 

concerns about individual participants’ preferences. 

It would be of interest to test participants through the procedure individually, as it 

would allow the experimenter to more closely supervise their engagement with the task. 

Along those same lines, it would be interesting to devise a way to monitor the effort with 

which participants are doing the flexion and extension and/or use a biofeedback device to 

provide such feedback to participants while they do the task. Finally, it would be ideal to 

use a stable, silent object to act as the pressed-against surface. With the exception of 

evaluative priming, the listed approaches do not represent substantive changes to the 

procedure I used, but to the extent that flexion and extension do indeed have effects on 

attitude formation and change, they appear to be small and fragile, thus strategies for 

reducing noise in the data would be useful. 

In conclusion, the experiments I conducted, having produced null results, have 

little to offer in the way of understanding the discrepant patterns of the influence of 

flexion and extension actions on attitudes reported in the extant research. However, these 
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experiments do at least represent an effort to build theory in the area of embodied social 

cognition. Currently, this area of research is dominated by a disorganized mass of 

attention-grabbing effects, such as being more likely to choose mouthwash over hand 

sanitizer after having told a lie verbally vs. typing a lie in an email (Lee & Schwarz, 

2010). Though such effects are provocative, little concerted effort is being made to 

explain how or why these effects are observed. Such theory-building is necessary if 

embodiment is to be more than a collection of cute effects. 
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Appendix A 

Tables 

 

Table 1 

Average Immediate and Delayed Pleasantness Ratings for Experiments 1 and 2 

   
Immediate Ratings Delayed Ratings 

   
Negative Positive Negative Positive 

 
Exp 1 – Action 

 
M (SD) M (SD) M (SD) M (SD) 

 
Flex (N = 74) 3.85 (.67) 4.07 (.58) 4.00 (.72) 4.11 (.61) 
 
Extend (N = 86) 3.85 (.76) 4.10 (.74) 3.86 (.85) 4.10 (.81) 

      
 
Exp 2 – Action 

    

 
Flex (N = 41) 1.99 (.82) 5.91 (.74) 1.96 (.96) 5.87 (.90) 
 
Extend (N = 45) 2.16 (1.09) 5.96 (.76) 1.92 (1.01) 6.22 (.53) 

      
      
 

 

 

  

 



 

Table 2 

Average Immediate, Delayed, and Post-Training Pleasantness Ratings for Experiment 3 

   
Immediate Ratings Delayed Ratings	   Post-‐Training	  Ratings	  

   
Negative Positive Negative Positive Negative Positive 

 
Action 

 
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

 
Flex Black (N = 48) 3.85 (.75) 3.93 (.87) 3.99 (.82) 4.06 (.82) 4.04 (.74) 4.05 (.94) 
 
Extend Black (N = 44) 3.73 (.61) 3.62 (.63) 3.98 (.66) 3.83 (.59) 3.74 (.63) 3.74 (.63) 

     	     
     	   	    

 

 

 
  63 



 64 

Appendix B 
 

Figure Captions & Figures 
 

 
Figure 1. Bidirectionality of Relation between Physical Actions and Attitudes. 

Figure 2. Schematic of Results Consistent with the Motor-Processes Hypothesis. 

Figure 3. Schematic of Results Consistent with the Motor-Compatibility Hypothesis. 

Figure 4. Schematic of Results Consistent with the Motivational-Compatibility 

Hypothesis. 
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Figure 1. 

 

Action	   Attitude	  
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Appendix C 

Chinese Characters 

 

Negative Chinese Characters 

 

(7)   (16)   

 

(8)   (17)   

 

(9)   (20)   

 

(11)  (22)  

 

(14)  (23)  

 

(15)  (24)  

 Positive Chinese Characters 

 

(1)   (10)  

 

(2)  (12)  

 

(3)   (16)  

 

(4)   (18)  

 

(5)   (19)  

 

(6)   (21)
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Appendix D 

Photographs of Faces 

 

Black Faces 

(1)    (14)  

(3)    (16)   

(4)    (18) 

(6)    (19)  

(12)  (20)  

 

White Faces 

 (2)   (10)  

(5)   (11)  

(7)   (13)  

(8)   (15)  

(9)   (17) 
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