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This study assessed whether dynamical properties of attitudes can be used to predict 

attitude change. In social psychology, attitudes have been defined as dispositions that are 

stable over time but also as mental states that are malleable in response to external 

influences. To solve this paradox, I proposed that attitudes should be conceptualized as 

fixed-point attractors for momentary evaluations that fluctuate over time. In dynamical 

systems, an attractor corresponds to a stable equilibrium toward which a system evolves. 

This conceptualization allows us to distinguish attitudes that are rather stable in a short 

time frame from momentary evaluations that fluctuate over time due to noise and external 

influence. To investigate this conceptualization, I utilized the mouse paradigm (Vallacher 

& Nowak, 1994) to assess momentary evaluation. A procedure developed by Johnson & 

Nowak (2002) was adopted to calculate an instability index and to identify the number of 

attractors in participants' mouse-generated trajectories of momentary evaluation . As 
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attitude topics, I employed behaviors that are considered either acceptable or unacceptable 

by the majority of society. The majority viewpoint (i.e., normative attitude) for each 

behavior was assumed to function as a stable fixed-point attractor. The results supported 

this claim. Participants ' attitudes tended to shift toward the normative behavior-specific 

attractor over time. When the initial attitudes were congruent with the norm, moreover, 

participants with multiple attractors showed greater attitude change than did those with a 

single attractor. A system with a single attractor can be stabilized only at that attractor 

whereas a system with multiple attractors can be stabilized at more than one equilibrium. 

Further research is recommended to determine whether the number of attractors is 

meaningfully related to other attitude properties (e.g., complexity or ambiguity). Future 

research is also recommended to refine the attractor methodology introduced in this study 

and to assess its generality. 
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Introduction 

The famous definition of attitudes by Allport (1935) states that attitudes are 

dispositions, or "readiness" that guide people's behaviors. This definition is a result of his 

effort to summarize the definitions of attitudes flooding the field at the time. By calling 

attitudes dispositions, it is implied that they are relatively stable over time. Many 

definitions of attitudes created since then also emphasized the stability of attitudes, either 

explicitly or implicitly. Our attitude toward a loved one doesn't usually change after a 

single quarrel. 

While we assume that our attitudes are somewhat stable, our moment-to-moment 

evaluations do not necessary remain constant. Allport's (1935) definition of attitudes tells 

us that our behaviors and feelings are guided by stable attitudes, yet the positivity of these 

behaviors and feelings toward an attitudinal object is typically not constant. Rather, it 

fluctuates over time. In the example of aforementioned loving couple, even though their 

love is intact, they might experience a negative feeling toward each other during a quarrel. 

Our proposition is that attitudes should be conceptualized as fixed-point attractors 

for these momentary evaluations or behaviors that fluctuate over time. A fixed-point 

attractor in a dynamical system corresponds to a stable equilibrium, a concept familiar to 

psychology. It is a preferred state of the system, and the points around the attractor are 

pulled, or "attracted," to it. Noise or external forces may perturb the system, resulting in 

the fluctuation of momentary evaluations and behaviors, yet the system returns to the 

attractor after a period of time. The partners in a loving couple may behave negatively to 

each other during a quarrel, yet soon after the quarrel, their behaviors and feelings return to 

the preferred state of loving and caring. 



Definition of attitudes 

Gordon Allport (1935) wrote that attitudes were "the most distinctive and 

indispensable concept in contemporary American social psychology." For over six 

decades, attitudes and attitude change have undoubtedly remained as a major area of the 

discipline (cf. McGuire, 1986; Zimbardo & Leippe, 1991) usually occupying a whole 

chapter in a textbook in social psychology. The social psychological definition of attitudes 

has been troublesome, because the word "attitude" is commonly used in everyday life by 

lay people and also a hypothetical construct mediating the stimulus and the response (Fiske 

& Taylor, 1991 ). In his influential article on attitudes in the first edition of Handbook of 

Social Psychology, Allport (1935) defined an attitude as "a mental and neural state of 

readiness, organized through experience, exerting a directive or dynamic influence upon 

the individual's response to all objects and situations with which it is related," after 

reviewing over a dozen of representative definitions at the era. Defining attitudes remains 

troublesome, leaving the field with hundreds of operational definitions of attitudes (Ajzen 

& Fishbein, 1980). Surveying the literature, McGuire (1986) reported that by measuring 

attitudes, most researchers try to "locate objects of thought on dimensions of judgment." 

Ever si nce Thurstone (1929, 1931), American social psychologists have been attempting to 

quantify the concept with great zeal. Among various dimensions of judgment that can be 

used to locate focal objects, the evaluative dimension, such as positive-negative or 

good-bad, is considered as the main, if not the only, dimension by many researchers. For 

example, Krech, Crutchfield, and Ballachey (1962) define attitudes as "enduring systems 

of positive or negative evaluations, emotional feelings, and pro or con action tendencies 
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with respect to social objects." With minor variations, many definitions of attitudes fall 

into this category, emphasizing the importance of the evaluative dimension (Fishbein & 

Ajzen, 1975; Petty & Cacioppo, 1981; Fazio, 1989; Osgood & Tannenbaum, 1955; 

Greenwald, 1989). Some assume that attitudes consist of three components (Rosenberg & 

Hovland, 1960; Zimbardo, Ebbesen, & Maslach, 1977). In this tripartite model, affect, 

cognition, and behavior are the three components of attitudes. The evaluative dimension 

plays a critical role also in this model, because it is the evaluative aspect of affect, 

cognition, and behavior that defines attitudes. 

Functions of attitudes 

Functional theories of attitudes were introduced almost half a century ago (Katz, 

1960; Sarnoff & Katz, 1954; Katz & Stotland, 1959; Smith, Bruner, & White, 1956). 

While functional theories of attitudes have produced very few empirical studies that 

support them (Shavitt, 1989), recent advances in the area of social cognition have shed 

light on the re-analyses of the theories (Greenwald, 1989; Pratkanis & Greenwald, 1989). 

Examining the functions of attitudes is essential in understanding why attitudes are stable. 

The following list of functions is based on Katz's (1960) terminology, described with 

insights gained from the sociocognitive analysis (Pratkanis & Greenwald, 1989). 

I. Instrumental or adjustive function: Attitudes that serve this function enable people 

to approach desirable goals and avoid undesirable ones. These attitudes develop 

towards specific objects depending on their instrumental values related to the 

individual's goals. In simple behavioral learning terminology, people form a 

favorable attitude towards an object that rewards them, and a negative attitude 

towards an object that punishes them. In Hovland, Janis, and Kelley's (1959) 
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words, these attitudes are "general approach and avoidance orientations" (p. 7). 

Smith, Bruner, and White (1956) called this function the object appraisal function, 

refening to attitudes as "a ready aid in 'sizing up' objects and events in the 

environment" (p.41 ). This description by Smith et al. emphasizes the importance 

of attitudes as cognitive shortcuts. This aspect of attitudes is also mentioned from 

the sociocognitive perspective analysis of attitudes: Attitudes, as evaluative 

summary of focal objects, can be conceptualized to work as heuristics in social 

judgment (Pratkanis, 1988; Judd & Kulik, 1980). 

2. Knowledge function: Attitudes are not isolated and independent of one another in 

memory, but rather are intertwined, forming a structure. Attitudes organized in a 

particular way in our memory guide us in understanding the world surrounding us , 

serving the knowledge function as a "frame of reference." The structure of 

attitudes has been the focal point in theoretical and empirical examination of 

attitudes (cf. McGuire, 1986, 1989; Ajzen , 1989; Rosenberg & Hovland, 1960). 

Katz (1960) used stereotypes as an example: they provide a consistent 

representation of a world. The parallel of this function in the sociocognitive model 

is schematic function (Pratkanis & Greenwald, 1989). The concept of schema, 

developed by cognitive psychologists, is "a cognitive structure that represents 

knowledge about a concept or type of stimulus, including its attributes and the 

relations among those attributes" (Fiske & Taylor, 1991 , p.98). Unlike a heuristic, 

schema is an organization of beliefs and procedures to guide our cognitive 

processes. 
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3. Ego-defensive function: According to Katz (1960), attitudes are not merely a 

representation of external world, but they also exist to protect people's egos. Katz 

and his colleagues mainly focused on prejudice in the description of this function. 

Using the terminology of psychoanalysis, Katz (1960) maintained that prejudice 

serves various kinds of ego-defensive mechanisms, such as denial, avoidance, 

rationalization, projection, and displacement. Smith and his colleagues (1956) also 

proposed a similar function of attitudes, calling it "externalization." 

4. Value-expressive function/Social adjustment function: Katz (1960) posited that the 

individual "derives satisfaction from expressing attitudes appropriate to his 

personal values and to his concept of himself'' (p.l70). He maintained that through 

the value-expressive function , people can achieve self-expression, 

self-development, and self-realization by expressing attitudes. A similar concept, 

the social adjustmentfunction, was developed by Smith and his colleagues (1959) 

to focus on the role of attitudes in interpersonal relationships. According to Smith 

and his colleagues (1959), attitudes can facilitate, support, or hinder social 

relationship. Specifically, sharing similar attitudes can facilitate a relationship 

whereas incompatible attitudes can disrupt it. From sociocognitive reframing of 

functional analyses, Pratkanis and Greenwald (1989) maintained that there are 

three kinds of self-related attitude functions, corresponding to three motivational 

facets of the self that were proposed by Greenwald and Breckler (1985): the 

private, the public, and the collective. While both the social adjustive and the 

value-expressive functions refer to the effects of attitudes for the self when people 
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are expressing their attitudes, the value-expressive function corresponds to the self 

facet, and the social adjustive function to the public facet, respectively. 

5. Social identity function: While this function was not originally included in either 

Katz's or Smith's lists of attitude functions, Smith's (1980) expanded the 

description of social adjustment function to address attitudes' social identification 

process, that is, self-categorization into a social group (Tajfel, 1981; Tajfel & 

Turner, 1987). Pratkanis and Greenwald (1989) proposed that this function is said 

to work in the third, collective facet of the self (Greenwald & Breckler, 1985). 

People maintain self-esteem in the collective facet by identifying the self with 

important reference groups, and attitudes provide a means for people to identify 

themselves with a particular group. Holding a specific set of attitudes can be the 

primary way of maintaining social identification, for example, in the case of 

political or religious attitudes. Abelson and Prentice (1989) said that attitudes have 

badge value when they are "highly and stably characteristic and important for a 

group of people" (p.373-374). 

Attitude functions and the flexibility and stability of attitudes 

To be adaptive, people need to maintain existing attitudes while being capable of 

incorporating new information. As Eagly and Chaiken (1993) put it, "a mind that is 

completely closed to new input would not serve humans' adaptive requirements, nor would 

a mind that is completely flexible and open to change at any point" (p. 560). In other 

words, people face "basic antinomy between openness to change and the desire to preserve 

a pre-existing view or conviction" (Jones & Gerard, 1967, p.227). The aforementioned 

functional theories of attitudes give us the foundation in understanding how stability and 
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flexibility of attitudes are necessary for attitudes to perform their functions. Consider first 

the instrumental function . The instrumental function has its root in the behaviorist 

viewpoint, described in the context of rewards and punishments. As attitudes are used as 

heuristics to decide whether to approach or avoid a focal object (Katz, 1960), attitudes 

should stay constant as long as the focal object retains its instrumental value in goal 

attainment. In the next function, the knowledge function, attitudes are viewed as schemata 

that guide perceptual and cognitive processes (Krech & Crutchfield, 1948). Whereas there 

is a debate as to how strongly attitudes work as a selective force in information processing 

(Frey, 1986), attitudes are very resistant to change when a person is strongly involved in 

the issue (Zimbardo & Leippe, 1991). This resistance is due to the cognitive structure 

underlying the behavior. In the absence of significant change in the environment, attitudes 

as schemata are necessarily stable. Under the assumption of the three "self-functions" 

mentioned above, attitudes need to be static to effectively perform their function when 

there is no change in external or internal states. When people possess certain sets of 

attitudes with a self-serving purpose (the ego-defensive function), people should maintain 

the attitudes unless holding the attitudes no longer serve the function of boosting the 

self-esteem due to change in the environment. Katz (1960) argues that both removal of 

threats to self (external) and either catharsis or self-insight (internal) are necessary for 

attitude change. 

By the same token, the value-expressive function requires attitudes to be stable as 

long as the person maintains the same interpersonal relationship. Similarity in attitudes is 

often reported as a primary factor in the interpersonal attraction (Byrne, 1961 ). If people 

change their attitudes from moment-to-moment, it would be very difficult for them to 
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maintain a stable relationship. On the other hand, the value-expressive function calls for 

flexible attitudes in case of radical environmental change. For example, moving from one 

culture to another might require a whole new set of attitudes for one to form smooth 

interpersonal relationships in the new environment. 

Attitude stability is also important for the social identity function. This function 

requires people to share the same sets of attitudes in order to remain in the same reference 

group. It is more critical in case of social groups in which people are bonded mainly by the 

sharing of attitudes, such as political affiliation. A significant attitude change may lead to 

leaving the reference groups. Social groups and organizations also need stable attitudes to 

maintain the social identity of members. Their collective attitudes are more resistant to 

change than those of individuals . Attitude change at the level of group or society is very 

slow, often measured at the span of years without a catastrophic change in the structure of 

the society. 

Stability of attitudes: resistance to change 

Since the classic studies by the Yale Group in 50s (Hovland, Janis, & Kelly, 1953), 

many studies have examined attitude change, whereas far fewer researchers have focused 

on the opposite of change: stability. Some definitions of attitudes assume that attitudes are 

stable to some degree, by including words like "enduring" and "consistently" (cf. Fishbein 

& Ajzen, 1975; Petty & Cacioppo, 1981). Attitudes are often implicitly assumed to be 

stable without external influence by scientists and lay people alike (Ross, 1989). With few 

exceptions (e.g., Tesser, 1978), attitude change without any external information source is 

usually considered noise. Numerous studies on attitude change and persuasion give people 

the impression that attitudes are easily modified, yet it is not true (Eagly & Chaiken, 1993). 
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Sometimes people ignore logic, statistics, or simple facts and cling to their firmly held 

beliefs (Zimbardo & Leippe, 1991). While the process of attitude change is more often the 

focus of studies in the field than the process of resistance, there are a few theories that 

directly tackle the issue of resistance to change. 

Reactance theory (Brehm & Brehm, 1981) is one of the theories focusing on the 

process of resistance in attitude change from a motivational perspective. Reactance theory 

is not confined to the issue of resistance; rather it attempts to explain broader phenomena 

with the concept of reactance. The theory states that when people feel their freedom to 

engage in some behavior is threatened, a motivational state of reactance is induced. The 

state of reactance then leads to an attempt to restore or protect their freedom. Because the 

persuasion attempt itself can be perceived as a threat to one's freedom to take any attitude 

position, it can induce reactance that prevents attitude change. When facing such 

persuasion, people try to regain their freedom by simply maintaining their pre-existing 

attitude positions, or even shifting their attitude in a direction opposite to the direction of 

pressure. Because the reactance will be induced only if the persuasive message is 

considered as a threat to freedom, the theory predicts that coercive messages produce less 

attitude change than non-threatening messages (Brehm, 1966). This theory is also 

consistent with the finding that direct messages can be less persuasive than unintentionally 

overheard messages (Brock & Becker, 1969), because a direct persuasion attempt is 

considered to be more threatening than an unintended one. The phenomenon that a highly 

discrepant message could move people's attitudes away from the advocated position is 

called the boomerang effect, and reactance theory explains its mechanism by using the 

concept reactance. Worchel and Brehm (1970) found that the boomerang effect was most 
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prominent under high threat condition for the participants who initially had attitude 

positions consistent with the advocated position. Those who initially disagreed with the 

persuasive message, or those in low threat condition, did not show the effect. Wicklund 

and his colleagues (1974; Snyder & Wicklund, 1 976) proposed that this result can be 

explained by considering whether the people exercised their freedom prior to the 

persuasion. By disagreeing with the message first, people demonstrated their freedom 

prior to the persuasion ; therefore there was no motivation for demonstrating further 

freedom. In their experiments, writing an essay opposing the advocated position (prior 

exercise of freedom) inhibited the boomerang effect. The boomerang effect is a ubiquitous 

phenomenon, found not only in persuasion framework, but also in marketing and other 

areas (e .g., Pierce, 1987). 

Social judgment theory (Sherif & Hovland, 1961; Sherif & Sherif, 1967) also 

provides a theoretical framework for explaining this boomerang effect. The theory, which 

is based on the literature on psychophysics, postulates that the perception of social stimuli , 

like the perception of physical objects, involves placing them on meaningful psychological 

dimensions automatically. While performing the judgment, anchors or solid reference 

points are placed on the dimensions for reliability of the judgment. Location of these 

anchors systematically biases the perception of attitude-relevant stimuli. Stimuli close to 

an anchor produce an assimilation effect: the stimuli are perceived to be more similar than 

they actually are. On the other hand, stimuli far from an anchor produce a contrast effect: 

the stimuli are perceived to be more discrepant than they actually are. The basic principle 

of social judgment theory is that people ' s pre-existing attitudes act as internal anchors, or 

frames of ref erences, systematically biasing the perception of external stimuli (Sherif & 
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Hovland, 1961). In particular, a persuasive message that lies close to one' s own attitude 

anchor is perceived as closer than it really is (assimilation), and a message far from one' s 

own is perceived as more discrepant than it really is (contrast) . The theory further proposes 

that these systematic biases in the perception of persuasive messages mediate the effect of 

persuasion. Assimilated messages are positively evaluated and lead to greater attitude 

change. Contrasting messages, however, are negatively evaluated and thus inhibit attitude 

change. Another important factor in social judgment theory is ego-involvement, which 

mediates the effect of message discrepancy on persuasion. 

In this theory, an attitude is viewed as a region rather than as a point on a dimension . 

There are three regions, or latitudes, of attitude. Any beliefs under the latitude of 

acceptance are considered acceptable by the individual, whereas the latitude of rejection 

contains beliefs that are not acceptable. The region in the middle, the latitude of 

noncommitment, contains beliefs that are neither acceptable nor unacceptable. The theory 

predicts that higher levels of ego-involvement regarding a specific issue narrows the 

latitude of noncommitment, thus leading to stronger contrast effect and less effective 

persuasion. The theory therefore predicts an inversed U-shaped relationship between 

message discrepancy and attitude change. When discrepancy is minimal, a message does 

not invoke attitude change. As discrepancy increases to a certain point, attitude change 

also increases while assimilation is maintained. Further discrepancy leads to a contrast 

effect, decreasing the persuasion effect as the message is perceived negatively and 

rejected. Highly discrepant messages are not only perceived negatively and rejected, they 

can also lead to negative attitude change, especially when people are highly involved in the 

issue. 
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Although this specific hypothesis regarding ego-involvement and message 

discrepancy has not been clearly supported by empirical studies (see Eagly & Chaiken, 

1993), ego-involvement continues to play an important role in the literature on flexibility 

and stability of attitudes (Krosnick & Petty, 1995). Ego-involvement is an attribute 

subsumed under attitude strength, which is drawing attention from a growing number of 

researchers (e.g., Na, 1999; Petty & Krosnick, 1995). In general, attitude strength has two 

components: strong attitudes are more resistant to change and a powerful determinant of 

relevant behaviors (Krosnick & Petty, 1995). The concept of attitude strength is 

multifaceted: numerous variables have been used to measure the strength of attitudes, and 

no single definition is agreed upon by the majority of researchers. 

In addition to ego-involvement, importance (Krosnick, 1990), conviction (Abelson , 

1988), and commitment (Kiesler, 1971) are motivational attributes considered to be a part 

of attitude strength. Krosnick (1990) defined attitude importance as "the degree to which a 

person is passionately concerned about and personally invested in an attitude," 

emphasizing its motivational and commitment components. Important attitudes entail 

emotional commitment, which evoke strong emotional responses in people upon activation 

of those attitudes (Abelson, 1988). Important attitudes have been found to be stable over 

time (Krosnick, 1988; Abelson, 1988) and more resistant to change (Sherif, Kelly, 

Rodgers, Sarup, & Tittler, 1973). Kiesler (1971) defined commitment as "the pledging or 

binding of the individual to behavioral acts" (p.30) and showed that commitment to an 

attitude leads to resistance to change. Attitude strength can be conceived as a 

multidimensional construct comprised of these and related variables (Judd & Krosnick, 

1989; Fazio, 1986; Raden, 1985; Krosnick, Boninger, Chuang, & Carnot, 1991 ). The 
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assumption that strong attitudes are more resistant to change is consistent with the 

functional analysis of attitudes. Since one of the functions attitudes serve is ego-defense, 

attitudes to which one is committed should be stable in order to maintain the self-esteem. 

Researchers have also examined the structure of strong attitudes. Strong attitudes 

entail highly elaborated cognitive structures, providing a greater amount of self-generated 

counter-arguments as cognitive responses to persuasion (Petty & Cacioppo, 1990; Na, 

1999). Strong attitudes also tend to be connected to each other with a higher level of 

evaluative consistency. Change in a strong attitude reverberates through the structure of 

inter-linked attitudes, thus requiring a larger mental effort to be initiated (Eagly & Chaiken, 

1995). Strong attitudes are also considered to have a coherent structure that contains 

relevant beliefs and knowledge regarding the focal object. Chaiken, Pomerantz, and 

Giner-Sorolla ( 1995) argue that strong attitudes have high evaluative-cognitive 

consistency. When an attitude has evaluative-cognitive consistency, a favorable object is 

perceived as having positive attributes, and an unfavorable object as having negative 

attributes (Scott, 1969). Although the effect is modest, attitudes with high 

cognitive-evaluative consistency are more resistant to change than are those with low 

consistency (Chaiken, Pomerantz, & Giner-Sorolla, 1995). Chaiken and Baldwin (1981) 

also reported that salience manipulations are more successful in influencing people's 

attitudes only when the attitudes have low cognitive-evaluative consistency. 

Another approach to attitude resistance is to investigate the underlying memory and 

perceptual processes that inhibit attitude change. The idea that people's perception and 

cognition are determined not only by the stimuli themselves, but also psychological factors 

such as attitudes has been one of the core principles in social psychology (Eagly & 
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Chaiken, 1993). The processes that maintain existing attitudes can be categorized into 

selective exposure, selective attention, and selective interpretation (Fiske & Taylor, 1991 ). 

Selective exposure refers to the idea that people tend to seek information that confirms 

their beliefs. Although this hypothesis traces back to the era of William James or even 

Francis Bacon (e.g., Eagly & Chaiken, 1993), Festinger's (1957) cognitive dissonance 

theory receives credit for the modern treatment of the topic. The theory predicts that 

people selectively seek out information that is congruent with their already held beliefs and 

selectively avoid information that is incongruent because people are motivated to minimize 

cognitive dissonance. 

A review by Freedman and Sears' (1965) disconfirmed the widely held belief by 

social psychologists that this was a very general and ubiquitous phenomenon. They 

pointed out that selective exposure is not necessarily a product of people's psychological 

properties. They distinguished de facto selectivity that can result from other properties of 

information, such as greater availability and utility in goal attainment, and selective 

exposure as a result of seeking out favorable information and avoiding unfavorable 

information. Their conclusion was that de facto selectivity was often observed in natural 

settings, but that there was no empirical support for selective exposure. Their work was 

quite influential, and it took two decades for the field to see a convincing rebuttal. 

Frey (1986) reviewed the literature, and maintained that the process of selective 

exposure indeed takes place with the same constraints as those observed for cognitive 

dissonance, such as free-choice and public commitment. The process of selective 

exposure, which once was considered to be a mere by-product of other psychological 

processes, precedes selective attention and selective perception processes. Selective 
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attention, the tendency for people to spend more time on consistent than inconsistent 

information, has received some empirical support (see Fiske & Taylor, 1991). This is 

especially evident in the literature on strong attitudes. Lord, Ross, and Lepper (1979) 

reported that attitudes with high cognitive-evaluative consistency led to positive evaluation 

of attitude-congruent stimuli. 

From the functional perspective of attitudes, attitudes can also influence the 

interpretation of new information (Knowledge function). One example is prejudice. It has 

been shown that people's prejudice can bias the interpretation of information concerning 

the stereotype target. 

Flexibility of attitudes: Incorporating new information 

As previously noted, theories of attitude change are central to social psychology. In 

this section, we discuss major theories in the field of persuasion and attitude change. As 

most of the theories do not consider time as a variable, attitude resistance is simply a result 

of failure of persuasion. Below we review information integration theory, the information 

processing paradigm, the Elaboration Likelihood Model (ELM), and the 

Heuristic-systematic model. 

Information integration theory (Anderson, 1981 , 1991 ), also often referred to as the 

cognitive algebraic model, assumes that people engage in a form of simple automatic 

algebra in integrating new information. Namely, one's attitude toward a focal object is the 

weighted average of values of all the information the person holds relevant to the object. 

Although this theory's application is not confined to persuasion, it does address the issue. 

As attitudes are determined simply by a linear combination of the scale values of beliefs 

and their weights, resistance to change is also determined by relative size of these two 
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elements in the model. Attitude change would be minimal either when the scale values or 

weights of existing beliefs are quite large, or when those of new information are small 

(Himmelfarb, 1974). This prediction is consistent with the finding that strong attitudes are 

resistant to change, since strong attitudes accompany elaborated cognitive structure, which 

would yield larger weights. 

Based on the Yale Group's work on communication and persuasion (Hovland, 

Janis, & Kelly, 1953), McGuire's (1968) information processing paradigm attempts to 

discern the cognitive stages of the persuasion process. He maintained six sequential stages 

that are necessary for attitude change to take place: a) exposure, b) attention, c) 

comprehension, d) yielding, e) retention, and f) behavior. This theory incorporates the 

effect of selective exposure and selective attention into the formal description of cognitive 

processes involved in attitude change. As successful persuasion requires successful 

completion of every step from exposure to yielding, resistance to change is interpreted as a 

failure at any of these steps. McGuire ( 1972) proposed a stochastic model of this 

paradigm, stating that the probability of attitude change is a multiplicative function of all 

the steps' probabilities. A decrease in each step's probability dramatically decreases the 

overall probability, thus explaining the general difficulty in changing people's attitudes. 

Two similar theories are collectively called dual-process theories and play a 

dominant role in current research on persuasion: Elaboration likelihood model (ELM) 

(Petty & Cacioppo, I 986a, l986b) and Heuristics and Systematic Processes (Chaiken, 

1987). The name "dual process" refers to the proposition that people engage in two 

qualitatively different modes of information processing, one involving elaborate 

systematic thinking (central route or systematic process) and the other utilizing short-cuts 
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or heuristics (peripheral route or heuristic processing), depending on various individual 

and situational factors. Petty and Cacioppo (1986a, 1986b) argue that even though "people 

are motivated to hold correct attitudes," various factors influences the amount of 

elaboration people demonstrate (the term elaboration in the model) to process information. 

When people are motivated and able to engage in processing a message with much 

elaboration (elaboration likelihood is high), they follow the central route, but people are 

unmotivated or unable, they follow the peripheral route. 

They also distinguished theories focusing on the processes of comprehension and 

thinking ("central route" approach), and those that don't accompany reasoning 

("peripheral route" approach). The main variable in the model is argument quality. 

Argument quality is empirically defined, often by having pilot participants rate arguments 

for their persuasiveness. The model predicts an interaction between the routes of 

persuasion and argument quality, whose exact manner depends on other factors, including 

personal relevance and prior knowledge. With regard to attitude resistance, the model 

predicts that attitude changes resulting from the central route is more persistent than is 

change resulting from the peripheral routes (Postulate VII), and that central route 

processing requires individuals' motivation and ability. Attitude changes via peripheral 

route are often of short term and called "elastic shifts" (Cialdini, Levy, Herman, 

Kozlowski, & Petty, 1976). In other words, various factors prevent people from engaging 

in the central route of processing and produce attitude resistance. 

Another theory to dichotomize the information processing is the 

systematic-heuristic model by Chaiken (1987, Chaiken, Liberman, & Eagly, 1989). These 

two theories have many commonalities, while differing in important ways (e. g., Eagly & 
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Chaiken, 1993). Similar to ELM's central route, systematic processing is a deliberate and 

thoughtful process that involves evaluating the content of arguments. Heuristic processing 

is a shortcut based on simple rules, schemas, or heuristics the person has learned. As the 

term heuristics implies, the theory is based on the insights gained in the field of social 

cognition (Tversky & Kahneman, 1974). Like ELM, this model also assumes that people 

need to have both motivation and ability to engage in systematic processing. Eagly and 

Chaiken ( 1989) lists a few major differences in the two dual-process theories. One of the 

differences is the conceptualization of heuristic processing is much narrower than that of 

the peripheral route. While the peripheral route refers to any mechanism of persuasion that 

is not argument-based, the heuristic processing utilizes the aforementioned cognitive 

shortcuts the person has learned. The heuristic processing is more narrowly 

conceptualized, providing detailed description; the peripheral route is a broader concept. 

The second major difference is that systematic and heuristic processing can occur 

simultaneously in this model, yet there is no formal description of concurrent exertion of 

two routes in ELM, implying they are mutually exclusive. Another unique contribution of 

the theory is the least effort and sufficiency principles. These principles, based on the 

findings in social cognition, suggest that people often try to save as much as their cognitive 

resources as possible (the least effort principle) while trying to achieve the goal of accuracy 

with the minimum effort (the sufficiency principle). As heuristics mode takes much less 

cognitive resource, the least effort principle would avoid systematic processing unless 

heuristics available to the person yields a very poor result, or the accuracy motivation is 

very high. Chaiken and her colleges ( 1989) expanded the theory by adding two 

motivations relevant to the issue of attitude resistance in addition to the accuracy 
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motivation. They propose that people have defense motivation; in functional analysis of 

attitudes, this function corresponds to ego-defensive function. According to the theory, 

attitudes with high ego-involvement, commitment, vested interests, and of high personal 

relevance, namely strong attitudes, motivate a selective and biased processing as these 

attitudes arouse defense motivation, the motivation of people to preserve certain attitudinal 

positions. As the goal of this motivation is preservation of existing attitudes, people are 

biased to positively evaluate the congruent arguments and negatively evaluate the 

incongruent ones. In other words, the motivation serves nothing but attitude resistance. 

The other motivation is called for impression motivation-heuristics, which drives people to 

have socially acceptable attitude positions. This motivation is tied to value-expression 

function of attitudes, the function of attitudes to facilitate interpersonal relationships. 

Value-expression function often requires adhering to existing attitude positions; therefore, 

impression motivation can also leads to attitude resistance. Both of these two motivations 

can evoke either systematic or heuristic, or both modes of processing to serve the goals of 

ego-defense and social acceptance. 

Nonlinearity of attitude change. 

Attitude change is not only dynamic, but also can be nonlinear in nature. 

According to information integration theory (Anderson, 1981 ), the attitude change is a 

linear function of the message discrepancy. The increase in discrepancy between one's 

attitude and a position advocated by a persuasive message should result in the linear 

increase in attitude changes. The empirical evidence has not always supported the claim. 

Social judgment theory's prediction of an inverted U-shaped relationship has been 

moderately supported by the empirical evidence (Eagly & Chaiken, 1993). The 
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boomerang effect illustrates such nonlinearity; extremely discrepant message can leads to 

negative persuasion. Even when the degree of discrepancy studied has not been wide 

enough to capture this U-shape relationship, the effect of discrepancy is typically positive, 

with negative acceleration (McGuire, 1985). 

Latane and Nowak (1994) developed the catastrophe theory of attitudes to explain 

the nonlinearity of attitude change. Based on mathematical catastrophe theory (Thorn, 

1975), the model captures the nonlinearity of, and in some occasions, the linearity of 

attitude change in the three dimensions of positivity of information, evaluation of the 

object, and importance of issue (see Figure 1). The curved surface in this three 

dimensional space represents a relationship between the three variables . When the 

importance of issue (z-axis) is low, the positivity of information (x-axis) has linear positive 

influence on the evaluation (y-axis) . Within this model, the importance of issue is a 

splitting factor, determining the relationship between the other two variables . As the 

importance of the issue increases, the surface starts to become curvilinear, and with the 

high importance, the relationship between the positivity of information and the evaluation 

becomes S-shaped, indicating a catastrophic attitude change. According to catastrophe 

theory, attitude change resulting from a persuasive message is not only determined by 

discrepancy, but also by the attitude position held by the person before receiving the 

message. This phenomenon is an example of hysteresis, a concept in dynamical systems 

perspective. When examining a relationship between variable A and B, there are two 

possible states, and a history of the variables determines the change in the system. In the 

hysteresis region, a single value of variable A can take either high or low value of B. 

Depending on the history of B, the influence of change in A has different impacts on the 
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change in B. Only at the both ends of the hysteresis region change in A results in change in 

B, in a catastrophic manner. The primacy effect is an example of such hysteresis in social 

psychology, one found to be existent also in persuasion (Miller & Campbell , 1957). 

. . ·ty of information 
POSitiVI 

Figure 1. Attitude favorability as catastrophe 
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Dynamical perspectives 

The purpose of this dissertation is to investigate the phenomena of attitudes change 

and resistance from the perspective of dynamical systems theory. Simply put, a dynamical 

system is a system that changes over time, and the term "dynamical systems" refers to a 

mathematical approach to modeling such systems. In this section, we will examine a few 

lines of research that have tried to capture the dynamics of attitude change. 

A widely known phenomenon in persuasion literature, the sleeper-effect (Hovland, 

Lumsdaine, & Sheffield, 1949), deals with the issue of attitude change in a longer time 

frame than typical experimental persuasion paradigms. The sleeper effect refers to attitude 

change that increases over time after the persuasion attempt, opposite of the usual decay of 

attitude change. One explanation of this phenomenon is dissociation of the persuasive 

messages and discounting cues. The initial message's persuasiveness might be inhibited 

because of some kind of discounting cues (such as unreliable source, untrustworthiness, 

etc), but the tie between the messages and the cues dissolves over time, resulting in the 

emergence of persuasiveness of messages. Later empirical research revealed that sleeper 

effect is not a reliable phenomenon, and its size is modest at best (Eagly & Chaiken, 1993). 

The sleeper-effect paradigm is not truly a dynamical one either, as the design of the studies 

rarely measures attitudes on more than a few points in time. 

Kaplowitz and Fink (1982; 1988; 1992; Kaplowitz, Fink, & Bauer, 1983; Fink & 

Kaplowitz, 1993) have tackled a dynamic conceptualization of attitude change by 

incorporating time as a variable into information integration theory. Their model, called 

spring model, assumes that beliefs are represented by their locations on a 

multi-dimensional space. These beliefs have associative links of various strength between 

them, and these links work like springs to tie a pair of beliefs together. In their model, there 
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exists another belief called anchor that is tied to the target attitude in addition to the target 

attitude that is under direct influence of persuasion messages. People's initial attitude 

change is a weighted linear combination of points of their prior attitudes and the strength of 

the arguments. The link between the target attitude and the anchor exerts a restoration 

force much like a spring, as the link is out of the equilibrium. As a result of this restoration 

force, the attitude would oscillate around the equilibrium point, which also shifts as the 

attitude point and the anchor moves. The post-persuasion attitude is determined by a linear 

combination of the values of the prior attitude and the arguments on a dimension. The 

model has two options, with or without dampening. With dampening, the attitude 

converges to the equilibrium with time. Without dampening, the attitude keeps oscillating. 

Their model has received moderate empirical support by a study with a cross-sectional 

design (Kaplowitz et al., 1983), and by two studies in Fink and Kaplowitz (1993), one 

using paper-and-pencil design and another using a computer mouse to track attitude 

change. Kaplowitz and his colleagues (1983) treated attitudes of different people at 

different times as a trajectory of a single person, and the model without dampening was 

found to modestly fit the data. Because this model is based on the information integration 

theory, the condition for attitude resistance is identical. Resistance to change is a failure of 

persuasion, typically because of the relatively large weight for the strong prior attitudes. 

Its major departure from the information integration theory is the oscillation component 

after attitude change is induced by the exposure to the stimuli. 

Tesser (1978) have also tackled the issue of dynamical study of attitude change 

with his thought-induced attitude polarization paradigm. A series of studies by Tesser and 

his colleagues (Sadler & Tesser, 1978; Tesser & Conlee, 1975) demonstrated that merely 
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thinking about an issue could make the attitude more extreme. Tesser argued that attitude 

change was caused by cognitive processes during thought. He hypothesized that while 

contemplating an issue, people produce more beliefs evaluatively consistent with their 

prior attitudes without receiving any information, which lead to attitude polarization. 

Therefore, a well-developed cognitive structure, or "schema" toward the focal object, is 

required for the phenomenon. To support this claim, Tesser and Leone ( 1977) showed that 

the attitude polarization occurred to a greater degree when people were more 

knowledgeable on an issue, as it was predicted that greater prior knowledge would lead to 

more cognitive responses. On the other hand, thought produces little polarization of 

attitudes when knowledge structure is undeveloped (Liberman & Chaiken, 1991). In a 

similar vein, Chaiken and Yates (1985) found that higher evaluative-consistency, that is 

closely related to the developed cognitive structure, led to more attitude polarization. In 

the light of dynamical systems theory, thought-induced attitude polarization clearly 

indicates that attitudes are part of dynamical systems that evolve over time even without 

exposure to external stimuli. 

Attitudes as attractors of momentary evaluations 

As previously discussed, even though researchers often measure attitudes as points 

on a single dimension, it is also widely recognized that it is not a simple entity that exists 

independently. Rather, an attitude is linked with relevant beliefs and other relevant 

attitudes, forming a complicated system (thus attitude structure). These elements of an 

attitude are influencing one another, determining the state of the system in the next 

moment. In dynamical systems, instead of formulating the relationships among all the 

elements, which often turns out to be impractical , the model tries to describe the state of 
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system with a relatively small number of variables describing the property of the system as 

a whole. The variables are called order parameters, providing characterization of the 

system at the macroscopic level (Vallacher & Nowak, 1994). In our dynamic formulation 

of attitude resistance, we adopt the suggestion by Nowak and Vallacher (1998) that an 

evaluation of a target can be conceived as a basic order parameter of the system. 

Our proposition is that attitudes should be conceptualized as fixed-point attractors 

for these momentary evaluations or behaviors that fluctuate over time. If 

moment-to-moment evaluation of target is an order parameter of the system, analyzing the 

system reveals its attractors. What we are interested in is not the moment-to-moment 

evaluation itself, but rather the whole system. From the dynamical systems perspective, an 

attempt to describe a system is equivalent to finding the value of attractors and their nature 

in the system. 

Empirical reports supporting the notion of attitudes as attractors 

Equilibrium is a state of a system where forces pulling the system toward opposite 

directions are canceling out each other. One of the characteristics of the system at 

equilibrium is that when the system is pushed out of the equilibrium, a force will be 

produced to bring the system back to the equilibrium, and the size of the force is 

proportional to the distance of the system from the equilibrium. Research on cognitive 

response model provides just such an example in the literature of attitude change. The 

cognitive response model focuses on the mediating role of "cognitive responses" , thinking 

and reasoning people engage when processing persuasive messages (Greenwald, 1968; 

Petty, Ostrom, & Brock, 1981). In their "thought-listing" task by Greenwald (1968) and 

Brock ( 1967), participants were asked to list their ideas or thoughts upon exposure to 
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persuasive messages. In the light of dynamical perspective, we can consider 

counterarguments generated by participants as a manifestation of force bringing their 

evaluation back to the equilibrium. The results from cognitive response model have been 

highly consistent with "attitudes as equilibrium" hypothesis. First, a counter attitudinal 

message was found to generate more total cognitive responses (favorable thoughts plus 

counterarguments) than did a pro-attitude (minimally discrepant) message (Cacioppo & 

Petty, 1979; Chaiken, Pomerantz, & Giner-Sorolla, 1995). Brock ( 1967) also found that 

more highly discrepant messages tend to generate a greater number of counterarguments . 

These results are consistent with the idea that the further a system is from the equilibrium, 

the greater the force toward the equilibrium is. 

In addition, if cognitive responses in exposure to counter attitudinal messages 

represent a force bringing the system back to the equilibrium, the blockage of cognitive 

responses would attenuate such a force, resulting in less attitude resistance. The literature 

supports this prediction. Inhibition of cognitive responses by distraction has been known 

to enhance attitude change (Festinger & Maccoby, 1964; Osterhouse & Brock, 1970; Petty, 

Wells, & Brock, 1976; Petty, Ostrom, & Brock, 1981; Petty & Cacioppo, 1981, 1986). 

Predictions from the dynamical perspective 

Conceptualizing attitudes as attractors in dynamical systems sheds new light on the 

issue of attitude change and stability. If attitudes truly behave like attractors, learning 

about the shapes and strength of these attractors will allow us to derive some predictions 

about how people's moment-to-moment evaluations change over time as a result of noise 

and perturbations caused by external forces. These predictions will be unique to dynamical 

systems perspective, thus proving the fruitfulness of its application to attitudes . 
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It has been known in dynamical perspectives theory that a dynamical system can 

have more than one attractor. In the context of attitudes, having two attractors that coexist 

in the system at the same time can be interpreted as an ambivalent attitude. While 

traditional paper-and-pencil methods typically measure attitude as a single point on a scale, 

our perspective allows a person to have two or more points that coexist in the scale as an 

attitude. Instead of taking an average of two contradicting points on the scale, or being 

forced to pick just one, this perspective assumes that a person can have more than one 

attracting point on the scale. 

In this study, the goal is to find empirical evidence for the claim that attitudes can 

be conceptualized as attractors. We propose that information about the number of 

attractors influences the stability of a person's momentary evaluation of an attitude object 

when he or she is exposed to noise and external forces. When someone has only one 

attractor, the moment-to-moment evaluation always goes back to the original attractor after 

perturbation. There is only one attracting point on the scale, and the system is always 

pulled to that point. As a result, the person's evaluation is resistant to change. When 

someone has more than one attractor (typically two), however, perturbation can move the 

person's evaluation to a different attractor and stabilize the system there. 

This model explains why experimentally induced attitude changes seem to fade 

after a short period of time (because the system goes back to the original state when there is 

only one attractor in the system). It is also consistent with Catastrophe theory of attitudes 

(Latane & Nowak, 1994); if a person is ambivalent toward an important issue, he or she 

would shift the system from one attractor to the other, resulting in seemingly dramatic 

attitude change. 
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In this study, we will use morally debatable behaviors as targets of evaluation. 

Attitudes toward these behaviors will be defined as the degree to which these behaviors are 

unacceptable to people. For example, if someone agrees that stealing is a sin and morally 

unacceptable, the person's evaluation of the behavior is at the "unacceptable" end. If 

someone thinks it's OK and acceptable, the person's evaluation of the behavior is at the 

"acceptable" end. 

Some morally debatable behaviors have widely shared norms against them, while 

others do not. The degree to which people share these norms is different for each behavior, 

and varies from culture to culture. A norm against stealing is virtually ubiquitous in 

modern human societies, including the USA. In this case, we can say that the norm against 

the behavior exists in the USA. On the other hand, eating fresh fish is considered a sin for 

women in certain parts of India but not in the USA. 

We theorize that these socially shared opinions act as stable attractors. It is 

important for a society that its citizens share moral beliefs because these beliefs play a key 

role in regulating people's behavior. Consequently, social pressure is likely to exist for 

people to adopt the majority norm. This force toward a point is a signature of a fixed-point 

attractor. When the majority of people believe that a behavior is morally wrong, a stable 

attractor for evaluation of the behavior exists at the "unacceptable" end of the scale. If very 

few people in a society consider a behavior to be morally wrong, a stable attractor exists at 

the "acceptable" end of the scale. 

If a stable attractor exists for evaluation of a behavior, people's evaluation should 

be pulled to this point if their evaluation is not located at this point initially . By definition , 

a fixed-point attractor is a point to which all the points in its vicinity are attracted. 
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What will happen if the evaluation is located at the stable attractor initially? We 

expect the system to be stable; it goes back to its original state after perturbation. In 

addition , we also predict that the degree of this stability depends on whether a person has 

additional attractor(s) other than the stable attractor. When a person has a single attractor, 

he or she does not experience any ambivalence. Therefore, the evaluation would show 

very small change when perturbed. If a person has a second attractor, it means that he/she 

has an additional point where the evaluation can be stabilized once the evaluation is 

brought to its vicinity. As a result, perturbations in the system can result in the system 

stabilizing at the second (i.e. , alternative) attractor. 
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Method 

Overview 

In order to capture the rich dynamics of change of social judgment, the mouse 

paradigm (Vallacher & Nowak, 1994) was adopted to observe the dynamics of mental 

processes. In the mouse paradigm, participants indicate their moment-to-moment feeling 

using a mouse cursor on a computer screen. A target in the center of the computer screen 

represents some attitudinal object, and the cursor represents the "self' relative to that 

target. Analogous to Miller's (1944) work on approach-avoidance conflict, participants 

approach the center target with the cursor to indicate their positive feeling toward the 

target, and move away to indicate the negative feeling. The distance from the target to the 

mouse is considered an index of participants ' moment-to-moment evaluation toward the 

object. The distance is recorded continuously for a fixed duration of time. As a result of 

this procedure, we will obtain a trajectory of attitude that reflects the moment-to-moment 

evaluation of the object. 

In this study, participants will create a voice recording of what they think about the 

target object, and then will move the mouse cursor while listening to their own speech. 

This two-step procedure has been found to facilitate the expression of internal dynamics 

(Vallacher, Nowak, Froehlich, & Rocklof, 2002). 

In order to perturb the dynamical system of moral evaluation, we will present 

arguments for and against the attitudinal objects. The presentation of these arguments 

would serve the purpose of facilitating the cognitive processing of participants. To see the 

effect of this argument presentation, participants will create the voice recoding and use the 

mouse procedure twice before and after the presentation of arguments. 
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The goal of this research is to test whether attitudes can be conceptualized as 

attractors. To achieve this goal, we examine whether the trajectories obtained from this 

procedure indicate the existence of attractors. If such evidence is obtained, we expect that 

information regarding these attractors will predict the change and stability in evaluation. 

Participants 

A total of 68 participants were recruited from the human subject pool at FAU. 

Students in General Psychology (an introductory course) are required to fulfill a 

requirement of 3 hours participation during the term. 

Materials 

Attitudinal objects that were used in this study are four morally debatable behaviors 

taken from previous studies done at FAU (see Table 1 for the list of behaviors). These 

behaviors were selected to represent different degrees to which there are norms against 

their conduct in U.S. society. In previous studies, it has been found that students at FAU do 

not consider "Getting married despite their parents' objections" and "Using marijuana or 

hashish " to be morally wrong. On the other hand, they consider "Failing to report damage 

they accidentally did to a parked vehicle" and "Buying something they knew was stolen" as 

unacceptable. 

Representative arguments regarding the morality of these behaviors are taken from 

essays written by students at FAU in previous studies (see Table 2 for arguments for and 

against the behaviors). These arguments have been picked as they represent the moral 

reasoning of typical undergraduate students at FAU. Positive messages state that the 

described behavior is not morally wrong and acceptable, and negative messages state that 

the behavior is unethical and not acceptable. Our intention of the presentation of these 
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arguments is not to persuade participants' cognitive process by providing them with new 

information but to stimulate their cognitive responses by applying social influence. Four 

conditions are created, in which the combination of behaviors and argument type is 

counter-balanced (see Table 3). Participants were randomly assigned to one of four 

conditions. The order in which the behaviors are presented to participants were also 

randomized. These four conditions were categorized as one-sided arguments (either 

positive or negative), two-sided arguments, or no arguments condition. Presentation of 

two-sided arguments has been found to be effective in persuasion when reactance is 

expected otherwise (Hovland eta!., 1953). McGuire (1964) extended this finding by 

proving that providing two-sided arguments prior to the persuasion produces resistance to 

the persuasion (i.e. inoculation). 

Table 1 

Target behaviors 

Behavior 1 Getting married despite their parents' objections. 

Behavior 2 Failing to report damage they accidentally did to a parked vehicle. 

Behavior 3 Using marijuana or hashish. 

Behavior 4 Buying something they knew was stolen. 
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Table 2 

Arguments for and against the behaviors 

Positive arguments Negative arguments 

Behavior 1 

If you are old enough to get married, you are Your family is the most important thing. Why 
old enough to make your own decisions. do you hurt them? 
Parents should be supportive even if you are If they do not approve of your choice, there has 
making the wrong decision . to be a good reason why. 
Whom you marry is your decision and not your You perhaps may not be seeing the clear 
parents'. picture as your parents do. 

Th 
· h 1 · h. y If your parents have good reasons, you should 

e parents are not m t ere atiOns 1p . ou are. 
1
. 
Is ten. 

Behavior 2 

As long as no one was hurt, it isn ' t morally Just think how it would feel if someone did it to 
wrong. you. This is dishonest. 
If you have no income or insurance at the time, It is not fair to the owner of the car that was 
you cannot be responsible for it. damaged. 
If the damage is minor, there really is no need Failure to report damage is a form of stealing 
to report it. and should never be done. 
It happens to everyone. The owner was just Whether it be an accident or not, you should be 
unlucky. responsible for your own actions. 

Behavior 3 

Each individual should be able to choose what It is a waste of time, money, and good personal 
to put in his body. It's their life. health. 
Occasional marijuana use is much less It is a gateway drug to other more serious drug 
damaging than the use of cigarettes or alcohol. uses. 
If used in moderation, it doesn't have much It is against the law. There should be a reason 
adverse effects. why marijuana is illegal in the United States. 
It is a personal choice, and it doesn't hurt Escaping the reality with a drug is not a real 
anyone else. solution to your problem. 

Behavior 4 

I h h d h d f 
You are rewarding the thief and encouraging 

t as appene so muc , an goes on so o ten. h f I h h · t e t. t arms t e commumty. 
As long as you are not stealing it yourself, there You can end up finding what you have paid for 
is no problem. can be confiscated. 
You don't have to care, as long as you are This is not right because it is someone else's 
getting a deal. property. 
People wouldn't sell stolen items if the vendors I . h h. 

1
. . If 

ld h bl 
. b . . h t IS t e same t mg as stea mg It yourse . 

so t em at reasona e pnces to egm wit . 
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Table 3 

Types of arguments presented for each behavior by Condition 

Behavior 1 Behavior 2 Behavior 3 Behavior 4 
Condition 1 One-sided One-sided Two-sided None 

(Positive) (Negative) 
Condition 2 One-sided None One-sided Two-sided 

(Negative) (Positive) 
Condition 3 Two-sided One-sided None One-sided 

(Positive) (Negative) 
Condition 4 None Two-sided One-sided One-sided 

(Negative) (Positive) 

Procedures 

First, participants rated how wrong they think each behavior was, on a I 00-point scale 

using a slide bar on a computer screen ("Please move the slide bar to reflect your opinion ." 

0. It's totally wrong and unethical. -- I 00. It is OK and acceptable.) Their level of 

confidence was also measured on a I 00-point scale right after the rating ("Please move the 

slide bar to reflect your confidence." 0. Not at all Confident- I 00. Very much confident). 

After completing their ratings of the four behaviors, participants was instructed to 

verbalize their opinions on one of the four behaviors for 90 seconds ("In this experiment, 

we are interested in your spontaneous thoughts on various issues. Please talk about this 

behavior"). After the recoding was finished, participants then listened to the recording 

while moving the mouse cursor to indicate their feeling at the time of recording with the 

computer mouse procedure described above. Following is the instruction given to the 

participants . 

"Please listen to your recording. As you listen, you should use the mouse to 

indicate how WRONG you thought the behavior was at the time of recording. You 

should focus specifically on the content of the recording and NOT on what you feel 
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about what you said. It is important that you keep moving your mouse throughout 

the entire recording to reflect your feeling. The FURTHER the mouse is from the 

circle, the WORSE you thought the behavior was." 

They were instructed to position the cursor close to the circle if the momentary 

statement of the recording conveyed positive feelings about the behavior and to position 

the cursor distant from the circle if the statement conveyed negative feelings about the 

behavior. After listening to their first recordings, participants was presented with 

one-sided persuasive arguments (either four positive or four negative), two-sided 

persuasive arguments (two positive and two negative at the same time), or no persuasive 

arguments regarding the behavior. After presentation of the arguments, participants were 

again asked to verbalize their opinions regarding the behavior. After the 90-second 

recording was completed, participants performed the mouse-movement task again. 

Participants repeated this process for each of the four topics. At the end, participants was 

again asked to rate how bad they consider each behavior is, on a 100-point scale as well as 

their confidence level. 

Analyses 

Our first step was to confirm that the trajectories we obtained indeed shows the sign 

of existence of stable fixed-point attractors . As an index of existence of attractors, we used 

an index employed by Johnson and Nowak (2002). This index reflects a basic property of 

a dynamical system with attractors, namely that the system slows down as it approaches or 

departs from the attractors. To compute the index, the entire range of evaluation was 

divided into some number of bins. Then the correlation coefficient was calculated between 

the amount of time spent in a bin and the speed of the system in that bin . The smaller this 
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index is, the more stable the system is. A working criterion in this study for the existence 

of stable attractors was -.20. For each trajectory with stable attractors, the number of 

attractors was identified by a procedure adopted by Johnson and Nowak (2002). By visual 

inspection, an interval was identified as an attractor if the interval with a concentration of 

observations toward which the velocity of surrounding mouse movements points toward. 

If a trajectory had two intervals with a concentration of scores and bracketing velocity 

pointed towards both intervals, they were coded as having two attractors. Prototypical 

graphs showing the frequency, rate of change, velocity, and instability index are shown in 

Figures 2 for trajectories with single and double attractors. After number of attractors was 

identified, each trajectory was identified as a system with either single or multiple 

attractors. 
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iii A TTRACTOR LANDSCAPES ver 1.00 '~ ~ 

1.67 4.86 7.00 9.50 15.00 19.00 
DISTRIBUTION 

SPEED 

VELOCITY 

CORRELATION: DISTRIBUTION WITH SPEED =-0.90 

a. Program output for an individual with a single attractor. 

iii ATTRACTOR LANDSCAPES ver 1.00 ~ !%. 

2.00 4.80 7.00 11.00 13.67 17.33 21.00 
DISTRIBUTION 

SPEED 

VELOCITY 

CORRELATION: DISTRIBUTION WITH SPEED= -0.82 (.9 

b. Program output for an individual with two fixed-point attractors. 

Figure 2. Examples of Instability Analysis Program output (Johnson & Nowak, 2002) 
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Next, we examined if this information about the attractors of the system was useful 

in predicting the change in the evaluation of the target measured on a scale independently 

of the mouse procedure. Participants ' ratings of each behavior on a 1 00-point scale before 

and after the mouse procedures were used as measurements of "attitudes" in a traditional 

sense. The change score of these ratings was the main dependent variable in this study. 

Our attempt here was to predict the rating change by the number of attractors, initial 

attitude position, and the argument type. Initial attitude position can be consistent, neutral , 

or inconsistent with the behavior-inherent attractor. The argument types are no arguments, 

single-sided (either positive or negative), and two-sided (both positive and negative). 

Hypothesis 

If attitudes can be considered stable attractors for social judgment, the instability 

index (Johnson & Nowak, 2002) for the trajectories obtained in this study should be 

smaller than -.20. First the distribution of this instability index would be examined to test 

this idea. We expect the mean of the index to be significantly lower than -.20, thereby 

indicating the existence of stable attractors. 

Regarding evaluation change, we expect the main effect for initial evaluation 

valence. Initial evaluation valence would determine if a person's evaluation was initially 

located at the stable attractor for the behavior. If a person's evaluation was located at the 

stable behavior, his/her attitude would be stable. As the location of stable attractor was 

different for the behaviors, the prediction was also different for the behaviors. For the 

behaviors for which no norms against them exist in the society ("Marriage" and 

"Marijuana"), those with "unacceptable" evaluations would be more stable than those with 

"acceptable" behaviors. For the behaviors for which norms against them exist in the 
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society ("Buying stolen goods" and "Damaging parked car"), those with "unacceptable" 

evaluations would be more stable than those with "acceptable" behaviors. 

When evaluation was located at the stable attractor, the number of attractors would 

influence its stability. Thus, we expect the interaction effect of number of attractors and 

initial evaluation valence in addition to the main effect of initial evaluation valence. When 

located at the stable attractor, evaluations with a single attractor should be more stable than 

those with multiple attractors. As the change in evaluation is from the stable attractor to 

the secondary attractor, its direction would depend on the location of the stable attractor. 

For those who believe "Marriage" and "Marijuana" to be acceptable (the stable attractor), 

those with multiple attractors would shift their evaluations to be more unacceptable (the 

secondary attractor) than those with a single attractor. In contrast, for those who believe 

"Buying stolen goods" and "Damaging parked car" to be unacceptable (the stable 

attractor), those with multiple attractors would be more likely to shift their evaluations to 

be more acceptable (the secondary attractor) than would those with a single attractor. 

When evaluation is not at the stable attractor, we expect it to shift to the stable 

attractor regardless of number of attitudes. Therefore, those who initially believe 

"Marriage" and "Marijuana" to be unacceptable would shift their evaluation to be more 

"acceptable", and those who initially believe "Buying stolen goods" and "Damaging 

parked car" to be acceptable will shift their evaluation to be more "unacceptable". 
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Results 

Instability index and number of attractors 

Visual inspection of trajectories was conducted to identify the ones with a sign of 

significant movements. The instability index was calculated only for those trajectories 

with movements. Figures 3 through 6 show the distribution of the instability index after 

the Fisher r-to-Z transformation for each behavior as well as the number of cases, and 

means and standard deviations. Out of these 122 trajectories, only five trajectories had the 

instability index larger than -.20, the working criterion adopted from Johnson and Nowak 

(2002) (two for "Marriage", one for "Parked car", and two for "Buying Stolen Goods"). 

The rest of the trajectories, about 96% of all the trajectories with movements, had the 

instability index less than -.20, a sign of the existence of stable attractor(s). This result 

confirmed our hypothesis that the evaluation of a target is a dynamical system with stable 

attractor( s). 
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8 

6 

4 

2 Std. Dev = .27 

Mean= -.58 

0 N = 43.00 
~~~--~~~~~~-r~~~~~--~~~ 

-1 .25 -1.00 -.75 -.50 -.25 0.00 .25 

-1 .13 -.88 -.63 -.38 -.13 .13 .38 

The instability index 

Figure 3. Histogram of the instability index of the mouse trajectory for "Marriage" before 
the presentation of arguments 
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20~-------------------------------------, 

10 

Std. Dev = .44 

Mean= -.68 

0 N = 40.00 
~~~~~~~~~~~~~~~~~~~~ 

-3.00 -2 .50 -2.00 -1.50 -1 .00 -.50 0.00 

-2.75 -2 .25 -1.75 -1 .25 -.75 -.25 

The instability index 

Figure 4. Histogram of the instability index of the mouse trajectory for "Parked Car" 
before the presentation of arguments 
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6 
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0 

-1 .13 -.88 -.63 -.38 -.13 

-1.00 -.75 -.50 -.25 0.00 

The instability index 

Std. Dev = .22 

Mean= -.63 

N = 34.00 

Figure 5. Histogram of the instability index of the mouse trajectory for "Marijuana" before 
the presentation of arguments 
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-1 .63 -1 .38 -1 .13 -.88 -.63 -.38 -.13 

The instability index 

Std. Dev = .30 

Mean= -.65 

N = 39.00 

Figure 6. Histogram of the instability index of the mouse trajectory for "Buying Stolen 
Goods" before the presentation of arguments 
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Number of attractors 

Number of attractors was identified for the trajectories with the stability index less 

than -.20 by visual inspection. For "Marriage", 51% of the trajectories had only one 

attractor, 34% had two attractors, 12% had three attractors, and 2% had four attractors . For 

"Parked Car", 59% of the trajectories had only one attractor, 38% had two attractors , and 

3% had three attractors. For "Buying Stolen Goods" , 59% of the trajectories had only one 

attractor, 32% had two attractors, and 8% had three attractors. 

Number of attractors and the confidence level 

The level of confidence can be considered as a subjective index of the stability of 

the evaluation. The number of attractors was first dichotomized into single and multiple, 

then ANOVA was conducted to examine if the number of attractors was associated with 

the level of confidence. The results are significant for "Marriage" (F(l ,66)=7 .36, p<.O 1) 

yet not for "Parked Car" (F(l ,66)=.20, p>.65) or "Buying Stolen Goods" (F(l ,66)=2.74, 

p>.lO). For "Marriage", those who had a single attractor (M=83.25, SD=l6.66) rated their 

confidence higher than those who had multiple attractors (M=70.60, SD= 19.49). 

Descriptive statistics for the ratings on a scale 

Figures 7 through 10 show the histograms of the ratings of behaviors before the 

mouse procedure as well as the means and standard deviations. As expected, the majority 

of participants rated "Marriage" as morally acceptable, but "Parked Car" and "Buying 

Stolen Goods" as not acceptable. Based on the discussion above, it is assumed that a 

shared stable attractor exists at the "acceptable" end of the scale for the evaluation of 
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"Marriage." For the evaluation of "Parked Car" and "Buying Stolen Goods," a shared 

attractor exists at the "unacceptable" end. 
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14 

12 

10 

8 

6 

4 

2 Std. Dev = 27.46 

Mean= 32.6 

0 N = 68.00 
~--~~~~~~~~~~--~--~~~~--~ 

0.0 20.0 40.0 60.0 80.0 100.0 

10.0 30.0 50.0 70.0 90.0 

Rating at Time1 

Figure 7. Histogram of rating of behavior "Marriage" before the mouse procedure 
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10 

~~~~~~~~~~ 

35.0 45.0 55.0 65.0 75.0 85.0 95.0 
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Rating at Time1 

Std. Dev = 19.07 

Mean= 80.0 

N = 68.00 

Figure 8. Histogram of rating of behavior "Parked Car" before the mouse procedure 
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Rating at Time1 

Figure 9. Histogram of rating of behavior "Marijuana" before the mouse procedure 
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10.0 30.0 50.0 70.0 90.0 

Rating at Time1 

Figure 10. Histogram of rating of behavior "Buying Stolen Goods" before the mouse 
procedure 
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However, there is no clear majority regarding the morality of the behavior 

"Marijuana" among the participants, and its distribution of rating was somewhat bi-modal. 

This result means either that no socially shared attractor for this behavior exists among the 

participants, or that more than one exists. Therefore, the behavior Marijuana was removed 

from the later analyses. 

The difference score of the ratings before and after the mouse procedure and 

argument presentation is the main dependent variable of this study. Table 4 shows the 

mean and the standard deviation of the difference score for each behavior. The overall 

change was significantly different from zero only for "Buying Stolen Goods" (t(61) = 3.65, 

p < .002). It was not significant for "Marriage" and "Parked Car" (t(61) = -.05 , p > .96 and 

t(61) = .057, p > .95, respectively) . This means that in general people became more moral 

toward the behavior "Buying Stolen Goods" after the mouse procedure regardless of the 

argument condition. 

Table 4 

Means and standard deviations of the rating change 

Marriage Parked Car 

Mean -.11 .11 

so 18.20 15.47 

Initial Location as an independent variable 

Marijuana 

-2.68 

15.11 

Buying Stolen 
Goods 

6.45 

13.92 

Our theory states that initial location of the evaluation relative to stable attractors 

plays a key role in predicting how a system would behave when it is perturbed. Because 

each behavior has a share attractor at a different location (either at the "acceptable" end or 

51 



at the "unacceptable" end), we categorized their initial evaluation into three groups and 

used it as an independent variable for ANOV A. The rating scale was evenly separated into 

three equal regions, and the participants ' initial ratings were categorized as "Low" 

(acceptable), "Middle" (neutral), or "High" (unacceptable), based on the values. For 

"Marriage", 60% were "Low", 29% were "Middle", and 19% were "High". For Parked 

Car", none were "Low", 31% were "Middle", and 69% were "High". For "Buying Stolen 

Goods", 7% were "Low", 28% were "Middle", and 65% were "High". In general, 60% to 

70% of people were located at the shared attractor initially. 

Analysis of Variance 

A 2 (Attractor) x 3 (Initial Location) x 3 (Argument type) three-way ANOVA on 

the rating change was conducted for each behavior. Argument Type was either One-sided, 

Two-sided, or No arguments. Because the one-sided argument condition included both 

positive and negative arguments condition, it has about 50% of trajectories. Two-sided and 

No argument conditions both included 25% of the trajectories. The number of attractors 

for each trajectory was coded as single or multiple, because the prediction is the same for 

the systems with more than one attractors, and because the small number of cases in cells 

was a concern due to unbalanced design. The results of the analyses were summarized in 

Tables 5. 
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Table 5 

ANOVA Results 

a. Marriage 
Source ss df MS F Sig. 

Attractor 1326.03 1 1326.03 5 . 43 . 02 *** 

Initial Location 72.30 2 36 .1 5 0 .15 .86 
Argument Type 1223.62 2 611.81 2.51 .09 
Attractor * Initial Location 1975.10 2 987.55 4.05 .02 
Attractor * Argument Type 396.81 2 198.40 0.81 .45 
Initial Location * Argument Type 1359.62 3 453 . 21 1.86 .1 5 
Attractor * Initial Location * 970.08 2 485.04 1.99 .15 
Argument Type 
Error 11473.70 47 244 . 12 
Total 20215.00 62 

b. Parked Car 
Source ss df MS F Sig. 

Attractor 93.74 1 93.74 0 .53 .47 
Initial Location 2633.00 1 2633.00 14.97 .00 
Argument Type 412.49 2 206.24 1.17 .32 
Attractor * Initial Location 1184.32 1 1184.32 6.73 . 01 
Attractor * Argument Type 3204.57 2 1602.28 9.11 .00 
Initial Location * Argument Type 2124.24 2 1062.12 6.04 . 00 
Attractor * Initial Location * 935.18 2 467.59 2 .66 .08 
Argument Type 
Error 8793 . 15 50 175.86 
Total 14599.00 62 

c. Bui:in~ Stolen Goods 
Source ss df MS F Sig. 

Attractor 13 . 25 1 13.25 0.08 .77 
Initial Location 1063.44 2 531.72 3.41 .04 
Argument Type 877 . 13 2 438.56 2.81 .07 
Attractor * Initial Location 474.74 1 474.74 3.05 .09 
Attractor * Argument Type 357.10 2 178.55 1.15 .33 
Initial Location *Argument Type 1087.52 3 362.51 2.33 . 09 
Attractor * Initial Location * 767.95 1 767.95 4.93 .03 
Argument Type 
Error 7638.99 49 155.90 
Total 14398.00 62 
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Main effect of Initial Location 

The main effect oflnitial Location was significant for Parked Car and Buying 

Stolen Goods. Table 6 shows the means and the standard deviations of the rating change 

by Initial Location. In general, those who initially had a moral evaluation incompatible 

with the shared norm moved their evaluation toward the direction of the shared norm. This 

is consistent with the notion that the shared norm works as an attractor pulling people's 

evaluation of the behavior when the system is perturbed. 

Table 6 

The means and the standard deviations of the rating change for each topic by Initial 
location 

Low (OK) Mid High (Wrong) 

MMri::~nA 

N 37 18 7 
Mean 1.19a 5.22a -20.71b 
so 13.82 12.87 34.09 

Parked Car 
N 18 44 

Mean 6. 17a -2.36b 
so 17.52 14.02 

Buying Stolen Goods 
N 5 16 41 

Mean 15. 4 oa 13. 5 6a 2. 59 b 
so 15.61 15.87 11.45 

Note. Different subscripts indicate that the means are significantly different at alpha=.05 . 
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Main effect of Argument Type 

The main effect of Argument Type was marginally significant for "Marriage" 

(p<.lO) and "Buying Stolen Goods" (p<.09). Table 7 shows the means and the standard 

deviations of the rating change by Argument Type. As expected, people's evaluation of 

the targets became more consistent with the shard norm (Being moral or increase in value 

for "Parked Car" and "Buying Stolen Goods" while being not moral or decrease in value 

for "Marriage") after the presentation of arguments, and the changes were greater with 

two-sided arguments than with one-sided arguments. 

Table 7 

The means and the standard deviations of the rating change for each topic by Argument 
Type 

None One-sided Two-sided 
Marriaqe 

N 14 18 30 
Mean 8 . 21 a . oo a -4.07a 

so 18.47 11.99 20.25 
Parked Car 

N 15 14 33 
Mean -3 . 4 oa -.14a 1.82a 

so 17.14 20.64 12.07 

Buying Stolen Goods 
N 15 15 32 

Mean -1.33 a 10.13 b 8. 38b 

so 7.05 13.29 15.47 

Note. Different subscripts indicate that the means are significantly different at alpha=.05. 

Attractor x Initial Location interaction 

A significant interaction effect of Attractor and Initial Location for "Marriage" and 

"Parked Car" and a significant three-way interaction effect for "Buying Stolen Goods" 
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support our hypothesis that the effect of the number of attractor on the rating change 

depends on the initial location of the system. Figures II through 13 show the mean rating 

change for each behavior by Attractor and Initial Location. Even though the post-hoc 

multiple comparisons were insignificant due to small ns, the results were consistent with 

our predictions. When the initial location of the system is placed at the shared stable 

attractor (Low for "Marriage" and High for "Parked Car" and "Buying Stolen Goods"), the 

rating change for the participants with a single attractor is smaller than those with multiple 

attractors. When the initial location of the system is not at placed at the shared attractor, 

the rating changes were much larger than otherwise, to the direction of the shared attractor, 

with the exception of those who considered "Marriage" to be unacceptable. 
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Figure 11 . The mean rating change by Initial Location and Attractor for Marriage 
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Figure 12. The mean rating change by Initial Location and Attractor for Parked Car 
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Figure 13. The mean rating change by Initial Location and Attractor for Buying Stolen 
Goods 
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Discussion 

Our first hypothesis was that the trajectories obtained from the mouse procedure 

would show a sign of a dynamical system with stable attractors. This hypothesis was 

supported by the results. The vast majority of the trajectories obtained from the mouse 

procedure had an instability index of -.20 or smaller. While the small instability index 

itself does not directly prove that the system that produced the trajectory has a stable 

attractor, if we obtained the index larger than -.20 for the majority of the trajectories, it 

could have falsified our hypothesis. 

Once we know that the trajectories were generated by dynamical systems with 

stable attractors, the next step was to identify how many attractors exist for the trajectories. 

If there is only one attractor for the system, the prediction from the dynamical perspective 

cannot be distinguished from that of the traditional perspectives in this theory. 

Theoretically, there are other characteristics of an attractor that we can use to predict the 

behavior of the system, such as a shape and strength of the attractor, and these predictions 

would be unique to the dynamical systems theory. However, we lack tools to quantify or 

qualify these variables from a time-series data. In this study, our focus is to derive a unique 

prediction by the dynamical systems perspective with a number of attractors of the system 

as an independent variable. By showing that the system with a single attractor behaves in a 

different way from how the system with multiple attractors does, fruitfulness of the 

application of the dynamical systems theory to attitude would be proved. For this reason, it 

would be desirable if a certain proportion of the trajectories obtained in this study have 

more than one attractor. There are also a couple of reasons as to why we would expect 
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moral evaluation to have multiple attractors at least sometimes. First, Latane and Nowak 's 

(1994) Catastrophe theory of attitude suggests that important attitudes have bi-modal 

distribution, which is a sign of a system with two attractors. Second, having ambivalent 

beliefs for a target has been discussed in the literature on attitude structure (e.g., Fishbein & 

Ajzen, 1975), suggesting that people's evaluation of a target can be stabilized at more than 

one point on a scale. The result was consistent with our prediction. For all of the behaviors 

that were the attitude targets in this study, at least 40% of the people were categorized as 

having two or more attractors. The percentage of the trajectories with multiple attractors 

was high enough to compare the behaviors of the system with respect to other independent 

variables. 

Our hypotheses assumed the existence of a stable attractor specific to each 

behavior. This attractor is assumed to be located at the shared norm in the society. To meet 

this assumption, there must be a clear majority opinion regarding whether each behavior is 

acceptable or not. Without such a majority opinion, we cannot say that there is a shared 

norm among the participants. The target behaviors were taken from previous studies so 

that the two were considered as acceptable by the majority of the population, and the other 

two were considered as unacceptable. The result however showed that the behavior 

"Marijuana" did not have such a majority opinion. For the rest of the behaviors, the 

majority of the ratings were located where we expected. 

If the shared norm for each behavior works as an attractor, people' s evaluation of 

the behavior would be pulled to it if it were not already located at the attractor. This is what 

we observed in our results. For the behavior with a shared norm of being "acceptable", 

those who initially considered the behavior "unacceptable" changed their evaluation 
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toward "acceptable". The opposite pattern was observed for the behaviors with a shared 

norm of being "unacceptable". An alternative interpretation of this result however can be 

provided by the regression to the mean. If the true scores of people were near the high end, 

those who had low scores due to error would show a greater regression to the mean, simply 

because the length of the scale is finite. This regression to the mean interpretation can offer 

an equally plausible explanation for the effect of initial location. The dynamical 

perspective is compatible with the result, but not the unique solution . 

In order to show the fruitfulness of the dynamical perspective, we had a prediction 

that was uniquely derived from the theory. The hypothesis was that the tendency for the 

evaluation to be pulled to the attractor specific to each behavior would depend on the 

number of attractors. The result confirmed our prediction. The interaction effect of the 

number of attractor and the initial location was significant for the rating change. The result 

supported our prediction that when the participants' evaluation is located at the attractor of 

each behavior, their evaluation is more stable when the system has only one attractor than 

when the system has additional attractors. If the system has only one attractor, the 

evaluation can be stabilized only at the attractor. If the system has additional attractors, it 

can be stabilized at these attractors too. 

One of the merits of our experimental design is that even though we expect the 

same principle to operate for the rating change of all the behaviors, the pattern of the results 

we expected would be the opposite for the behaviors with the shared norm of "acceptable" 

and the behaviors with the shared norm of "unacceptable." Because the directions of the 

change were opposite for "Marriage" and for "Parked Car" and "Buying Stolen Goods", it 

is difficult to explain this result by mere artifacts. By the same token, the regression to the 
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mean is not sufficient to explain this result because it would not have different effects for 

those with a single attractor and for those with multiple attractors. 

The level of confidence is a related, but independent concept. For one of the 

behaviors, those with a single attractor reported a higher level of confidence than those 

with multiple attractors. The result was not strong enough to justify the use of the 

confidence level in lieu of the number of attractor. An exploratory ANOV A was 

conducted with the level of confidence either as a co-variance or as an independent 

variable after dichotomization, yet the results were not consistent. Therefore, our 

conclusion is that the level of confidence is a related and important concept, yet not a 

substitute for the dynamical properties of the system, such as the number of attractors. 

Ambivalent attitude is also a related concept in the literature of attitudes. The 

ambivalence would be observed when people hold evaluatively inconsistent beliefs at the 

same time (Eagly & Chaiken, 1993). Ambivalent attitudes can be conceptualized as 

attitudes that are associated with evaluatively inconsistent beliefs. For example, ones' 

attitude toward a target person can consist of beliefs that are positive (e.g., "She is smart.") 

and beliefs that are negative to the target (e.g., "She is difficult."). To assess the 

ambivalence of the beliefs associated with attitude objects, two separate unipolar scales, 

one measuring positive aspect of the target and another measuring negative aspect of the 

behavior, can be used. Kaplan (1972) suggested that ambivalence is high when a) the 

scores on both scales are high, and b) the scores are more equal in absolute values. To 

apply the concept of ambivalence to the results obtained in this study, each attractor would 

correspond to a set of coherent beliefs. Attitudes are called ambivalent when these 

attractors with positive and negative valence simultaneously coexist. However, there are a 
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couple of important differences between the ambivalent attitudes and attitudes with 

multiple attractors . The first difference between these two concepts is that the dynamical 

perspective assumes that people's evaluation of a target can change over time while 

maintaining the same structure, while the concept of ambivalent attitudes is static and weak 

when it comes to predicting change in the expressed attitudes. The second difference is 

that the perspective taken in this study can incorporate the traditional "attitude as a location 

on an evaluative dimension" point of view. The ambivalence concept, on the other hand, 

requires two unipolar scales, and it is not easy to define ambivalent attitudes when they are 

measured on a bipolar scale. 

Complexity of attitude is a similar concept in the literature of attitudes that is worth 

mentioning here. It is often defined as dimensionality of the beliefs that are associated with 

attitudinal targets (Scott, 1969). The more dimensions necessary to describe the attributes 

of the attitudinal target, the more complex the attitude is. This approach does not assume 

attitude as a point on an evaluative scale; it assumes attitude as a point in multi-dimensional 

space. The concept of complex attitude may look very similar to a concept of a dynamical 

system with multiple attractors, yet there is a major difference between them. While even a 

highly complex attitude is still represented as a point in a space, the dynamical systems 

perspective can deal with points: a point where the current evaluation resides, and points 

where the evaluation can be potentially stabilized. Thus, evaluation with multiple 

attractors observed in this study cannot be simply interpreted as a complex attitude. 

There are a few statistical or methodological issues to be mentioned in this study as 

the methodology utilized in this study is relatively new and has not been used and tested in 

the field. First, the instability index of -.20 used as a criterion of a system with stable 
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attractors was rather arbitrary. Because this is one of the first attempts to apply the 

instability index to trajectories obtained from the mouse paradigm, no empirical standard 

was available as to judge the stability of the system. This issue would be addressed by 

additional studies employing the instability index and other dynamical analyses on data 

obtained from the mouse paradigm. Second, there is a potential threat of outliers in a 

mouse trajectory obscuring or biasing the detection of attractors. The procedure of 

identifying attractor involved taking the range of the mouse movements for each trajectory 

and dividing the entire range into twelve bins. Therefore, accidental jerking of a mouse 

may result in erroneous enlargement of the range, so that most vital information of a mouse 

movement is lost in a couple of bins. One solution would be to trim some of the 

observations in the trajectories so that any accidental movements would not influence the 

result. Third, identification of attractors depends on visual inspection of researchers at this 

moment. This problem can be avoided by a careful training of a few judges with reliability 

measures in future studies. 

This study demonstrated the usefulness of the concept of attractor in studying 

attitudes, yet further research is needed to clarity some issues raised in this study and to test 

some implications from the results. First, as mentioned above, number of attractor and 

complexity of attitude structure are theoretically independent concepts. It would be 

intriguing to investigate the relationship between these two properties of attitudes. The 

question would be how the complexity of attitudes is related with the number of attractors 

of a dynamical system, as well as with other dynamical properties, if any. 

Second, change in the structure of attractors itself is not addressed in this study. It 

was assumed that the rating change after the mouse procedure is merely a result of 
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moment-to-moment fluctuations of the evaluation, with the underlying attractors intact. 

This is because the time frame of the change in this study is relatively short, in the order of 

less than one hour, and there was no attempt to change the structure of attractors. The 

arguments provided in this study were not novel to the participants at all ; thus we did not 

expect persuasion to occur. Yet the attractors are not static themselves. Theoretically, any 

change in the expressed evaluation can be either a moment-to-moment fluctuations or a 

reflection of the underlying attractor structure as a result of the change in the environment. 

Third, number of attractors is the only dynamic property of attractors utilized in this 

study due to technical issues, yet it is not the only one. Other dynamical properties, such as 

shapes and strength of attractor would be quite useful in predicting the dynamjcs of 

attitudes if they can be quantified. The advantage of the dynamical perspective theory is 

clear: it has a potential to integrate existing theories in social psychology from a new angle, 

yet techniques and tools for tackling the psychological phenomenon from the dynamical 

systems perspective are still in the stage of development. More studies are necessary to 

further refine the methodologies to explore the possibility of this new perspective. 
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