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Mood Management Dynamics:  

The Interrelationship between Moods and Behaviours
Abstract

People actively attempt to create and maintain positive moods and to escape from negative moods by engaging in various activities.  The principle of homeostasis explains the essence of the mood-management system: adjustments of individuals’ moods and activities help maintain constant their conditions of life.  We model the dynamics of mood and mood-management behaviour through a pair of interdependent, linear differential equations and estimate the equations using mood and behaviour data collected from an adult panel.  Because empirically fitting continuous-time differential equations to intermittent observations is uncommon in the literature, we show how to transform differential equations into equations that can be estimated using simultaneous equation regression methods.  Our adult panel shows strong homeostasis in mood management with mood episodes of several hours and no evidence of endogenous mood cycles.  
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Mood Management Dynamics:  

The Interrelationship between Moods and Behaviours
It is a commonly accepted belief that people attempt to regulate their emotional lives, including their moods, by engaging in behaviours that will help them maintain positive affective states and improve negative ones.  Many studies of mood provide a qualitative, conceptual understanding of how people use their behaviours to adjust their moods (e.g., Kacen, 1994; Luomala, 1999), but they do not measure the dynamics of this process of mood management.  How, and to what degree, moods motivate particular behaviours, and concomitantly, how engaging in certain behaviours changes one’s mood state are issues that have not been explored empirically.  It is worthwhile to supplement our conceptual understanding of individual mood management with an empirical model that measures the dynamic interrelationship between mood and behaviour.  

In this article, we address the difficult task of empirically measuring the dynamics of mood states and the corresponding interrelationships between mood and behaviour.  Our model of the mood management system is based on the principle of homeostasis: individual efforts to regulate one’s internal environment operate within a larger psychological system that strives to preserve constant the conditions of life.  

Our methodology for identifying and explaining the process of mood management integrates panel data collected from an adult sample with a model for data analysis that incorporates simultaneous differential equations.  The model in our study accommodates several aspects important to demonstrating the dynamics of moods and mood management.
First, the model captures the active nature of the mood-management process.  Not only does our model clarify how mood responds to various behaviours, but it also illuminates how those behaviours are chosen with mood improvement in mind.  Second, mood, a transient affective state, adjusts continuously over time.  Yet, at best, mood can only be measured at intermittent times.  We show how the continuous mood adjustment process can be understood from discrete mood observations.  Third, psychological homeostasis interlinks mood and behaviour, so we use a two-stage least-squares estimation procedure to avoid biased parameter estimates.

This model is applied to multiple daily measures of mood and behaviour data collected from our panellists over a period of five days.  We describe how we fit the differential equations to the model, discuss the empirical findings and their implications for mood research, and evaluate the contribution of the model to our understanding of mood-management behaviour. 
MOODS AND MOOD MANAGEMENT
Moods and mood management are widely recognized phenomena in the psychological literatures.  Clore et al. (2000) distinguish moods from more stable and enduring states of temperament by defining moods as generalized feeling states that are transient in nature.  A critical element of this definition is that moods are transient; therefore, moods are subject to change over time.  The consensus of mood researchers is that mood is characterized by two basic dimensions, pleasure and arousal (Watson & Tellegen, 1985).   Emotions are distinct from moods in that emotions have an object of reference, while moods occur without reference to any specific object or event (Larsen & Cowan, 1988; Parkinson, Totterdell, Briner, & Reynolds 1996).  Therefore, moods do not demand specific behaviours as emotions do (Morris, 1992).  
Research has shown that people actively attempt to maintain positive mood states and to escape from negative mood states by engaging in various activities including eating, watching television, shopping, socializing with friends, going to a movie, listening to music or exercising (Kacen, 1994; Luomala, 1999; Thayer, 1996; Thayer, Newman, & McClain, 1994; Zillmann, 1988).  The operational conceptualization of mood management is that individuals’ moods prompt mood-managing behaviours, and that engaging in mood-managing behaviour induces changes in mood, which subsequently elicits changes in behaviour.  The interaction between mood and behaviour necessarily causes changes in both over time.  Yet this dynamic and evolving nature of mood and behaviour largely has not been addressed in previous studies.  
One notable exception is Holbrook and Gardner’s (2000) study that examined how people’s mood changed over time as a result of listening to music. However, in the Holbrook and Gardner (2000) study, the affective stimuli were exogenous variables determined by the experimental research design.  How do mood dynamics play out in a naturally occurring setting?  How does mood change when people are allowed to freely choose behaviours?  How do different types of behaviours differently affect changes in their moods?  

The objective of the present study was to investigate the dynamic nature of mood in a naturally occurring context, and to explain how people adjust their mood-managing behaviours in response to the moods they experience in their daily lives.  Drawing upon the mood maintenance/mood repair hypothesis described by Isen (1984), the two-dimensional measure of mood promulgated by Russell, Weiss, and Mendelsohn (1989), and the concept of psychological homeostasis promoted by Schulze (1995), we propose a model for measuring the dynamic process of mood management.

MODELING THE DYNAMIC PROCESS OF MOOD MANAGEMENT

Homeostasis

Homeostasis is the process by which individuals’ internal environment adjusts to disruptions to the system in order to maintain equilibrium.  This construct’s origin is in physiology and biochemistry (see Canon, 1932): when an organism is cold (the state) it shivers (the behaviour) to generate heat and thus move toward the normal temperature.  The theory behind homeostasis is that an organism can survive only if the physiological system linking the state to the behaviour is internally stable.  

Psychologists expanded the concept of homeostasis to include psychophysiological states (such as moods and feelings) recognizing the interrelationship between biological factors and psychological factors (see Berntson & Cacioppo, 2000; Weisfeld, 1982).  According to this approach, human survival depends in part on the stability of the psychological system linking moods and behaviour.  This process creates physical and psychological needs that influence mood and affect-related behaviours (Edlund, 1987).  Studies of psychological homeostasis by Headey and Wearing (1989) support the theoretical foundation of our model, especially their dynamic equilibrium model of well-being in which individuals are assumed to have “normal” equilibrium levels of subjective well-being (SWB).  Their study investigated the dynamic relationship between personality, life events, and SWB using data from an Australian panel.  
Morris (1999) proposes that the mood system is an adaptive and homeostatic mechanism.  Our moods serve as continuous monitors of the resources available to meet current demands.  Positive and negative discrepancies between available resources and current demands activate the mood system, which in turn influences other psychological systems, in order to maintain balance between resources and demands.  Disruptions to the psychological system lead to goal and behaviour adjustments in order to maintain homeostatic equilibrium. 
Applying the concept of psychological homeostasis to the process of mood management suggests the following description of the dynamics by which moods are managed.  People want to be in a comfortable affective state.  In order to achieve stability, their psychophysiological systems have built-in error-correction capabilities.  The homeostatic dynamic system proposed here assumes that the farther away an individual is from the most comfortable levels of mood and behaviour, the more rapidly he or she returns toward these normal mood and behaviour states.  The normal level of mood (or behaviour) is a state that leaves the person comfortable and satisfied.  This implies that as an individual approaches normal states of mood and behaviour, the speed of closure (i.e., rate of change of mood or behaviour) naturally diminishes to prevent overshooting.  

Specifically, suppose that the measurement of mood has been scaled so that the “natural” mood level associated with the affective system is 
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 (we use the term “mood” in this section but in the empirical work that follows there are two independent dimensions of mood, pleasure and arousal).    If the mood state is M(t) at time t, then the time rate of change of mood is in direct proportion to the discrepancy between current mood and natural mood, 
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- M(t).  If the current mood falls short of natural, then this difference is positive and the time rate of change of mood is positive: mood levels rise.  The greater the degree to which the current mood level falls below natural, the greater is the feeling of deficiency, and the more rapidly the system self-corrects the situation.  Conversely, if current mood is only slightly below natural, there is less urgency and the psychological homeostasis system moves more slowly.  This system reverses itself if the current mood exceeds the natural mood level.  

The principle of homeostasis suggests more than the existence of equilibrium levels of physiological and psychological variables.  It implies that individuals have powerfully stable self-correcting systems.  If the time rate of correction of mood were a constant, then the momentum of mood improvement would certainly carry the person past the natural mood level.  If the psychological system has evolved to make people affectively stable in the normal course of their lives, it makes sense that the speed reduces as the mood approaches its natural level.

Mood Dynamics

The above description provides our basic translation of homeostasis into a dynamical mood system.  The simple model can be modified to incorporate mood-management behaviours.  Let B(t) be the current level of behaviour that influences the person’s mood state.  Details of such behaviours will be provided below, but they can be thought of as either endogenous mood-managing behaviours (e.g., going shopping, buying an ice cream) or exogenous activities that influence the person but are not guided by the mood state (e.g., hearing a favourite song on the radio).  Such behaviours occur in the normal course of everyday life, so 
[image: image3.wmf]B

ˆ

denotes the baseline or “natural” level at which this behaviour, or set of behaviours, is performed.  For example, 
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 might represent the typical quantity of ice cream or sweets consumed per period.  

Active mood management is captured in our model by including behaviour in our differential equation for mood:
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where and are parametric constants.  The first term on the right hand side follows directly from the previous discussion of mood homeostasis: 
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 is the natural mood level and  is the innate rate of mood correction.  When mood is less discrepant from natural, the absolute speed of mood correction is slower.  The second term indicates that when behaviour exceeds the baseline level, it contributes to a more rapid adjustment upward in mood state: 
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 is the natural behaviour level and  is the responsiveness of mood to behaviour.  If behaviour is at its baseline level, B(t)= 
[image: image8.wmf]B

ˆ

, then the mood adjustment follows the basic homeostatic mood dynamics alone.  However, if behaviour is more intense than typical in the sense that B(t) - 
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is positive and the parameter  is positive (e.g., larger quantities of ice cream are consumed), then the behaviour contributes to an increase in mood velocity (e.g., more rapid mood improvement). On the other hand, if behaviour falls below the baseline level, mood velocity is diminished.  People in negative moods can repair them by engaging in positive behaviours, while people in positive moods can prolong their mood by increasing positive behaviours.  The inhibiting rather than stimulating nature of some behaviours also would be reflected in a negative value for the parameter 
Mood-Managing Behaviour Dynamics
The mood dynamics equation (1) explains the dynamics of internal mood state changes as the consequence of both the natural homeostasis of moods and the reaction of moods to overt behaviours and activities.  But the equation does not provide an explanation of how behaviour may change over time.  Prior studies indicate that people actively manipulate their behaviour to influence their moods.  If we assume that people behave in ways to control their moods, then the principles of control theory with negative feedback (Carver & Scheier, 1982) can be applied to explain how people adjust their behaviours in response to the changes in their moods.  We model the dynamics of mood behaviour using the following differential equation to explain the rate of change of behaviour:
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We refer to M* as the “ideal” mood level and this may differ from the “natural” mood level, 
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, since the individual may have aspirations that exceed the psychological system’s capability.  The first term on the right hand side of (2) describes the way that mood influences adjustments in behaviour.  As in Carver and Scheier’s (1982) model, people directly compare their current state to the desired state M*, and take actions with the direct intention of regulating how they are feeling.  The parameter  is a measure of the combination of an individual’s motivation and capability to manage mood (mood-management propensity, in Larsen’s [2000] term).  It could be large because the individual has a strong desire to control mood by his or her actions (Eisenberg, Fabes, Guthrie, & Reiser 2000).  Alternatively,  could be small if time or other resource constraints make behavioural adjustments to mood difficult.  
The second term on the right-hand side of equation (2) describes the way that current behaviour level influences adjustment in behaviour.  Just as the internal psychology of moods is driven by homeostasis, we assume that homeostasis also applies to behaviour.  The behaviours people employ to manage their moods are not cost-free.  Shopping requires time and money; eating too much ice cream may entail psychological cost in the form of guilt or regret.  Engaging in less than normal levels of behaviour also takes a toll.  Such costs are captured by a positive parameter  in equation (2), which denotes the propensity to correct behaviour.  The more costly deviations from normal behaviours are to individuals, the more intensely they correct them.

In conclusion, differential equations (1) and (2) model the dynamic interdependence of mood and behaviours employed to manage the mood.  The interdependency of mood and behaviour can lead to interesting patterns, including endogenous mood cycles, as demonstrated next.

DYNAMIC PATTERNS OF MOOD MANAGEMENT


In analyzing the dynamics of mood and behaviour that result from equations (1) and (2), there are two distinct issues to be considered: what is equilibrium and what is the path toward equilibrium?  
Equilibrium consists of values of mood and behaviour adjusted to one another so there is no inherent tendency for either to change.  The parameter M* denotes the ideal level of mood that the individual would aspire to have consistently.  Arousal and pleasure may reach such high levels as to create mood states of excruciating agitation or euphoria in the over-stimulated person, and they may reach such low levels as to produce mood states of dreary sadness.  The parameter 
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 quantifies the level of mood towards which the internal psychological system tends if there is not an active behavioural effort to control mood.  The system has an equilibrium level between the ideal and natural that is found by identifying values 
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 such that the rates of change of mood and behaviour are identically zero.  We call these the “equilibrium” levels of mood and behaviour and they can be expressed as 
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.  Equilibrium mood lies between ideal and natural levels and behaviour exceeds its natural level dependent on the degree to which ideal exceeds natural mood.

Time Paths of Mood and Behaviour

We now describe the time path out of equilibrium implied by equations (1) and (2).  Given that linear differential equations have solutions that are of an exponential form, 
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, the value of the parameters in these functions are identified by studying the homogenous version of the system of differential equations:
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The values of a and [m b]’ that satisfy these equations are the eigenvalues and eigenvectors of the dynamics matrix C ( 
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.  In particular, the coefficient a in the exponential solution eat is an eigenvalue of C, and it can take on two values:
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In the normal course of events, both eigenvalues a1 and a2 are negative real numbers (they are real numbers when (- )2 - 4> 0).  Specifically, if a1(a2 = + > 0, then the two eigenvalues have the same sign; if, in addition, a1 + a2 = -(+0, then the coefficients’ common sign is negative.  Negative exponential functions asymptotically approach zero; if this is the case, it would indicate that both mood and behaviour move steadily toward their normal equilibrium values as predicted by homeostasis.  

Mood Cycles

The radical in formula (4) suggests the other possibility: that the interplay between behavioural adjustments and internal mood states can create mood cycles.  Specifically, if the term under the radical, (-)2-4, is negative then the eigenvalues are complex numbers with a real part (+)/2 and an imaginary part 
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.  In this case, mood management will involve sinusoidal paths oscillating above and below the equilibrium mood levels (see Figure 1). Vigorously manipulating a difficult-to-control mood management system results in “oversteer” that creates endogenous mood cycles.  These cycles are not necessarily pathological, but could represent the problems of coordinating the cognitive, affective, and
behavioural changes of normal, healthy life.
_______________________

Insert figure 1 about here

(((((((((((((((((
DATA

Adult Mood Panel


To discover the actual dynamic patterns of mood-management behaviour through an empirical test of our model, 93 adult non-students were recruited to participate in a “Mood Panel Survey” in which mood and behaviour data were collected by telephone three times a day over a five-day period.  The average panellist was 39 years old, college-educated, and working in a professional or managerial occupation in the United States.  Seventy percent were female.  See Table 1 for a general description of the panellists. After agreeing to participate in the study, panellists received a wallet-sized Mood Grid card (see below) and a general explanation of the study.  Prior to the start of the interviews, panellists were asked about their likely participation in a number of activities and behaviours, responded to demographic questions, and were given instructions on use of the Mood Grid.  

_______________________

Insert Table 1 about here

(((((((((((((((((
Mood and behaviour data collection for all participants began on Monday morning and ended on Friday evening.  The recurring panel interviews were scheduled at the convenience of the panellist but always included a morning, an afternoon, and an evening contact.  In total, 1,395 interviews were completed, each lasting approximately five minutes.  These short phone interviews measured individuals’ current mood and their participation in any of a variety of activities since the last contact, as described in the next section.

Measuring Mood and Behaviour
The underlying dimensional structure of mood is not a settled question, but most researchers agree that moods can be described in terms of their degree of arousal, whether one feels excited or relaxed, and their valence, whether they are pleasant or unpleasant (e.g., Holbrook & Gardner, 2000; Mano & Oliver, 1993; Parkinson et al., 1996; Russell, 1980).  For this study, we used Russell et al.’s (1989) Affect Grid to measure mood.  It consists of a nine-by-nine grid labelled (1) “high arousal” to (9) “sleepiness” on the vertical dimension and (A) “unpleasant feelings” to (I) “pleasant feelings” on the horizontal dimension.  During each phone interview, panellists indicated their current mood by providing the row and column coordinates (e.g., “D, 4”) on the wallet-sized Mood Grid card that responded to their feelings at the moment.  From this, two mood measures were constructed on a 9-point scale: a pleasure component, where 9 indicates high pleasure, and an arousal component, where 9 indicates high arousal.
Unlike time-consuming multiple-item questionnaires or checklists, the Affect Grid is ideal for repeated observations (Russell et al., 1989, p. 493).  Russell and his colleagues found that scores from the Affect Grid were highly correlated with scores obtained using longer, more time-consuming verbal self-report scales.  The Affect Grid has been used as a reliable measure of mood states (see Dubé, Chebat, & Morin, 1995; Holbrook & Gardner, 2000).

A variety of activities are available to help people manage their moods including eating something, watching television, shopping, calling a friend, listening to music, or going for a run. Individuals may aggregate activities based on their “affective benefits” or similarity of impact on mood.  For example, watching television or listening to music may have comparable influences on arousal, and act as substitutes for each other on other non-mood related wants.  Previous researchers (Morris & Reilly, 1987; Thayer et al., 1994; Zillmann, 1988) have suggested particular groupings of behaviours based on individual self-report or factor analyses of behavioural data.  We created two behaviour categories from the activities measured in our adult panel survey: Amusement and Relaxation.  Amusement consists of shopping or socializing with others.  Relaxation consists of watching television or listening to music.

In our panel survey, each of these common behaviours was measured with a three-item scale.  The number of behaviours was limited to keep the questionnaire short to prevent panellist fatigue and dropout.  The first scale item for each behaviour measured the length of time (in minutes) that panellists participated in the activity.  The other two scale items measured the intensity with which panellists engaged in the activity.  See Table 2 for a list of the behaviour item measures used in the panel study.  We do not try to explain an individual’s selection between TV or music activities, but rather try to understand the total amount of relaxing activities selected.
_______________________

Insert Table 2 about here

(((((((((((((((((
It is important to note that in each interview we measured the current mood state of the panellist, and the behaviours the panellist engaged in since the last interview.  As a result, mood and behaviour data are not contemporaneous.  To illustrate, in the dinnertime interview panellists reported their current evening mood but they reported behaviours that occurred in the early afternoon.  We account for this asynchronism in the empirical estimation of the mood management dynamics, described in the next section.

Predicted Relationships between Measured Variables and Derivatives


Homeostasis implies that both moods and behaviours are self-correcting.  In terms of the general parameters of the simple two-variable model presented in equations (1) and (2), this corresponds to the hypotheses -<0 and -<0.  Applying these theoretical restrictions to the specific measures of mood (Pleasure and Arousal) and mood-management behaviours (Amusement and Relaxation) constructed from our data set, all the elements on the diagonal equation (3) are hypothesized to be negative.  


Research indicates that Amusement activities (shopping or socializing) have an influence only on Pleasure, while Relaxation activities (watching television or listening to music) have an influence only on Arousal (see Bryant & Zillmann, 1984; Csikszentmihalyi & Kubey, 1981; Thayer et al., 1994; Zillmann, 1988).
  Eating out (dining) influences both mood dimensions according to our data, but while one’s mood may influence what is ordered and consumed, the activity of dining probably is driven more by non-mood factors (time of day, business, family activities), so we treat it as an independent covariate.
Homeostasis, which implies that the entire mood-management system is stable, requires
assumptions about the non-diagonal parameters as well as the diagonal ones.  For the simple two-variable model, stability requires that >0; in other words, the diagonal elements of the dynamics matrix C ( 
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 dominate the off-diagonal elements (in magnitude).  The stability of the entire mood-management system is investigated through a Monte Carlo simulation of the eigenvalues using the estimated statistics of C.

Whether or not the parameters of responsiveness of mood to behaviour ( or the motivation/ability to manage behaviour to correct mood () are positive or negative depends on the particular measures of mood and behaviour.  We first discuss mood adjustments to behaviour.  The rate of change of Pleasure should increase if Amusement behaviours (shop or socialize) occur since these specific activities are inherently enjoyable (amusement>0).  The Relaxation behaviours (watch TV, listen to music) are sedentary and likely to decrease arousal rates (relaxation<0).
  

A similar pattern is manifest in the model’s predictions concerning behavioural adjustments to mood levels.  If a person is feeling less pleased than the normal equilibrium mood, he or she is motivated to increase the rate of Amusement behaviours (pleasure>0).  The rate of change of Amusement is influenced positively by pleasure(
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-P(t)), but that means that it is negatively impacted upon by increases in the current level of Pleasure.  This can be confusing at first sight.  If a person’s Arousal level is less than the normal equilibrium level, homeostasis requires that he or she reduce the rate of increase in Relaxation behaviours (arousal<0).  This implies that the sign of the response of Relaxation behaviour to increases in Arousal is positive. 

FITTING CONTINOUS DIFFERENTIAL EQUATIONS TO INTERMITTENT DATA

The dynamic mood-management process is assumed to adjust continuously in time although our measures of mood and behaviour reflect data collected at intermittent times.  The empirical estimation of such continuous-time models, while common in economics (Bergstrom, 1976; Phillips, 1974), is less common in the psychology literature.  For clarity of exposition, we present a simple version of our mood-differential equation:  
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The normal equilibrium levels of mood and behaviour do not appear in equation (5), but the error term, u(t), is assumed to be an independent random variable with mean zero, variance u2 and zero autocorrelation (that is, E[u(s)u(t)]=0, s(t).   Suppose that mood is observed at equally spaced times t1,..,tN, with one time unit between observations. For times between observations the dynamic mood-behaviour process continues unabated but unmeasured.

Integrating the differential equation from time ti-1 to ti: 
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The integral of the derivative of mood on the left-hand side equals the change in mood from  ti-1 to ti by the Fundamental Theorem of Calculus.  

To explain the change in mood in this time interval, we compute the cumulative recent history of mood 
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from time ti-1 to ti.  Although the values of M(t) and B(t) are not known in the interval between ti-1 and ti, the cumulative mood can be approximated by a trapezoid, which requires only knowledge of mood at the ends of the interval.  The trapezoid rule implies that
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, where time is in one unit increments.

As noted previously, measured behaviour chronologically predates measured mood:  when we interviewed the panellists at time ti we asked about their mood at that time, but asked about behaviour that had occurred between the prior interview at time ti-1 and the current interview at ti.  In other words, the measured behaviour occurred neither at ti nor at ti-1, but rather in the interval [ti-1,ti].  In our model estimation, we assume that the measured behaviour corresponds to the midpoint, ½ti-1 + ½ti  and consider this asynchronicity as follows below.

The cumulative behaviour is represented by the shaded area ti-1VKUti in Figure 2.  The behaviour measured during the interview at time ti occurred earlier, at point K.  The above trapezoid rule produces the trapezoid CIKD, but the area represented by CIKD is a poor approximation of the desired cumulative behaviour measure.  A better approximation is the sum of the two trapezoids ti-1JKD and DKLti (the second is a rectangular trapezoid).  This double 

trapezoid approximation of cumulative behaviour is 
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_______________________

Insert figure 2 about here
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Using these trapezoidal approximations of cumulative mood and behaviour measures, the discrete version of the continuous differential equation (5) is
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(7)

where Mi denotes the observed value M(ti), and so forth.  Because in equation (5) u(t)’s mean is zero, the mean of the cumulative error in equation (7), i (
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 is also zero.  The variance of i equals u2 and zero autocorrelation implies cumulative errors are uncorrelated.  By similar reasoning, the equation that explains the change in behaviour at time ti is
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The mood equation (7) and the behaviour equation (8) form the proper basis for the empirical estimation of the continuous-time differential equations (1) and (2).
  

ESTIMATION OF MOOD MANAGEMENT DYNAMICS

Two Stage Least Squares

Simultaneous equation regression methods are required to estimate mood and behaviour equations like (7) and (8) because the unobserved error term in each equation is likely correlated with one of the explanatory variables in that equation, and as a result, ordinary least squares estimates are biased.  Although a wide variety of simultaneous equation methods exist, in order to prevent contaminating the estimates of the mood equations by errors from the behaviour equations, and vice versa, we use the single-equation method two-stage least-squares.

Pooling Data and Moderator Variables

The Mood Panel Survey provides cross-sectional and time-series data.  In order to estimate the parameters of the mood-management system, we pooled the data for all 93 panellists.  That is, we assume that  are identical for all individuals.

Since it is easier for people to adjust their behaviours when there are fewer demands on their time resources, individuals’ motivation and capability to manage their mood with behaviour, , may vary with the time of day.  This heterogeneity is captured by a time-of-day variable in the moderator formula: i=+Time-of-Dayi.  Time of day (ToD) is dummy coded for a day-part, say afternoon, to estimate the different values in the morning, 0, and afternoon, +.  Substituting this moderator formula into equations (7) and (8) gives the estimation equations
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The interaction term, 
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, allows us to estimate the change in behaviour dynamics during different parts of the day.

EMPIRICAL RESULTS
As previously discussed, we measured the mood of our panellists along the two traditional dimensions, pleasure and arousal.  We estimated a separate equation for the rate of change in mood for each dimension, using as explanatory variables the trapezoidal approximation of cumulative mood (e.g., Pleasure) and the double trapezoidal approximation of the corresponding cumulative behaviour (e.g., Amusement).  The cumulative mood is endogenous, justifying the use of two-stage least-squares.

Two separate behaviour equations were estimated to explain the rate of change in Amusement and Relaxation behaviours, using as explanatory variables the trapezoidal approximation of cumulative behaviour, the double trapezoidal approximation of the corresponding cumulative mood dimension, and the product of day-part dummy variables with cumulative mood (the moderator variable for time of day).  The three dummy variables, Morning, Afternoon, and Evening, were rotated through the model specification for behaviour dynamics to obtain the relevant t-statistics without the need for more cumbersome calculations involving the covariances of estimated moderator coefficients (see Kacen & Lee, 2002).
 

Table 3a summarizes the Pleasure management system with Amusement behaviour and Table 3b summarizes the Arousal management system with Relaxation behaviour.  Our spartan models of mood-management behaviour are able to account for about a third of the variation in our panellists’ moods and behaviours (0.30 to 0.39 as measured by the ratio of SSR to SSR+SSE).  Given all of the idiosyncratic affectively laden events that intervene in the panellists’ daily lives and the wide variety of reasons that people might undertake specific behaviours, the fact that our model explains approximately a third of variation in behaviour is encouraging.  One can show that our model provides a superior fit to simpler models such as “there is a mood level for each time-of-day but no carryover of mood from moment-to-moment.”
_______________________

Insert Table 3 about here

(((((((((((((((((
In Table 4, the results are presented for each of the three separate parts of the day, where the only difference from one part of the day to the next is the influence of mood on the rate of change of behaviour (the remainder of the mood management system is identical to that found in Table 3).  The statistics for eigenvalues are created from a Monte Carlo simulation of the values of the model parameters using the estimated means and standard errors; one thousand draws of
(, , , ) from a relevant distribution were made to compute eigenvalues. 

_______________________

Insert Table 4 about here

(((((((((((((((((
We discuss the empirical results of the Pleasure management system in depth below, but because many of the same patterns occur for arousal, to avoid repetition we touch only briefly on the most important findings for Arousal management.

Findings on Pleasure Management

Pleasure dynamics show strong indications of homeostasis.  As can be seen in the top row of the dynamics matrix (enclosed in boxes in Table 3a), the coefficient of Pleasure as a determinant of the rate of change of Pleasure is -=-1.11 (statistically significant at p < 0.01).  The predicted negative sign indicates a homeostatic system.  If a person feels less pleased than normal, Pleasure rises.  Moreover, the more displeased the person currently is feeling the faster this correction takes place; conversely, the less displeased he or she currently is the slower the adjustment.  On the other hand, if the person is feeling more pleased than normal, Pleasure will drop toward normal equilibrium levels.  The more pleased the person is the faster the adjustment toward equilibrium.


Adding behaviour into the system, we see that the Amusement behaviours of shopping and socializing have the predicted positive impact on the rate of change of Pleasure, =+0.78 (significant at p < 0.01).  In particular, if a person was to increase the amount of Amusement behaviour engaged in, this would increase the time rate of change of Pleasure.  This is very reasonable, but it has a slightly different interpretation depending on whether Pleasure is currently rising or falling.  

To illustrate the dynamics of the Pleasure equation, suppose a person is in a very happy mood, which prompts Pleasure to revert to equilibrium levels at a time rate of –2 units of Pleasure per period (on a 9-point scale).  If she simultaneously increased her Amusement behaviour 1.0 standard deviation by going shopping, the new rate of adjustment of Pleasure would be –1.22 = -2 + 0.78*1.0.  That is, her Amusement behaviour would slow the descent of Pleasure, prolonging her happy mood state.  Alternatively, suppose that a person started out feeling very unhappy, but then due to natural homeostasis dynamics, her Pleasure is rebounding at a rate of +2 units of Pleasure per period.  If she increased her Amusement behaviour by one unit by going shopping, then the new rate of mood adjustment would be +2.78= 2+0.78*1.0, and Pleasure would rise even quicker.  Both of these adjustments of Pleasure to the same behaviour make sense, but in one case the magnitude of rate of adjustment diminishes (-2.0 ( -1.22) and in the other the magnitude increases (+2.0 ( +2.78).  This finding is consistent with the mood-management hypothesis which states that individuals try to maintain or prolong positive moods but try to repair negative ones (Isen, 1984; Larsen, 2000).  However, mood-maintenance and mood-repair behaviours are not cost-free (the parameter  without constant activity, over time mood will revert to its normal homeostatic levels.


The behaviour dynamics of Pleasure management also exhibit homeostasis, as seen in Table 3a.  A one-unit increase in Amusement behaviour slows down its rate of adjustment, 

-=-2.17.  Left by itself, Amusement behaviour exhibits stability and returns to its equilibrium level.  Without mood motivations, people shop and socialize at normal levels.  The influence of the Pleasure mood dimension on the rate of change in Amusement behaviour depends on whether it is in the morning, afternoon or evening.  It was hypothesized that an increase in Pleasure prompts Amusement behaviour to slow down (once our mood picks up, we can reduce our shopping or socializing behaviour).  Our results indicate this is true only in the morning; in the afternoon and evening, more Pleasure causes Amusement behaviour to speed up (if we’re feeling good, we engage in more shopping or socializing behaviour).


The above analysis of the system of differential equations presented in equation (3) for Pleasure mood and Amusement behaviour illustrates how the process of mood management works, and it provides some indication of how the interdependent variables of mood and behaviour interact.  However, when we hypothesized above that Amusement behaviour increased by 1.0 unit, this did not account for the fact that Amusement behaviour is endogenously determined.  When we analyze the mood-management system as a whole, we find that the eigenvalues, which represent the speed at which the system as a whole is adjusting, are approximately  –1 and –2 (they vary slightly by time of day, as seen in Table 4).  The fact that they are negative implies that the Pleasure management system exhibits strong homeostasis.  Moreover, the fact that the eigenvalues are real, not complex, indicates that the typical panellist does not have endogenous mood cycles.  In other words, our panellists are fairly talented mood managers, who engage in the “right” amount of behaviour to restore their system to its normal homeostatic level.


We also examined whether Pleasure management through Amusement behaviour shortens the typical mood “event.”  The two eigenvalues in Table 3a determine the speed of adjustment of the system as a whole, but the speed depends on the beginning deviation from equilibrium (adjustment exponentially slows as predicted by the theory of homeostasis).  To explore the Pleasure management system we set the parameter values for the system equal to those found in Table 3a and numerically solved the differential equations.  We set Dining equal to zero and then solved the differential equations with the Morning coefficients (top portion of Table 3a) using a Runge-Kutta start, an Adams-Moulton predictor-corrector continuation,
 and a step size of 0.01, starting at the equilibrium value for Pleasure (5.327 on a nine-point scale) but with Amusement behaviour 2 units higher than the equilibrium level -0.663.  Figure 3 traces the mood and behaviour of the Pleasure management system.  

_______________________

Insert figure 3 about here

(((((((((((((((((
The higher than normal Amusement behaviour increases the feeling of Pleasure initially.  The behaviour diminishes over time, but at a measured pace (the systems wants to maintain feelings of pleasure).  When Amusement behaviour has fallen enough, the natural tendency to return to equilibrium slows and stops the increase in Pleasure (see point A in Figure 3).  In our example, the peak in Pleasure occurs after 3.7 hours.  From this point forward feelings of Pleasure slowly return to the normal equilibrium level because Amusement behaviour remains slightly higher than equilibrium.  Specifically, it would take an additional 6.4 hours to return half way from the peak Pleasure to equilibrium (see point B in Figure 3).  

Does the mood management process extend the feelings of Pleasure?  Suppose that at the point that peak Pleasure was reached, an intervention in Amusement behaviour occurred that immediately returned behaviour to its normal equilibrium level and prevented it from adjusting.  This would cause the decline in feelings of Pleasure to decay rapidly because they were not supported by behavioural adjustments.  The resulting time it takes to return half way from the peak Pleasure to equilibrium is a mere 3.8 hours (compared to the above 6.4 hours).  In summary, active mood management permits the individual to build to a peak feeling of pleasure over several hours and to retain the positive mood for almost twice as long when mood-managing behavioural adjustments do not occur.  
The numerical values in Table 3 depend on the units of measurement of the variables, but in Table 5 these have been translated into elasticities to provide a unit-free description of the size of the effects.  As above, we assume mood begins at its normal equilibrium level but that behaviour is two units higher than equilibrium; mood swings away from equilibrium, but it eventually returns.  When it is half way back (point B of Figure 3), we make a theoretical intervention that increases mood or behaviour by 1%.  The entries in Table 5 indicate the percentage by which the dynamic mood-management process speeds up or slows down.  
For example, if Amusement behaviour exogenously increases by 1%, this slows down the fall in Pleasure mood by 0.8% but speeds up the rate of decline in Amusement behaviour by 3.7%.  Similarly, an exogenous change in Pleasure of +1% increases the speed of Pleasure adjustment by 35%, since the change moves Pleasure farther from the normal level and the homeostatic system works to re-establish equilibrium.  This exogenous increase in Pleasure speeds up the falling Amusement behaviour by 9.9% since there is diminished need to support pleasurable activities.
_______________________

Insert Table 5 about here

(((((((((((((((((
Findings on Arousal Management

We only briefly discuss the Arousal mood-management system because many of the issues are identical.  Like pleasure dynamics, arousal dynamics also show strong indications of homeostasis.  The top row of the arousal dynamics matrix (enclosed in boxes in Table 3b) indicates that the coefficient of Arousal as a determinant of the rate of change of Arousal is -=
-1.26 (statistically significant at p < .01).  This means that a person who is more excited than normal naturally calms down over time.  The negative eigenvalues in Table 3b indicate the strong homeostasis of the Arousal management system and that the equilibrium is stable.  There is no evidence of endogenous mood cycles.  

Using the estimated coefficients for the Morning Arousal management system, the numerical solution of the differential equations was calculated starting two units above the equilibrium Relaxation behaviour (as was done above for the Pleasure-Amusement system).  The greater than normal relaxing behaviours calm the person so Arousal levels fall initially, and Relaxation behaviours reduce toward equilibrium levels.   Eventually, when Relaxation behaviours (watching television and listening to music) have returned to near equilibrium, the drop in Arousal slows to a stop, and Arousal rebuilds toward its equilibrium level.  The time it takes the mood system to reach peak calmness is 3.1 hours.  The Arousal-Relaxation system cannot sustain this level of calm, and in 5.3 hours Arousal has returned halfway to its equilibrium level.  
Does the mood management process extend the feelings of calm?  Suppose that when peak calm was reached, an intervention in Relaxation behaviours occurred that reduced them to equilibrium.  This would cause the growth in Arousal to speed up and, as a result, the time it takes to return halfway from the peak calmness to equilibrium is a mere 3.1 hours.

Comparing the two mood dimensions, the half-life of Pleasure management (6.4 hours) is 21% longer than Arousal management (5.3 hours).  This is consistent with the eigenvalues of the Arousal system which are slightly more negative than those of the Pleasure system.  Unhappiness drags on, but excitement disappears more rapidly.

Comparison of Estimates with Predicted Signs


The critical prediction of the homeostatic mood-management system is that the eigenvalues given in equation (5) have negative real parts.  We found this to be true for all estimated models.  Moreover, we found no indication that the mood-management system resulted in endogenous mood cycles.  The mood dynamics system may overshoot equilibrium once, but then it steadily converges to equilibrium levels of mood and behaviour.

How do the theoretical predictions compare with the empirical findings?  All the signs are in the predicted direction for , , and .  All are statistically significant.  The predicted values of  are supported roughly half the time, but afternoon behaviour is distinctly different than predicted.  Dining’s influence on mood adjustment was insignificant.

DISCUSSION

This paper presents the first fully dynamic modelling of both mood and mood-managing behaviour in a naturally occurring setting.  Our goal in designing and implementing this research was to move past conceptual models of mood management and further an empirical understanding of the process of mood management.

The challenge addressed was to simultaneously model the psychological reaction of mood to behaviours, but also to recognize and measure the relationship between mood and the activities chosen specifically to manage the mood.  Our basic theory was that the mood-management system of interlinked, dual causation, mood and behaviour followed a homeostatic dynamic path.  Since moods are transient feeling states by definition, we modelled the adjustment of moods as occurring continuously over time.  This operationalization of mood dynamics presented difficulties because mood and mood-managing behaviours can at best be measured only intermittently.  We solved this dilemma by using continuous-time differential equations in our model, and estimating cumulative mood and behaviour using a double-trapezoidal approximation.  Through a two-stage least-squares estimation procedure, we were able to estimate the interdependent effects of mood and behaviour, and the time-path of mood and behaviour to equilibrium.  With our model, we were able to explain about one-third of the period-to-period changes in individuals’ moods and behaviours.  The findings strongly supported the principle of homeostasis as the dynamic process underlying the mood-management system.

Our continuous time model is superior to discrete time models in several ways.  Mood is a phenomenon that changes over time and that continually interacts with other dynamic aspects of the psychological system and the environment (Parkinson et al., 1996).  Our model is a more authentic representation of mood and mood-management dynamics; it provides information about the system at all times (rather than at discrete points in time), and it can demonstrate the expected effects of a parameter or input value change to the system.   
Our data provide fifteen observations per participant and yet the model has fourteen parameters.  For this reason, we pooled the observations of participants.  This is a serious limitation, because there could be unobserved heterogeneity within this pool.  The presence of unobserved heterogeneity is common and yet many scholars do not seem recognize the degree to which it can mask some effects and manufacture others (Hutchinson, Kamakura, & Lynch, 2000). There is an important debate about the relative merits of discrete and continuous representations of heterogeneity (Andrews, Ainslie, & Currim, 2002).  One approach might be to take out each individual's mean from the mood and behaviour, which would allow the “equilibrium” to vary by individual but impose homogeneity on the rates of change.  We have partially accounted for heterogeneity in our gender study (Appendix A), where pooling is done only across participants of the same gender (so that all the parameters vary by gender).
While our study was of adults over a five day period in a natural setting, future experimentally oriented researchers might want to explore specific implications of the model in a more controlled environment.   The challenge is how to study the entire mood-behaviour dynamics as a unified system, like the two interlinked equations (1) and (2).  The experiment could manipulate the starting levels of either mood or behaviour and then allow the mood management system to evolve.   The experimentalist must allow choice of behaviours, perhaps limited in scope to prevent confounds, and must observe both changes in behaviour and mood repeatedly (since at minimum six parameters are needed to define the system).  While this may be difficult, it would allow the researcher to isolate the dynamic effects of specific behaviours on specific moods as well as the effects of specific mood changes on behaviour.  


The substantive findings of this research include the determination that the full mood-management system (mood and behaviour) is very stable, as predicted by homeostasis.  Even without behavioural adjustments, mood is inherently stable.  There is no indication of long endogenous mood cycles created by people’s efforts to manage moods.  
In addition, the arousal dimension of mood returns more rapidly to equilibrium levels than does the pleasure dimension of mood.  The management of relaxing behaviours (watching TV and listening to music) speeds up the return of arousal to equilibrium levels to a greater degree than the management of amusement behaviours (shopping and socializing) speeds up the return of pleasure to equilibrium levels.  Further, mood management is somewhat slower in the afternoon and evening than in the morning.  Finally, individually-oriented behaviour (watching TV, listening to music) is more powerful and homeostatic than socially-oriented behaviour (shopping, socializing) in managing mood.

These findings have several implications for mood researchers.  Our results suggest that experimental designs that induce moods need to account for the differential effects of stimuli that create pleasurable feelings and arousing feelings.  The longer-lasting mood effects of pleasure may impact upon dependent measures.  Further, time-of-day effects may impact upon experimental results and researchers may want to treat time-of-day as a blocking variable when they manipulate mood.  That individually-oriented behaviour (independent activities such as watching TV and listening to music) is more effective than socially-oriented behaviour (interdependent activities such as shopping and socializing) has implications for cross-cultural researchers who explore the differences between individualist and collectivist persons. 
Appendix A:
Segmentation Study of Mood Management Dynamics of Males and Females

There is a common belief that women are more emotional than men and psychological studies do indicate that women are more prone than men to depression and depressive moods (see, e.g., Boyd & Weissman, 1981; Weissman & Klerman, 1977).  However, Ingram and his colleagues (1988) suggest that gender differences in depressive moods may not necessarily be due to differences in the experience of depressive feelings but rather to differences in reporting those feelings and self-presentational strategies (see Deaux, 1977, 1984).  Moreover, studies have shown that men have greater physiological reactivity to stress than do women (Gottman & Levenson, 1988).  Overall, the findings suggest that it is unlikely that women are more emotional than men, which we would interpret technically as indicating that the mood system is not more homeostatic for men than for women. 

 
To test whether males and females have identical mood management systems, we interacted the gender dummy variable with all the variables in the model (both X and X(GENDER are explanatory variables).  If the R2 of the second stage regression increases significantly (as measured by a traditional F-statistic) when the interaction variables are added, then the males and females have different mood dynamics.  As seen in comparing Table 6 to Table 7, the R2 for pleasure does improve when coefficients are allowed to vary by gender.  For Pleasure, for example, the R2 goes from 0.32 to 0.36, when 4 interaction terms are added; the computed F-statistic is 20.5 and F-critical for 4 and 1162 degrees of freedom is 2.37, so gender is statistically significant in explaining Pleasure.  This is also true for Amusement (F=8.6), Arousal (F=8.1) and Relaxation (F=4.1).

We therefore estimated the mood dynamics equations using Gender as an interaction variable.  However, there are only 29 males in the sample (64 females) so it is difficult to achieve statistical significance for all coefficients.  Specifically, in the Behaviour equations we have time-of-day moderators of the Mood: both MOOD and MOOD(AFTERNOON and MOOD(EVENING.  If we add complete gender interactions, then we will also have the two-way interactions, MOOD( AFTERNOON(GENDER and MOOD(EVENING(GENDER.  The consequence of trying to estimate so many coefficients with so few panellists is that standard errors are inflated.  As a result, we have done the following moderator variable regressions.  For the mood dynamics equations for Pleasure and Arousal, we have allowed all coefficients to vary by gender.  For the Behaviour equations we have allowed the intercept and Behaviour coefficients to vary by gender but the Mood coefficient only varies by time-of-day.  See Tables 6-9.

[Tables 6-9 here]

How are the two genders different in mood management? 

a. The smaller of the two eigenvalues of the mood dynamics matrix defines the underlying speed of adjustment of the mood system as a whole.  Roughly speaking, we find that males have a less homeostatic Pleasure management system than females (minimum eigenvalue -0.64 versus -1.54 in morning) but more homeostatic Arousal management system (minimum eigenvalue -2.32 versus -0.89 in morning).  When a woman’s pleasure is pushed above or below its equilibrium level by outside events, she will naturally adjust mood and Amusement behaviours (shopping and socializing) to return more quickly than a man to the equilibrium level of Pleasure.  On the other hand, if a man is excited or bored by outside events, he adjusts mood and Relaxation behaviours (watching TV or listening to music) to return quickly to equilibrium.  These differences are statistically significant at the 5% level.

b. Men’s mood adjustments are more responsive to behaviour than are women’s.  Specifically, the coefficient  of behaviour on rate of change of mood is smaller in magnitude for both Pleasure and Arousal although the difference is not statistically significant for Arousal.  The difference is statistically significant for Pleasure at the 1% level.  

Appendix B: 
Specification of Models of Pleasure and Arousal

Because a variety of behaviours are available to help consumers manage pleasure and arousal, we must make specification decisions about which behaviours to include or exclude in the model of each mood dimension. Consumers may aggregate activities based on their “affective benefits” or similarity of impact on mood.  For example, watching television or listening to music may have comparable influences on arousal, and act as substitutes for each other on other non-mood related wants. Previous researchers (Morris & Reilly, 1987; Thayer et al., 1994; and Zillmann, 1988) suggested particular groupings of behaviours that influence a mood dimension based on consumer self-report or factor analyses of behavioural data.  

Rather than relying exclusively on this prior research, our classification of an activity as an Amusement (focused on Pleasure mood management) or Relaxation (focused on Arousal mood management) behaviour is based upon a preliminary survey.  We asked 220 students to evaluate how a variety of activities make them feel on a 9-point scale of unhappy-happy (pleasure) and relaxed-excited (arousal).  Based on previous research mentioned above, our research focused on five aggregate activities (shop, socialize, watch TV, listen to music, and eat out) corresponding to 19 of the items in this survey as seen in Table 10.

[Table 10 here]

Figure 4 below displays respondents’ beliefs concerning how these activities influence their mood dimensions of arousal and pleasure.  The activities Shop and Socialize are more pleasing than the average pleasure provided by each of the other items in the survey but they are not significantly different than the average arousal of all other items at the 1% confidence level.  The activities Music and TV are significantly less arousing (that is, more calming) than the other behaviours but not more pleasing at the 1% level.  

[Figure 4 here]

As a result of these survey results, we created two behaviour category variables from the activities measured in our consumer panel survey: Amusement and Relaxation.  Amusement consists of shopping or socializing with others and is included only in the Pleasure model.  Relaxation consists of watching television or listening to music and is included only in the Arousal model.  Eating out (dining) influences both mood dimensions according to our data, but as indicated in our paper, the activity of dining is as likely driven by non-mood factors such as time of day, or business and family circumstances as it is driven by mood so it is treated as an independent covariate for both Pleasure and Arousal, but not incorporated in the endogenous Amusement and Relaxation behaviours.

We used sex, household size, moods and behaviours lagged one period and interacted with sex, dining and dining interacted with sex, and moods lagged two periods as instrumental variables in 2SLS because there are likely to correlate with our dependent variables (the change in mood or behaviour) but not with the current period’s errors.
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Table 1:  General Description of Panellists
	Entire Sample (N=93: 1395 total observations)

	Age
	Mean
	38.9 
	Occupation
	Managerial
	20.4%

	(years)
	Range
	21-73
	
	Professional
	37.6%

	
	
	
	
	Non-manual skilled
	19.4%

	Sex
	Male
	31 %
	
	Manual skilled
	6.5%

	
	Female
	69 %
	
	Partly- or unskilled
	1.1%

	
	
	
	
	Unemployed
	6.5%

	Marital Status
	Single or Divorced
	41.9 %
	
	Other
	8.6%

	
	Married
	58.1 %
	
	
	

	
	
	
	Education
	Some high school
	1.1%

	Income
	Under $15,000
	5.4%
	
	High school
	10.8%

	
	$15,000-$24,999
	7.5%
	
	Some college
	21.5%

	
	$25.000-$49,999
	28.0%
	
	Undergraduate degree
	39.8%

	
	$50,000-$74,999
	19.4%
	
	Graduate degree
	23.7%

	
	$75,000-$99,999
	14.0%
	
	Ph.D.
	3.2%

	
	$100,000 & above
	25.8%
	
	
	

	
	
	
	
	
	

	Household Size
	Mean
	2.3
	
	
	

	
	Range
	1-5
	
	
	


Table 2: Behaviour Classification System

	Category
	Variables
	Measures

	Amusement
	
	Item 1
	Item 2
	Item 3

	
	Shop
	Time
	Number items
	Dollars spent

	
	Socialize with others
	Time
	Private-Public*
	Number people

	Relaxation
	
	
	
	

	
	Watch TV
	Time
	Involvement*
	Subject matter*

	
	Listen to music
	Time
	Tempo*(r)
	Variety*

	
	
	
	
	

	Dining
	Eat out
	Time
	Quality*
	Dollars spent


* Measured on a 7-point scale where 7 indicates higher or more seriously engaging level/value.

(r) indicates reverse-coded item.

Table 3 

Two Stage Least Squares Estimates (t-statistics)

a. Pleasure Management in Morning

	Derivatives of Mood/

Behaviour
	Variables 
	
	
	

	
	
	
	
	

	
	Pleasure

Mood
	Amusement

Behaviour a
	Dining
	Intercept
	R2   c

	
[image: image40.wmf]Pleasure

dt

d


	-1.11***

(-14.72)
	0.78***
(3.80)
	-.07

(-1.36)
	6.43***
(14.48)
	0.30

	
[image: image41.wmf]Amusement

dt

d


	-0.18**, b 
(2.58)
	-2.17***
(-16.21)
	
	-0.48

(-1.21)
	0.36


	Eigenvalues d
	-1.29***
	-1.98***
	

	
	(-8.43)
	(-9.57)
	


.b. Arousal Management in Morning
	Derivatives of Mood/

Behaviour
	Variables 
	
	
	

	
	
	
	
	

	
	Arousal

Mood
	Relaxation

Behaviourb 
	Dining
	Intercept
	R2   c

	
[image: image42.wmf]Arousal

dt

d


	-1.26***

(-13.60)
	-1.29***
(-6.19)
	-.02

(-0.32)
	6.32***
(13.08)
	0.35

	
[image: image43.wmf]laxation

Re

dt

d


	0.20**, b
(2.40)
	-2.69***
(-16.92)
	
	-0.10

(-0.27)
	0.39


	Eigenvalues d
	-1.51***
	-2.44***
	

	
	(-7.86)
	(-9.75)
	


* Significant at 10%,   ** Significant at 5%,  *** Significant at 1%,
N=1170

a Amusement behaviours are shopping and socializing.

b The coefficient for the Morning.  This coefficient varies by time-of-day as seen in Table 4.

c R2 is calculated as SSR/(SSR+SSE) with both regression and error sum of squares calculated using the estimated coefficients and the actual values of explanatory variables.
d Solutions are linear combinations of expat), where a is an eigenvalue of the dynamics matrix (found in the box).  Statistics for a were computed using a Monte Carlo simulation of 1000 values of the dynamics matrix drawn from a distribution with its estimated mean and standard error.

e Relaxation behaviours are watching television and listening to music.

Table 4

Two Stage Least Squares Estimates (t-statistics)a

a. Amusement Dynamics by Time-of-Day
	Derivatives of Behaviour

[image: image44.wmf]Amusement

dt

d


	Variables
	
	

	
	Pleasure

Mood
	Amusement

Behaviour b
	Eigenvalues c

	Morning
	-0.18** †
(2.58)
	-2.17***
(-16.21)
	-1.29***
	-1.98***

	
	
	
	(-8.43)
	(-9.57)

	Afternoon
	0.15** †
(2.02)
	“
	-1.01***
	-2.26***

	
	
	
	(-11.15)
	(-16.99)

	Evening
	0.27*** †
(3.62)
	“
	-0.94***
	-2.33***

	
	
	
	(-10.48)
	(-17.63)


b. Relaxation Dynamics by Time-of-Day
	Derivatives of Behaviour

[image: image45.wmf]laxation

Re

dt

d


	Variables
	
	

	
	Arousal

Mood
	Relaxation

Behaviour d
	Eigenvalues c

	Morning
	0.20** ††
(2.40)
	-2.69***
(-16.92)
	-1.51***
	-2.44***

	
	
	
	(-7.86)
	(-9.75)

	Afternoon
	-0.39*** †
(-4.76)
	“
	-0.97***
	-2.98***

	
	
	
	(-9.17)
	(-19.65)

	Evening
	0.13* ††
(1.75)
	“
	-1.40***
	-2.55**

	
	
	
	(-9.82)
	(-12.41)


* Significant at 10%,   ** Significant at 5%,  *** Significant at 1%,
N=1170

† The coefficient for this time-of-day is different from the coefficients at other times at 1%.

†† Morning and evening coefficients are not different statistically, but are different from the afternoon coefficient at 1%.

a The remainder of the mood-management statistics are identical to those of Table 3.

b Amusement behaviours are shopping and socializing.

c Solutions are linear combinations of expat), where a is an eigenvalue of the dynamics matrix

(found in the box).  Statistics for a were computed using a Monte Carlo simulation of 1000 values

 of the dynamics matrix drawn from a distribution with its estimated mean and standard error.

d Relaxation behaviours are watching television and listening to music.
Table 5: 
Elasticities of Mood Management Speed
	
	Exogenous 1% Increase in Mood
	Exogenous 1% Increase in Behaviour

	
	
	

	a.  Pleasure Management
	Pleasure Mood
	Amusement Behaviour

	Speed of Pleasure Change
	-35.5
	+0.8

	Speed of Amusement Change
	-9.9
	-3.7

	
	
	

	b.  Arousal Management
	Arousal Mood
	Relaxation Behaviour

	Speed of Arousal Change
	-20.0
	-1.5

	Speed of Relaxation Change
	+8.6
	-8.6


Note: These elasticities are based on calculations when mood has moved half way from its peak level toward equilibrium after behaviour began 2 units above equilibrium in the morning (see Table 3). 
Interpretation:  If an intervention in the mood management process occurred so there was an exogenous increase of 1% in one variable, the entry in the table tells the resulting percentage change in the speed of adjustment.  For a process below equilibrium and increasing, a positive entry implies that the process accelerates and a negative entry that it slows.  On the other hand, for a process above equilibrium and decreasing, a positive entry implies that the process slows and a negative entry that it accelerates.
Table 6: Pleasure Management by Time of Day
Two Stage Least Squares Estimates of Pooled Genders (t-statistics)

	Morning

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-1.29***
	-1.98***

	
	
	
	
	(-8.43)
	(-9.57)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image46.wmf]Pleasure

dt

d


	-1.11***

(-14.72)
	0.78***
(3.80)
	-.07

(-1.36)
	6.43***
(14.48)
	0.32
	0.32

	
[image: image47.wmf]Amusement

dt

d


	-0.18**
(2.58)
	-2.17***
(-16.21)
	
	-0.48

(-1.21)
	0.50
	0.50


	Afternoon 

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-1.01***
	-2.26***

	
	
	
	
	(-11.15)
	(-16.99)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image48.wmf]Pleasure

dt

d


	-1.11***

(-14.72)
	0.78***
(3.80)
	-.07

(-1.36)
	6.43***
(14.48)
	0.32
	0.32

	
[image: image49.wmf]Amusement

dt

d


	0.15**
(2.02)
	-2.17***
(-16.21)
	
	-0.48

(-1.21)
	0.50
	0.50


	Evening

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-0.94***
	-2.33***

	
	
	
	
	(-10.48)
	(-17.63)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image50.wmf]Pleasure

dt

d


	-1.11***

(-14.72)
	0.78***
(3.80)
	-.07

(-1.36)
	6.43***
(14.48)
	0.32
	0.32

	
[image: image51.wmf]Amusement

dt

d


	0.27***
(3.62)
	-2.17***
(-16.21)
	
	-0.48

(-1.21)
	0.50
	0.50


* Significant at 10%,    ** Significant at 5%,  *** Significant at 1%,
N=1170

a Solutions are linear combinations exp(at), where a is an eigenvalue of the dynamics matrix

(found in the box).  Statistics for a were computed using a Monte Carlo simulation of 1000 values

 of the dynamics matrix drawn from a distribution with its estimated mean and standard error.

b Amusement behaviours are shopping and socializing.
c R2 is from the second stage regression with predicted endogenous values.

Table 7.a: Pleasure Management by Time of Day
Two Stage Least Squares Estimates for Females (t-statistics)

	Morning

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-1.54***
	-2.17***

	
	
	
	
	(-4.09)
	(-10.20)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image52.wmf]Pleasure

dt

d


	-1.63***

(-3.95)
	-0.17
(-0.38)
	0.07
(0.68)
	9.48***
(3.95)
	0.36
	0.36

	
[image: image53.wmf]Amusement

dt

d


	-0.18**
(-2.48)
	-2.08***
(-13.21)
	
	-0.51
(-1.24)
	0.50
	0.50


	Afternoon 

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-1.61***
	-2.07***

	
	
	
	
	(-4.27)
	(-10.62)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image54.wmf]Pleasure

dt

d


	-1.63***

(-3.95)
	-0.17
(-0.38)
	0.07
(0.68)
	9.48***
(3.95)
	0.36
	0.36

	
[image: image55.wmf]Amusement

dt

d


	0.15**
(2.07)
	-2.08***
(-13.21)
	
	-0.51
(-1.24)
	0.50
	0.50


	Evening

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-1.62***
	-2.10***

	
	
	
	
	(-4.33)
	(-9.49)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image56.wmf]Pleasure

dt

d


	-1.63***

(-3.95)
	-0.17
(-0.38)
	0.07
(0.68)
	9.48***
(3.95)
	0.36
	0.36

	
[image: image57.wmf]Amusement

dt

d


	0.27***
(3.66)
	-2.08***
(-13.21)
	
	-0.51
(-1.24)
	0.50
	0.50


* Significant at 10%,    ** Significant at 5%,  *** Significant at 1%,
N=805

a Solutions are linear combinations of exp(at), where a is an eigenvalue of the dynamics matrix

(found in the box).  Statistics for a were computed using a Monte Carlo simulation of 1000 values

 of the dynamics matrix drawn from a distribution with its estimated mean and standard error.

b Amusement behaviours are shopping and socializing.
c R2 is from the second stage regression with gender interactions with all variables.

Table 7.b: Pleasure Management by Time of Day
Two Stage Least Squares Estimates for Males (t-statistics)

	Morning

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-0.64
	-2.01***

	
	
	
	
	(-0.74)
	(-5.74)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image58.wmf]Pleasure

dt

d


	-0.21
(-0.29)
	3.50***
(4.06)
	-0.43***
(-2.72)
	1.28
(0.31)
	0.36
	0.36

	
[image: image59.wmf]Amusement

dt

d


	-0.18**
(-2.48)
	-2.39***
(-9.66)
	
	-0.52
(-1.21)
	0.51
	0.51


	Afternoon 

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	0.01
	-2.63***

	
	
	
	
	(0.02)
	(-10.01)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image60.wmf]Pleasure

dt

d


	-0.21
(-0.29)
	3.50***
(4.06)
	-0.43***
(-2.72)
	1.28
(0.31)
	0.36
	0.36

	
[image: image61.wmf]Amusement

dt

d


	0.15**
(2.07)
	-2.39***
(-9.66)
	
	-0.52
(-1.21)
	0.51
	0.51


	Evening

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	0.16
	-2.77***

	
	
	
	
	(0.25)
	(-10.50)

	
	Pleasure

Mood
	Amusement

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image62.wmf]Pleasure

dt

d


	-0.21
(-0.29)
	3.50***
(4.06)
	-0.43***
(-2.72)
	1.28
(0.31)
	0.36
	0.36

	
[image: image63.wmf]Amusement

dt

d


	0.27***
(3.66)
	-2.39***
(-9.66)
	
	-0.52
(-1.21)
	0.51
	0.51


* Significant at 10%,    ** Significant at 5%,  *** Significant at 1%,
N=365

a Solutions are linear combinations of expat), where a is an eigenvalue of the dynamics matrix

(found in the box).  Statistics for a were computed using a Monte Carlo simulation of 1000 values

 of the dynamics matrix drawn from a distribution with its estimated mean and standard error.

b Amusement behaviours are shopping and socializing.

c R2 is from the second stage regression with gender interactions with all variables.

Table 8: Arousal Management by Time of Day

Two Stage Least Squares Estimates of Pooled Genders (t-statistics)
	Morning

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-1.51***
	-2.44***

	
	
	
	
	(-7.86)
	(-9.75)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image64.wmf]Arousal

dt

d


	-1.26***

(-13.60)
	-1.29***
(-6.19)
	-.02

(-0.32)
	6.32***
(13.08)
	0.37
	0.37

	
[image: image65.wmf]laxation

Re

dt

d


	0.20**
(2.40)
	-2.69***
(-16.92)
	
	-0.10

(-0.27)
	0.62
	0.62


	Afternoon 

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-0.97***
	-2.98***

	
	
	
	
	(-9.17)
	(-19.65)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image66.wmf]Arousal

dt

d


	-1.26***

(-13.60)
	-1.29***
(-6.19)
	-.02

(-0.32)
	6.32***
(13.08)
	0.37
	0.37

	
[image: image67.wmf]laxation

Re

dt

d


	-0.39***
(-4.76)
	-2.69*** 

(-16.92)
	
	-0.10

(-0.27)
	0.62
	0.62


	Evening

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-1.40***
	-2.55**

	
	
	
	
	(-9.82)
	(-12.41)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image68.wmf]Arousal

dt

d


	-1.26***

(-13.60)
	-1.29***
(-6.19)
	-.02

(-0.32)
	6.32***
(13.08)
	0.37
	0.37

	
[image: image69.wmf]laxation

Re

dt

d


	0.13*
(1.75)
	-2.69***
(-16.92)
	
	-0.10

(-0.27)
	0.62
	0.62


* Significant at 10%,   ** Significant at 5%,  *** Significant at 1%,
N=1170

a Solutions are linear combinations of expat), where a is an eigenvalue of the dynamics matrix

(found in the box).  Statistics for a were computed using a Monte Carlo simulation of 1000 values

 of the dynamics matrix drawn from a distribution with its estimated mean and standard error.

b Relaxation behaviours are watching television and listening to music.

c R2 is from the second stage regression with predicted endogenous values.

Table 9.a: Arousal Management by Time of Day

Two Stage Least Squares Estimates for Females (t-statistics)
	Morning

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-0.89**
	-2.66***

	
	
	
	
	(-1.91)
	(-11.39)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image70.wmf]Arousal

dt

d


	-0.79*

(-1.87)
	-0.98**
(-2.43)
	-.05

(-0.69)
	3.86*
(1.82)
	0.39
	0.39

	
[image: image71.wmf]laxation

Re

dt

d


	0.19**
(2.31)
	-2.78***
(-13.96)
	
	-0.10

(-0.25)
	0.63
	0.63


	Afternoon 

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-0.61
	-2.96

	
	
	
	
	(-1.53)
	(-14.43)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2

	
[image: image72.wmf]Arousal

dt

d


	-0.79*

(-1.87)
	-0.98**
(-2.43)
	-.05

(-0.69)
	3.86*
(1.82)
	0.39
	0.39

	
[image: image73.wmf]laxation

Re

dt

d


	-0.39***
(-4.76)
	-2.78***
(-13.96)
	
	-0.10

(-0.25)
	0.63
	0.63


	Evening

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-0.86**
	-2.72***

	
	
	
	
	(-1.97)
	(-13.17)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2
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	-0.79*

(-1.87)
	-0.98**
(-2.43)
	-.05

(-0.69)
	3.86*
(1.82)
	0.39
	0.39
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	0.12*
(1.67)
	-2.78***
(-13.96)
	
	-0.10

(-0.25)
	0.63
	0.63


* Significant at 10%,   ** Significant at 5%,  *** Significant at 1%,
N=805

a Solutions are linear combinations of expat), where a is an eigenvalue of the dynamics matrix

(found in the box).  Statistics for a were computed using a Monte Carlo simulation of 1000 values

 of the dynamics matrix drawn from a distribution with its estimated mean and standard error.

b Relaxation behaviours are watching television and listening to music.

c R2 is from the second stage regression with gender interactions with all variables.

Table 9.b: Arousal Management by Time of Day

Two Stage Least Squares Estimates for Males (t-statistics)
	Morning

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-2.32***
	-2.61***

	
	
	
	
	(-4.01)
	(-5.13)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2
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dt

d


	-2.42**

(-2.51)
	-1.94***
(-3.32)
	0.14

(1.47)
	12.72**
(2.49)
	0.39
	0.39
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	0.19**
(2.31)
	-2.52***
(-9.76)
	
	-0.06

(-0.14)
	0.63
	0.63


	Afternoon 

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-1.48***
	-3.42***

	
	
	
	
	(-2.69)
	(-6.94)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2
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dt

d


	-2.42**

(-2.51)
	-1.94***
(-3.32)
	-.02

(-0.32)
	6.32***
(13.08)
	0.39
	0.39
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	-0.39***
(-4.76)
	-2.52***
(-9.76)
	
	-0.06

(-0.14)
	0.63
	0.63


	Evening

Derivatives of Mood Dimensions
	Variables 
	
	Eigenvaluesa
	-2.25***
	-2.70***

	
	
	
	
	(-3.79)
	(-4.91)

	
	Arousal

Mood
	Relaxation

Behaviour b
	Dining
	Intercept
	R2   c
	Adjusted R2
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	-2.42**

(-2.51)
	-1.94***
(-3.32)
	-.02

(-0.32)
	6.32***
(13.08)
	0.39
	0.39
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	0.12*
(1.67)
	-2.52***
(-9.76)
	
	-0.06

(-0.14)
	0.63
	0.63


* Significant at 10%,   ** Significant at 5%,  *** Significant at 1%,
N=365

a Solutions are linear combinations of expat), where a is an eigenvalue of the dynamics matrix

(found in the box).  Statistics for a were computed using a Monte Carlo simulation of 1000 values

 of the dynamics matrix drawn from a distribution with its estimated mean and standard error.

b Relaxation behaviours are watching television and listening to music.

c R2 is from the second stage regression with gender interactions with all variables.
Table 10: Behaviour Items on Preliminary Survey

	
	Go shopping alone

	
	Buy a new CD or cassette

	Shop
	Buy new clothes

	
	Go shopping with friends

	
	Browse in a book store

	
	Go out with friend

	Socialize
	Invite friends over for dinner

	
	Phone a friend or relative

	
	Visit a friend

	
	Rent a scary movie

	
	Watch an action drama on TV

	Watch TV or
	Watch the news on TV

	Video
	Watch a nature documentary on TV

	
	Watch a romantic movie

	
	Watch a situation comedy on TV

	Listen to
	Listen to sad songs

	Music
	Play music on the stereo really loud

	
	Listen to relaxing music

	Eat Out
	Eat at a favourite restaurant
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� It should be noted that although in some circumstances pleasure and arousal have common causes and hence are correlated, they do not have a direct causal link and have been found to be independent dimensions of mood (Diener & Emmons, 1984; Green & Salovey, 1999; Russell et al., 1989).  As a result, Pleasure and Arousal are treated as independent constructs in our model and are not linked through the differential equations.  


� Of course, watching television or listening to music can be either stimulating or relaxing depending on the genre of the material.  An action-adventure show produces a different affective response than a nature documentary (Zillmann, 1988).  We accounted for this in our three-item activity measures by measuring the type of entertainment chosen, and coding the Relaxing behaviors so that higher values represent more engaging, relaxing fare.  Music tempo was reverse coded for this reason.


� Bergstrom (1993) shows trapezoidal approximations to be order of magnitude superior to rectangular ones.


� A study of sex differences in mood management among our panellists is summarized in Appendix A.


�  The instruments in two-stage least-squares regression consisted of sex, household size, moods and behaviours lagged one period and interacted with sex, dining and dining interacted with sex, and moods lagged two periods.  Other details of the regression specification are given in Appendix B.


� Specifically, we used cumulative mood, cumulative mood*Afternoon, and cumulative mood*Evening in one specification.  The coefficient and standard error of cumulative mood is then the impact of cumulative mood in the Morning (setting Afternoon and Evening dummy variables equal to zero eliminates these other coefficients).  The equation was then re-estimated with Morning and Evening/Morning and Afternoon dummies to measure the influence of mood in the Afternoon and the Evening, respectively.  


� See Carnahan, Luther, & Wilkes (1969).
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