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Introduction n 

I tt is common practice in psychological research to consider large representative sam-
ples.. The reason for this is a concern with the generality of the results: The aim is 
too generalize the results beyond the sample that was studied, to the population from 
whichh the sample was taken. However, it has been pointed out that the results ob-
tainedd in such samples are not necessarily informative if one is interested in psycholog-
icall  processes that operate within individuals (Baldwin, 1946; Cattell, 1966; Epstein, 
1994;; Galtung, 1967; Skinner, 1938). Psychological processes such as information pro-
cessing,, learning, coping, emotions, and cognitions imply change or variability at the 
levell  of the individual (Lamiell, 1997). To study such intraindividual phenomena, to 
determinee the nature and the possible generality of them, one needs other techniques 
thann the standard large sample techniques. One such alternative is t ime series analysis, 
whichh is the topic of this thesis. The application of t ime series analysis in psychology 
iss based on viewing the individual as a stochastic system that varies over t ime accord-
ingg to specific probabilistic laws (Chassan. 1959). In this view, t ime series analysis 
iss a technique that allows one to uncover the laws that determine the structure of 
intraindividuall  variability. This makes t ime series analysis a potentially powerful tool 
inn studying the nature of psychological processes. But despite this apparent appeal 
off  t ime series analysis for (some branches of) psychological research, the number of 
applicationss is relatively small. 

Thee purpose of this chapter is to provide a brief historical account of how the large 
samplee approach became dominant in psychological research, and to indicate in what 
sensee this approach is limited. In the first section, the beginnings of psychology as an 
empiricall  science are traced. Three psychological movements can be distinguished that 
coexistedd at the end of the nineteenth century and each is characterized by its own 
subjectt mat ter and methods of research. In the second section, it is explained why the 
researchh methods based on large samples became dominant during the first decades of 
thee twentieth century, resulting in a scientific psychology that is primarily concerned 
wit hh the investigation of the distribution of variables in the population. In the third 
sectionn the limitations of this so-called interindividual approach are discussed. It is 
explainedd that these limitations follow naturally from the specific purpose that these 
techniquess were designed to serve. In the fourth section, it is argued that t ime series 
analysiss overcomes the limitations associated with the standard approach. In addit ion 
i tt is indicated how time series analysis has been applied in psychological research and 
severall  unresolved issues that arise from these applications are discussed. The outline 
off  the remainder of this thesis is presented at the end of this chapter. 
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1.11 Psycho logy in search of its subject 

Inn most accounts of the history of psychology, the foundation of the first psychological 
laboratoryy by Wilhelm Wundt in 1879 in Leipzig is identified as the beginning of 
psychologyy as an empirical science. However. Danziger (1990) identifies two other 
contemporaryy movements that had a major impact on the establishment of psychology 
ass a separate science. In comparing these three movements. Danziger (1990) focuses 
primari lyy on what was considered to const i tute the subject of psychology in each of 
thesee movements. In this section it is argued, along the same lines as Danziger, that 
alll  three movements had their own subject of psychological research, and that, as a 
result,, these movements are characterized by different ideas about how psychologically 
relevant,, scientific knowledge should be obtained. 

Inn Wundt 's laboratory the experimental methods from physiology were applied to 
philosophicall  questions for the first t ime in history. This resulted in a new science, 
connectedd to, though separate from both physiology and philosophy. In experimental 
physiologyy normal individuals were conceived of as being characterized by the same 
physiology.. Wundt, who was trained as an experimental physiologist, applied a similar 
vieww to mental processes, and he considered individual persons as instances of certain 
commonn human characteristics. He tried to replicate the results found in one individ-
uall  using other individuals, while controlling for variables that caused interindividual 
differences.. If a t tempted replication failed, introspection was used to identify possible 
causess of interindividual differences (Thome k Henley. 1997). While this approach can 
bee characterized as a single-subject approach, Wundt 's experimental psychology was 
farr from idiographic: Not the individual's characteristics, but the universal processes 
thatt characterize normal minds were considered relevant. 

A nn alternative experimental psychology was initiated around the same t ime by 
Jeann Mart in Charcot. In 1862 Charcot became head of the Salpêtrière hospital in 
Pariss where hysterical patients were treated (Boring, 1929). At first, Charcot thought, 
thatt hysteria was a physiological disorder. However, he became convinced of the psy-
chologicall  basis, after he was confronted with a patient suffering from hypnotic induced 
symptoms,, whom Charcot believed to be actually suffering from hysteria (Thorne & 
Henley,, 1997). In 1878 he began to demonstrate the effects of hypnosis before students 
andd colleagues using hysterical patients (Boring, 1929). This experimental psychology 
developedd by Charcot is often identified as the beginning of clinical psychology.1 

Thee third contemporary movement, which had a major impact on the formation 
off  psychology as an empirical science, was initiated by Francis Galton. Galton was 
inspiredd by the evolution theory of his cousin of Charles Robert Darwin, but also by the 
conceptt of the Average Man developed by the astronomer Adolphe Quetelet (Cowles, 
1989:: Desrosières, 1998; Hankins, 1908). In 1835. Quetelet applied the law of errors, 
whichh was used in astronomy to account for errors in observation, to human trai ts and 
sociall  phenomena (Hankins, 1908). He showed that human physical appearance, such 
ass length and chest width, as well as many sociological and so-called moral phenomena, 
suchh as number of bir ths, sti l lborns, deaths, suicides, marriages, and crimes, follow the 
normall  curve. Quetelet compared society to a body having as its center of gravity the 
Averagee Man, a fictitious being that represents perfection in beauty and goodness 
(Hankins,, 1908). According to Quetelet, this average is the type that nature tries to 

11 One of the attendants at Charcot's demonstrations was Sigmund Freud, who later founded psycho-

analysis. . 
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replicate,, and individuals' departures from this average are errors of nature, which are 
causedd by accidents that are random, numerous, and small. 

Galtonn was greatly impressed by Quetelet 's work (Hankins, 1908; Rabinowitz, 
1984).. But rather than considering the departures from the average as nature 's errors. 
Galtonn adopted a Darwinian approach to the distr ibution of human characteristics. 
Hee interpreted the departures from the average as deviations that were essential to 
thee mechanism of natural selection (Cowles. 1989: Salsburg, 2001). According to Gal-
ton,, these deviations were not due to accidents, but to heredity (Desrosières, 1998). 
Inn order to study the importance of heredity Galton established his anthropometr ic 
laboratoryy at the International Health Exhibit ion in London in 1884, where he mea-
suredd the mental faculties as well as the physical appearances of over 9000 visitors 
(Cowles,, 1989; Desrosières, 1998). Galton tried to summarize these vast amounts of 
da taa by means of scatter plots, but he lacked sufficient mathematical background to 
developp the actual index of correlation (Thorne & Henley, 1997). Therefore, he urged 
hiss student Karl Pearson to develop the correlation into a statistical measure, which 
resultedd in the Pearson product-moment correlation coefficient.2 The correlation of-
feredd the opportunity to investigate the relationship between two variables without 
manipulat ingg either one. Hence, i t facilitated the formulation of a psychology that 
wass scientific, but not experimental. 

Galton,, Pearson, and the biologist Raphael Weldon (who had introduced them to 
eachh other), created a new discipline called biometrics, aimed at studying the laws that 
stemm from evolution theory (Cowles, 1989; Desrosières, 1998). They also collaborated 
inn founding Biometrika, a journal started in 1901, which was intended to disseminate 
articless on statistical tools to study heredity and natural selection (Cowles. 1989; 
Desrosières,, 1998). In the editorial of the first appearance of Biometrika it is writ ten 
thatt the unit of their enquiry "is not the individual, but a race, or a statistically 
representativee sample of a race." (p. 2, Biometrika, 1901). Hence, the psychology 
stemmingg from the work done by Galton and Pearson is a psychology directed at 
interindividuall  differences. 

Thee comparison of Wundt 's psychology, Charcot 's psychology, and Galton's psy-
chologyy clearly shows that each of these movements is characterized by its own subject 
andd corresponding methods. To Wundt and his followers the subject of empirical psy-
chologyy was the general mind that is characterized by universal mental processes. The 
appropriatee research method was an experimental single-subject approach, where the 
researcherr a t tempted to replicate the results using multiple subjects. Charcot and his 
followerss considered the psychologically disturbed mind of hysterical patients to com-
prisee the subject of empirical psychology. Although hysterical patients were sometimes 
comparedd to normal controls, most typically the research done by Charcot consisted 
off  demonstrat ing the effects of hypnosis using a single subject. To Galton and his 
followerss the appropriate subject of psychological research was the variation in the 
population.population. Their psychological research required large representative samples from 
thee population to be studied. This kind of psychology has sometimes been referred 

22 While Galton and Pearson are often considered the discoverers of the correlation, the economist 
Franciss Edgeworth already published on the correlation as a "product-moment'" in 1893. three 
yearss before Pearson published his correlation index (Desrosières, 1998). However, Edgworth did 
nott have the connections that Pearson had, and he was not interested in popular topics like eugenics 
orr politics (Desrosières, 1998). Hence, his publication on the correlation has gone largely unnoticed. 
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too as "variable oriented" (e.g., Magnusson, 1998), as it focusses on the distr ibution of 
variabless in the populat ion, rather than on individual persons. 

Thee coexistence of these three movements in the beginning of psychology shows that 
theree is no prior subject of psychology: What is considered the appropriate subject of 
scientificc psychology is a mat ter of consensus, depending on t ime, place, and culture. 
Danzigerr (1990) shows that, although studies based on the single-subject approach 
weree present in force in psychological scientific journals at the end of the nineteenth 
century,, the large sample approach superseded the single-subject approach in the first 
decadess of the twentieth century. This development proceeded until psychological re-
searchh was almost exclusively based on the large sample approach. 

Beforee discussing how this one-sided development limit s scientific psychology, it is 
explainedd how the study of intelligence has contributed to the increasing popularity 
off  the large sample techniques during the first decades of the twentieth century. 

1.22 T h e t r i u m ph of t h e p o p u l a t i on 

Galtonn was convinced that most mental and physical features were inherited. This 
convictionn led him to the notion that the quality of the human race could be improved 
byy selective breeding of the healthiest and most gifted people, while discouraging the 
reproductionn of less fortunate (Desrosieres. 1998: Leahey. 1987: Thorne & Henley. 
1997).. Galton coined the term "eugenics" to refer to this idea3 (Cowan, 1972: Thorne 
&&  Henley, 1997). Eugenics provided Galton and others with a strong motivation to 
developp a valid measurement of intelligence, since intelligence was often considered as 
beingg identical to evolutionary fitness (Cowan. 1972: Thorne & Henley. 1997). 

Inn his search for a measure of intelligence Galton employed several physiological 
testss in his laboratory, as he expected reaction times and sensory activity to be appro-
priatee indicators of intelligence (Thorne & Henley. 1997). These measures showed very 
l itt l ee correlation with each other and with education and occupation, which served a.s 
externall  measures of intelligence (Thorne & Henley, 1997). But Charles Spearman, who 
hadd earned his Ph.D. under Wundt, realized that these disappointing results could be 
part lyy explained by the fact that Galton's measures were not reliable (Thorne & Hen-
ley.. 1997). Rather than to establish the reliability of a measure by the use of repeated 
measurements,, Spearman developed a method to correct the correlation between two 
variabless for the unreliability of the two measures (Spearman. 1904). This resulted 
inn a primitive form of factor analysis, by which the relationships between multiple 
variabless is explained by one underlying construct. To explain the interrelationships of 
severall  measurements of intelligence. Spearman posited a general intelligence factor, 
wrhichh he called "g". Each test also measured something that was not measured by 
anyy of the other tests and Spearman called this specificity, indicated by "s! ' . Although 
nott everyone was convinced of intelligence represented as a single, general factor, most 

33 An example of Gallon's eugenic proposals was to organize exams by which the ten most talented 
menn and women in Great Britain could be selected, and to offer them 5000 pounds if they chose to 
marryy each other (Leahey, 1987). However, according to Hermans (2003) not all of Galton's ideas 
weree this innocent. Still, eugenics appealed to people all across the political spectrum (Hermans, 
200;S;; Leahey, 1987; Rabinowitz, 1984}. This can be illustrated by the political orientation of the 
twoo men who developed the first statistical techniques used in studies of eugenics: While Galton was 
aa wealthy member of the British elite and a liberal, Pearson was a socialist with a great admiration 
off  Karl Marx. Pearson was actually born Carl Pearson, but he began writing his name as Karl in 
admirationn for Karl Marx (Van der Vli s k Heemstra, 1989). 
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hereditarianss eventually accepted Spearman's theory (Thorne k, Henley. 1997). As a 
result,, determining an individual's level of "g" became synonymous with determining 
his/herr mental abilities. 

Butt hereditarians and eugenicists were not the only ones interested in valid mea-
suress of intelligence. The industrialization had resulted in specialized occupations for 
whichh special education was needed. This had increased the need for valid selection 
methodss based on intellectual abilities: schools had been using exams to determine 
theirr pupils' level of education, while phrenologists had been serving as consultancies 
regardingg mental abilities and personality characteristics during the nineteenth cen-
turyy (Boring. 1929; Danziger, 1990). Once reliable measures of intelligence became 
availablee these were applied in the education system and in the army for selection 
purposess (Thorne & Henley, 1997). These successful applications convinced people 
thatt psychology was a science that could be put to use in real lif e problems (Thorne fc 
Henley.. 1997). It is not surprising that among policy makers and the general public the 
appliedd psychology stemming from the Galtonian movement became the most popular 
off  the three movements: A psychology devoted to interindivklual differences was sim-
plyy far more relevant to them, than a psychology of the general mind associated with 
thee Wundtian movement, or the psychology of the disturbed mind associated with the 
workk of Charcot. 

Thee research methods and statistical techniques developed in applied psychology 
weree eventually also adopted in the study of general processes and in clinical psychol-
ogy.. The fact that, individuals differ has become accepted in these fields of psychology 
ass well. This has led to the conclusion that large representative samples are needed 
too determine the laws that underlie the distribution of variables in a population and 
itt has resulted in the widespread belief that the large sample approach is the only 
appropriatee method to obtain psychologically relevant scientific knowledge. 

1.33 Limitations of the populat ion approach 

Thee work of Galton and Pearson was concerned with samples so large that a possible 
discrepancyy between population parameters and sample based estimates of these pa-
rameterss were trivial . However, the mathematic ian Ronald Aylmer Fisher realized that 
thee need for large samples made statistics unpractical in its applications (Box Fisher. 
1978:: Salsburg. 2001). To overcome this l imitation. Fisher developed techniques to 
statisticallyy compare the theoretical parameter of a probability function (e.g.. mean, 
variance,, correlation) with the est imate of this parameter calculated from the sample. 
Inn so doing, he laved down the foundations for inferential statistics and null-hypothesis 
testingg (Box Fisher. 1978: Salsburg, 2001). 

Galton,, Pearson, Spearman, and Fisher can be identified as the four men who 
layy the foundations for most of the statistical techniques still \ised in psychological 
researchh today. But there is another characteristic that binds them: their mutual in-
terestt in eugenics (Box Fisher. 1978; Salsburg. 2001). Actually, it is no coincidence 
thatt these founders of modern statistics were supporters of the political ideal of eu-
genics:: A concern with finding proof for the existence of natural selection and the 
inheritancee of intelligence formed the key motivation for these men to develop statis-
ticall  techniques (Cowan. 1972; Cowles. 1989: Desrosières, 1998: Rabinowitz. 1984). As 
Desrosièress (1998) puts it: "I t was in the important laboratory devoted to biometric 
researchh that mathematical statistics was born." (p. 104). 

file:///ised
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Realizingg that many statist ical techniques that we use today were developed for 
thee study of heredity helps to identify two important features of these techniques. 
First,, as natural selection is a mechanism that operates at the level of the population, 
thee statistical techniques that were developed to study this are necessarily concerned 
wit hh the populat ion rather than the individual. Pearson (1895) was aware of this 
l imitation,, as he wrote: "In the first place, we must definitely free our minds, in the 
presentt s ta te of our knowledge of the mechanism of inheritance and reproduction, 
off  any hope of reaching a mathematical relation expressing the degree of correlation 
betweenn individual parent and individual offspring." (p.255). A second feature of the 
techniquess developed for biometrics concerns the assumption that the variables that 
aree studied are trait- l ike. Because Galton and his followers assumed they were studying 
t ra i ts,, they t reated all si tuational and other temporal effects as irrelevant. That is. all 
intraindividuall  variability is considered random measurement error that contains no 
valuablee information (Cowles, 1989; Thorne & Henley, 1997). 

Methodologicall  techniques themselves are neither good or bad, but the application 
off  a tool may be more or less appropriate in the light of a particular research ques-
t ionn (Grayson, 2004). The features discussed above are inherent to the large sample 
techniquess developed by eugenicists, which implies that they are also present in appli-
cat ionss that are not of a eugenic nature. In these alternative applications one needs 
too evaluate whether the features of these techniques are consistent with the nature of 
thee research question (Grayson, 2004). A considerable part of psychology is concerned 
wi t hh the distr ibut ion of a t ra it in the populat ion, and with differences between the 
distr ibut ionn of variables in different populations, or within the same population at 
differentt occasions. Research questions that are related to the selection of individuals 
fromm a population or with the characteristics of a particular populat ion are well within 
thee domain of scientific psychology. Such questions can be studied appropriately with 
thee interindividual techniques stemming from the Galtonian movement. 

However,, there is also a significant part of psychology that is concerned with de-
scribingg and understanding psychological processes that unfold within the individual 
overr t ime (Chassan, 1959; Gregson, 1983). Examples of these are learning, habituat ion, 
adapt ion,, development, problem solving, information processing, appraisal, evaluation, 
thinking,, acting, feeling, and coping, to name a few. Such processes imply some kind 
off  change within the individual over t ime. This change may be characterized by a 
smooth,, increasing or decreasing trend, or a kind of U-shaped trend, or a step-wise 
phasee transit ions. Other psychological processes are characterized by variation around 
aa constant mean. The lat ter are called stat ionary processes. 

Althoughh many psychological theories are intended to explain psychological pro-
cessess taking place within the individual, most research aimed at investigating these 
theoriess is based on the use of interindividual techniques associated with the large 
samplee approach. The justification for th is application of these techniques rests on 
thee following (implicit ) assumption: The distribution of a variable in the populat ion 
mirrorss the variability within an individual associated with psychological processes 
(Epstein,, 1980; Lamiell, 1990; Magnusson, 1998; McCrae & John, 1992; Nesselroade 
&&  Molenaar, 1999). However, it has been recognized by psychologists and other social 
scientistss that this assumption is not necessarily valid, neither for trends representing 
growthh (Heathcote, Brown, & Mewhort, 2000; Skinner, 1938; Von Eye & Bergman, 
2003),, nor for (co-)variances and correlations associated with stat ionary processes 
(Grice,, 2004; Lamiell, 1990; Nesselroade & Molenaar. 1999: Schmitz & Skinner, 1993; 
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Vonn Eye & Bergman, 2003). For instance, Gal tung (1967) stated that: ^correlations 
aree always collective and have no meaning for the individual case, whereas what we 
vaguelyy called 'mechanisms' always work at the individual level and make no sense to 
setss of elements. Correlations serve as warning signals that ' there may be something 
interestingg there at the individual level', but just as much as they may warn us about 
nothing,, they may fail to warn when there is something." (p.48). In Chapter 5 the 
exactt relationship between correlations found at the interindividual level and station-
aryy intraindividual processes is discussed in detail. Here, we suffice by concluding that 
theree is a discrepancy between the level at which a vast amount of psychological the-
oriess are formulated and the level at which most psychological knowledge is obtained 
duee to the dominant statistical techniques. 

1.44 T ime series analysis and the individual as the unit of 
psychologicall research 

Iff we want to obtain knowledge about intraindividual psychological processes and 
aboutt the lawfulness that underlie them, we must employ a technique that allows us 
too make statements about the structure of variability within the individual, rather 
thann about the distribution of variables in the population. To state this problem more 
clearly,, we distinguish between the unit of analysis and the unit of research. The units 
off  analysis are the cases in the analysis, i.e., the members of the population, also 
referredd to as the elements of a set (Galtung, 1967; Hofstee, 1994), or the objects of 
aa class (Allport . 1946). In contrast, the unit of research is the population, set or class 
thatt is considered. It is important to realize that the lawfulness established in a given 
studyy pertains to the unit of research and not to the unit of analysis. If the individual 
iss our unit of analysis, the results do not inform us about what is going on at the level 
off  the individual, but about the laws operat ing at the level of the population.4 

Iff  we wish to obtain insight in the psychological processes operating within indi-
viduals,, we need to consider the individual as the unit of research rather than as the 
unitt of analysis. By considering a set of units within an individual, we can determine 
thee laws that pertain to the individual. A unit of analysis that one could consider in 
thiss respect is the measurement occasion. By sampling a great many occasions within 
thee same individual, one can determine the lawfulness underlying this set of occasions 
andd the regularities thus found pertain to the level of the individual. Such data are 
calledd a t ime series and may be studied through the use of t ime series models. 

Althoughh t ime series analysis can be a useful technique in the investigation of 
psychologicall  processes, there are relatively few applications in psychological research. 
Beloww we discuss two major currents of t ime series applications in psychology. In 
addition,, we address some unresolved issues that arise from these applications. 

44 This may be illustrated by the following example. Suppose we have established a negative relation-
shipp between exercise and weight in women, while we have found no relationship between exercise 
andd weight in young adults. Then, if we consider a particular young woman, which of the lawful 
relationshipss applies to her? The law found in the population of women, or the law found in the 
populationn of young adults? The answer of course is that these laws pertain to the level of the 
population,, not to individual cases from these populations. 
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1.4.11 A u t o r e g r e s s i v e m o v i n g average m o d e l s 

Thee two most basic classes of t ime series models are the autoregressive (AR) models 
andd the moving average (MA ) models, which w-ere separately invented in 1927 (Tong. 
2001).. Characterist ic of AR models is that the current, observation is regressed upon 
previouss observations (Box & Jenkins. 1976: Granger & Morris. 1976). The part of an 
observationn that cannot be predicted based on previous observations is called the ran-
domm shock or the innovation. In MA models the current observation is conceived of as 
aa weighted sum of current and previous random shocks (Box &: Jenkins. 1976: Granger 
icc Morris. 1976). These two classes of t ime series models have been combined in what 
hass been called the autoregressive moving average (ARMA ) models, which is the most 
popularr class of linear t ime series models. ARMA models are said to be stationary, 
whichh implies that the propert ies of the series (i.e.. the moments) are time-invariant 
(Hamilton.. 1994). So-called first-order stat ionary t ime series are characterized by a 
constantt mean over t ime. 

Thee class of stat ionary t ime series models has been extended in several ways. To 
includee polynomial t ime trends and seasonal or cyclic effects one may turn to autore-
gressivee integrated moving average (ARIMA ) models, of which ARMA models form 
thee stat ionary subclass. Also, ARMA models have been extended to include multivari-
a tee time series in vector autoregressive moving average (VARMA ) models. In these 
modelss lead-lag relationships are modeled as a form of causal relationships, where one 
variablee "leads" another variable, i.e.. changes in one variable are followed (in time) 
byy changes in another variable. An alternative cause-effect model is the so-called AR-
MA XX model, which includes exogenous variables (Hannan & Deistler. 1988). Other 
non-stat ionaryy extensions of the ARMA models include the cointegrated models and 
thee autoregressive conditional heteroskedasticity (ARCH) models (Hamilton. 1994). 

Thesee ARMA-based models have been extremely popular in econometrics to model 
thee dynamic consequences of events over time (Hamilton, 1994). Several a t tempts have 
beenn made to introduce these models into psychological research, but these models 
havee never acquired the status in psychology that, they have in econometrics. ARMA 
modelss plus polynomial t rends were proposed to study the development of an individ-
uall  (Holtzman, 1967; see also Ostrom, 1978), or to investigate the effect of an interven-
t ionn on a single individual in so-called interrupted t ime series analysis (Home, Yang. 
kk Ware. 1982: McCleary. Hay. Meidinger. McDowall. k Land. 1980: McDowall. Mc-
Cleary,, Meidinger, & Hay, 1980: see for other applications of interrupted t ime series in 
sociall  sciences: Cook & Campbel l. 1979; Hillmer, 2002; Van Buuren. 1997). Stat ionary 
ARM AA models were applied to study the sequential structure of daily mood variabil-
it yy (Hershberger, Molenaar, & Corneal. 1996). VARM A models have been used to 
s tudyy the lead-lag relationship of bodily changes and pregnancy evaluation (Van Bu-
uren.. 1997). and of stress and symptoms of Meniere's disease (Andersson. Hagnebo, & 
Yardley.. 1997). to study the dynamics of academic performance in children (Schmitz 
&&  Skinner, 1993), and to study the interaction between two individuals0 (Bakeman & 
Got tman,, 1997), for instance mother and child (Cohn & Tronick, 1988; Got tman & 
Ringland,, 1981). or spouses (Gottman. 1979). A sophisticated and potentially pow-

55 Strictly speaking, this uwe of time series analysis can no longer be called a single-subject approach. 
However,, it is an approach to investigate the reciprocal relationship of a single pair of individuals. 
Describingg the dynamics of a single pair of individuals over time is distinct from investigating the 
distributionn of variables of pairs of individuals in the population. Thus, this dyadic application of 
timee series analysis addresses the same issues as the single-subject approach discussed above. 
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erfull  application of non-stat ionary mult ivariate t ime series analysis can be found in 
Molenaarr (1987), where a general feedback model (which allows the parameters of the 
modell  to change over time) was used for the optimal control of the psychotherapeutic 
process.. Although these studies have indicated the usefulness of t ime series analysis in 
psychologicall  research, the applications have remained of a largely il lustrative nature. 

1.4.22 D y n a m i c factor analys i s 

Ann alternative approach to the analysis of multivariate t ime series in psychological 
researchh was initiated by Raymond B. Cattell (Cattell, Cattel l, & Rhymer, 1947; 
Cattel l,, 1966, 1967, 1978; but see also Baldwin, 1946, for an earlier application of 
thiss technique). Cattell proposed to subject multivariate t ime series to factor analysis 
inn what he coined F'-technique analysis. In contrast to standard factor analysis, where 
thee cases are made up by individuals, the cases in P-technique analysis are formed by 
thee measurement occasions. P-technique analysis can be used to determine whether the 
observedd (multivariate) series can be conceived of as being caused by an inferred latent 
factorr series of reduced dimension (Molenaar, 1985). The number of factors found 
inn P-technique analysis indexes the complexity of variability within the individual, 
whilee the pat tern of factor loadings indicates the structure of this variability (Jones L 
Nesselroade,, 1990). P-technique analysis is typically used to study stat ionary processes, 
thatt is, processes that are characterized by a constant mean and a covariance structure 
thatt does not change over time. However, it has proven possible to include a linear 
trendd as well (Baldwin, 1946). 

P-techniquee analysis has been applied to measurements of temperament (Hooker, 
Nesselroade,, Nesselroade, & Lerner, 1987), personality (Borkenau & Ostendorf, 1998), 
moodd (Howarth, 1977; Lebo & Nesselroade, 1978; Zevon & Tellegen, 1982), affect 
(Garfeinn & Smyer, 1991), psychosomatic symptoms (Cattell et al., 1947: Luborsky, 
1995),, work values (Schulenberg, Vondracek, k Nesselroade, 1988), and therapist-client 
relationshipp (Czogalik &: Russell, 1995; Multon, Pat ton, & Kivlighan, 1996; Pat ton, 
Kivlighan,, & Multon, 1997; Russel, Bryant, & Estrada, 1996), to name a few (see 
Luborskyy & Mintz, 1972, and Jones & Nesselroade, 1990, for overviews of P-technique 
applications). . 

A nn important criticism of P-technique analysis has been that the sequentiality of 
thee series is disregarded, that is, the observations are modeled as if they are indepen-
dentt of each other. However, t ime series da ta are sequential in nature and the lagged 
dependencyy of the observations can contain relevant information concerning the actual 
processs under investigation. Therefore, several suggestions have been made to over-
comee this l imitation of P-technique analysis. Molenaar (1985; Molenaar. Gooijer, & 
Schmitz,, 1992; Molenaar & Nesselroade, 2001) proposed a significant elaboration of 
thee P-technique, which has been called the dynamic factor model This model includes 
threee forms of lagged relationships that can be used to model the sequential dependen-
ciess of the series: (a) lagged factor loadings, relating current observations to previous 
commonn factors (cf. Brillinger, 1975; Geweke & Singleton, 1981) ; (b) autocorrelated 
errors,, where current unique factors are regressed upon previous unique factors of 
thee same variable; and (c) a lagged latent covariance structure, where the common 
factorss are modeled as a stat ionary t ime series process, for instance, as a VARM A 
modell  (see Molenaar et al., 1992; see also Engle & Watson, 1981). The dynamic fac-
torr model includes many specific variations that have been separately discussed and 
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appliedd in the psychological l i terature under names as the direct autoregressive factor 
scoree model (see Ferrer & Nesselroade, 2003; Nesselroade, 2001; Nesselroade, McArdle, 

Aggen,, & Meyers, 2002; Nesselroade k Molenaar, 2003), the process factor analysis 

modell  (Browne & Nesselroade, in preparation), the white noise factor score model (see 
Ferrerr & Nesselroade, 2003; Nesselroade, 2001; Nesselroade et al., 2002: Nesselroade 

&&  Molenaar, 2003), and the shock factor analysis model (Browne & Nesselroade, in 
preparat ion). . 

Thee applications of the dynamic factor model (apart from the P-technique ap-
plicationss discussed above) cover a wide range of psychological topics. It has been 
usedd to model physiological da ta (Immink, 1986; Molenaar, 1985), psychophysiologi-
call  da ta (Grasman, Huizenga, Waldorp, Boeker, & Molenaar, 2004; Molenaar, 1987; 
Molenaar,, 1993; Wood & Brown, 1994), cognitive and biomedical da ta (Nesselroade & 
Molenaar,, 1999), mental s ta tus of schizophrenics (Immink, 1986), television viewing 
behaviorr family members (Molenaar et al., 1992), the mood structure of patients with 
Parkinsonn disease (Shifren, Wood, Hooker, & Nesselroade, 1997), of daughters and 
stepdaughterss (Hershberger, Corneal, & Molenaar, 1995: Hershberger et al., 1996), 
andd of a pregnant woman (Nesselroade et al., 2002), and the mood structure and 
reciprocall  influence of spouses (Ferrer & Nesselroade. 2003). 

1.4.33 P a r a m e t e r e s t i m a t i o n in t ime series ana lys i s 

Theree are several methods to estimate the parameters of t ime series models, which 
aree associated with the two currents discussed above.6 In all of these methods it is 
assumedd that the data are (multi-)normally distr ibuted. 

Thee parameters of an ARM A model may be obtained through the use of the mo-
mentss method, also called the univariate stochastic preliminary estimates (Box & 
Jenkins,, 1976). This method consists of expressing the autocovariances (i.e., the lagged 
covariancess of an univariate series) as functions of the model parameters. In this ap-
proach,, the AR parameters are rather easily obtained with the so-called Yule-Walker 
equations,, but the MA parameters have to be obtained through an iterative procedure 
(Boxx & Jenkins, 1976). This procedure is discussed in more detail in Chapter 2. The 
momentss est imates of ARM A parameters are not identical to the maximum likelihood 
est imatess (Box & Jenkins, 1976). 

Too obtain (approximations of) maximum likelihood estimates of ARMA param-
eterss a vast amount of algorithms was proposed between 1970 and 1980 (Ali , 1977; 
Ansley,, 1979; Box & Jenkins, 1976; Gardner, Harvey, & Phill ips, 1980; Newbold, 1974; 
Pear lman,, 1980; Phadke & Kedem, 1978). The point of departure in these algorithms 
iss formed by viewing the observed series as a single realization from a multivariate 
(normal)) distr ibution. Then, the likelihood function is identical to this multivariate 
distr ibut ionn and optimizing this function results in maximum likelihood estimates of 
thee model parameters (Hamilton, 1994). This expression of the likelihood function has 
thee disadvantage that it requires a large matr ix to be inverted at each iteration. Many 
off  the alternative formulations of the likelihood function were based on "prediction-
errorr decomposit ion". I t consists of predicting the current observation from (all) previ-
ouss observations. The discrepancy between the prediction and the actual observation 

66 Parameters of a dynamic factor model can also be obtained through analyzing the series in the 
frequencyy domain. See for details: Molenaar (1987, 1993). Here we restrict ourselves to methods of 
estimationn in the time domain. 
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iss called the error, which can be viewed as an estimate of the random shock. This 
proceduree is discussed in more detail in Chapter 3. 

Thee formulation of t ime series models in terms of prediction-error decomposition 
iss sometimes referred to as the state-space formulation (Tong. 2001). This formulation 
provedd compatible with the Kalman filter algorithm, which was originally developed 
inn control system theory (Tong, 2001). The Kalman filter algorithm can be used to 
minimizee the prediction errors in order to find the best estimates for the model pa-
rameters.. Although it was initiall y used to estimate ARMA parameters, it can also be 
usedd for non-stationary time series models including trends and cyclic effects. Also, it 
hass been used to est imate the parameters in the dynamic factor model (Imniink, 1986: 
Molenaar,, 1985). 

Inn the l i terature on dynamic factor modeling a different approach was suggested 
forr the estimation of the parameters. Molenaar (1985) proposed to use the lagged 
covariancess in a structural equation modeling package to est imate parameters of the 
dynamicc factor model. This procedure has been called the (block-)toeplitz method, 
referringg to the toepli tz-structure of the covariance matr ix (see for details Nesselroade 
&&  Molenaar, 1999; Wood & Brown, 1994). I t has the advantage over the Kalman filter 
methodd that it can be carried out in any structural equation modeling program so 
thatt it is available to a wide audience. Van Buuren (1997) compared the parameter 
estimatess of ARMA models obtained with the toeplitz method with those obtained 
fromm a program based on the Kalman filter. These estimates proved not identical. 
Molenaarr (1999) suggested a possible cause for some of the discrepancies found by 
Vann Buuren. However, the exact relationship between the toeplitz method and the 
Kalmann filter method and their estimates has yet to be clarified. 

1.4.44 M u l t i p l e s u b j e c t s and t i m e series analys i s 

Althoughh time series analysis is a powerful technique to study intraindividual variabil-
ity,, it is limited because the results pertain to a single subject. In a t tempts to overcome 
thiss limitation, psychological researchers have gathered replicated t ime series observed 
inn multiple subjects (Baldwin. 1946: Borkenau <L' Ostendorf. 1998: Hershberger et al., 
1995:: Hershberger et al.. 1996; Hooker et al.. 1987: Jones k Nesselroade. 1990; Nessel-
roadee & Molenaar, 1999; Shifren et al., 1997; Zevon & Tellegen, 1982). However, there 
havee been rather different approaches to analyze these data. We distinguish between 
fourr approaches, which we describe briefly and we identify their main characteristics. 

Thee first approach was suggested by Cattell (1966) and is called chained P-
technique.. It is suggested in case the series of each individual separately are too short 
too analyze alone (say, less than 50 repeated measures). In chained P-technique the da ta 
aree standardized within individuals, and thereupon subjected to factor analysis regard-
lesss of occasion or individual (Czogalik & Russell, 1995: Multon et al.. 1996; Pat ton 
ett al., 1997; Russel et al.. 1996). A rather serious disadvantage of chained P-technique 
iss that all interindividual differences in variances are lost due to the intraindividual 
standardization.. In addition, the intraindividual correlations are averaged across indi-
viduals,, flatting out all interindividual differences in the structure of covariation. 

Inn studies that included enough observations within each individual the intraindi-
viduall  structures of variation were determined for each individual separately (Borkenau 
&&  Ostendorf, 1998; Hooker et al., 1987; Shifren et al., 1997). These were then compared 
acrosss individuals. In addition, the intraindividual structure was sometimes compared 
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too the structure of variation found with s tandard factor analysis, which describes the 
distr ibutionn of variables in the population. Although in a few studies congruence co-
efficientss were calculated (e.g., Zevon & Tellegen, 1982), the comparisons were most 
typicallyy made visually (Jones & Nesselroade. 1990). 

A nn omnibus test for equality across individuals of intraindividual covariance struc-
turee was proposed by Nesselroade and Molenaar (1999). However, this approach re-
quiress both the structure and amount of intraindividual variability to be identical 
acrosss individuals, and it is therefore rather restrictive. 

Finally,, T immerman (2001; Timmerman & Kiers, 2003) proposed a multisubject ex-
tensionn of the dynamic factor model, which allows for some interindividual differences. 
I nn this model the da ta of mult iple individuals are centered (though not standardized) 
withi nn individuals. Al l these da ta are then analyzed with the so-called (lagged) si-
multaneouss component model of multisubject mult ivariate t ime series (Timmerman, 
2001;; T immerman & Kiers, 2003). Individuals are allowed to differ with respect to the 
(co-)variancess of their latent series, while the factor loadings (both pat tern and values) 
aree invariant across individuals (Timmerman, 2001; T immerman & Kiers, 2003). 

Clearly,, these techniques either impose significant equivalences across individuals, 
orr lack the possibility to impose equalities across subjects. In psychologically sub-
stantivee terms this implies that in some of these approaches certain universalities are 
superimposedd on the intraindividual psychological processes, while in other approaches 
i tt is impossible to statistically test whether such universalities exist. Obviously, both 
l imitationss are undesirable. In addition, in all these approaches the data are centered 
withi nn individuals so that differences in intraindividual means are ignored. 

1.55 Outline of this thes is 

Timee series analysis is potential ly a useful technique in psychological research that 
iss applicable to a wide range of psychological phenomena. However, there are several 
issuess that require clarification. As indicated above, there are some questions concern-
ingg the est imation of parameters and the analysis of multisubject t ime series data. In 
addit ion,, the exact relationship between interindividual and intraindividual variability 
requiress clarification. Also, it is unclear if and how interindividual and intraindividual 
techniquess can be combined, and how results obtained using these techniques may be 
integrated.. These issues are addressed in this thesis. 

Thee organization of the chapters in this thesis is based on considering the com-
plexityy of the da ta that the models are designed to handle. Repeated measures data 
mayy be characterized by three features: (a) the number of subjects N, (b) the num-
berr of measurement occasions T, and (c) the number of variables M. We begin by 
consideringg univariate single-subject t ime series data (i.e., N = M = 1, and T large), 
andd follow through with increasing complexity to end with multivariate multi-subject 
t imess series da ta (i.e., M > 1, and both N and T large). 

Chapterr 2 consists of a simulation study based on Van Buuren (1997). I t is con-
cernedd with univariate single-subject t ime series (M = Af = 1, and T large). Van Bu-
urenn investigated the est imates of ARMA parameters obtained with the toeplitz 
methodd in a structural equation modeling package. He concluded that the estimates 
weree maximum likelihood est imates even though the estimates were not identical to 
(approximationss of) maximum likelihood estimates obtained with a Kalman filter pro-
cedure.. The discrepancy between these two procedures was particularly large for pure 
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M AA models. Molenaar (1999) provided a possible explanation for this result. To in-
vestigatee the nature of the estimates of ARMA parameters obtained with the toeplitz 
methodd and to evaluate Molenaar's comments concerning pure MA models, we car-
riedd out a simulations study. We conclude from the simulation results in combination 
wit hh analytical results that these estimates are actually moment estimates instead of 
maximumm likelihood estimates. Depending on the nature of the model (i.e., pure AR, 
puree MA , or mixed ARMA) , the discrepancies between the moment estimates and the 
t ruee maximum likelihood estimates run from asymptotically insignificant to severe. 
I nn addit ion it is shown that the chi-square statist ic and the standard errors of the 
parameterr estimates are not reliable for specific ARMA models. 

Inn Chapter 3, an alternative method to fit  t ime series models with SEM software 
packagess is proposed and il lustrated using multi-subject univariate t ime series da ta 
(i.e.,, M = 1 and 1 < N < T). I t is shown how algorithms to est imate ARMA parame-
terss (e.g., Ansley, 1979; Mélard, 1984) are derived from the initial likelihood function 
wheree the t ime series is viewed as a single realization of a mult ivariate distr ibution. 
Thee alternative SEM-approach proposed in Chapter 3 consists of using this original 
formulationn of the likelihood function. I t consists of optimizing the raw data likelihood 
functionn in SEM software that include a raw data option. It is also shown how station-
aryy t ime series models can be combined with linear and quadrat ic trends. In addit ion 
i tt is shown how multiple t ime series may be compared using the raw data method and 
thee toeplitz method (i.e., N > 1), and how hypothesis of identical processes underly-
ingg these multiple series can be tested. This opens up the possibility to analyze t ime 
seriess data of multiple subjects simultaneously and investigate the similarities between 
them. . 

Inn Chapter 4, a switch is made to the more common situation where the number of 
subjectss N is large while the number of occasions T is small (say, N > 100, and T < 
10).. In the SEM l i terature two important models for such data can be distinguished: 
thee simplex model which is related to the AR model, and the latent growth curve 
model,, which consists of fitting trends with random trend parameters to the observed 
covariancee structure. Curran and Bollen (2001) have combined these two models in 
whatt they call the autoregressive latent trajectory model (see also Bollen & Curran, 
2004).. In Chapter 4 it is shown that a particular version of this autoregressive latent 
trajectoryy model can be rewritten as a latent growth curve model with autocorrelated 
errors.. This alternative formulation has two advantages: first, the parameters are easier 
too interpret, and second, it does not require the nonlinear constraints that are needed 
inn the autoregressive latent trajectory formulation to start up the process. Although 
thee main purpose of this chapter is to show the equivalence between these two model 
specification,, it also serves indirectly to indicate the difference between time series 
analysis,, which is in essence a single-subject approach, and longitudinal panel da ta 
suchh as latent growth curve modeling, which is a technique within the interindividual 
tradit ionn init iated by the eugenicists. The results obtained in this Chapter are shown 
too generalize to the multivariate case (i.e., M > 1). 

Inn Chapter 5 multivariate, multi-subject t ime series data are considered (i.e., M > 
1,, N > 1, and T large). This Chapter discusses the rationale for the use of t ime 
seriess analysis in psychological research. This rationale is based on comparing the 
interindividuall  covariance structure of multivariate, cross-sectional, multi-subject data 
(i.e.,, M > 1, TV is large, and T = 1), to the intraindividual covariance structure of 
single-subjectt mult ivariate t ime series da ta (i.e., M > 1, N = 1, and T large). I t 
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iss indicated that for the interindividual covariance structure to be informative about 
processess operat ing within individuals a rather restrictive condition must hold. I t is 
suggestedd that, in case this condition does not hold, t ime series analysis can serve as 
aa method to obtain insight into the processes operat ing within individuals. A class of 
mult ivariatee stat ionary t ime series models is presented that forms a subclass of the 
dynamicc factor model. The use of these models is i l lustrated in an empirical example. I t 
iss shown how one can look for similarities in intraindividual processes across individuals 
(i.e.,, N > 1). In addit ion, alternative approaches to multi-subject data are suggested 
iff  similarities across individuals have proven absent. 

I nn Chapter 6 one of these alternatives is developed into a formal model called the 
integratedd t ra i t -state (ITS) model. This model accounts for intraindividual variability 
ass well as for t ime-invariant, interindividual differences, and may be used to analyze 
mult ivariate,, multi-subject t ime series da ta (i.e. M > 1, and N and T both large). 
I nn this model individuals can differ qualitatively from each other to the extent that 
theyy are entities of different kinds, while simultaneously meaningful quanti tat ive com-
parisonss can be made between them in as far as they are entities of the same kind. 
Thus,, in contrast to other multi-subject t ime series approaches such as the chained 
P-techniquee (Cattell, 1966) or the (lagged) simultaneous component model of multi-
subjectt mult ivariate t ime series (Timmerman, 2001), the ITS model does not impose 
uniformitiess across individuals concerning the intraindividual processes. Still , it of-
ferss the opportuni ty to test statistically whether such similarities exist. In addit ion, 
i tt allows one to impose constraints on the state structure to model intraindividual 
variabilityy and the trait s t ructure to model time-invariant interindividual variability, 
andd to test whether these constraints are tenable. We also consider what happens if 
s tandardd factor analysis, which is based on the assumption that intraindividual vari-
abilityy behaves like random error, is used when this assumption actually is not true. I t 
iss shown that the factor st ructure is then determined by a combination of the actual 
t ra itt structure and the (averaged) state structure. 

Byy combining interindividual and intraindividual techniques the ITS model inte-
gratess nomothetic trai ts and idiographic processes within a single framework. Thus, 
thiss model serves as a bridge between the tradit ional interindividual approaches, which 
aree based on the techniques that model the distribution of variables in the population, 
andd the intraindividual approach, which requires t ime series analysis. 


