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ABSTRACT 

A preliminary taxonomy has been developed that differentiates between trait 

characteristics, the situation, manifest and subtle methods and interaction effects. The 

proposed taxonomy divides method into manifest and subtle categories. The obvious, 

surface characteristics of method are considered manifest, while the deeper structures of 

method that are not usually seen arc considered subtle. Seven manifest method 

categories are described: stimulus format, response format, response categories, raters, 

whether the measure is direct or summative. rating the stimulus or the response, and 

opaque or transparent measures. Numerous subtle method categories can also be seen 

within the method rather than on its surface. These include semantic or verbal 

characteristics, direction of wording, measures of amount, ability, latency of response, 

possessions, situational context, associations, and behavior. Other method categories 

include report of others reactions, body sjonptoms. and time frame. 

Seven item level methods were tested in this study in the context of measurement 

of Introversion-Extraversion (IE). They included direct questions, direction of wording, 

situational context, time frame, report of others reactions, preference (semantic or verbal 

structure), and behavior. Three of these methods (preference, behavior, and direction of 

wording) introduced substantial method variance in the measurement of IE, and there 

were also several sizable trait*method interactions: direction of wording, time frame, and 

preference. 

Generalizability dieorj' analysis (GT) proved to be quite useful in estimating 

method effects and interactions. By comparing the findings from GT analysis to 



confirmatory factor analysis (CFA) results, it became clear that there were problems with 

the CFA results that could not be ignored. Although generalizability analysis is limited 

in its ability to provide estimates of the trait and method contributions for individual 

measures, unfortunately, it informs us that the estimates provided by CF.A. are probably 

erroneous. 
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INTRODUCTION 

The problem of method variance has vexed psychological researchers for nearly 

half a century. It is clear that method variance can be Identified, but its extent and 

characteristics are virtually unknown. Some measures may be composed more of method 

variance than of trait variance. The descriptions investigators give of their methods can 

be ver)' confusing. Often so-called methods appear to differ by name only. The study of 

method effects is uncharted territory'. The definition of method, identification of methods 

and estimates of effect sizes are almost unknown (Sechrest et al. 2000). The purpose of 

this study is to provide a preliminarj' structure or taxonomy of potential methods and 

empirically estimate several method effects. This taxonomy can be used as a framework 

for the development of multimethod studies and to aid in the systematic testing of method 

effect sizes. 

What is method variance? 

Campbell (1950) first turned our attention to the problem of method variance, and 

Campbell and Fiske (1959) provided a conceptual tool to look at it. Their seminal article 

is one of the most widely cited articles in all of psychology. Unfortunately, "method 

variance", has been defined more or less by extension, apparently with the sense that 

everyone would understand what was meant. This paper will begin with some of the 

extant definitions of method variance from the literature, followed by several empirical 

forays into its use. 

The problem is not with "variance" but with "method" and what is meant by it. 

Campbell and Fiske (1959) referred to variability in scores on a trait measure attributable 
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to '"measurement procedures not specific to that content." (p. 81). They referred to 

"apparatus factors," "test-form factors." and "response sets" as if they intended them to 

be examples of methods. Campbell and Fiske also wrote of "overlapping method 

factors...due to the presence in both tests of multiple choice item format. IBM answer 

sheets, or the heterogeneity of the Ss in conscientiousness, test-taking motivation, and 

test-taking sophistication." (p. 93) .A.gain. it was apparently intended that such factors be 

taken as examples of methods. 

Subsequent writers have not gotten further in conceptualization. Perhaps no one 

has even noticed the lack of definition. In general method has generally been sketchily 

defined as any characteristic of a measurement process or instrument that contributes 

variance to scores beyond what is attributable to the construct of interest (e.g.. Bagozzi 

and Yi. 1991; Cote and Buckley. 1987; Fergusson and Honvood. 1989; K.emer>' and 

Dunlap, 1986; Marsh and Hocevar. 1983; Spector. 1987). Method has also been 

exemplified by "multiple-choice test, open-ended answer test, questionnaire, face-to-face 

inter\'ie\v, or unobtrusive data collection technique. Different rating scales may be 

viewed as different methods. .'Mso. different item types of a multiple-choice instrument, 

such as analogy items or analytic reasoning items can be considered examples of 

different methods. Hence, the idea of method encompasses measurement instruments as 

well as variations within measures." (Davis, 1989, p.31) Similar concrete definitions by 

example are given by Bagozzi and Yi (1991) and many other writers. 

Campbell clearly thought that methods, whatever they were, should lie along 

some sort of continuum of difference(s). Thus he wrote of "maximally different 
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methods," (Campbell and Fiske, 1959, p. 83). implying that in, say, triads of measures, 

two might be more different from each other than either would be from the third. In his 

1950 paper, Campbell used two method dimensions along which measures might var%'. 

although he collapsed the dimensions into four categories. The dimensions were 

disguised-nondisguised and structured-nonstructured. He also made a distinction between 

voluntary self-description and differential performance in an objective task as method 

variations, although he did not use that distinction in his review of indirect measures 

except to note that disguised, non-structured tests are "voluntary." 

It is instructive to consider Campbell's ideas concerning the uses of different 

methods in assessing at first attitudes and later other variables. In 1950. he wrote of the 

need for "instruments that do not destroy the natural form of the attitude in the process of 

describing it." (1950, p. 15) He went on to say. referring to disguised measures that 

"...their primary asset is that of securing an expression of attitudes in a more natural and 

spontaneous form..." (p. 18) He did think it unlikely, however, that one could get 

"unconscious or uncensored" expressions of attitude from uncooperative Ss. That is. he 

recognized diat we are dependent upon the willingness of our subjects to tell us what we 

want to know, even if measures are indirect. A major limitation of even disguised, 

nonstructured measures is that "the motivational situation is highly un-uniform. ..At best, 

the respondents accept the task as meaningless, or as a psychologist's mystery." (p. 20) 

Apparently in 1950, Campbell's interest in different methods had to do with 

getting around biases resulting from the ftill (heightened) awareness of subjects that they 

were being measured and with respect to what. By 1959, however, the Campbell and 
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Fiske (1959) paper gave ample evidence that his interest had expanded to encompass the 

idea that all measurements are inherently fallible for one or more of many potential 

reasons, and method plurality was the best route to minimizing error. For example. 

Campbell and Fiske use as an e.xample the use of an activity wheel and an obstruction 

box to assess "drives" in rats, which can only refer to improving estimates by using 

measures that are fallible in different ways. The idea of "triangulation" by use of different 

methods, i.e.. converging on a "true" value by multiple methods, came into play once 

Campbell got beyond his initial interest in getting around bias in measuring attitudes. The 

idea of triangulation received its fullest expression in Unobtrusive Measures (Webb. 

Campbell. Schwartz, and Sechrest, 1966; Webb. Campbell. Schwartz. Sechrest, and 

Grove. 1981). 

Although Campbell never defined "method" in an intensional way, he gave 

implicit recognition to the requirement that to be considered different, methods had to be 

"independent." The latter term, unfortunately, was delineated by Campbell and Fiske 

(1959) only in a circular way; "Wherever possible, the several methods in one matrix 

should be completely independent of each other; there should be no prior reason for 

believing that they share method variance. ..If the nature of the traits rules out such 

independence of methods, efforts should be made to obtain as much diversity as possible 

in terms of data-sources and classification processes." (p. 103) Much later, Sechrest 

(1975) defined methods as "different" as King in the extent to which they do not share 

common sources of "error." As we shall see, that definition more nearly begs than deals 

with the question. 
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Usually the contrast to method is trait, by which is meant some content or 

meaning derived from a measure. As Campbell and Fiske (1959) noted, however, no 

absolute distinction between trait and method can be made, for the distinction is relative 

to intent. For one researcher, the tendency of certain classes of stimuli to be regarded 

more favorably than others may be a method, and. hence, a nuisance effect: for another 

that tendency may be the focus of interest and intersubject variability may be a method 

(nuisance) effect. 

With the foregoing as background, we can take a critical look at the notion of 

method in relation to measurement and suggest some new directions that will have to be 

followed if we are ultimately to improve our understanding of measurement. Only with 

this understanding will we be able to improve our measures. 

Tlie remainder of this dissertation traces the evolution and initial testing of a 

taxonomy of methods. Because method has not been well defined, several empirical 

summaries of mediod-in-use follow. First, to assess the breadth of what is meant by 

method, all of the methods used in the study of three common traits were summarized 

(Study 1). Emerging from this survey was a preliminary ta.xonomy of item architecture. 

There are any number of sources of variance, and methods are only one of them. This 

preliminary taxonomy was based on theoretical extension of a taxonomy of nonreactive 

measures (Webb, et al., 1981). The preliminar\' taxonomy of sources of variance or item 

architecture includes focal trait, other respondent characteristics, the situation, manifest 

and subtle methods, and interactions. The usefulness of this preliminarv' taxonomy was 

then field tested and refined by surveying on the methods used in a sample of multitrait-
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multimethod (MTMM) studies (Study 2). It became clear that manifest ciiaracteristics of 

method could be discerned at the scale level, but the subtle methods could usually be seen 

only at the item level. A third study was developed to assess whether methods could be 

experimentally reproduced and to attempt to quantify method and interaction effects. 

In general, the idea of method probably should be restricted to characteristics of 

the instrument and the processes involved in its use. Sources of variance that arise from 

the purposes of measurement or from characteristics of objects being measured should 

not be lumped in with methods effects. 

The trait of interest is obviously not method, nor are other characteristics of the 

subject; these are traits and states. Characteristics of subjects may not be traits of 

interest, but they are not method. What the subject does when measured is not method 

either; it is the subject's response. 

Some traits by their nature will have more method effects associated with them. 

Traits that are more visible will have less method variance than traits that cannot be seen. 

For example, Cote and Buckley (1987) found that method effects for assessing job 

performance or satisfaction were around 22% of variance accounted for, while the 

amount of variance attributed to method in the assessment of largely unseen attitudes was 

generally greater than 40%. However, whether a trait can be seen or not is not method, 

and less visible traits may call for different assessment methods. 

Campbell (Campbell, 1950; Campbell and Fiske, 1959) made no clear distinction 

between response biases and methods effects. They intermixed such ideas as response 

sets, the willingness of subjects to tell us what we want to know, test-taking motivation. 
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and test-taking sophistication. Other writers have followed their lead. For example. 

Bagozzi and Yi (1991) state that method effects might consist of response biases such as 

halo effects, social desirability, acquiescence, leniency effects, or yea- and nay-saying. 

A distinction between subject (response) and stimulus (method) characteristics is 

important. Different methods of measurement are needed because of response sets or 

biases. Both direct and indirect measures are required because direct measures are 

affected by dispositions of subjects to respond in different ways to different stimuli. Both 

verbal and nonverbal response modes should be provided because subjects differ in their 

inclinations to respond depending on the mode they are permitted. Because people 

interpret words differently, items can be constructed that are worded in different ways. 

Social desirability, response acquiescence, and willingness of subjects to tell us what we 

want to know, and test-taking sophistication are not methods problems but problems that 

are to be dealt with by an astute choice of methods. 

In fact, under some circumstances response sets may be induced by particular 

methods in order to produce an outcome that is desired by the agent doing the 

measurement. For example, questions in political polls may be worded in such a way as 

to produce exactly the bias wanted by the pollster, a fact that has caused dismay up to the 

point of scandal in polling circles. Methods may be devised in ways either to maximize or 

minimize response biases. 

The same general point might be made about distinctions between method and 

situational effects, a distinction that was also blurred to some extent by Campbell 

(Campbell, 1950; Campbell and Fiske, 1959) and that has been similarly handled by later 



writers (e.g., Fergusson and Horwood, 1989). For example, whether persons believe they 

are filling out a questionnaire for emplovTuent or merely research purposes may well 

have an effect on their responses, and methods of assessing the characteristics of interest 

may be constructed in order to obviate the biasing effects of the situation, as by using 

unobtrusive or other nonreactive measures (Webb, et al., 1966; 1981). However, these 

are the circumstances of the use of a measuring instrument, and are not method. 

What is method? 

Method is what is involved in the process of measuring and is a part of the 

specific operation involved. The modality used, whether written or oral words or 

pictures, is one example of method. The characteristics of instruments are method and 

can be catalogued and classified. Method is a property of tiie measuring instrument. 

It is helpful to illustrate what is meant by method with an example from the 

physical sciences. Temperature is defined as the degree of hotness or coldness measured 

on a definite scale. There are obvious methods, such as mercur\' thermometers, digital 

thermometers, thermocouples, and visual observation of color changes. It is important to 

note that there are several underhing mechanisms for the techniques used to measure 

temperature. Different measuring devises may use expansion or contraction, electrical 

resistance, sound waves or magnetic conditions, or color changes. For example, a 

mercury thermometer, digital thermometer, or clay cones used in firing pottery all use 

expansion or contraction. Astronomers use the light waves emitted from stars to 

determine temperature, and thermocouples use electrical resistance. 
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On the surface, digital thermometers appear to be different from mercury 

thermometers, but at a deeper level, they depend on the same physical mechanism. What 

is meant by method should probably refer to the underlying mechanisms that are used to 

quantify temperature, not the brand or appearance of the measuring device. 

Psvchophvsical Methods It can easily be argued that the study of methods in the 

social sciences began in 1860 by Fechner with his treatise on Psychophysics. Fechner 

proposed three methods; the method of limits, the method of adjustment, and the method 

of constant stimuli (Engen. 1971). The majority of psychophysical methods can be 

subsumed under these. The method of limits includes two procedures, one for 

determining the absolute threshold, the other to determine the difference threshold. 

Both procedures include passive observation of stimuli. The method of adjustment 

allows the Subject to var\^ the comparison stimuli until it is perceived equal to the 

standard stimuli. The method of constant stimuli involves judging a limited number of 

stimuli in the transition zone between never perceived and always perceived. 

Each of the psychophysical methods can be used in the study of pitch, audibility, 

visual perception, touch, taste, or odor. Which method is best? It depends on what is 

being measured (Osgood, 1953). Testing audibility is well suited to the first method with 

ascending and descending trials. Odor is better measured by ascending trials, and light 

sensitivitj' in a dark-adapted state by a few trials close to the threshold such as the method 

of constant stimuli. The study of methods is rooted in experimental psychology. 

Measurement of frequency, magnitude, latency, and direct versus indirect scaling 

have all been foci of study in experimental psychology. Whether to include a midpoint. 



the number of stimuli presented, use of paired comparisons, forced choices, and response 

biases were all identified more than one hundred years ago as issues in measurement. 

If method has not been formally defined, it can be examined by how people use it. 

First, the methods used to study a trait can be summarized for several representative 

traits, with the aim of producing a preliminary list of methods or measures (Study 1). 



STUDY 1; METHODS USED TO TAP A SINGLE TRAIT 

Method 

Selection of articles 

Literature searches were conducted for three personality traits: introversion/ 

extraversion, neuroticism, and conscientiousness, three latent constructs from the 'Big 5" 

theor\' of personality. For each trait, a keyword search was made for empirical articles 

listed in PsychlNFO between 1887 and October of 1998. 

The literature searches resulted in 318 empirical articles for introversion/ 

extraversion. 186 articles for neuroticism. and 8 articles for conscientiousness. All 

methods used to measure each trait were tallied from the abstracts. 

Results 

Introversion-Extraversion (IE) The vast majority of measures for IE were paper 

and pencil tests. More than 450 paper and pencil instruments were used in the 318 

studies (Table 1). Eysenck's scales were used far more than any other scale, with 113 

instances of these scales and their predecessors. The MMPI was used 36 times. 

Guilford's scales 17 times, and Cattell's scales 20 times. The two scales designed to 

measure Jung's theory of types were cited only 14 times. More than 92% of the studies 

used a paper and pencil measure. Twelve single item self-ratings, and 19 ratings by 

others were also recorded. 
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Table 1: Methods cited in Introversion/Extraversion empirical citations from PsychlNFO 
Complete from 1887 to 10/98 

Method ̂  N % 
Tests by Eysenck (EPI and variants) 113 23.8 
MMPf 36 7.8 
16 PF 17 3.6 
Guilford-Zimmerman 10 2.1 
Big 5 tests 8 1.7 
Myers Briggs Type Indicator 12 2.5 
Gray-Wheelwright Jungian Type Survey 2 .4 
California Personality Inventor>' 5 1.0 
Edwards Personal Preference Survey 5 1.0 
Taylor Manifest Anxiety Scale 5 1.0 
Freiburg Personality Inventory 5 1.0 
Brengelmann (E-N-NR) 4 .8 
Semantic Differential Scale 4 .8 
Beck Depression Inventory J .6 
MDI J .6 
Bemreuter 2 .4 
Rotter 2 .4 
Michill (MARS) 2 .4 

Toronto Alexythymia scale 2 .4 
Trait-State -1 .4 
Special Hospitals Assessment of Personality 2 .4 
Shyness measures 4 .8 

Vocational tests 4 .8 

Ability tests 256 4 .8 
Paper and Pencil tests used only once 75 15.8 
Paper and Pencil instrument not specified 71 14.9 
Global self ratings 12 2.5 
Ratings by others 19 4.0 
Subtotal paper and pencil instruments 433 91.2 

Pictures, imagery 17 3.6 

Observation 4 .8 

Experimental, lab 13 2.7 

Novel instruction 2 .4 

Institutional records 4 .8 
Subtotal - novel measures (experiments, pictures, imagery) 42 S.8 
Total measures 475 100.0 

^ Names of measures taken from abstracts 
''N of studies = 318 
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In addition to die paper and pencil tests, there were more than 40 other kinds of 

measures of introversion/extraversion. Visual imagery and pictures were used 17 times; 

projective assessments such as the Rorschach and TAT accounted for 12 of those. The 

Sacks Sentence Completion Test, Luria motor responses, and the Luescher Color Test 

were also employed. The most interesting methods by far include the use of dream 

material, drawing stick figures, coding facial expressions, and physiological responses. 

Some of these are less obvious to the respondent or are not under conscious control. 

Experimental studies, including role-playing, confederates, and test taking instructions 

were infrequent. 

Researchers apparently used whatever device they had available, including factor 

analyzing tools at hand. Even the Bayley scales of infant development were used. It is 

an indication of the ubiquitous nature of IE that it emerges everywhere. 

Neuroticism (N) Methods used in neuroticism are categorized in Table 2. Paper 

and pencil tests overwhelmingly predominated with 97% of the studies using them. 

Neuroticism had a distribution of methods very similar to that for 

introversion/extraversion; which is not surprising, as many of the studies measured both 

traits. There were a few differences: neuroticism had a higher preponderance of paper 

and pencil tests and four instances of psychiatric diagnoses. Nearly a dozen interesting 

ways were used to measure neuroticism, including the use of visual-spatial measures, 

experiments, novel instructions, vignettes, and simadons. 
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Table 2: Methods cited in Neuroticism empirical citations from PsychrNFO Complete 
from 1887 to 10/98 

Method N % 

Tests by Eysenck (EPI and variants) 89 31.8 
MMPI' 7 2.5 
16 PF 4 1.4 
Freiburg Personality Inventory- J 1.1 
Taylor Manifest Anxiety Scale 5 1.8 
Beck Depression Inventory 5 1.8 
State-Trait Anxiety Inventory A-Trait scale 5 1.8 
Big 5 (Neo-PI. FFPQ.BFQ, 23BB5) 11 3.9 
Neuroticism, Extroversion, and Openness Scale 2 .7 
Sentence Completion Form, unfinished sentences 2 .7 
Self-concept clarity (SCC) Scale -1 .7 
Leyton Obsessionality Inventory n .7 
Amsterdamse Biografische Vragenlijst (TT.A. N) T .7 
Cloninger's Tridimensional Personality Questionnaire (TPQ) 2 .7 
Paper and pencil tests used only once 50 17.9 
Test used, not specified 52 18.6 
Global self ratings 8 2.9 
Self report of objective events 8 2.9 
Ratings by others 12 4.3 
Subtotal paper and pencil instruments 271 96.8 

Subtotal Novel measures (experiments, pictures, imagery) 9 3.2 

Total measures 280 100.1 

® Names of measures taken from abstracts 
''N of studies = 186 

Several of the N studies attempted to manipulate the setting under which the 

subject completed the questionnaire. Both the actual and the imagined setting were 

varied. To alter the actual situation researchers used experimental manipulations, 

psychodrama, and beeped the subject during the day to complete the questionnaire. To 

varj' the imagined situation researchers used novel instructions, vignettes. imager\', and 

imagined situations. 
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Visual spatial imagery was also used in five studies and included the placement of 

self-figures and social objects and use of visual imagery. These dozen assessment 

devices were interesting, but they are greatly outnumbered by the paper and pencil tests. 

Conscientiousness (CI Only 8 conscientiousness studies were found, and followed 

the same pattern as for the other traits (Table 3). Seven of the eight studies were 

straightforward, using simple paper and pencil tests. Only one was novel, in that it 

included multiple measures: vignettes and Q-sorts of both self-descriptors and a 

hvpothetical "most conscientious" individual. For each of the three traits, paper and 

pencil tests accounted for over 90% of the methods used. 

Table 3: Methods cited in Conscientiousness empirical citations from PsychlNFO 
Complete firom 1887 to 10/98 

Method^" N % 

MMPl 2 11.8 
16 PF 2 11.8 
Tests used only once 6 35.3 
NEO-PI-R(Form S) 1 5.9 

High School Personalit)' Questionnaire (HSPQ) 1 5.9 
Adjective check list scale 1 5.9 
20-item inventory to measure the motivational pressure 1 5.9 

Global self ratings 1 5.9 
Ratings by others 1 5.9 
Subtotal paper and pencil self report instruments 16 94.1 

Novel methods (experiments, pictures, imagery) I 5.9 
Total measures 17 

^ Names of measures taken from abstracts 
N of studies = 8 



Discussion 

Based on diese and otlier data, seven basic characteristics of methods emerged. 

These seven surface categories include the stimulus format, response format, response 

categories, who does the rating, whether the measure consists of only one or many items, 

and whether the individual rates his response or an outside stimulus. A final categor>' is 

the obviousness of the measurement device: whether the individual can easily discem the 

purpose of the instrument. A brief description of these obvious or manifest 

characteristics of method follows. 

• The stimulus and response format used may be paper and pencil, oral, 

visual/pictorial, or spatial. The stimulus format and response format do not need to 

be the same. 

• Response categories include the answering format. (5-point scale, yes-no. and 

open ended responses) and the number of rating points. 

• Rater is a method. The person doing the rating can be the individual, a person 

from the target person's existence (peer, spouse, teacher, family), or a professional 

observer (physician, treaunent staff, or researchers). 

• Whether the measure is direct or summed from many items is a method. 

• Whether the stimulus or response is rated is a method. The division is based on 

whether or not the respondent rates an external stimulus. 

• Opaque/transparent Whether the person can easily figure out tlie purpose of the 

instrument is another method category. Projective tests are considered to fall in the 
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opaque or disguised category. Single item measures such as 'I am depressed' fall in 

the transparent category. 

Subtle Methods 

In addition to the obvious surface characteristics of method there may be a deeper, subtle 

level of method that we either cannot see or have not thought to look for. Sechrest and 

others (Sechrest & Phillips, 1979; Sechrest & Grove. 1980; Webb. Campbell, Schwartz. 

Sechrest & Grove. 1981) developed a ta.\onomy of nonreactive measures that can be 

adapted for reactive methods. Angleitner, John & Lohr (1986) have approached the 

problem of method from the item characteristic side. Cattell (1988) and Ajzen (1988) 

have also made considerable contributions to the field. 

Nonreactive measures In their careful survey of nonreactive methods. Webb et al.. 

(1981) categorized methods into features of measurement and assessment characteristics. 

Their taxonomic matri.x of features and characteristics of measurement provides a tool for 

the ready categorization of nonreactive measurement. Features of measurement include 

frequency, magnitude, latency, resistance to change, functional smoothness, associations, 

acquisitions, consumption, effort, inappropriateness, bias, cognitive articulation, and 

revelator>' responses. Characteristics of measured variables include probability, capacity, 

categor}', membership, sentiment, affect state, and value. These attributes of 

measurement seem to be equally applicable to reactive measures. 

People can be asked how often they have done something, how quick they are to 

anger, whether they are good at something, what their friends are like, what they own. 
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what they consume, whether something is easy for them, and so on. These features of 

measurement are clearly a part of the measuring process and therefore of method. 

Itemetric Analysis Angleitner, John & Lohr (1986) proposed a category system 

for paper and pencil questionnaire items. The characteristics of items included: a 

description of reaction (overt, covert and bodily symptoms), trait attributes, (modified 

and unmodified including frequency, duration and situational contexts), wishes and 

interests, biographical facts, attitudes and beliefs, others reactions, and bizarre items. 

Raters were able to categorize nearly a thousand personality items from seven common 

personality instruments into these categories. The present author developed a preliminary' 

taxonomy of unseen or subtle methods from Webb's features of nonreactive measures, 

augmented by Angleitner's item characteristics. These deeper aspects of method include 

amount, latency of response, possessions, situational context, associations, ability, 

semantic or verbal structure, keyed direction, reports of others reactions, bodily 

symptoms, time frame, and behavior. Each of these "subtle" methods is explained in 

detail in a following section. These methods are considered subtle because they are 

difficult to understand or perceive. They are elusive, hard to isolate or identify. 

In addition to die work by Webb, Sechrest and Angleitner. Catteil (1988) and 

Ajzen (1988) have categorized aspects of measurement or research. Cattell's three basic 

coordinates for experimental design parallel the three aspects of a score: Person, Situation 

and Test are similar to trait, situation and method. Ajzen's framework also has 

similarities to this taxonomy. Recent analyses by Dot}' and Glick (1998) divide methods 



27 

into three dimensions: differences in measurement techniques (response formats, 

response categories, or item wording), data sources (self or other rater), and time lags. 

Why is a taxonomy needed? A useful taxonomy provides several benefits. At the most 

basic level it categorizes and helps to communicate. A taxonomy of methods can help to 

understand phenomena, assist in the design of experiments, and aid in analysis. A 

successful taxonomy is informative. To develop it produces a greater understanding of 

the phenomena. A taxonomy describes the very architecture that items and other 

methods are built from. 

A taxonomy can help clarify our thoughts, telling us more about a method than it 

asks of us. It can be helpful to researchers to have a mental structure or grid into which 

assessment methods can be dropped so that they can be categorized and better 

understood. The plethora of methods is bewildering, and many may be different from the 

next only by name. To understand methods, one need not know each by name, but only 

by their composition. One may be confronted with a visual analogue scale, a graphic 

direct scale, and a personal space measure. To understand them one can focus on 

similarities. 

A taxonomy is needed to guide the selection of methods, telling how similar or 

different the chosen methods are. A grid of methods to guide practice is required. 

Finally, the analysis of method variance cannot begin witliout a good understanding of 

methods. If the methods used in a study draw upon the same sources of method variance, 

it will never be possible to remove their effect. 



A taxonomy of item architecture 

The taxonomy of sources of variance or item architecture is presented in Table 4. 

An observation is composed of the variance attributable to trait, situation, manifest 

method, subtle method, a host of potential interactions, and error. 

Traits 

Trait is not a unitary concept. The focal trait is the one we are interested in 

estimating. We may tap other traits in our quest to measure something. They may be 

perfectly good traits, but just not the one we want. These are not methods, however; they 

are traits. For example, when asked to nominate their brightest students, teachers may 

pick the most socially competent instead. 

Respondent characteristics include halo and response bias. These characteristics 

are neither the desired trait nor method. While some writers have alluded to response set 

or halo as methods, they are not; they are characteristics of the respondent, and they vary 

from respondent to respondent. Finally, whether the trait is observable or not is a 

characteristic of the trait and is not, itself a method. 

Situations 

Traits can be assessed in different settings and on different occasions. If we 

gather information in a classroom, we obtain information different from what would be 

obtained at home. The purpose of the interview is part of the situation. A telephone sales 

inter\iew will elicit responses ver>' different from those of a psychiatric interview. If we 

manipulate the subject's experience, as in an experiment, we change the situation. 



Table 4: A taxonomy of item architecture 
0 = T + S + M + E  

T rait 0 = T + S + M + E 

T = T (focal trait) + T (other traits) + T (respondent characteristics) + 

T (observable or not?) + 

Situation 0 = T + S + M + E 

S = S (setting) + S (occasion) + S (experimental manipulation) -r 

Mcthod 0 = T + S + !VI + E 

Manifest 
M (stimulus formats) + M (response formats) + M (response categories) -r 

M (rater) + M (direct/summative rating) + 

M (rating the stimulus or response) -i- M (opaque/transparent) + 

Subtle 
M (amount) + M (latency of response) + M (possessions) + M (associations) -

M (situational context) + M (ability) + M (semantic or verbal characteristics) + 

M (direction of wording) + M (reports of others reactions) + 

M (bodily symptoms) + M (time frame) + M (behavior) + 

Interactions 
(M*trait) + (M*situation) + (situation*trait) + (M*situation*trait) -r ... 

Error 0  =  7  +  5 + M  +  E IE = 0 
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Repeated assessments also fall in this category. Where we give the instrument and the 

conditions under which we give it are the situation. These are all examples of situation, 

not method. 

Method effects 

There is both a surface level and a deeper level to methods. Surface level, or 

manifest, methods can be seen at the aggregate level and include what are commonly 

thought of as methods. Subtle methods are deeper characteristics of method, and usually 

do not come to mind when one considers the methods that may clutter one's results. 

Manifest methods 

Obvious or surface characteristics of methods have been described in the preceding 

discussion of MTMM findings. Tlie\' are described in more detail and include: 

Stimulus and Response formats The stimulus format is what we present to the 

subject to elicit a response. The response format is how we collect our data. These 

formats used to elicit and record responses are an obvious characteristic of measurement. 

Common formats include written, oral, pictorial, and behavioral. The most common, of 

course, is paper and pencil tests, which are given and responded to in a number of ways. 

Reading and wTiting, listening and wTiting, reading and talking, or listening and talking 

are four ways of eliciting data verbally. Paper and pencil instruments dominate the 

method industrj'. 

Response categories Response categories include the response options we give 

our subjects. These are primarily in paper and pencil tests. Likert-tNpe responses, 

multiple choice, true false, and open-ended answers are all response categories. Whether 
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or not the subject has 5 choices or 3, and whether or not he is given the chance to answer 

'don't know' all fall under response categories. 

Raters The respondent, peers, spouse, teachers, and coworkers all can be raters. 

Each has a different point of view and, presumably, access to different information. Self-

raters have access to internal unseen traits, while other raters have access to external data. 

The ability of other raters to provide valid judgment depends on whether the behavior is 

observable, whether the rater has opportunity to obser\'e it. and in general how well the 

peer rater knows the subject. Campbell and O'Connell (1967) discussed rater bias: 

noting that each rater has an implicit theory" of personality, leading him or her to expect 

the co-occurrence of certain traits. The presence of one trait might lead the rater to rale 

the subject higher on another trait. 

The Johari window (Luft. 1966) described in Johnson (1997) deftly illustrates 

what can and cannot be seen by whom. Self-rating is best for the secret area, peer rating 

is best for the blind area, and either may be effective for the public area. 

Johari Window 

Known to self Unknown to self 

Known to others Public area Blind area 

Unknown to others Secret area i Unconscious area 

i 

Direct rating or summative scale A direct rating asks the person for a single direct 

conscious response on a trait. A summed scale is composed of many items. A direct 

rating should provide clean and simple information if the trait is in the public area, and a 
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direct self-rating might be preferable if the trait to be measured is an internal event that is 

not under impression management. For example, we could ask someone if he or she is 

extraverted. or ask twenty questions regarding extraverted activities. Either could give 

good results, but "How extraverted are you?'" will often yield as good a response as any. 

Whether the stimulus or response is rated is a method. W^ien we report on our 

feelings, attitudes and interests we are rating our own response. When we rate something 

outside of ourselves, we are rating a stimulus. An example of rating the response is "Do 

you like cheese?" An example of rating the stimulus is "Is the cheese beautiful?" 

Opaque or transparent measures Measures can be deliberately constructed to be 

obvious in their intent or veiled. To the extent a measure is undisguised, the respondent 

can figure out what is being measured. Single item direct measures are usually 

transparent. 

Subtle methods 

The deeper aspects of method include references to amount of some behavior or 

stimulus, latency of response, possessions, associations, situational context, measures of 

ability, semantic or verbal structure, keyed direction, reports of others reactions, bodily 

symptoms, time frame, and behavior. Each is detailed below. 

Amoimt is a very broad category that includes numerous item level methods. 

These are probability, capacity, duration, frequency and magnitude. How often does an 

event occur? How long has the behavior contmued? How much of a response does one 

see? What is the probability an event will occur? What is a person's capacity? All of 

these fall under the subtle vector of amount. 
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Latency of response includes the length of time a behavior has continued, and the 

strength of the stimuli that is needed to evoke a response. 

Possessions Questions that address possession or consumption fall in this 

category. Whether we own miniatures, stethoscopes, purchase drug paraphernalia, or 

consume fine wines can be indicators of the strength of a trait. 

.Associations This category' contains associations and category membership, the 

company we keep, either formally or informally. The rationale for this categor\' is that 

"birds of a feather flock together." The organizations a person belongs to (a gardening 

club, the KKK) and the nature and number of their compatriots (for instance lively or 

reflective) help define their nature. 

Situational context refers to the frame of reference witliin an item. It can be 

specific to a place (when at home, work, party), or more general (when I am feeling 

tired). Situational context should not be conflised with the measuring "Situation". 

Situational context is the use of item wording within the measuring instrument, and as 

such is a subtle method. Situation is die actual time and place of testing, including the 

testing instructions. 

Measuring trait as ability is construed broadly to include personality traits: we can 

have the ability to be extraverted. or neurotic (Wallace, 1966). If we conceive of the trait 

as an ability, there are several subtle methods to assess how much of the trait a person 

has. The ability to do something at all. functional smoothness, inappropriateness. effort 

and cognitive articulation are all subtle methods that assess ability. Passing the threshold 

of being able to do something is the first indicator. People who are not able to leave their 
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houses are more likely to be agoraphobic than those who can. The amount of effort it 

takes to do something is another trait indicator. Extraverts thrive on large groups; 

introverts expend effort to do so. Functional smoothness can be a measure of extreme 

competency of a trait. An expert makes a task seem easy. Inappropriateness indicates 

disfluency in a trait. Cognitive articulation, special knowledge, how much someone 

knows, can be evidence of one's standing on a trait. Surgeons, drug dealers, and car 

salesmen all know the argot of their work or culture. Functional smoothness, 

inappropriateness. effort, and cognitive articulation all are methods of assessing trait 

ability. 

Semantic or verbal structure refers to the wording or frame of an item. The 

wording of an item can have an impact on the response it evokes. Interest and preference 

questions are examples of verbal structure. Different item armatures are used that 

subjects may answer the same way because they are the same question. "'I am curious 

about..." "I like ..." or "1 often ..." will each elicit a different response. The item 

wording we use depends on the characteristics of the trait we are tr>'ing to tap. 

Keved direction refers to the item's direction of wording, whether positive or 

negative. This method can include semantically negative or grammatically negative 

items. The usual purpose for varying direction of wording is to remove the effect of 

social desirability or tendency to agree or respond in a positive direction. 

Reports of others reactions or reflected appraisal are the individual's impression 

of what peer report would be. The usefulness of this method will depend on the trait 

(whether it is visible or not), the situation, and it may be clouded with respondent 



characteristics, such as self-presentation. For some traits, reports of others reactions may 

serve as a proxy for peer report. 

Bodv svmptoms "I get clammy hands when I meet a girl." and "The back of my 

neck tingles when I watch horror shows." draw on a different source of information, the 

person's body. There are several limits to the usefulness of report of body symptoms as a 

method, including self-awareness, and whether the trait is one that evokes a physical 

response. 

Time frame Phrasing questions about different time periods gives us a window on 

the respondent's experience; 'What would you have done as a child?", "What were your 

interests in high school?" , and "WTiat was your first career choice?" provide glimpses 

of the past. These questions attempt to manipulate or evoke situation within the 

measuring device. Questions including time frame and situational context are subtle 

methods, and should not be confused with the situation the test is given. 

Behavior Reports of oven behavior have been considered an excellent indicator of 

a latent trait, stronger than attitudes and intentions. Since the behavior has already 

occurred, it is assumed to be less reactive. Past behavior can be gathered from 

instimtional records or from the respondent, and is assumed to be little affected by 

respondent characteristics such as response bias. However, past behavior as indicators is 

attenuated by the real world variables that may have affected it. For example, education 

may be used as a proxy for intelligence. Many factors could have limited an individual's 

schooling besides IQ, however. 
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Interactions 

The methods that we use interact with situations and traits. The size of the 

method effect depends both on the method and on the trait being measured, resulting in 

trait*method interactions. The expression of the trait also differs depending on the 

setting resulting in trait*situation interactions. Which method works the best can depend 

on the situation, resulting in method*siiuation interactions. The existence and size of a 

method effect can be a function of which trait, which situation, and which method 

resulting in trait*situation*method interactions. In addition, there arc interactions within 

category. The expression of a focal trait can be altered by respondent characteristics and 

whether or not it is observable. Different combinations of methods can also interact. It is 

quite possible that interactions between focal traits, non-focal traits, methods and 

situations may be more important sources of variance dian the pure method effects by 

themselves. 

Trait*method interaction Depending on the trait, the method we choose will elicit 

different responses. A direct transparent method to measure a trait that the subject would 

like to keep secret will elicit a response different from an opaque summed method. 

When a ttait that cannot be seen is rated by a peer, it will result in a response with a 

larger method component than if measured by self-report. Some of the most substantial 

trait*method interactions probably involve respondent characteristics such as self-

presentation. It is likely that what researchers frequently refer to as method effects are 

trait*method interactions. In addition, more variance may be accounted for by the 

interactions of non-focal traits with methods than by method itself. For example, 
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Campbell and O'Connell (1967) noted that relationships large enough to be noticed 

would also be exaggerated. 

Trait*situation interaction People act differently depending on the situation they 

are in. At times, a teenager may want to appear intelligent, and at other times he or she 

may prefer not to be seen. The trait does not change, but its expression does, depending 

on the setting. Altering one's behavior based on the situation may be completely outside 

of conscious control. For example, under stress a subject may manifest a trait completely 

different from the one he or she is being tested on. 

Method* situation interaction The circumstances of assessment may have a 

substantial impact on the results. Whether an assessment is for a parole hearing or just a 

survey in a shopping mall can greatly influence the results. The same respondent might 

give ver>" different answers across these settings to an obvious assessment, but perhaps 

not to a more subtle method. 

Method*situation*trait interaction Different methods can stimulate or minimize 

respondent characteristics. Reactivity is an interaction between respondent 

characteristics, the method, and the situation. The interaction effect of measuring a 

potentially embarrassing trait by a transparent method in a public place is likely to result 

in a response different from that for a non-sensitive trait measured in a private place by a 

disguised method. 

All combinations of methods and situations can exist in an MTMM study; 

separate traits, different methods and settings exist together. For example, Jackson 

(1972) studied risk-taking in different arenas. He used direct ratings, vignettes. 



vocational and personality tests. Physical risk taking measured directly is likely to have a 

low method component, while ethical risk-taking measured directly would have a high 

method component. Rating what people should do in vignettes may expose the subject's 

view of right and wrong, while using vocational preference to measure risk-taking may 

tap a completely different domain. No two measures in Jackson's study would be 

expected to have the same method effect. The usefulness of a method depends on the 

trait and the setting. 

Error is what is left over. Error is randomly distributed, and uncorrelated with 

either traits or methods. 

This preliminary taxonomy of components of variance lists potential contributions 

of trait, situation, methods, and interactions to die observed score. The development of 

this framework provokes a series of questions. \\'hat are the uses of such a taxonomy? 

Can these proposed methods be observed in existing studies, and can method effects be 

experimentally manipulated and estimated. 

This listing of method characteristics may provide an item architecture or 

blueprint for building items. Each item has a content or purpose, and a structure. Some 

structures (methods) may be generally useful. Other structures may be useftil only in a 

limited context. 

A second study was designed to field test aspects of the preliminary taxonomy. 

The study was exploratory, with two questions: what do researchers say their methods 

are, and can the proposed methods be identified in existing studies? The second study 

does not test the taxonomy per se. but assesses whether it is workable and feasible. 
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STUDY 2: TESTING FOR SUBTLE AND MANIFEST METHOD CATEGORIES 

AT THE SCALE LEVEL 

Method 

Procedure 

Selection of articles To test the existence of manifest and subtle method 

categories, sixty MTMM studies cited in Buckley, Cote, & Comstock (1990) were used. 

They selected published matrices involving at least three traits and tliree methods. 

Methodology 

Coding the studies was completed in two steps. First a tally was made of what the 

authors stated their methods were. Second, manifest and subtle methods were coded 

from the articles. 

Results 

What do researchers sav their methods are? What the researchers say they use as 

methods is a good window on methods in practice. The methods they reported were 

categorized into broad groups. The most frequent variations of methods cited were scales, 

response formats, or raters (Table 5). Several studies had multiple variables that did not 

seem to fall within the typical MTMM rubric. One study cited sex as its 'method", 

another used statistics (raw scores vs. principal components from the same data) as 

method. Several studies did have a richer definition of method. The studies using more 

unusual methods were usually experimental. Two used situational dilemmas or 

simulations. One used general vs. "in context" (situation) as a method; another asked the 

respondent to compare his or her "current job" to die best job he or she could think of. 
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and then to the worst job. Bias was used in one study, and frequency, time frame, and 

attitude in another. Except for these interesting examples, authors reporting MTMM data 

usually cite scales, response formats, raters, stimulus formats, and ability tests as their 

different methods. 

Table 5; Methods cited in 60 MTMM studies 

Method Cited^ Example N (%) 

Different Scales/Questionnaires (EPI. MMPI) 25 (41%) 
Different Response Formats (TF, Likert) 19 (31%) 
Different Raters (Self. Peer) 19 (31%) 

Different Stimulus Formats (Projective tests, pictures) 4 (7%) 
Ability tests College Board Exams 5 (8%) 

Nominations Nominate 3 peers 3 (5%) 

Physiological Finger sweat I (2%) 
Other 7 (12%) 

Total Studies 60(100%) 

® Muhiple methods were cited. 

^Tiat methods are actually used? Tlie seven manifest or scale level method 

categories and fourteen features of measurement were coded from the articles. Manifest 

method categories could usually be determined from the abstract alone. Unfortunately, 

subtle methods could only rarely be determined from careful reading of the articles and 

even then could only be inferred. A summary of the findings for manifest method 

categories follows. 

Table 6 lists the stimulus and response formats used in die sixty MTMM studies. 

Paper and pencil instruments were by far the most frequent stimulus format. 

Observation, use of pictures, and oral questions each were present in roughly 10 percent 
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of the articles. The most frequent response format used was paper and pencil; other 

response formats used were oral, visual analogue, and behavioral (for example, pointing). 

Table 6: Stimulus and Response Formats coded from 60 MTMM studies 

Stimulus formats N (%) 

Paper & pencil 
Observation 
Oral 
Pictures 

52 (87%) 
7 (12%) 
6 (10%) 
5 (8%) 

Total studies 60 (100%) 

Response formats N (%) 

Paper & pencil 
Behavior 
Oral 
Visual Analogue 
Physiological 

56 (93%) 
2 (3%) 
8 (13%) 
3 (5%) 
1 (2%) 

Total studies 60 (100%) 

The results for the remaining six manifest methods are summarized in Table 7. 

Response categories were a primarv' method in 25 (41%) of the studies. Response 

categories use different response options such as Likert, Yes-No, or Semantic Differential 

Scales. Transparent instruments were by far the most frequent 55 (92%); only 6 studies 

(10%) used opaque scales, and only 3 (5%) incorporated both. Self-raters were used in 

52 (87%) of the studies. Other raters were used in 26 (43%) of the studies. Eighteen 

studies (30%) included both. 
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Table 7: Other manifest methods coded from 60 MTMM studies 

Method N (%) 

Response categories 25(41%) 
Transparent instruments 5 5 (91 %) 
Rater 

Self rating 52(87%) 
Other rater 26 (43%) 

Rating stimulus or response 
Stimulus 31 (51%) 
Response 49 (80%) 

Total studies 60 (100%) 

Wliether the respondent rated the stimulus or response was largely dependent on 

whether peer report was used. A respondent either rated how he or she felt (the 

response), or rated another person (the stimulus). Few studies rated a stimulus that was 

not another person. Respondents in House (1972) rated organizations, and respondents in 

Hicks (1967) rated items. The response was rated 49 times (80%), the stimulus was rated 

31 times (51%). and the overlap was 20 (33%). Ability tests did not seem to fit in either 

category. 

Discussion 

How do the methods coded from the articles differ from what the authors stated 

their methods were? WTien researchers say they are using different methods, they usually 

mean different scales, different response formats, or different raters. However, the 

methods coded from these articles had much more diversity. For example, a researcher 

may have stated that his or her methods were different scales or response formats, but the 

methods could be neatly categorized as paper and pencil stimulus, paper and pencil 



response, self rating, several response formats, a summed scale, rating one's response, 

and a transparent measuring instrument. 

This exercise demonstrates that the surface characteristics of method could be 

discerned from anicles. and provides some preliminary' evidence for the potential 

usefulness of the ta.\onomy. However, the subtle methods were rarely observed at the 

scale level. Therefore, a third study was designed to examine subtle method cffects. 
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STUDY 3: TESTING FOR METHODS AT THE ITEM LEVEL 

The purpose of the third study was to test whether method effects could be 

generated in systematic and predictable ways. Seven proposed methods were selected for 

this study: direct items, keyed direction, situational context, time frame, report of others 

reactions, preference, and behavior. Angleitner's research and preliminarv' analyses on 

existing tests helped guide the selection of methods. An introversion-extraversion 

inventors' was constructed and was systematically perturbed with these methods. 

Hypotheses 

For each method, there were two hypotheses: 

Hv'pothesis 1: There will be a main effect for each method. 

Hypothesis 2: There will be a trait*method interaction tor each method. 

Of these methods, only keyed direction has received much prior attention. 

Numerous test developers have recommended scales include both positive and negatively 

worded items to control for response bias. However, the evidence continues to mount 

that changing the direction of wording introduces unwanted bias (.Ahlawat. 1985: Chang. 

1995; Levin and Montag. 1989, Marsh. 1986: Marsh, 1996; Marsh and Richards. 1988: 

and Schriesheim and Eisenbach, 1995). 



Analyzing for method variance 

Over the last 50 years a variety of statistical metliods have been used to estimate 

trait and method effects in multitrait-multimethod data, the most notable being visual 

inspection, analysis of variance (ANOVA). explorator\' factor analysis (EFA). and 

confirmatory factor analysis (CFA). 

Visual inspection, using Campbell and Fiske's four criteria, is cumbersome and 

subjective. ANOVA provides only a global estimate of trait, method, interaction and 

error variance; EF.'^ is problematic as it is exploratory and searches for the underlying 

factor structure rather than testing theor}'. CF.A. has developed as the method of choice 

since the 1980's. CF.A has several variations, including the block-diagonal and correlated 

uniqueness models. Browne (1984) developed the direct product model, which has been 

infrequently used. The correlated uniqueness model is currently a favored approach. 

Schmitt and Stults (1986) provide a succinct review of the analysis of MTMM 

matrices, and evaluated the techniques on four criteria. 

1. Does the technique allow for the evaluation of 

a. Trait method interaction 

b. Method intercorrelations 

c. Trait vs. method factors 

2. Estimates of trait, method and error variance for measured variables. 

None of the methods they reviewed was able to handle interactions. There has 

been a continuing concern for problems in handling interactions, but few solutions 

(Campbell and O'Connell, 1967). Since the impact of a method depends on the particular 
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trait, trait characteristics, and the situation, it is not surprising that there have been 

substantial difficuhies estimating method variance. 

Generalizability analysis is a refinement of the traditional .A.NOVA approach, and 

has been used vers' infrequently to assess trait and method variance. It handles the first 

three of Schmitt and Stults criteria, but does not identity trait and method contributions 

for the measured variables. In a rare study using EFA. CPA and variance components on 

the Tennessee Self Concept Scale. Marsh and Richards (1988) found significant loadings 

for all trait factors, and for direction of wording. A\\ variance components were 

significant. In this study, both CPA and generalizability analysis were used and 

compared. 

Method 

Participants 

Introductory psychology students at the University of Arizona were given an 

introversion-extraversion test in .A.ugust of 2000. Six hundred and twenty-one students 

completed the test; 21 cases were deleted due to missing values, and 11 cases were 

deleted due to abnormal response patterns, leaving 589 valid responses. Sixty percent of 

the respondents were female, 40% were male. Tlieir average age was 19. with a standard 

deviation of 2.1. 

Instrument 

A 79-item test of introversion-extraversion was constructed, with six facets of IE 

and seven methods (Appendix .A.). A 'Big 5' personalitv* theory definition of IE was used, 

with six facets of introversion; friendliness, gregarious, assertiveness, activity level. 
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excitement-seeking, and cheerfulness. The test was modeled after the NEO-PI and the 

initial items were drawn from Lewis Goldberg's online International Personality Item 

Pool (Goldberg, 2000). Each facet of introversion was measured by 13 items, and there 

was an additional item for the global trait. 

The items were perturbed by seven methods: direct response (manifest method), 

keyed direction, report of others reactions, situational context, time frame, preference, 

and behavior (subtle methods). .Although these methods may be "subtle" in one sense, 

they do not lead to subtle items. .A. direct response asks the respondent directly where he 

or she stands on the trait. In this study, keyed direction refers to the direction of wording: 

whether the item is phrased in the introverted or extraverted direction. Report of others 

reactions asks the respondent what others would say about him in relation to the trait 

(reflected appraisal). Situational context adds a situation to the question, such as "When 

I'm tired" or "When at a party". Time frame refers to the respondent's childhood. 

Preference asks the respondent what she likes or prefers. Behavior asks the respondent 

what he or she actually does. 

There were 36 method by IE-facet cells to populate with items. Some method by 

IE-facet items were hard to write, e.g.. cheerful behavior. Most of the items were 

multifactorial, tapping two or more methods. Some method* method combinations were 

easier to write than others. For example, otlier report of behavior, and preferences in 

different situations were easy to write, other report of preferences were not. 
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Each item was rated on a six point scale, on which 1 = strongly agree, and 6= 

strongly disagree. The average score across the items was 2.99 (agree slightly), with a 

standard deviation of .54. Reliability for the overall measure of IE was .87. 

Data preparation 

All cases with more than six items left blank were deleted from the study. Forms 

with obvious patterns (for example, only middle responses) were also deleted. IRT 

analysis was used to identify cases with random or abnormal response patterns. The 

outfit mean square was calculated for each of the six scales. Outfit-mean-square is an 

outlier sensitive fit statistic and is the average standardized residual for a person's 

responses. Eleven subjects with an outfit mean square of more than 1.5 on more than half 

of the scales were deleted from further analyses. 

Regression imputation was used to replace all remaining missing values. All 

items but one had three percent or fewer missing values. That item. T am extroverted" 

was left blank 13% of the time. 

Judging items 

To check whether the items as written incorporated the intended methods, three 

trained raters rated each item independently. The raters were given descriptions of the 

methods and were given a pretest to assure they understood the definitions and rating 

task. One rater initially did not understand the task, and received further training. The 

raters were asked to rate each item for each method on a three-point scale; 0) none of the 

characteristics of the method, 1) some of the characteristics of the method, or 2) all the 

characteristics of the method. The raters reached consensus on ratings for 98.7% of the 



cells. They disagreed on seven ratings involving five items. These method ratings were 

later used as the basis for trait loadings and parcels. 

Most items were rated as either involving or not involving a method. The raters 

did. however, discriminate between two levels or types of behavior. They divided the 

behavior items into two groups, clearly obser\'able and active behaviors, such as talking, 

and inferred and ongoing behavioral states, such as being adept, cheertlil. or 

accomplishing a lot. The items for which inferences about behaviors had to be made 

were rated as having only some of the characteristics of the method. 

Although the raters agreed with each other, they did not agree quite so well with 

the original method design of the test. The raters judged six percent (24 of 395) of the 

item-by-method cells as involving methods different from the wTiter's intent. The 

majority of the disagreements were on the behavior and situational context items. 

Creation of parcels 

In this study, parcels of items were created for two reasons; to reduce the data to a 

more manageable size for further analyses, and to accentuate the effect of methods by 

aggregation. Item parceling involves grouping items by some criterion, taking the mean 

of these items, and using the parcel means in place of the individual items. The use of 

parcels dates back to Cattell and Eysenck. and has been used for data reduction, to 

increase reliability, and handle to problems with non-normal or dichotomous item data. 

Parcels have been created randomly, statistically ( radial factor analysis), by content area, 

but very rarely by method. Theoretical parceling by method was pioneered by 
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W. Wittmann (1988). An excellent discussion of parcels can be found in Russell, Kalin. 

Spoth, and Altmaier (1998). 

Items were grouped into parcels according to exact matches on the method 

ratings. Because the original study was not designed for parceling, not all of the items fit 

into parcels, and not all possible method combinations were represented. Sixteen parcels 

were created, comprising from 2 to 7 items. The parcel compositions are listed in 

Appendix A. Twenty-one items did not fit into parcels and were not included in the 

parceled analyses. The average parcel score was 3.06 (3=agree slightly), with a 

standard deviation of .53. Reliability for the parcels was .88. The average score and 

reliability for the parcels were very similar to those for the items. 

Method variance analyses 

To estimate the effect of the methods, a series of analyses were executed. 

MTMM-CFA was executed for both items and parcels (groups of items), and variance 

components were executed for parcels. Several preliminary or intermediate analyses 

were executed and are included in Appendix B. 

Analyzing for method variance at the item level 

A full MTMM-CFA was used to estimate the contributions of traits and methods 

to each of the 79 items. The facets of IE were modeled as a higher order factor, 

according to theory. Nested model comparisons then were used to estimate the 

contribution of each method to the total model for 79 items. A correlated uniqueness 

model was also executed. Several additional preliminary analyses were executed at the 

item level to test the behavior ratings and methods of weighting. 
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The behavior question The judges rated the active behaviors as having all of the 

characteristics of the behavior method. Tliey rated some of the inferred and ongoing 

behaviors as not being clear cut representatives of the behavior method. The difference 

between active behaviors and behavioral states was empirically tested using nested model 

comparisons. 

Weighting procedures Three models were executed to compare three different 

methods of weighting: differential and empirical weighting (freely estimated), unit 

weighting (each factor loading weighted equally), and differential and theoretical unit 

weighting (each factor weighed 1 or 2 according to the judges" ratings). Numerous 

empirical studies have shown that unit weighted factor scores often provide as good a fit 

to the data as freely estimated weights. Unit weights are also much more parsimonious. 

If unit weighting provides a reasonably good fit. it will be used instead of freely 

estimated weights. 

Correlations between facets of extraversion The correlations between the latent 

facets of extraversion were calculated, controlling for the method factors. If the 

correlations are substantial, it is reasonable to aggregate the data across facets of 

extraversion. 

Unfortunately, the same word, facets, is used in both personalit>' theor\' and 

generalizability theory. In personalit}' theor>' facets refers to aspects of a trait, such as 

extraversion. In generalizability theory, a facet refers to a random factor. EE-facets are 

used to describe facets of extraversion, and GT-facets will be used when referring to 

random factors. 



52 

Analyzing for method variance at the parcel level 

1) A full MTMM-CFA was used to estimate the contributions of trails and 

methods to each of the 16 parcels. 

2) Then, nested model comparisons were used to estimate the contribution of 

each method to the total model for 16 parcels. 

Three additional analyses were executed to quantify method effects. They were 

3) Observed proportions of variance using type 1 sums of squares 

4) Estimated variance components, and 

5) Generalizability coefficients. 

Because it was not computationally possible to run variance components analysis 

with maximum likelihood on 598 cases, the cases were randomly divided into 6 groups, 

five with 98 cases, and one with 99 cases. Analyses were executed for each group: the 

results were tabled and averaged. 

A hierarchical general linear model was constructed to orthogonalize the 

correlated GT-facets of the unbalanced sampling design (using SAS PROC GLM, TYPE 

I SS). All factors and interactions were treated as random GT-facets. The order of entry-

was 1) IE, 2) tlie main effects for methods (keyed direction, direct questions, situational 

context, time frame, report of others reactions, preference, behavior), 3) the residual 

effect for parcel, and 4) all trait*method interaction terms (person*keyed direction. 

person*direct question, person*situational context, person*time frame, person*other 

report, person*preference, and person*behavior). The error terms for the main effects 

were prespecified. 



Variance components were then estimated using T>pe 1 sums of squares, which 

resulted in negative components. Restricted maximum likelihood estimation was used 

obtain valid variance components. Generalizability coefficients were calculated from the 

variance components. 

Results 

Items 

Items - Trait-and-method model A full MTMM-CFA solution was executed for 

the items (Table 8). The confirmator}' fit index (CFI) was .77. and the root mean squared 

error (RMSE.A.) was .05. A CFI of .90 is the usual cut-off for a reasonable fit, and this 

model did not reach it. Guidelines for RMSEA are: below .05 indicates a good model. 

.05 to .10 a reasonable model, and above .10 a poor model 

Virtually all trail and method loadings were significant. The total variance 

accounted for by trait was 27%. Trait loadings varied greatly across the items, indicating 

that some items were better than others in capturing the traits. When a trait-only model 

was run. trait accounted for 28% of the variance, which was \-irtually the same as amount 

of trait accounted for in the trait-and-method model. 

Several factors had a few items with high loadings, coupled with many items with 

negligible loadings. This was true for context and preference, and to some extent for 

behavior. Situational context had only 4 items with high loadings: these were very 
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Table 8: Item loadings for trait-and-method solution 

Item Trait Direct Keved Conte.xt Time 0-repon Prefer Behave R-

VI .24 .06 

V2 .54 -.07 .23 -.13 .37 

V3 .16 .28 -.20 -.11 .16 

V4 .52 .20 -.09 .32 

V5 .46 .21 -.31 .35 

V6 .77 .14 -.01 .61 

V7 .67 .04 .46 

V8 .44 .27 -.06 -.13 .29 

V9 .78 .22 .66 

VIO .12 .15 .04 .12 .05 

Vll .55 -.01 .31 

VI2 .33 .14 -.35 .25 

V13 .53 -.07 .18 .31 

V14 .63 -.10 -.14 ,42 

V15 .66 .40 .05 .60 

V16 .46 .46 .20 .46 

V17 .67 .06 .13 -.14 .48 

VIS .64 .38 .00 .56 

VI9 .54 .39 .09 -.23 .50 

V20 .61 -.03 -.09 .39 

V21 .34 .11 -.42 .30 

V22 .53 .54 .57 

V23 .04 .39 .07 .41 .32 

V24 .28 .49 -.06 .32 

V25 .58 .23 -.11 .40 

V26 .70 .08 -.15 .52 

V27 .22 .28 -.09 -.17 .17 

V28 .24 .71 .14 .58 

V29 .44 .35 .00 -.16 .35 

V30 .17 -.12 .04 

V31 .28 .36 .09 .04 .22 

V32 .66 .25 -.27 .57 

V33 .59 .40 -.03 .51 

V34 .32 .76 .16 .70 

V35 .52 .21 .00 .32 

V36 .73 .01 .53 

V37 .78 .06 -.11 .62 

V38 .71 >22 -.08 .56 

V39 .42 .04 .25 -.37 .37 

V40 .68 -.17 .49 

V41 .68 .46 -.11 .69 

V42 .60 .39 -.04 .51 



Item Trait Direct Keved Conte.\t TimeOreport Prefer Behave 

V43 .14 .31 -.17 .15 

V44 .73 .01 -.21 .58 

V45 .50 .37 -.15 -.05 .41 

V46 -.11 .35 -.01 .04 .14 

V47 .15 .43 .20 .74 .79 

V48 .71 .04 .01 .51 

V49 .58 .33 .03 .45 

V50 .83 .27 .76 

V5I .48 • .02 .00 -.06 .24 

V52 .13 .20 -.18 .02 .09 

V53 .16 .34 .41 -.29 .10 .39 

V54 .60 .36 .07 .50 

V55 .51 .06 -.28 .35 

V56 .35 .26 -.13 .21 

V57 .49 .26 .23 -.09 .37 

V58 .42 -.12 -.18 -.32 .32 

V59 .77 .02 .19 .62 

V60 .76 .12 -.05 .59 

V61 .47 .51 .25 .55 

V62 .46 .06 -.05 .03 22 

V63 .63 -.03 .39 

V64 .73 .15 -.06 .57 

V65 .60 .01 .24 .41 

V66 -.01 .36 .20 -.04 .17 

V67 .49 .35 .04 .37 

V68 .51 .35 .04 .38 

V69 .61 .32 -.15 -.13 .51 

V70 .04 .42 .02 .03 .18 

V71 .41 .41 -.09 .34 

V72 .48 .32 -.33 .16 .47 

V73 .22 .32 .24 .74 .75 

V74 .70 .28 .56 

V75 .48 .38 .00 .01 .37 

V76 .43 .20 -.02 .23 

V77 .43 .15 -.13 .22 

V78 .55 .33 -.04 .11 .42 

V79 .10 .20 .02 .05 

Item Trait Direct Keved Context Time 0-report Prefer Behave R-

I eigenvalue 21.31 .54 2.80 1.64 1.05 1.91 1.50 1.05 31.81 

Averaee k .27 .08 .11 .06 

o
 

00 

.05 .03 .40 

Model eigenvalue = 31.81: variance accounted for = .40 
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specific items that tapped woricing alone at work or at school. The preference method 

also had just a few items with high loadings, which tapped a preference for spending time 

alone as a child. Although not as pronounced, there were 8 behavior items with higher 

loadings, most of which were characterized by a rapid response. 

The unusual pattern of item loadings (only a few ver>' specific items with high 

loadings defining the factor) could be interpreted as providing indirect evidence for 

interaction effects in a CFA analysis. An inference could be drawn for an interaction 

between trait and method for situational context and preference and. to a lesser extent, for 

behavior. Preference for spending time alone (lack of gregariousness) took over the 

preference factor. Working in a group (gregariousness) at work or school took over the 

context factor. Although not as marked, rapid response (high activity level/excitement 

seeking) was also expressed in the behavior factor. In each case the method factor had 

been designed with numerous and varied indicators, but a method*trait interaction could 

be discerned in the factor loadings. 

Items ~ The behavior question The behavior items were the only method that the 

raters divided into two groups. .A,bout half of the items were rated as having all of the 

characteristics of the method; the other half were rated as having only some of the 

characteristics. On inspection, it was clear that the items were categorized in terms of 

active behaviors and behavioral states. 

Which were better behavior items? Should the behavior state items be dropped? 

Model comparisons were nm comparing the active behavior items to the behavioral state 

items (Appendix Table A). The model with all behavior items provided a better fit than 



Table 9; Ilcni Fit indices for nested model comparisons - Removing methods from the total model 

Model y- df NFI CFI RMSEA Eigen
value 

X" CFI FJgen- a" A 
A A value A 

1. Null model 23248.61 3081 
2. Full model 7455.06 2822 .68 .77 .05 31.80 .40 
Removintt methods 
3. Direct 7586.68 2829 .67 .76 .05 31.36 .40 

A between model 2 & 3 131.62* .01 .44 .00 
4. Keyed direclion 8063.49 2848 .65 .74 .06 30.13 .38 

A between model 2 & 4 608.43* .03 .67 .02 
5. Situational conte.xt 7922.47 2851 .66 .75 .06 30.69 .39 

A between model 2 & 5 467.41 * .02 1.11 .01 
6. Time 7770.20 2835 .67 .76 .05 30.80 .39 

A between model 2 & 6 315.14* .01 1.00 .01 
7. Other report 8013.76 2851 .66 .74 .06 30.23 .38 

A between model 2 & 7 558.70* .03 1.57 .02 
8. Preference 7944.81 2854 .66 .75 .06 30.41 .38 

A between model 2 & 8 489.75* .02 1.39 .02 
10. Hehavior 7758.96 2860 .67 .76 .05 30.83 .39 

A between iiuxlel 2 & 10 303.88* .01 .97 .01 
11. Trait only, no method 11182.74 2996 .52 .59 .07 22.19 .28 

A between model 2 & II 3727.68* .18 9.61 .12 
12. Method only, no trait 11379.90 2907 .51 .58 .07 25.25 .32 

A between model 2 & 12 3924.84* .17 6.55 .08 
- - -
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either active behavior items or the behavioral state items by themselves, and was 

retained. 

Items - Assessing method variance using nested model comparisons Nested 

model comparisons were executed to estimate the unique contribution of each method to 

the total model. Seven models were run: dropping one factor at a time (Table 9). Each 

model was nested within the total trait and factor model. 

Dropping each method resulted In a small but significant decrease in chi-square. 

The CFI dropped by no more than .03. regardless of the method removed. Tlie RTvlSEA 

remained in the good fit range when any of the methods were dropped, ranging from .05 

to .07. It is very unlikely that there is minimal method variance in this especially 

constructed method test. It appears that nested model comparisons are not a good method 

for estimating trait or method variance at the item level. 

Items - Comparing methods of weighting Model comparisons were run to test 

three different methods of weighting: differential and empirical weighting (freely 

estimated), unit weighting (each factor loading weighted equally), and differential and 

theoretical unit weighting (each factor weighed 1 or 2 according to the judges' ratings). 

Differential and empirical weighting provided a dramatically better fit than either method 

of unit weighting, resulting in an improvement of the CFI of .18 (Table 10). Therefore 

differential and empirical weighting was used for all further analyses. 



Table 10: Item fit indices - Comparing methods of weighting 

Model df NFI CFl 

1. Null model 23248.61 3081 

2, Differential and 7455.06 2822 .68 .77 
empirical weighting 

3. Unit weighting 11444.16 3067 .51 .59 
(b= 1 and 2) 

A between model 2 & 3 

4. Differential and 11420.82 3067 .5! .59 
theoretical unit weighting 
A between model 2 & 4 
A between model 3 & 4 
* n < o i  

RMSEA Eigen-
value 

y^^A CFl Eigen- a^A 
A value A 

.05 31.80 .40 

.07 30.38 .38 

.07 30.62 .39 

3989.10* .18 1.42 .02 

3965.76* 
23.34 

. 1 8  

.00 
1 . 1 8  . 0 1  

.24 .01 

vT) 
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Phi coefficients The IE-facets were highly correlated, after methods were 

removed. Correlations ranged from .58 to 1.00 for friendliness and gregariousness 

(Table 11). According to theorv'. these are lower order factors of IE. Based on these high 

correlations, it seemed quite reasonable to aggregate the items across IE-facets. 

Table 11; Correlations between latent facets of extraversion 

Facet 12 3 4 5 6 

Parcels - Trait-and-method model Factor loadings for the full model are 

presented in Table 12. Tliis model provided a reasonable fit to the data. The CFI was 

.94. and the RMSEA was .08. Trait loadings varied markedly across parcels (/. ranged 

from .03 to .86). Trait accounted for 36% of the variance. .A one-factor solution was 

executed for the parceled data (Appendix Table B), with very similar trait loadings. 

Aggregating items by methods (parcels) provided interpretable results. The 

amount of trait variance depended on the method used. Parcels with negatively keyed 

items (in the introverted direction) had uniformly lower trait loadings. Preference parcels 

had lower trait loadmgs. Parcels with behavior items and direct items had the highest 

1 Cheerful 
2 .Assertive .58 

.68 .75 

.76 .71 .79 

.80 .70 .71 1.0 

.65 .57 .78 .83 .73 

3 .A.ctivity level 
4 Gregarious 
5 Friendly 
6 Excitement-seeking 

Parcels 



Table 12: Parcels - Factor loadings for final trait and method model 

Other 
Parcel IE Key Context lime report Prefer Behave R-

Other report - active behavior .86 .27 .10 .82 

Direct questions .86 .74 
Specific place - active behavior .83 .07 -.56 1.00 
Other report - behavioral state .75 .34 .14 .69 

Time frame - active behavior .70 .63 -.10 .90 

Time frame - preference .65 .34 .13 .55 
General situation - active behavior .67 -.03" .03" .45 
Specific place - preference .67 .75 .06" 1.00 
Other report - preference .5.1 .33 .31 .48 
Specific place - active behavior - negative .56 .32 -.14 .08 .43 

Preference .47 .89 1.00 

Other report - negative .44 .16 -.46 .43 
Preference - negative .27 .40 .23 .29 
Other report - preference - negative .29 .54 -.24 .06'* .44 
Time frame - preference - negative .17 .45 .12 -.08 .25 
General situation - preference - negative .03" .51 .10 .11 .28 

S Eigenvalue 5.68 1.04 .59 .53 .57 .97 .36 9.74 

Average A. .36 .17 .12 .18 . 1 1  .12 .06 .61 
"not significant 

Model eigenvalue = 9.74; variance accounted for by model - 61% 
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trait loadings. Eigenvalues and the percent variance accounted for by each factor are 

included at the bottom of the table. 

Unfortunately, several of the method factors had only one high loading, indicating 

that these factors were not identified. These single high variable loadings for situational 

context, time frame, preference and behavior may indicate interactions between parcels 

and methods, and may also indicate a problem with the tecluiique. This problem with 

singleton loadings is the same issue that surfaced at the item level CFA. 

Parcels - Assessing method variance using nested model comparisons 

Nested model comparisons were executed to estimate the unique contribution of 

each method to the total model. Seven models were run. dropping one factor at a time 

(Table 13). Each model was nested within the total trait and factor model. The total 

model provided a reasonable fit. with a CFl of .94. and RMSEA = .08. Removing each 

method resulted in a significant increase in the model x". and decreased the amount of 

variance accounted for by .04 to .06. Using this teclinique, all method effects were small 

but significant. 

Nested model comparisons were also executed with correlated uniqueness (CU) 

models. Correlated uniqueness models allow the error terms for items with the same 

methods to covary instead of explicitly modeling method factors. The CU technique 

avoids many of the estimation problems of the block diagonal technique. The correlated 

uniqueness models resulted in similar findings; all methods were small but significant 

(Appendix Table C). A correlated uniqueness model also provided the best model fit, 

with a r of 203.39, and CFI of .96. 



Tabic 13: Parcels - Fit indices for nested model comparisons - removing methods 

Model df NFI C'Fl RMSHA Eigen- a" jr'A CFI Eigen- a~ A 
value A value A 

1. Null model 4413.98 120 
2. Full model 320.95 71 .93 .94 .08 9.74 .61 
Removing metliod.s from 
model 2 
3. Keyed direction 507.67 77 .89 .90 .10 8.74 .55 

A between model 2 & 3 186.72* .04 1,00 .06 
4. Situational context 353.40 76 .92 .94 .08 9.14 .57 

A between model 2 & 4 32.45* .00 .60 .04 
5. Time 415.56 74 .91 .92 .09 9.01 .56 
. A between model 2 & 5 94.61 * .02 .73 .05 

6. Other report 420.88 76 .91 .92 .09 9.11 .57 
. A between model 2 & 6 99.93* .02 .63 .04 

7. Preference 478.12 79 .89 .91 .09 8.88 .55 
, A between model 2 & 7 157.17* .03 .86 .06 

8. Behavior 358.87 77 .92 .93 .08 9.13 .57 
A between model 2 «& 8 37.92* .01 .61 .04 

9.11- 1719.62 87 .61 .62 .18 7.45 .46 
A between model 2 & 9 1398.67* .32 2.29 .15 

* E < .01 

Models 3 through 9 are nested within model 2 
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Nested model comparisons were also executed by adding methods to a trait only 

model resulting in similar findings, all methods had small but significant effects 

(Appendix Table D). 

Confirmatory factor analysis has long been the preferred approach to estimate 

method variance. Several variations have been executed, using items and parcels, nested-

model comparisons (removing method factors, adding method factors, and using 

correlated uniqueness); all resulted in the same finding. The method effects were 

significant but small. 

Sub-samples for generalizabilitv analysis Because it was not computationally 

possible to run variance components analysis with maximum likelihood on 598 cases, the 

cases were randomly divided into 6 groups, five with 98 cases, and one with 99 cases. 

.Analyses were executed for each group; the results were tabled and averaged. With few 

exceptions, the observed proponions of variance and variance components were similar 

across the six sub-samples. 

Parcels - Observed proportions of variance A hierarchical general linear model 

was constructed to orthogonalize the correlated GT-facets of an unbalanced experimental 

design (using SAS PROC GLM, TYPE I SS). All factors and interactions were treated 

as random GT-facets. GT-facets refer to the main effects and interaction terms in a 

generalizability analysis and are analogous to fixed effects in an .ANOVA model. 
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Table 14: Observed proportions of variance ( r f )  from GLM 
(TYPE 1 SS/Corrected total SS) 

1 

Subsample 
2 3 4 5 6 Mean 

1 (Trait) ") J* .21* .23* .23* .19* .28* .22 

n (Keyed direction) .17* .15* .13* 12* .16* .16* .15 

n (Direct) .04* .05* .04* .04* .04* .03* .04 

1 (Context) .00* .00 .00 .00* .00* .00* .00 

n (Time frame) .00 .00 .00 .00 .00 .00 .00 

n (Other report) .00 .00 .01* .00 .00* .00* .00 

n (Prefer) .05* .06* .04* .05* .06* .05* .06 

n (Behave) .06* .07* .06* .05* .06* .05* .06 

n (Parcel) .04* .05* .04* .05* .05* .04* .05 

n (Person*keyed) .09* .08* .09* .07* .09* .06* .08 

n (Person*direct) .01 .01 .01 .02 .01 .01 .01 

n (Person*context) .02 .02 .03* .03 .02 .02 .02 

n (Person*time frame) .04* .04* .05* .04* .04* .04* .04 

n (Person*other report) .03 .03 .03* .03 .03 .03* .03 

n (Person* prefer) .03* .04* .04* .04* .03 .03* .03 

n (Person*behave) .04* .04* .04* .04* .04* .04* .04 

n - (Person*parcel) .17* .17* .17* .19* .18* .15* .17 
* P< .05 

Trait accounted for only 22% of the obser\'ed variance, keyed direction accounted 

for 15% of the variance, and direct question, preference, and behavior methods accounted 

for between 4 and 6 percent of the variance each (Table 14). Several interaction terms 

were significant; person*keyed direction. person*time frame. person*behavior. and 

person*preference. Since observed proportions of variance can be summed, the main 

effects of methods accounted for 31%. which was more than the trait variance. 

Trait*method interactions accounted for another 25% of the observed variance. These 

interactions may be with the focal trait of IE. or other non-focal U"aits. 

Interactions It may be helpful in the understanding of these interactions to 

provide a concrete example. Regression weights were calculated for three individuals for 
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three parcels to illustrate the effect of main and interaction method effects under different 

conditions. Three parcels were selected, including one witia little method effect and one 

with marked interaction effects. Individual b-weights were calculated for three 

individuals; one highest in extraversion. one at the mean, and one lowest in extraversion 

(Table 15). 

The intercept was the grand mean for all of the subjects. E w-as the individual's 

latent extraversion score based on his or her answers to the entire test. Direct, time 

frame, behavior and preference were the main effects, which were standard across ait 

levels of the trait. The interaction effects between person and method varied by level of 

the trait. The final column for the three parcels was each individual's predicted score for 

the parcel, which was a sum of the preceding terms. There were 15 degrees of freedom 

for each regression equation. 

These scores illustrate how interactions affect the final estimated score for each 

parcel. The parcel of direct items had little method effect, and the predicted scores 

remained in the same order as the underlying trait scores. The parcel composed of time 

frame and behavior items resulted in a jumble of predicted scores. The parcel composed 

of time frame, preference, and keyed negative items resulted in predicted scores that were 

in the opposite order of the underlying trait score. Since the negatively keyed items had 

already been reverse scored, this was not an optimal finding. Using this combination of 

methods provided erroneous information. 



Table 15; Regression equations for three parcels 

Direct parcel 
Intercept 1£ + Direct + Person*Direct = Predicted score 

Highest E 2.10 +2.88 -0.10 -0.88 
Average E 2.10 - 0.98 - 0.10 + 0.98 
Lowest E 2.10 - 4.09 - 0.10 + 3.09 

= 4.00 
= 2.00 
= 1.20 

Time frame-behavior parcel 
Intercept + K + Time frame Behave -I- Person*lime + Persoii*hel)<ive = Predicted score 

Highest li 2.10 12.88 +.33 
Averaged 2.10 -0.98 +.33 
Lowest K 2.10 -4.09 +.33 

+ 0.1 1 
+  0.1  1  

•f 0.1 I 

- 1.04 
- 0.81 

+ 1.14 

0.94 
1.46 
2.50 

= 3.44 
= 4.93 
= 2.09 

Time frame-prefcrence-kcyed negative parcel 
Intercept + R ' Key + Time i Prefer + Person*lime + Person*prefer + Person*key = Predicted 

frame scorc 
Highest li 2.10 + 2.88 + 0.70 + 0.33 i 0.72 - 1.04 - 1.11 - 1.88 = 2.70 
Average I- 2.10 - 0.98 + 0.70 + 0.33 + 0.72 - 0.81 + 1.46 - 0,30 = 3.22 
Lowest L 2.10 - 4.09 + 0.70 + 0.33 + 0.72 + 1.14 +2.66 + K54 = 5.10 

Summary table for three parcels: direct, time frame-behavior, and 
time frame-prefereuce-keyed direction negative parcels 

Predicted IVait Direct rime frame- Time frame-
score behavior preference-kejed 

negative 
Highest H 4.98 4.00 3.44 2.70 
Average Ji 1.12 2.00 4.93 3.22 
Lowest li -1.99 1.20 2.09 5 . 1 0  
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Parcels - Estimated variance components and generalizabiliw coefficients 

Variance components were first estimated using maximum likelihood (using SAS PROC 

VARCOMP. TYPE I SS). The maximum likelihood solution resulted in several negative 

and sizable variance components (Appendix Table E). Restricted maximum likelihood 

estimation was executed to obtain valid variance components (using SAS PROC 

VARCOMP. TYPE REML). Using restricted maximum likelihood the results were 

substantially different from those using ML. Several of the variance components were 

set to 0. Generalizabilitv' coefficients were calculated from the variance components. 

Variance components and GT-coefficients The variance component for IE was 

smaller than those for nearly half of the methods. The methods divided cleanly into two 

camps; those with substantial variance components (preference, behavior, and keyed 

direction) and those with variance components near .00 (direct questions, report of others 

reactions, situational context, and time frame). Three variance component interaction 

terms were also sizable; person*keyed direction. person*time frame, and 

person*preference. The variance component for IE was only .11, with a GT-coefficient 

of .2. meaning it did not generalize well across the methods (Table 16). 

Preference and behavior had much larger variance components and GT-

coefficients over .90, meaning both had sizable method effects, and the methods 

generalized well across different levels of IE. 
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Table 16: Estimated proportions of variance using Restricted Maximum Likelihood 

Component Subsample 
I 2 J 4 5 6 Mean 

<T- (Trait) .09 .09 .08 .11 .07 .23 .11 
a" (Keyed direction) .40 .34 .30 .30 .34 .41 .35 
c - (Direct) .00 .00 .00 .00 .00 .00 .00 
CT- (Context) .00 .00 .00 .00 .00 .00 .00 
G - (Time frame) .00 .00 .00 .00 .00 .00 .00 
c- (Other report) .01 .02 .03 .00 .00 .01 .01 
c • (Prefer) .67 .83 .58 .61 .62 .61 .65 
a- (Behave) .40 .45 .36 .35 .35 .35 .38 
a - (Parcel) .11 .11 .11 .13 .13 .12 .12 
a - (Person*key) .17 .14 .17 .14 .16 .12 .15 
c" (Person*direct) .00 .00 .00 .00 .00 .00 .00 
a- (Person*context) .00 .00 .01 .00 .00 .00 .00 
a - (Person*time frame) .04 .06 .08 .06 .04 .06 .06 
CT" (Person*other report) .00 .00 .01 .00 .00 .00 .00 
cj- (Person*prefer) .03 .05 .06 .06 .03 .04 .05 
c- (Person* behave) .03 .01 .00 .00 .00 .01 .01 
a- (Person*parcel) .44 .42 .43 .49 .42 .45 .44 

GT-coefficients 

GT-trait .16 .17 .16 .18 .14 . j j  .20 
GT-key .71 .71 .64 .68 .68 .77 .70 

GT-direct .00 .00 .00 .00 .00 .00 .00 
GT-context .00 .00 .00 .00 .00 .00 .00 
GT-time frame .00 .00 .00 .00 .00 .00 .00 
GT-other report 1.00 1.00 .84 .00 .00 1.00 .91 
GT-prefer .95 .94 .91 .91 .96 .93 .93 
GT-behave .94 .98 1.00 1.00 1.00 .99 .98 
GT-parcel .19 .21 .20 .22 .23 .21 .21 
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The GT-coefTicient for keyed direction was .7. which is sizable, meaning that 

keyed direction has an effect on all levels of the trait, but the effect is not completely 

uniform. Negatively keyed (introverted) questions probably elicit different responses 

from introvens than from extraverts. 

Report of others reactions had a very small variance component (.01) but was 

highly generalizable. It is a stable non-effect. The variance components for direct 

questions, situational context and time frame were all .00. with GT-coefficients of 0. 

Within the limits of this study, the unique variance attributable to each of these methods 

is 0. but their generalizabilities are unknown; that is to say. cannot be properly estimated. 

The variance component for parcel was small, with a GT-coefficient around .2. 

which means there is not a large generalizable effect of parcel. If there were, it would 

mean the method effects were idiosjTicratic. 

Summary Four types of analyses were used to estimate method effects, one with items 

and three using parcels of items, and are summarized from previous tables in Table 17. 

They were: 

a. Variance accounted for using nested model comparisons on items, 

b. Variance accounted for using nested model comparisons on 

parcels. 

c. Hierarchical variance components using restricted ML. 

d. Generalizability coefficients calculated from the variance 

components 



Table 17: Summary of method effects across type of analysis 

Components 

CF.A CFA GLM 

a' a" parcels Obser\'ed % P < .05' 

items n" 
IE .08 .15 .2'' 6/6 
Keyed direction .02 .06 .15 6/6 
Direct .00 a .04 6/6 
Situational context .01 .04 .00 4/6 
Time frame .01 .05 .00 0/6 
Other repon .02 .04 .00 3/6 
Preference .02 .06 .06 6/6 
Behavior .01 .04 .06 6/6 
Parcel a a .08 6/6 

^ could not be estimated using this method 
'' number of tests significant in GLM from six random samples 

Interactions 

Obser\"ed t]" P < .05" 

from GLM 

(Person* keyed direction) .08 6/6 
(Person*direct) .01 0/6 
(Person* situational context) .02 1/6 

(Person* time frame) .04 6/6 

(Person*other report) .03 2/6 
(Person*preference) .03 5/6 
(Person* behavior) .04 6/6 
(Person* parcel) .17 6/6 

" number of tests significant in GLM from six random samples 



Table 17 continued; Summary' of method effects across ty^pe of analy 

Variance components using restricted maximum likelihood 

Component a' main effects 

IE .11 
Keyed direction .35 

Direct .00 

Situational context .00 

Time Frame .00 
Other report .01 
Preference .65 

Behavior .38 

Parcel .12 

Interactions 
Component c" Interaction 

with person 

(Person*keyed direction) .15 
(Person*direct) .00 
(Person* situational context) .00 

(Person*time frame) .06 

(Person*other report) .00 

(Person*preference) .05 

(Person* behavior) .01 
(Person*parcel) .44 

Generalizability Coefficients 

Facet E rel 
IE .20 
Keyed direction .70 

Direct .00 

Situational context .00 

Time frame .00 

Other report .91 

Preference .93 

Behavior .98 

Parcel .21 
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CFA was used to estimate direct effects for IE and methods, both at the item and 

method level. Parceling (aggregating over items) increased the effects for trait and 

methods. All methods were significant but had small effects. 

Observed proportions of variance, variance components, and GT-coefficients 

were obtained using restricted maximum likelihood estimation. The REML solution 

clearly discriminated between methods; some were significant, some were larger, and 

some were 0. GLM also could estimate interaction effects; one interaction was larger 

than IE. and two were as large as the main method effects. GLM appeared to provide 

both more information and better information than CFA in the search for method effects. 
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CONCLUSIONS 

The possibility is raised that the findings (that method factors seem to operate in a 

mulplicative way), if confirmed in other domains, demonstrates a fundamental 

inappropriateness offactor analysis for the componential analysis of individual 

differences data. 

Campbell and O'Connell. 1967 

H\T)othcsis 1: There will be a main effect for each method. 

Using CFA. all methods had small but significant effects. This outcome was true 

for both items and parcels. 

Using observed proportions of variance, four methods had significant effects: 

preference, behavior, keyed direction, and direct items. Three methods did not: 

situational context, time frame, and report of others reactions. 

The variance components for three methods, preference, behavior and keyed 

direction, were significant and generalizable across levels of IE. 

Hypothesis 2: There will be a trait*method interaction for each method. Interactions 

could not be tested in CFA. but could be inferred from problems with the CF.A. analyses. 

Using observed proportions of variance, four trait*method interactions were significant; 

person*keyed direction, person*time frame. person*preference, and person*behavior, the 

other trait*method interactions were not significant. 
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Comparing different techniques for estimating method variance 

Clear differences were found between the results from CFA and generalizability 

analysis. For CFA, all method effects are small, but significant. For GT. several 

methods had sizable effects, were generalizable, and were much larger than the trait 

component itself CFA did not perform well in estimating method variance, probably due 

to its inability to handle interaction effects. Generalizability theon,- performed well, 

estimating traits, methods, and interactions. 

The problem inherent in estimating method effects using factor analysis is not a 

new one. Campbell and O'Connell (1967) noted the basic inappropriateness of the 

additive factor analysis model for estimating method factors. "If in these settings, this 

same mulplicative relationship is found, challenge to factor analysis will be genuine." 

This study is one of several demonstrating trait*method interactions. The use of 

two analysis techniques exposed the existence of interactions in this study and their 

detrimental effect on the CFA estimates of method effects. 

CFA is the traditional technique for removing and assessing method effects. The 

procedure is useful because of its clarity and ease of understanding. However. CF.A has 

several pitfalls, the greatest being its inability to estimate interactions between traits and 

methods. Generalizability analysis is infirequently used, because it requires item or parcel 

level data. It is explicitly designed to estimate a variety of facets and appears to be well 

suited to the estimation of method variance. 



does generalizabilitv analysis tell us? 

Preference items introduced by far the largest method effect, followed by 

behavior and the direction of wording items. Direction of wording, time frame and 

preference all had troublesome interaction terms. 

The variance component for preference items was six times larger than the 

component for IE and was highly generalizable. In addition, the interaction between trait 

and preference was half the size of IE. A possible problem with preference items is that 

they capture the desires of someone low on a trait to be higher on that trait, .^.n introvert 

may dearly want to be involved in extraverted activities, an extravert may wish for picce 

and quiet, and preference items capture these desires, rather than IE. Using preference 

items to measure IE may be a ver\' poor strategy. 

The variance component associated with behavior items was three times that for 

IE. and was highly generalizable. The problem with behavior items is that a person's 

behavior is often not under his or her complete control. Behavior is constrained by one's 

environment; for example, an introverted person may engage in many extraverted 

activities with or because of their family and friends. A scale measuring IE may be better 

off without behavior items, or at least only with very careftil consideration given to their 

content. 

The component for keved direction was three times that for the trait, the 

interaction component between keyed direction and IE was larger than the trait, and the 

effects were fairly generalizable. In this study, wording items in the introverted direction 

was far more important than the trait being measured. The method worked differently at 
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different levels of the IE. For example, introverts answered negatively keyed 

(introverted) items differently from the way that extraverts answered them. Keyed 

direction is often introduced to control for response bias, but in this study it clearly 

introduced bias instead. Based on these findings and the literature, it would be advisable 

to avoid, or at least be cautious, in creating scales with negatively and positively worded 

items. 

The variance component for direct questions was zero. However, since there was 

no method effect or interaction, the generalizability was also zero. Probably with an 

obsers'able and non-charged trait such as extraversion. asking the question directly does 

not introduce a method effect. However, nearly 13% of the respondents declined to 

answer the direct question, i am extro\'erted". indicating a distinct limitation to this 

method. 

The variance component for report of others reactions was close to zero, and was 

highly generalizable. These two characteristics represent the best-case scenario, a stable 

method that introduces very little bias, ^^''^^en assessing a visible trait such as IE. 

reflected appraisal appears to be a safe and useful method. 

The variance components for simational context and time frame were both zero. 

Taken together, that is quite reasonable; it demonstrates that personality is not merely 

situational. At least for IE, Campbell and O'Connell's fear (1982) that setting-person 

interactions were so strong that personality traits did not exist across simations is 

unfounded. However, since the variance components were zero, the generalizability 
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coefficients were also zero. The absence of method effects for a few methods in this 

study does not guarantee their absence for another trait or situation. 

Time as an interaction The variance component for the interaction between time 

frame and person was half the size of the component for IE by itself The time frame 

items all referred to the respondents" childhood. The theoretical reason to include the 

childhood questions was to tap the respondent's innate level of trait. An interaction could 

mean that the trait is changing over time. Such change would be consistent with Jung's 

theor}' of types, which theorizes that introverted people become more cxtraverted, and 

extraverts become more introverted, over the lifespan. However, most of the respondents 

were 18 and 19. which is too early to pick up this lifetime development. A more likely 

explanation is that children are less in control of their environment than adults, but when 

they begin to living independently, they are fmally free to choose their own course. Those 

low on the trait will live more introverted lives, those high on the trait will be free to 

engage in more extraverted activities. 

The residual effect for parcel was about the same size as that for IE. and was not 

generalizable. Since parcel is only the bundling of items by methods, a highly 

generalizable finding would mean the method effects were idiosNncratic. 

What else can we learn fi'om these data? 

Unit weighting provided evidence for interaction effects Unit weighting provided 

a much poorer fit than differential and empirical weighting, probably because the latter 

indirectly allows CFA to incorporate interaction effects. The existence of unmodeled 
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interaction effects probably accounts for the substantial improvement of freely estimated 

weights over fixed weights. 

The behavior question The raters divided the behavior items into active 

behaviors and behavioral states. This distinction was unexpected. Models were created 

to test empirically the effect of active behaviors vs. continuing behavioral states as 

method indicators. In model comparisons, the items functioned the same; raters could 

tell the difference, but the computer could not. Empirically there was no difference 

between active behaviors and states. 

Method parcels Creating theoretical parcels across items by methods was useful. 

The purpose of parceling was to aggregate items by method, thereby accentuating the 

method factors. Some of the effects of parceling were striking. Marked differences were 

seen across the sixteen parcels for the variance accounted by the trait scores. When 

comparing the CFA results for item and parcel, parceling the items resulted in increased 

variance accounted for by method, for all factors. 

Comparing Fit indices for CFA on items vs. parcels Confirmator\' factor analysis 

is infrequently executed at the item level, and invariably results in lower fit indices than 

those seen at the scale level. In these analyses, the CFI for parcels was markedly better 

than that for item. Unexpectedly. ElMSEA for parcels was not as good as those for items. 



The preliminary taxonomy has demonstrated some utility in the categorization of 

methods in the social sciences. Manifest methods could be readily identified and coded 

from research articles. It was possible to experimentally create method effects and 

estimate effect sizes for a number of methods at the item level. Several trait*method 

interactions also emerged. 

In this study, questions keyed in the introverted direction, preference and behavior 

items were composed more of method than trait variance. This result was troublesome, 

as the U-ait was chosen based on its non-charged nature and obser\'ability. 

Most subtle methods have been neglected as a research topic, but problems with 

keyed direction have also been found in the study of role conflict (Tracy and Johnson. 

1982) and leadership behavior (Schriesheim and Eisenbach. 1991). In the assessment of 

self concept, Marsh (1986) found both a main effect for direction of wording and an 

interaction between direction of wording and age. Marsh and Richards (1988) found a 

strong direction of wording effect in the Tennessee Self concept scale. Levin and 

Montag (1989) found an acquiescence effect in a personality inventor\', Chang (1995) 

found a method effect for direction of wording in optimism, and Ahlawat's elegant study 

(1985) foimd effects for both negative wording and bipolarity in mood. Finally, Grosse 

and Wright (1985) have also noted a trait*method interaction between response set and 

the direction of wording in an ability test. The call to vary one's methods in the most 

meaningful ways should probably not include direction of wording. 
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Based solely on these data, questions involving reports of others reactions are 

probably a safe method to use for IE, but the utility of direct questions, situational 

context, and time frame items for this trait are still not clear. It is also interesting to note 

that time frame items tapped the constraints of childhood, much as behavior items 

appeared to reflect the constraints of the environment. 

The findings from these investigations have probably muddied the waters rather 

than bringing any closure. There is evidence for method effects and trait*method 

interactions. However, the effect of a particular method probably depends on the trait, 

the circumstances of assessment, and a plethora of interactions. Only by systematically 

testing a variety of methods and traits can clarity be achieved regarding method effects. 

•A. judicious choice of methods is needed to minimize trait*method interactions 

such as reactivity, differential responses by trait level, and propensity to agree. Tlie 

existence of trait*method interactions dramatically complicates the estimation of method 

effects. Trait*method interactions fall in a gray area, being neither wholly method nor 

'not method'. The observed effect of a method includes both its main effect, and the 

effects that depend on the focal trait, non-focal traits, other subject characteristics, and the 

situation. Interactions between traits, both focal and non-focal, and methods are clearly a 

meaty problem, both in the estimation of method effects, and the creation of tests. 

It is worthwhile to keep in mind the practical effects method variance will have on 

an instrument. First, it will reduce validity'. Any of the variance taken up by method 

effects will not be available to measure the trait. Second, method variance main effects 

will probably increase a measure's reliability. The consequence of using a measure laden 



with method effects will probably be a reliable instrument that measures the trait in 

question poorly. Using a reliable but invalid measure used for decision purposes can be 

harmfiil. 

There are several fruitful areas for future research. Continued effort on 

appropriate methods of analysis for multi-method data and methods effects is an 

important focus. If further work on estimating the magnitude of methods effects is based 

solely on CFA, the results may be misleading. A second avenue of research suggested by 

these findings is the extension of this approach to numerous methods and traits, 

specifically investigating non-focal traits and interactions. Finally, this ta.xonomic 

classification can be refined based on subsequent findings. 

Future research could also include the development of develop marker items for 

some methods. Because the effects of method are likely to var>' by characterisucs of the 

trait, it will probably not be possible to develop a test of method effects independent of 

traits (such as tests of response characteristics, like social desirability scales, or the 

MMPFs lie scale). However, it may be possible to imbed marker variables in tests and 

subscaies, which can be used to estimate the effects of methods. 

In this study, the methods contributed more to the obser\'ed variance than the trait 

did. One method alone, keyed direction and its interaction with person, contributed more 

to the observed score than IE did. If we are interested in a subject's standing on a 

psychological trait, we do not want to assess the constraints of the subjects' 

environments, or their desire to have more or less of a trait. We definitely do not want to 

generate test scores that are composed more of the test than the subject. 
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The findings of this study are limited to a cluster of traits assessed by only a few 

methods. Multiple assessments of the effects of many methods across numerous traits 

will be required to be able to generalize and draw conclusions. Only by testing a variety 

of methods across representative traits will we know which methods are important, and 

what their costs are. When problematic methods are identified, they can be avoided. 

If these findings are any indication. trait*method interactions exist and are large 

enough to pose real problems. The traditional block diagonal technique for analyzing 

MTMM cannot model interactions, and therefore omits important information. 

Generalizability analysis provided better information in the estimation of method 

variance. The differences between the GT results and those from CFA were troublesome 

and lead one to doubt the ability of CFA to accurately estimate method effects. 



APPENDIX A 



Name ID# Phone # 85 

How we see ourselves 
Please use the 6-point rating scale to describe how accurately each statement 
below describes you. Read each statement carefully, and then circle the letters 
that correspond to your choice. 

SA J A AS 1 DS D SO 1 
Strongly Agree Agree Agree Slightly i Disagree Slightly Disagree strongly Disagree I 

1 • Little things don't get me down. SA A AS DS D SD 

2. My friends seem to expect me to take the lead when we are doing things. SA A AS DS D SD 

3. My friends tell me that 1 never seem to want to rush things. SA A AS DS D SD 

4. At school, 1 involve others in what 1 am doing. SA A AS DS D SD 

5. My friends tell me I'm hard to get to know. SA A AS DS D SD 

B. 1 love excitement. SA A AS DS D SD 

7, I'd rather look on the bright side of things. SA A AS DS D SD 

8. In class, I'm not inclined to express my opinion unless asked. SA A AS DS D SD 

9. 1 am a sociable person. SA A AS DS D SD 

10. On the weekends, 1 like to relax. SA A AS DS D SD 

11. I'm adept at handling social situations. SA A AS DS D SD 

12. My family says I'm a stick in the mud. SA A AS DS D SD 

13. At parties, 1 laugh aloud. SA A AS DS D SD 

14. When problems arise, 1 usually take charge of a situation. SA A AS DS D SD 

15. As a child, 1 was always on the go. SA A AS DS D SD 

16. At school, 1 prefer group activities. SA A AS DS D SD 

17. My friends often comment on how comfortable 1 seem when I'm with others. SA A AS DS D SD 

18. When 1 was a child, 1 loved action. SA A AS DS D SD 

19. Sometimes my parents had to remind me to smile. SA A AS DS D SD 

20. At work, 1 like to take charge. SA A AS DS D SD 

21. My friends are impressed with how much 1 get done in my spare time. SA A AS DS D SD 

22. 1 am a friendly person. SA A AS DS D SD 

23. My family knows that 1 like some time alone. SA A AS DS D SD 

24. 1 like to play it safe. SA A AS DS D SD 

25. When 1 was a child, 1 used to cheer people up. SA A AS DS D SD 

26. My family says 1 am a natural leader SA A AS DS D SD 

27. When things are tense, 1 react slowly. SA A AS DS D SD 

|28. At work, 1 prefer being part of a group. SA A AS DS D SD 

129. When 1 start a new job, 1 don't talk very much. SA A AS DS D SD 

pO. I'd like to go caving. SA A AS DS D SD 

pi. When I'm trying to work. I'm not easily amused. SA A AS DS D SD 

p2. People 1 have worked with have remarked that 1 usually take the lead. SA A AS DS D SD 

p. When 1 was young, 1 always liked to be busy. ISA A AS DS D SD 
p4. At work, 1 prefer a task with other people. SA A AS DS D SD 

p5. My co-workers kid me about being talkative. SA A AS DS D SD 

136. 1 prefer to be in an exciting, stimulating environment. SA A AS DS D SD 
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SA A AS OS 0 SD 
Stronqly Agree Agree Agree Slightly Disagree Slightly Disagree strongly Disagree 

37. My friends have mentioned how cheerful 1 am. SA A AS DS D SD 
38. Even as a child 1 liked to take control of things. SA A AS DS D SD 
39. At work, people say 1 react quickly. SA A AS DS D SD 
40. 1 am extroverted. SA A AS DS D SD 

41. My friends have told other people how I'm usually in the thick of the action. SA A AS DS D SD 

42. As a child 1 made friends easily. SA A AS DS D SD 

43. 1 prefer a job where my work is predictable. SA A AS DS D SD 

44. My friends often comment on how 1 look at the bright side of life. SA A AS DS D SD 

45. My parents remark on how 1 would rather not to be the center of attention. SA A AS DS D SD 

46. When something is important at work, 1 like to take my time. SA A AS DS D SD 

47. As a child, 1 liked some time alone. SA A AS DS D SD 

48. I'd rather talk with many different people at parties. SA A AS DS D SD 

49. My friends often say about me that I'll try anything once. |SA A AS DS D SD 

50. 1 am a cheerful person. SA A AS DS D SD 

51. When an important decision is being made, 1 try to influence others. jSA A AS DS D SD 

52. My family is always claiming 1 like to take it easy. jSA A AS DS D SD 

53. My employer's noted that 1 work best on my own. SA A AS DS D SD 

54. When 1 was a child, 1 warmed up quickly to others. SA A AS DS D SD 

55. At work I'm always trying something new and interesting. SA A AS DS D SD 

56. 1 usually don't like to joke around. SA A AS DS D SD 

57. When 1 was young, 1 often let others lead the way. SA A AS DS D SD 

58. During the school year, 1 can manage many things at the same time. SA A AS DS D SD 

59. When I'm at parties, 1 talk to a lot of different people. SA A AS DS D SD 

50. My parents have remarked that 1 can talk to just about anyone. SA A AS DS D SD 

61. My friends sometimes claim 1 am a bit wild and reckless. SA A AS DS D SD 

62. When 1 receive a gift, everyone can see how happy 1 am. SA A AS DS D SD 

63. 1 am an assertive person SA A AS DS D SD 

64. My parents say I'm always on the go. SA A AS DS D SD 

65. 1 often act a little wild and crazy when I'm out with friends SA A AS DS D SD 

66. When I'm trying to meet a deadline, I'd rather not stop to talk with people. SA A AS DS D SD 

67. My parents have commented about how much 1 like parties. SA A AS DS D SD 

58. My friends say 1 can talk others into doing things. SA A AS DS D SD 

59. Other people sometimes tell me not to be so gloomy. SA A AS DS D SD 

70. 1 prefer to take my time when I'm doing something. SA A AS DS D SD 

71. My parents have commented that 1 like to test my limits. SA A AS DS D SD 

72. My parents say it seems that 1 like to keep others at a distance. SA A AS DS D SD 

73. When 1 was young 1 enjoyed spending some time by myself. SA A AS DS D SD 

74. I'm an active person SA A AS DS D SD 

75. When I'm with people 1 don't know, 1 tend not to speak up. SA A AS DS D SD 

75. At work, 1 like to have a lot of fun. SA A AS DS D SD 

77. When 1 was young, 1 created my own adventures. SA A AS DS D SD 

78. Sometimes 1 feel uncomfortable at a party. SA A AS DS D SD 

i79. My coworkers kid me about liking meetings. SA A AS DS D SD 
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Appendix A Table 1: Items grouped by parcel 

Direct items 
I am a sociable person. 
I am a friendly person. 
I am extroverted. 
I am a cheerful person. 
I am an assertive person 
I'm an active person 

General context, behavior items 
When problems arise, I usually take charge of a situation. 
I often act a little wild and crazy when Tm out with friends 

General context, preference, keved direction negative items 
On the weekends, I like to relax. 
When I'm trying to meet a deadline. I'd rather not stop to talk with people. 
I prefer to take my time when I'm doing something. 

Specific context, preference items 
At school, I prefer group activities. 
At work, I like to take charge. 
At work, I prefer being part of a group. 
At work. I prefer a task with other people. 
I'd rather talk with many different people at parties. 
At work, I like to have a lot of fun. 

Specific context, behavior items 
At school, I involve others in what 1 am doing. 
At parties, I laugh aloud. 
When I'm at parties, I talk to a lot of different people. 

Specific context, behavior, keved direction negative items 
At work I'm always trying something new and interesting 
Sometimes I'm uncomfortable at a party 



Appendix A Table 1 continued: Items grouped bv parcel 

Report of others reactions (reflected appraisal), preference items 
My parents have commented about how much I like parties. 
My parents have commented that I like to test my limits. 
My coworkers kid me about liking meetings. 

Report of others reactions, behavioral state items 
My friends are impressed with how much I get done in my spare time. 
My family says I am a natural leader 
My friends have told other people how I'm usually in the thick of the action. 
My friends often say about me that I'll tr\' anything once. 

Report of others reactions, active behavior items 
People I have worked with have remarked that I usually take the lead. 
My co-workers kid me about being talkative. 
My friends have mentioned how cheerful I am. 
My parents have remarked that I can talk to just about anyone. 
My friends sometimes claim I am a bit wild and reckless. 
My parents say I'm always on the go. 
My friends say I can talk others into doing things. 

Report of others reactions, keved direction negative items 
My fnends tell me I'm hard to get to know. 
My family says I'm a stick in the mud. 

Report of others reactions, preference, keved direction negative items 
My friends tell me that I never seem to want to rush things. 
My family knows that I like some time alone. 
My parents remark on how I would rather not to be the center of attention. 
My family is always claiming I like to take it easy. 

Time frame, preference items 
When I was a child, I loved action. 
When I was young, I always liked to be busy. 
Even as a child I liked to take control of things. 

Time frame, behavior items 
As a child, I was always on the go. 
When I was a child, I used to cheer people up. 
As a child I made friends easily. 
When I was young, I created my own adventures. 



Appendix A Table 1 continued: Items grouped by parcel 

Time frame, preference, keyed direction negative items 
As a child, I liked some time alone. 
When I was young I enjoyed spending some time by myself 

Preference items 
I'd rather look on the bright side of things. 
I'd like to go caving. 
I prefer to be in an exciting, stimulating environment. 

Preference, keved direction negative items 
1 like to play it safe. 
1 prefer a job where my work is predictable. 
I usually don't like to joke around. 



APPENDIX B 



Table A: Item fit indices - The behavior question: Comparing active behavior items and behavioral state items 

Model df NFI CFI RMSEA y." A CFI A 

1. Null model 23248.61 3081 

2. Full model with ail 7455.06 2822 .68 .77 .05 
behavior items 
3. Full model with active 7611.78 2839 .68 .76 .05 
behavior items 
A between 2 and 3 156.72* .01 
4. Full model with 7655.32 2844 .67 .76 .05 
behavioral state items 
A between 2 and 4 200.26* .01 

* n < .01 



Appendix Table B: One factor parceled solution 

Parcel contents Trait 
loading 

Report of others reactions, active behavior .87 .76 
Direct questions .83 .69 

Situational context place, active behavior .78 .61 
Report of others reactions, behavioral state .77 .60 
Time, behavior .72 .52 
Time, preference .69 ,48 
General situational context, behavior .68 .46 
Situational context place, preference .67 .45 
Report of others reactions, preference .58 .33 
Situational context place, behavior, keyed negative .54 .30 
Preference .52 .27 
Report of others reactions, keyed negative .36 .13 

Preference, keyed negative .30 .09 

Report of others reactions, preference, negative .29 .08 

Time, preference, keyed negative .19 .04 

General situational context, preference, keyed .08 .01' 

negative 

Model eigenvalue 5.81 

% o" accounted for 36% 

'not significant 

•/: of 1009.9 L NFI = .77, CFI = .79. ElMSEA = .12. 



Appendix Table C: Parcels - Nested models for correlated uniqueness - removing methods 

Model X~ RMSEA Eigen- a" x'^ CFl A Eigen-
v^lue value A 

1. Null model 4413.98 120 
3. Total model (with 203.39 38 .95 .96 .09 4.93 .33 
place/general factor) 
Removing methods from 
model 3 
4. Keyed direction 263.82 45 .94 .95 .09 4.97 .33 
A between model 3 & 4 60.43* .01 .04 
6. Place/general 224.88 43 .95 .96 .09 4.91 .33 
A between model 3 & 6 21.49* .00 .02 
7. Timeframe 301.30 40 .93 .94 .J) 5.02 .33 
A between model 3 & 7 97.91* .02 .09 
8. Other report 307.39 45 .93 .94 .10 4.93 .33 
A between model 3 & 8 104.00* .02 0 
9. Preference 413.53 57 .91 .92 .10 4.96 .33 
A between model 3 9 210.14* .04 .03 
10. Behavior 249.70 49 .94 .95 .08 4.88 .33 
A between model 3 & 10 46.31 * jOJ .05 
* P < .01 

>0 
OJ 



Appendix Table D: Parcels - Nested model comparisons for adding nie/liods 

Model df NFI 

1. Null model 4413.98 120 
2. Trait only 1009.91 104 .77 

A between model 1 & 2 
3. IE & keyed direction 783.31 98 .82 
A between model 2 & 3 

Adding one method at a time 
to iiiodel 3 

CFl RMSEA Eigenvalue p- y" A CFl A 

.79 .12 5.81 .36 
3404.07* 77 

.84 .11 6.85 .43 
226.6* .05 

4. Place 743.97 95 .83 .85 .11 7.22 .45 
A between model 3 & 4 39.34 .01 
5. General 783.19 97 .82 .84 .J1 6.87 .43 
A between model 3 & 5 .12 .00 
6. General/place 739.47 93 .83 .85 .11 7.46 .47 

A between model 3 & 6 43.84 .01 
7. Time frame 706.55 95 .84 .86 .11 7.34 .46 
A between model 3 & 7 76.76 .02 
8. Other report 630.62 93 .86 .88 .10 7.35 .46 
A between model 3 & 8 152.69 .04 
9. Preference 638.02 90 .86 .87 .10 7.76 .49 
A between model 3 & 9 145.29 .03 
10. Behavior 696.73 92 .84 .86 .11 7.15 .45 

A between model 3 & 10 86.58 .02 
* ]2 < .01 
Models 4 through 10 are each nested within model 3. 
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Appendix Table E: Estimated variance components using varcomp method = Type 1 

Component Subsample Mean 
I 2 J 4 5 6 

a-(Trait) .18 .17 .13 .17 .15 .29 .18 
(J - (Keyed direction) .35 .30 .25 .25 .30 .37 .30 
a - (Direct) .21 .26 .14 .18 .13 .19 .19 
a "(Situational context) -.07 -.08 -.08 -.06 -.07 -.06 -.08 
a - (Time frame) -.02 -.015 -.04 -.02 -.01 -.02 -.02 
a- (Other report) -.00 -.02 .04 -.03 -.01 -.01 -.01 
a- (Prefer) -.40 -.44 -.47 -.34 -.41 -.jj -.40 
a- (Behave) .83 .93 .88 .75 .86 .75 .83 
a - (Parcel) .10 .12 .10 .13 .11 .11 .11 
a - (Person* key) .15 .13 .15 .12 .15 .11 .14 
a- (Person*direct) -.17 -.14 -.16 -.11 -.13 -.16 -.15 
0" (Person*context) -.04 -.04 -.03 -.03 -.03 -.05 -.04 
a - (Person*time frame) .06 .07 .10 .07 .06 .05 .07 
Q- (Person*other report) .05 .04 .08 .04 .03 .10 .06 
a- (Person*prefer) -.15 -.09 -.14 -.10 -.11 -.22 -.13 
a - (Person* behave) .28 .22 .29 -)T .18 .38 .26 

aMPerson*parcel) .43 .42 .40 .47 .42 .41 .43 

GT-coefficients 

I "(Trait) .29 .29 .25 .26 .26 .41 .30 
a* (Keyed direction) .70 .70 .62 .67 .66 .78 .69 
a - (Direct) 5.62 2.17 - O

O
 

2.54 -33.17 5.14 4.53 

0' (Situational context) .65 .64 .73 .67 .71 .56 .66 
0- (Time frame) -.44 -.28 -.63 -.25 -.35 -.62 -.415 
0" (Other report) - . 1 1  -.89 .34 -2.71 -.40 -.11 -.11 
(J- (Prefer) .73 .83 .77 .78 .79 .60 .75 
o" (Behave) .75 .81 .75 .77 .83 .67 .76 
a- (Parcel) .18 .22 .20 .22 .22 .20 .21 
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