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ABSTRACT
attitude measures frequently produce distributlions of ltem scores
that attenuate Interltem coxrelations and thus also dlstort
findings regarding the factor structure underlying the ltems. An
actual data' set involving 260 adult subJects' responses to 55
items on the Love Relatlionships Scale is employed to 1llustrate
emplrical methods for 1ldentlifylng such 1ltems during test
construction or test valldation. Two methods for ldentlfying
these 1tems are proposed, and lt is noted that examination of
item descriptive statistics may not successfully substlitute for
an empirical method for 1ldentifying potentially troublesome

ltems.



The firat  factor analytic method was the principal
conmponents model origlnally conceptuallized by Pearson (1901) and

later developed by Hotelling (1933). The merits of few technlques

have been debated as heatedly as have the merlts of factor
analysis (Royce, 1980; Tryon, 1979). Cronkhite and Liska (1980,
p. 102) are partlicularly ascerbic in their comment that It s
apparently

so easy to capture college students to use the

scales to rate the sources, so easy to submit

those ratings to factor analyslis, so much fun ¢to

name the factors when one's research asslstant

returns wlith the computer printout, and so

rewarding to have a guaranteed publication with no

fear of nonsignliflcant results that researchers,

once exposed to the pleasures of the factor

analytlc approach, rapidly betcome addicted to 1it.
Similarly, Sax (1979, p. 80) notes that

the relatlve slimplliclty of this dlscriminatlve

[l.e., correlationall appreach has appealed to

many graduate students [and facultyl who, once

they have mastered the technique of computing

correlations or other statistics, have used these

methods without due regard for the value of thelr

research proposals.

Notwithstanding these criticlismas, 1t 1s clear that some

factor analytic applicatlons have proven very useful to
behavioral scientists. Flrst, factor analysis can be usefully

applled as a prelude to analysis of varilance techniques 1n



experimental studles (Morrow & Franklewlcz, 1979). McCulloch and
Thompson (1982) report such a study in whlch factor analysis was
employed to conserve degrees of freedom as a function of the data
reduction features of the method. These applications may be
especlally useful 1f factor scores are computed in thelr non-
Zscore form (Thompson, 1985). Second, factor analysis can be
emplcyed 1in substantlive ilnvestigatlions to minimize dlstortlons
introduced by measurement error (Thompson, 1982, pp. 2-4). Third,
the methods can provide potent asslstance in theory buildling, as
Gullford (1959) and others (cf. Thompson, 1980) have
demonstrated.

But factor analysls has been shown to be particularly useful
in instrument constructlon or 1In 1lnvestlgatling instrument
valldity. Thus Nunnally (1967, pP. 100) notes that some
researchers have referred to construct validity as "factorlal
validlity." various examples of this application are available
(cf. Thompson & Borrello, 1986). Thompson and Pitts (1981/82)
have proposed conflrmatory factor rotation as one emplirical
method for evaluating how adequately actual and expected results
correspond. Conflrmatory factor extractlion methods (Joreskog,
1969) can also be employed to evaluate ilnstrument validity (cf.
Thompson, Wehber & Berenson, 1987).

The purpose of the present paper 1s to present two methods
for 1ldentifying items that may distort <the factoxr =structure
underlying 1item responses. It wlll be argued that these methods
may be particularly helpful in the test construction of attitude

measures. In order to make the discussion concrete, ar actual



data set (Borrello & Thompzon, 1986) will be employed to provide
heuristic examples. The data were provided by 260 adult subjects

who reacted to the 55 attlitude statements on the Love
Relatlionships Scale, a measure of attitudes about love and about

love relatlonships.

Theoretical Background for the Methods

The princlpal component model ls among the simplest of the
factor analytlc models. The method assumes no measurement error
and that all the varlance of each factored eﬁtlty 1s relevant to
the analysls. Unlike various other models, the princlpal
components method does not requlre lteratlve estimation of the
communalltles of each variable, due to the assumption of no
measurement error. In additlon to lts simplicity, the model has
the advantage that factor scores based on model results can be
directly calculated rather than estimated (Gorsuch, 1983, p.
122). Furthermore, 1L1f the factcors are uncorrelated due to
orthogonal rotatlon, the factor 3scores produced usling the model
are also perfectly uncorrelated; this will not e the case when
certaln other models are employed.

Most exploratory factor extractlon procedures, e.g.,
models wuslng princilpal factors, 1lmage, alpha, or canonlcal
extractlon methods, are wvarlants of the princlpal components
method. Even 1n the presence of measurement error, Monte Carlo
studies (Gorsuch, 1983, p. 123) Indicate that when the number of
factored entlties (usually varlables)} 1s 1large, the methods
produce very simllar results. As Thompson (1986, p. 3) explalns,

Thlis 1s because the number of entrles on the



dlagonal of the correlatlion [or other assoclatlon
index] matrlx becomes rapldly smaller relatlve to
the total number of matrix values as the number of
factored entitles (v) lncreases (2/4 1f£ v=2; 3/9
1f v=3; 4/16 1f v=4; etc.).

Although princlipal components methods are typlcally employed
to extract factors from the correlation matrix, £factors can also
be extracted from other matrices as well. For example, factors
can be extracted from a matrlx consisting of covarlances off the
matrix dlagonal and the varlance of each varlable on the matrix
dlagonal. The factors extracted from a varlance-covarlance
matrlx, however, are not "scale free." That 1ls, the factors 1in

such a case are influenced both by the patterns of assoclatlions

among the varlables (i.e., covarlance coefflclents) and by the
varlabllities of the varlables (l.e., the varlances). In general
this 1s not desirable 1lr soclal science research, since typlcally
the metrics of abllity or attlitude measures have llittle intrinsic
meaning. TFor example, a gset of test scores may have a standard
deviation of 5.0. 1If the scores are nmultiplled by 2.0, the
standard devlation of the "new" scores will be 10.0, but nc
meaning willl have been lost or changed. The metrics of most
scales in the non-physical world are arbltrary and have been left
to chance or have been selected by the researcher for
convenlence.

The apparent lmpllcatlon is that usually one would prefer
factors extracted from a correlatlon matrix, since these factors
are not Influenced by arbltrary scale characteristics. However,

In reallty correlatlon coefflclents are 1ndeed affected by



differences 1n distributlion shapes, 1ncluding dilfferences 1In
varlabllity. This 1s taught even In elementary statistlics texts.
Thus, formulas exlst to correct correlation coefficlents €£or
attentuation due to restricted variabilities of variables
(Gullford, 1965, p. 480).

Leglecally, 1f factors extracted from a corre:.ation matrix
associated wlth a glven data set differed from the factors
extracted from the varlance-covariance matrix for the same data
set, one might learn which varlables' varlabllitles have proven
problematic as regards establlishing an accurate representation of
the structure underlying ltem responses. Thls comparison might be
particulatly helpful when the varlables are attltude measures,
because attltude varlables typlcally 1lnvolve skewed dlstributlons
wlth somewhat restricted ranges (Kerllinger, 1973, p. 496).

Two emplrical methods for comparing the factors derived from
the two matrlces are proposed and lllustrated employing the
heurlistic data set. Table 1 presents descriptlive statistics for
the 260 subjects' responses on the 55 Love Relatlonshlps Scale
items. Table 2 presents the structure coefflclents for factors
extracted from the correlatlion matrlix, and rotated to the wvarimax
criterlon. Table 3 presents the rotated results <for factors

extracted from the varlance-covarlance matrix.

INSERT TABLES 1, 2 AND 3 ABOUT HERE.

—— — ——— — . a—" .

In an appendlix L5 a book by other authors, Kalser, Hunka,

and Blanchini (1969) suggested that factors involving the same
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varlables could be rotated to posltions of "best f£it" with each
other, and the coslnes of the angles among the factors could then
be computed. These coslnes are correlatlon coefficlents. Veldman
(1967) presents a computer program that performs the necessary
analysls. Gorsuch (1983, pp. 283-288) dlscusses f:he method.
Thompson (1986) presents several appllcations and a partlal test
distributlion for these coefflclents.

with respect to the heurlstlc data f£rom the love attltude
study, four of the elght factors extracted from the correlation
matrix had correlation coefficlents with factors £from the
varlance-covarlance matrlx greater than 0.95. Two factors from
the two sources had correlatlon coefficlents across the two
sources that were greater than 0.80 and less than 0.95. The
second factor from both the two sources had a correlation
coefficlent of 0.74. The thlrd factor extracted from the
correlation matrix was appreclably correlated with several
factors extracted from the varlance-covarliance matrix, 1including
Factor 1II (0.65), Factor VI (0.43), Factor VIII (0.38), and
Factor V (.35).

Gorsuch (1983) has noted that cosines of the angles among
factored entltles must be consulted in additlon to examining
the coslnes among the factors themselves. As Gorsuch (1983, p.
284) explalns, "i1f the mean coslne [among the varlables] 1s low,
it 1s not posslble to relate factors at all because the
relationshlps among the variables are dlfferent." In the present
example the mean ltem cosine f£or the 55 varlables was qulte high,

i.e., 0.94.

[+2]



However, the iltem coslnes can still be examined to identify
selected 1tems that attentuate the comparabllity of the factors
extracted from the two different matrices of assoclatlion. Six of
the 55 items had coslnes less than 0.85: item 21 (0.59), item 38
(0.70), item 8 (0.74), ltem 37 (0.77), item 3 (0.77), and ltem 44
(0.79).

Mechod II: Comparison of the Reproduced Correlation Matrices

Each successlve factor extracted from the correlation matrix
using a princlpal components model accounts for a maximum of the
varlance in the total correlatlon matrix (R). When all possible
factors are extracted using thils model, 1l.e., when the number of
factors equals the number of factored entltles, the factors will
exactly reproduce the correlatlon matrix. The formula (Gorsuch,
1983, p. 17) £for using factors to reproduce the "explalned"
portlion (E) of the correlation matrix (R) is:

R =P p' ’
vxvVv VXF FxV

where V equals the number of factored entitles,
P equals the orthogonal factor structure matrlx,
F equals the number of principal components.
Thus, 1in the present example, the 55-by-55 correlation matrix
would be -exactly reporoduced by matrix manipulation of a 55-
variable-by-55-factor solutlon.

However, more typlcal usage of factor analysis involves an
effort to "condense" the noteworthy varlance In the correlation
(or the varlance-covariance) matrix 1Into a smaller set of
factored varlables. For example, the researcher might wish to

condense raw scores of 260 subjects on 55 varlables into factor
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scoresg of 260 subJects on each of elght factors. The
portlion (R) of the orlglnal correlatlon matrix (R) that can be
reproduced from the elght factors could then be estimated by:
R =P P' .
55x55 55x8 8x55
This matrix 1s presented for the heurlstic data 1ln Appendix A,
The portion (R*) of the orlglnal correlatlon matrix (R) that
1s not reproducable from the factors can be calculated (Gorsuch,

1983, p. 77) by the formula:

R* = R - R .
55x55 55x55 55x55

Thls suggests that the two correlatlon matrices that would
be '"reproduced" by the factor structure extracted from the
cbrrelation matrix and by the structure extracted £from the
varlance-covarlance matrix might both be computed and then
compared to evaluate the effects of wvarlable varlabllity on
1dentifled structure. Appendix B presents the "reproduced"
correlation matrlix that was generated for the structure from the
varlance-covariance matrlix that was presented 1in Table 2.
Appendix C presents the dlifference matrix derived by subtracting
the "reproduced" correlatlon matrlx from the varlance-covariance
factors (Appendix B) from the "reproduced" correlation matrix
derlved using the faqtors actually extracted from the correlation
matrix (Appendix ).

The dlfference matrix produced in this manner 1s analogous
to the "residual" correlation matrix produced by many factor

analysls statlistical packages. This 1s not actually a correlatlon
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matr¥ix. As Gorsuch (1983, p. 143) notes, "An error often made 1is
to Interpret t'ie elements of the residual matrix as correlatlons.

Desplte the fact that the off-dlagonal elements 1look 1llike

correlatlions, they are actually covariances."

The non~-dlagonal entrles in thls dlfference matrix would all
equal zero Lf the two structure matrices reproduced the same
correlation matrix. Varlables wlith several 1large off-dlagonal
entrlies are the sources of dlscrepancles between the two
structures--these varlables cause the two solutlons to dlverge
due to thelr varliabllitles. When Lhe absolute values of the off-
dlagonal entries In thls matrix (Appendlx C) are summed, the six
varlables wlth the largest sums are, respectlively: .. iable 38
(3.53); wvariable 3 (3.38); wvarlable 44 (2.86); varliable 21
(2.76); wvarlable 36 (2.72); and varlable 2 (2.69). When the
values of the off-dlagonal entries iIn thls matrix (Appendix C)
are squared and summed, the six varlables wlth the largest sums
are, respectively: wvarlable 38 (0.38); wvarlable 3 (0.35);
variable 44 (0.24); wvarlable 21 (0.24); wvarlable 36 (0.23); and
varlable 2 (0.22).

Discusslon

Two methods for 1Identlfyling ltems that may distort the
structure of factors extracted from correlatlion matrices due to
the 1ltems' dlstrlbutlons have been presented. The flrst method
involves the wuse of "best £it" rotatlon. The second method
involves the comparlson of the "reproduced" correlatlon matrices
computed from two structure wmatrices.

It 1s noteworthy that both methods ldentiflied several of the

12



same items as belng potentially troublesome (e.g., 1ltems 3, 21,
38, and 44). Thls suggests that the two methods yleld somewhat
comparable results. Since the "best fit" rotatlon method is more
widely avallable to researchers who use Veldman's (19¢7) compﬁter
program, this method will often be the method of cholce for the
researcher who wishes to identify potentially troublesome items.
However, 1t may be wise to employ both methods as a cross-

valldation of conclusions regarding potentially troublesome

ltens.

It must be emphaslzed that merely examinlng deacriptlve
statistlics such as those presented in Table 1 will not be
sufficlent for identifying 1items whose distributions are
affecting factor structure. Some of the items 'dentified in the
two analyses as being potentially troublesome had distributions
that were similar to those of 1items that did not create
difficulties. Inspection of descriptive statistics will not serve
as an acceptable substitute for empirical determination of which
distributions do or do not affect structure.

In summary, attitude measures frequently produce
distributions of 1ltem scores that may attenuate interitem
correlations and thus may also distort findings regarding the
factor structure underlying the 1Iltems. An actual data set
involving 260 adult subjects' responses to 55 items on the Love

Relationships Scale was employed to illustrate empirical methods

for 1ldentifying such items during test construction or test

validation. Two methods for 1dentifying these items were
proposed, and 1t was noted that examination of ltem descriptive

statistics may not successfully substitute £for an emplrical
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method for identifying potentially troublesome items.

11




References

Borrello, G. M., & Thompson, B. (November, 1986). Concurrent and

construct valldity of a love relationships scale. Paper

presented at the annual meeting of the Mld-South Educatlonal
Research Assoclatlion, Memphis, TN.

Cronkhite, G., & Liska, J. R. (1980). The Judgment of communlcant
acceptabllity. In M. E. Roloff & G. R. Mlller (Eds.),

Persuaslon: New dlrections 1n theory and research. Beverly

Hills: SAGE, pp. 101-139.

Gorsuch, R. (1983). Factor analysis (2nd ed.). Hillsdale, NJ:

Erlbaum.
Guilford, J. P. (1959). Three faces of 1intellect. American

Psychologist, 14, 469-479.
Gullford, J. P. (1965). Fundamental statlstics 1ln psychology and

educatlon (4th ed.). New York: McGraw-Hi1ll.
Hotelling, H. (1933). Analysls of a complex of statistlcal
varlables 1nto princlpal components. Journal of Expexrimental

Psycholoqy, 24, 417-441, 498-520.

Joreskog, K. G. (1969). A general approach to conflrmatory
maximum likellhood factor analysls. Psychometrika, 34, 183-
202.

Kalser, H. F., Hunka, S., & Blanchinl, J. (1969). Relating
factors between studles based upon different individuals. 1In

H. J. Eysenck & S. B. G. Eysenck (Eds.), Personality

structure and measurement. San Diego: Knapp, pp. 333-343.

Kerlinger, F. N. (1973). Foundations of behavioral research (2nd

ed.). New York: Holt, Rinehart and wWinston.

McCulloch, J. M., & Thompson, B. (1982). Cross-discipline

12

15



generallzabllity of Fuller's professlonal concerns model.

Physical Therapy Educatlon, 25, 8-9.

Morrow, J. R., Jr., & Franklewicz, R. G. (1979). Strategies for
the analysls.. of -repeated and multiple measures deslgns.

Research Quarterly, 50, 297-304.

Nunnally, J. cC. (1967). Psychometric theory. New York:
McGraw-H111l.
Pearson, K. (1901). On llines and planes of closest flt to systems

of polnts 1in space. Phllosophical Magazlne, 6(2), 559-572.

Royce, J. R. (1980). Factor analysls 1s allve and well. American

Psychologlst, 35, 390-392.

Sax, G. (1979). Foundatlions of educational research (2nd ed.).

Englewood Cllffs: Prentlce-Hall.
Thompsoti., B. (1980). valldity of an evaluator typology.
Educational Evaluation and Pollcy Analysis, 2, 59-65.

Thompson, B. (January, 1982). Fagtor analysis based on "doubly-

centered" raw data matrices. Paper presented at the annual
meeting of the Southwest Educatlonal Research Assoclatlion,
Austin. (ERIC Document Reproductlon Service No. ED 219 404)

Thompson, B. (January, 1983). The calculation of factor scores:

An alternative. Paper presented at the annual meeting of the

Southwest Educatlonal Research Assoclatlon, Houston.
Thompson, B. (Aprll, 1986). & partlal test distribution £for
cosines among factors across samples. Paper presented at the

annual meetlng of the Amerlcan Educatlonal Research

Assoclatlon, San Franclsco.

Thompson, B., & Borrello, G. M. (1986). Second-order factor

13

16



structure of the MBTI: A construct vallidlty assesswment.

Measurement and Evaluation in Counseling and Development, 18,

148-153.

Thompson, B., & Pltts, M. C. (1981/82). The use of factor

adequacy coefficlients. Journal of Experimental Education, %50,
101-104.
Thompson, B., Webber, L., & Berenson, G. S. (January, 1987).

confirmatory structure analysils of a children's health locus

of control measure: A "Heart smart” Study. Paper presented at

the annual meeting of the Southwest Educatlonal Resezrch
Assoclatlon, Dallas.
Tryon, V. V. (1979). The test-tralt fallacy. American

Psychologist, 34, 402-406.

Veldman, D. J. (1967). FORTRAN programming for the behavioral

sciences. New York: Holt, Rinehart & Winston.

14

17



‘Table 1
Descriptive statistics

varlable Mean sD Kurtosis Skewness
1 SEXLOVE 7.738 2.623 -.169 ~.934
2 COMMIT 2.873 2.226 1.461 1.33¢6
3 ALWAYTHR 2.723 2.358 2.451 1.747
4 HURTHINK 7.538 2.488 -.710 -.643
5 ALREMIND 4.104 2.644 -.265 .790
6 MEMORIES 2.142 1.813 5.712 2.241
7 HARDWORK 2.4¢€9 2.314 3.231 1.970
8 ACTOWILL 5.618 3.129 -1.271 -015
9 PERMFEEL 5.885 3.213 -1.377 -.083
10 LUVPHYSI 8.467 2.204 1.763 -1.548
11 NOTSENSE 5.523 3.023 -1.161 .042
12 EFFORT 3.508 2.746 -.263 .942
13 NOEXPECT 4.712 2.753 -1.001 .312
14 FAITHFUL 1.962 1.919 6.264 2.566
15 AFFECTON 2.065 1.766 7.313 2.536
16 FIRSTSEE 5.846 2.828 -1.026 -.008
17 CONSUMIN 7.023 2.633 -.807 -.482
18 UNCONTRL 5.512 3.168 -1.371 .036
19 WORLDCTR 6.842 2.797 -.949 -.480
20 ALLGOOD 6.685 2.846 -1.069 -.401
21 LCOKS 8.469 2.15% 1.912 -1.587
22 TIMEFAST 4.762 2.972 -.987 .401
23 TOTALIVE 3.185 2.385 1.178 1.333
24 NOLAST 6.777 3.154" -1.059 -.591
25 SUMCONSU 3.496 2.329 .3€5 .888
26 ALIVE 4.481 2.957 -.7617 .625
27 AFRAID 7.277 2.664 -.648 -.670
28 CBEAUTY 3.408 2.383 .604 1.066
29 DESPERAT 3.896 2.663 -.273 .790
30 CONSTANT 4.756 2.830 -.880 .463
31 ALUNIQUE 1.965 1.804 8.441 2.781
32 INATTENT 7.358 2.613 -.257 -.820
33 SEEMEANG 3.765 2.317 .670 .904
34 LESSSIGN 5.346 2.826 -1.095 277
35 LUVBLIND 4.745 2.864 -.902 .500
36 SEXESSEN 5.677 3.099 -1.331 .075
37 PICKPHYS 3.396 2.303 .850 1.135
38 FORGIVE 2.673 1.838 2.349 1.433
39 ONLYFEW 3.162 2.390 1.081 1.324
40 NOTREALI 5.231 2.607 -.766 .194
41 SAYANYTH 3.581 2.810 .054 1.076
42 THOUGHT 5.761 2.903 -1.206 .027
43 LLREMIND 6.327 2.860 -1.133 -.236
44 FIRSTSIG 6.650 3.664 ~-1.485 -.477
45 EMOTIONL 2.798 1.857 1.723 1.249
46 DAYDREAM 6.973 2.715 -.843 -.484
47 HAPPYSAD 5.510 2.874 -1.015 .101
48 REJECTIO 6.308 2.728 -.964 -.225
49 SELFSTUF 3.742 2.311 .317 .884
50 NOCONTRL 5.685 2.783 -1.031 .052
15
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0.029
0.013
0.218
0.005
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0.013
0.316
0.105
-0.007
0.274
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0.457
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0.036
0.492
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0.353
0.780
0.016
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0.463
0.340
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-0.054
-0.008
-0.201
0.215
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0.794
0.742
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0.231
0.280
0.263
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-0.069
-0.103
-0.068

0.138
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0.070

0.015
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-0.138
-0.107
-0.003
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0.178

0.318
-0.050
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-0.032
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0.238

0.096
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0.268
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0.079

0.142

0.699

0.481

0.019
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51 UNCRTAIN 0.116 0.115 0.159 0.732 0.126 0.012 -0.125 -0.107
52 TOTALLUV 0.358 0.105 0.223 0.247 0.183 0.022 -0.344 0.135
53 CONCENTR 0.644 -0.042 -0.101 0.192 0.186 0.236 -0.069 0.154
54 WORRYATT 0.277 0.242 -0.107 0.316 0.235 0.241 0.165 0.070
55 FEARREJC 0.191 0©.358 -0.119 90.436 0.216 0.185 0.154 0.144
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Appendlix A

Correlation Matrix Reproduced from Table 1 Structure
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0.00 0.01 -0.03 -0.01 -0.03 0.00 0.01 0.00 0.00 -0.01
0.00 0.03 0.03 0.02 -0.02 0.01 0.04 -0.01 -0.02--0.02
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