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Abstract
The present article overviews the decisions researchers must make in the use of factor
analysis as a research tool. The decisions are divided into four areas of consideration:
conceptual/theoretical, design, statistical, and reporting. These four areas are linked to
planning, conducting, and reporting. factor analysis studies. A series of questions summarize
the issues discussed and serves as a guide for conducting or reviewing factor analytic
research.

The goal of factor analysis is to explain the interrelationship among a set of observed
variables by means of a smaller set of underlying factors. The term factor analysis,
however, is a generic name for a broad family of multivariate approaches employed by
researchers in many disciplines. Of the many approaches to factor analysis, component
analysis and exploratory factor analysis are the two major models implied by the term.
Associated with each of these two models are statistical assumptions and analytic
restrictions. The purpose of this paper is to clarify the basic models of factor analysis and
describe the many decision points which must be addressed in order to properly use factor
analysis as a research tool. To accomplish this, the paper is divided into four major
sections, each related to what we believe to be the primary considerations inherent in the
use of factor analysis: conceptual/ theoretical considerations, design considerations, statistical
considerations, and reporting considerations.

Conceptual/Theoretical Considerations

The first decision faced when employing factor analysis is the choice of a factor model.
The two most basic and frequently used factor analytic models are component analysis (CA)
and exploratory factor analysis (EFA). While some users of factor analysis refer to CA as
principal component analysis, this designation refers to both the model and type of
extraction. In this paper, we separate the models from the extraction methods. The two
basic factor analytic models are presented in this section and a discussion of extraction
methods is presented under statistical considerations.
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improve the accuracy of the visual scree procedure whereas changes in the v/f ratio had no
effect.

Zwick and Velicer (1982, 1986) examined the performance of the visual scree using
simulated sample correlation matrices with CA. They found the visual scree procedure had
amoderate overall reliability when the mean of two trained raters was used. In both studies,
the visual scree procedure was more accurate and less variable for higher factor loadings
and higher levels of the v/f ratio. Larger sample sizes improved the visual scree accuracy,
especially when there were a large number of variables and the factor loadings were
moderate. The effect of a larger sample size is consistent with findings provided by several
researchers (Cliff & Pennell, 1967; Horn & Engstrom, 1979; Linn, 1968).

Overall, there is sufficient evidence to conclude the visual scree performs reasonably
well in most cases (Gorsuch, 1983; Zwick & Velicer, 1982, 1986). It is also safe to
conclude when the data are reasonably structured and the judges have expertise, the visual
scree is simpler and more adequate than most of the other procedures for determining the
number of factors/components (Cattell & Vogelman, 1977; Gorsuch, 1983).

Regression-based procedures. In an attempt to remove some of the subjectivity from
the visual scree, regression-based scree procedures were developed by Gorsuch and Nelson
(1981) and Zoski and Jurs (1993, 1996). In the Cattell-Nelson-Gorsuch procedure (GNC,
1981, cited in Zoski & Jurs, 1996), the slopes of all sets of three eigenvalues each are
computed. The number of factors to retain occurs when a major difference between sets of
slopes is found. However, the CNG procedure uses only information from six eigenvalues
in each comparison. To overcome this drawback, Zoski and Jurs (1993) proposed the
multiple regression procedure (MR) which uses the same principle of the CNG, but all the
eigenvalues are used in each comparison of the slopes. Another version of Zoski and Jurs’
MR procedure is to compare each pair of slopes using the formula for the t-test. In this
case, the t-value is employed as an index and its greatest absolute value corresponds to the
number of factors existing in the data. The t-value, MR, and CNG procedures are not
applicable when the number of factors is less than three. In an attempt to overcome the
limited applicability of these three regression-based procedures to situations where the
number of factors is two or greater, Zoski and Jurs (1996) developed the standard error
scree (SEscree) procedure. According to this procedure, the standard error of the estimate
for each eigenvalue is calculated, and the number of standard errors that exceed I/v (v
variables) indicates the number of factors to retain,

The information available concerning the performance of these four procedures has
been provided mainly by their developers. Nasser (1997), in a comprehensive Monte Carlo
study, evaluated the effectiveness of the visual scree and the four regression-based
procedures with both population and sample data. She generated factor models which varied
a number of data characteristics: the v/f ratio, correlation among factors, sample size, and
size of loadings. Her findings revealed the CNG and MR overestimated the number of
factors. With correlated factors the t-value index showed a mixed pattern of under- and
overestimation. Of the four regression methods, the SEscree was the most accurate in
correctly identifying the number of factors to extract. However, the SEscree was sensitive
to factor loadings and to the n/v ratio for both correlated and uncorrelated factors. With
moderate loadings (.50) and low n/v ratio (5:1), the SEscree procedure tended to
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overestimate the true number of factors. With high _amnE:w\mc A.me EA—M_ hm ﬂnoimm%“m“m
rfect. Larger ratios 3
accuracy of the procedure was close to pel (e i D

i loadings, especially when the factors were correl | 5 /

M_MM Wﬁnuﬂum%m the wmomnnao procedure to identify correctly the nﬁmuwnm_vﬁ of factors with
ili i iven i literature of 5:1.

i bability exceeded the advise often given in the o )
Ewwﬁwam_ﬁ_ Nn eigenvalue-one method can not be supported due 10 its E.unn:ﬂnwm_n-m_
nn-na—wuim.&n number of factors and the visual scree is dependent upon oxﬂjm:nm M.MR_ 3

i i to be a most promising m 5
to effectively use this procedure. The SEscree seems fo b L
h more work is needed to fully understand its usefulne: t
WWMSEE&F M_:M.HSE.E popular software packages. However, a SAS macro has been written
to compute the SEscree (Nasser, 1997).

Methods of Rotation . ) )
Once ».Mnsa ‘have been extracted such that essentially no meaningful common variance

ins i iduali i i tation of the extracted factors is
remains in the residualized noﬂn_wn.cn matrix, ro f
considered. Factors are rotated to bring Mﬂm_g".om“anw_ anuo Enunw%ﬁn MM nncﬁ.wﬁﬁn.uwﬂmwh
i.e., to help interpret the factors). Recall, factors are extrac 1
Mwm.uﬁw%cm Enixuim.o—n each maximizes as much variance as :ncwh i—w“:% _.“mm“m um
i i ber of factors have been extracted, these :
specific variables. After a set num| e i
initi for a percentage of total variance.
the initial (unrotated) factor matrix and account ¢ ! i
ix i ‘hologically meaningful solution.
unrotated factor matrix is then rotated to a more psycl ' e
i d for remains the same in both unrota
However, the percentage of variance accounte i .
Swuﬁa factor matrices. Because the rotated and unrotated .mwn.a- ‘matrices contain the same
amount of variance, they both reproduce the initial correlations among the variables equally
in:.QE‘.Ew rotation the variance extracted is redistributed more evenly uh_%mu Ea ».mmm.mm
i i factors as in the unrotated matrix. 1his
rather than being concentrated in the first few ; : )
i i makes factor interpretation easier.
istribution of variance across the extracted a,ﬁSﬁ . .
‘Hnn%ﬁ__ww._ M_mﬂ speed computers carry out the rotations using wun_«nn vncnohnﬁom ”MM_ “”.n .MM
st ; ique. Orthogonal rotation imposes the restrict
two distinct forms: orthogonal or oblique. O . 0 B e
independent of one another; whereas oblique :.:EE._ 1el :
WMMM % ».unnﬂum to be correlated. The choice of rotation method should be guided by
Enop..w.w..o most frequently used method of factor rotation is o:gw..ia. in part nﬁsmu M__._.M
method being the default in most computer programs. mcia_umn._hm Mn-“—%wno_“.“ MM w_un_vo .
i jon i d for, how wot e
used by default, but oblique rotation is called for, I . L
i i i i th oblique rotation, there are typi
detect this? Besides rerunning the analysis wif : e
i nally rotated factor matrix that reveals f
patterns to look for in the E.Eowo. L e el
i ttern of complex factor loading
correlated: (a) bipolar factor loadings, or (b) a pa ¢ OB e
i i f the variables have positive 8
factors. Bipolar loadings are where several of v Ernoun_Ew e
i i factor. Complex loadings occur n a gi
several have negative loadings on the same 0 o
i i . In the design of the factor lytic y,
variable loads highly on more than factor. In the 1 Sl g
i i i th only one of the theoretical
cally selects variables expected to associate with C d 0
:.«Mwmn Wsﬁ«. Therefore, if several variables are highly associated with more than one
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dimension (factor), the variable may be complex (measuring more than one concept).
Complex loadings may also be indicative of underfactoring. Clues that too many factors
have been extracted is the presence of specific factors or factors with no sizable loadings.
A specific factor is a factor with only one sizable loading (i.e., the factor is specifically
defined by the one variable).

The principle most factor analyst use to guide factor rotation is simple structure
(Thurstone, 1935). Simple structure is based on the premise a variable should associate with
as few factors as possible. Gorsuch (1983, see pp. 178-179) provides an overview of the
criteria for achieving simple structure-essentially for every pair of factors, there should be
several variables whose loadings are high on one factor and low or near zero on the other
factor. That is, one subset of variables define one factor, but not any other factors. A
different subset of variables then defines subsequent factors, but not any of other previous
factors, etc. The variables that define a factor are those with the highest loadings and are
referred to as marker variables. Many factor analysts suggest .30 as the minimum loading
to define a factor. Because a variable with a loading of .30 represents only nine percent
(.30°) of the variance of a factor, the user may want to impose a higher criterion than .30,

While computer software Pprograms provide several options for orthogonal rotation to
achieve simple structure, the method most widely accepted is Varimax rotation. Quartimax,
the predecessor to Varimax, had a tendency to produce a general factor and did not attempt
to simplify the factors. Thus, Varimax seeks to maximize variance for each factor by
pushing the high loadings higher and the low loadings lower. The rotation attempts to
maximize the variance across all the factors-hence the label Varimax. Factors are rotated
in pairs and the Varimax procedure continues iteratively, redistributing the variance across
the factors until the spread of the variance fails to change. In order to rotate factors, a
transformation matrix is solved for which maintains the orthogonality among factors. The
transformation matrix is multiplied by the unrotated factor matrix to produce the rotated
factor matrix. While many computer programs output the transformation matrix, it is of
little substantive interest.

If a researcher suspects or predicts that factors are correlated, then the angle separating
the factors is relaxed from the orthogonal position of 90°. However, if the factors become
too highly correlated, a question arises, “Just how distinct are the factors?” Typically, when
factors are too highly correlated, the data are reanalyzed with one less factor being
extracted, then the resulting factors are re-rotated, There is no set answer as to what degree
of correlation is too high to question the separability of factors. This is clearly a theoretical
issue.

The two most frequently used oblique rotation methods are Direct Oblimin and
Promax. In Direct Oblimin, a user-controlled parameter, k, varies the emphasis between
two early oblique procedures; quartimin-where the sum of the crossproducts of the squared
loadings are minimized, and covarimin-where the sum of the covariances of the squared
factor loadings are minimized (Gorsuch, 1983). The parameter k, referred to as delta in
SPSS, ranges between 4.0 to 1.0, and alters the angle between the pairs of factors in the
Totation process. When k = 0 both the quartimin and covarimin criteria are equalized. As
k > 0. the factors are permitted to be mors highly corrslated. Negative values of k implies

‘ess orreiaed Bewr. Whent = 47 Sonre e wheemzi The tmar woeathre mrs
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with the best Varimax solution and powers the matrix (usually only the second or fourth
power is necessary) in an attempt to match a E.nm_uonmmom_ target matrix AnwE-mw & Lee,
1992). Additional details of orthogonal and oblique rotation can vn moca.n in the texts by
Gorsuch (1983) and Comrey and Lee (1992). Gorsuch Cowwv E‘.osﬁw a nice summary and
comparison of many of the available orthogonal and oblique rotation methods (pp. womyu.os
Sometimes it may be helpful in purely exploratory umv_._nsncum of factor analysis to
request plots of the extracted factors before and »mﬁm rotation. The Ecr.m are vncm_ﬁon for
pairs of factors and if many factors are extracted, it may become tedious to view these
plots. Thus, one should look at plots of variables only after the number N.um factors to oxw.un»
has been narrowed down to two or three sets. Specifying the plot option before rotation
permits researchers to see how related factors are, or if only some factors are correlated.
Requesting the plots after rotation (orthogonal or oblique), vﬁia.-ﬂnﬁnﬁa to see _._c,.z
well the rotation has located the variables on the factors. A limitation of EFA mogm is
all the factors must be specified to be either correlated or uncorrelated. Therefore, ._». a
researcher suspects some of the factors are correlated and some are uncorrelated, oblique
rotation should be used. A second limitation is that most mm> computer programs ou.@
offer one angle of separation which is imposed on all factors during oblique rotation. While
not covered in this paper, confirmatory factor analysis (Jéreskog, 1973) ﬁcﬁ 1ot possess
these limitations. A recent and brief primer on confirmatory factor analysis can be found
i ens (1996, see pp. 389-420). !
" mMMunm %n Raic_wumu\ and matrices produced differ depending on i.mem_. En rotation
has been oblique or orthogonal, a few comments are in order. With o@rnﬁ rotation, four
matrices are produced: unrotated factor matrix, factor pattern matrix, mmn_.o-, structure
matrix, and factor correlation matrix. The values within the factor pattern matrix in oblique
rotation are standardized regression weights (betas), reflecting the REncEE.u between the
variable and factor, after partialling out the relationship ca?ao.: the SE»Eo.w.ﬁ the
remaining factors. The values within the factor structure matrix are correlations R_.n
represent the association between the variable and the factor as well as the factor’s
correlation among other factors. Thus, the difference between nﬁ factor pattern and factor
structure matrix is that the values in the factor structure matrix reflect the fact that the
factors are correlated, whereas the values in the factor pattern matrix reflect En fact E.ﬁ
the correlations between the factors have been partialled out. .:# mun..bn na....m.»ﬂo: ‘matrix
reveals the degree of factor intercorrelation. ._”H_»wé n%n::n__ ﬂuﬂﬁﬂﬁu%: should be
i and reported are the factor pattern factor correlation n s,
Eﬁ_.w_”n.ﬁm o:womwma case, three matrices are provided: :EoB.n.n factor matrix, rotated
factor matrix (e.g., the factor structure matrix), and transformation matrix. mnos:”mn the
factors are not correlated, the factor pattern matrix and the factor mB._nu.:m. matrix are
identical, Thus, only one matrix is produced and interpreted. The values within the factor
structure matrix are correlations between the variable EE factor, and are 8»..243 to as
loadings to distinguish orthogonal and oblique solutions. Since the factors are independent
of one another, a factor correlation matrix is not produced.
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Concluding Remarks
) The .n_,.mn.ow_ decision in factor analysis is to determine the number of factors to extract.
This decision effects the extraction and rotation results. At the same time, such issues as

sample size, number and quality of observed variables effect the procedures to determine |

the number of factors to extract. Thus, none of the statistical decisions should be automatic

(decided by default) and each decision affects the final model. Therefore, we strongly urge |

users of factor analysis to be prepared to describe and justify each decision and i
. "y . o
how their decisions influenced the results. comider

Reporting Considerations

_uwa, etal A 1986) conducted a critical review of 152 applications of exploratory factor
analysis in applied psychology over the years 1975-1979 and 1980-1984. Their findings
.Hﬁw_m.n a gloomy picture of the way decisions are made (or not made) when factor analysis
Is applied. Results of the Ford et al. review indicated users tend to favor the CA model with
PCA extraction and Kaiser’s eigenvalue-one procedure for determining the number of
@cs.a to extract. Furthermore, few studies provided justification for decisions or mentioned
nou.uannmnon of wm.mawn?a procedures. Thus, the studies did not allow for systematic
review, accumulation of results, or replicability. Ford et al.’s results support an earlier
review by Glass and Taylor (1966) which also documented relatively poor or uninformed
use of mmns_. analytic techniques in the applied literature,

While properly designed and conducted factor analytic studies are critical, reporting for
others Eo results of a factor analytic study deserves special attention. Sufficient information
regarding the decisions made, as well as the theoretical perspective taken in the study, are
important to describe. It is hoped by asking researchers to report the decisions made E the
mem of conducting a factor analytic study, better practices of using factor analysis will

Based on what we have said throughout this T, it is obvious
present mﬁmnmmi theoretical background for Eaﬂcmo__oi the aanwmo.“ %mﬁﬁn
the ng.qo and number of variables, sample size, factor model, input matrix ».mh_um
.nu.ﬁ.nmo:. and factor rotation. Because of the vary nature of exploratory factor w.uw_wuw‘

suggest a different number of factors or relations between factors. Sometimes different

models emerge during analysis. For example, in using the visual scree several models will

vn. suggested around the point of inflection in the scree, If the scree indicated four factors
might best explain the data, it is quite routine to extract three-, four-, and five-factor models
to be sure one has not over or underextracted factors. In this example, informing readers
25 En three- and five-factor models were rejected using both substantive and statistical
criteria lend credibility to the factor analytic study. Rarely in EFA is only one model
evaluated. It is a great misrepresentation for the author of a factor analytic study to allow
_.awh.uma to assume only one model was evaluated if others were considered and discarded
during u:.w_.wun. .:E type of misrepresentation leads to results which can not be replicated.
Sometimes in the factor extraction/rotation process a subset of items/variables Ea
deleted. In this situation, the analysis must be rerun. It can not be assumed the retained

Using Factor Analysis

items/variables will have the same factor pattern (e.g., number of factors and loadings) as
the model with all items/variables. Frequently, the items/variables are deleted because they
contribute more to random variance than to systematic variance. When this is the case, and
the retained variables are reanalyzed, it is often found the percent of variance explained
increases and the loadings increase. Thus, eliminating some items/variables can result in a
sharpening of the factor pattern/structure matrix.

With so much exploratory analysis (evaluating many factor models, eliminating items/
variables), it is incumbent upon users of factor analysis to consider the replicability or
crossvalidation of the results. This implies users either have a second sample with which
they can verify or crossvalidate results, or, at a minimum, discuss the need for replication
studies. The best insurance for replicating factor analytic results is to collect twice as much
data as is needed. Split the sample in half and use sample 1 for all the exploratory work.
Sample 2 is used to verify or crossvalidate the stability of the final model(s) obtained from
the first sample. However, many users of factor analysis can not collect twice as much data
as needed for a given analysis. Therefore, knowing something about the methodological
literature on factor analysis may help to suggest the potential replicability of results.
Gorsuch (1983, p. 332) suggested that when a minimum of five to six variables with high
loadings (>.50) are used to define a factor, all other conditions held constant, the more
likely the results are to replicate. Thus, replicability is tied to the strength of the phenomena
being studied.

As a final point in reporting, we strongly encouraged authors to provide (or editors to
request) the initial correlation matrix as an appendix to the paper, including the means and
standard deviations for all variables. In this way, others will have an opportunity to verify
the author’s findings. More importantly, the data lead to further research as statistical
techniques become more refined or improved, 4 reanalysis may lead to different insights.
For example, using confirmatory factor models instead of exploratory factor models or
using different extraction methods. Fi rmore, as new conceptual or theoretical
perspectives emerge in the substantive , the data can be reanalyzed from the newer
perspective. At the very least, authors shoul ncourage to provide the input matrix upon
written request if the matrix is too large or costly to print.

To summarize all the decisions which have been discussed in this paper which need to
be considered as part of a factor analysis study, a series of questions have been posed and
are presented in Table 2. It is hoped these questions cause researchers contemplating the
use of factor analysis as a research tool to carefully consider design and analysis issues.
Answers to many of the questions in Table 2 depend upon responses to other questions
posed in the table. Because so much of factor analysis is left to the researcher’s discretion,
we feel decisions guided by theory make the research easier to write about and have the
greatest potential for replication of results. For those who may not be conducting factor
analytic research, but are consumers of this literature, questions in Table 2 also may be
used as a guide evaluate published EFA studies.

Lastly, for the interested user of factor analysis two texts are highly recommended and
have been used throughout this paper (Comrey & Lee, 1992; Gorsuch; 1983). Much shorter
expositions on factor analysis are offered by Kim and Mueller (1978a, 1978b), and
Pedhazur and Schmelkin (1991) devote a chapter to factor analysis which is highly readable.
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TABLE 2

Questions to consider when planning, analyzing, or reporting an exploratory Jfactor

analysis study

1. Was the study theoretically-based (driven)?

2. What factor model was used? Was it appropriate given the research question?

3. Is content of theoretical and empirical domains for object under study discussed?
4, Are there multiple dimensions of the object under study? How many dimensions?
5. Does the theory suggest the dimensions are related?

m._u__aaaaauas_u:o.\%ﬁ_%ag_E:E
q.mcsaputipzﬁ:samtnaa.u_ﬁm%
8. Was the V/f ratio considered?

9. Was the measurement (metric) of the variables considered?
10. Are there potential linear dependencies in the data?
11. Was the type of input correlation matrix discussed?
12. What was the sample size?
13. Was the n/v ratio considered? Appropriate?
14. Is the sample adequate and representative?

An item analysis?

15. Were basic descriptive statistics reported?

16. Was the input matrix available in the paper?

17. Was the method of extraction stated? Justified?

18. What method of estimating communalities was used? Range of communalities reported?
19. What method was used to determine number of factors? Rationale given?

20. What method of factor rotation was used?

21. If the rotation was oblique, was the correlation among the factors reported?

22. Was a cut off value used to select variables to report? Value reported?

23. Were items/variables eliminated? Reason given?

24. If variables were eliminated, was the model reanalyzed with the retained variables?

25. Was more than one factor model evaluated?

26. What evidence was used to select the final model?

27. Was there evidence of simple structure?

28. Was the % total variance reported? % common variance for each factor?
29. Were loadings reported for all variables?

30. Were complex loadings present? Discussed?

31. How well did the final model reproduce the initial correlations?

32. Were the results tied to the research literature?
33, Was the need for replication/crossvalidation mentioned?
34. Were the results replicated with a separate sample?

|
|
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