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Vividness, spatial manipulation, and
spontaneous elaboration: A critical

evaluation of the use of factor analysis
by Lorenz and Neisser (1985)

JOHN T. E. RICHARDSON
Brunei University, Uxbridge, Middlesex, England

On the basis of factor analyses of questionnaire responses and psychometric test performance,
Lorenz and Neisser (1985) argued for the existence of three distinct imagery factors: vividness and
control, spatial manipulation, and spontaneous elaboration. Their use of factor analysis is criti
cized under three headings: the choice of the number of factors to be extracted, the choice of ana
lytic model, and the choice of rotation model. On the basis of alternative analyses, it is concluded
that the results of Lorenz and Neisser's investigation tend to support the established distinction
between introspective judgments of experienced imagery and objective performance in tests of spa
tial thinking, but that there is no evidence for a third factor of spontaneous elaboration.

Mental imagery is both a subjective experience and a
cognitive representation whose use may facilitate perfor
mance in a varietyof objective tasks. Nevertheless, factor
analytic studies using psychometric instruments designed
to study the vividness of experiencedimagery and the ca
pacity for spatial visualization have concluded that these
represent distinct and possibly independent traits of in
dividual subjects (Di Vesta, Ingersoll, & Sunshine, 1971;
Forisha, 1975;Richardson, 1972, 1977a; cf. Paivio, 1971 ,
p. 496) . A recent paper in the same tradition by Lorenz
and Neisser (1985) confirmed this distinction and argued
for the existence of yet another dimension, which they
described as "spontaneouselaboration." The latter dimen
sion was derived from earlier work by Slee (1980) and
Garro (1983),and represented a "tendency to visualize de
tails of the appearance of an object (as distinct from its
identity or meaning) even when no specific task requires
it" (Lorenz& Neisser, 1985,p. 494). Lorenz and Neisser
foundthat noneof these three imagery factors was signifi
cantlycorrelatedwiththe strengthof childhoodmemories.
They discussed a numberof methodological considerations
that might have obscured such relationships, but they did
not address the more basicquestion of the adequacy of their
analytic techniques. In this paper I shall criticallyevaluate
those techniques in the lightof conventional statistical wis
dom and present further analyses that tend to qualifysome
of the conclusionsreached by Lorenz and Neisser. These
analyses were carried out upon the triangular matrix of
correlation coefficients shown in Lorenz and Neisser's
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(1985) Table 2, using the package SPSS/PC+ (Norusis,
1986).

LORENZ AND NEISSER'S METHOD

Lorenz and Neisser(1985)administered a battery of psychometric tests
to a sample of studentsat Cornell University. Seven measures were ob
tained from tests concerned with mental imagery: the shortened version
of Betts's (1909)Questionnaire Upon MentalImagerydeveloped by Shee
han (1967); the revised version of Gordon's (1949) test of imagery con
trol that was published by Richardson (1969); the Vividness of Visual
Imagery Questionnairedevised by Marks (1972, 1973); the Verbalizer
VisualizerQuestionnaire developedby Richardson (1977b); a Cube Task
devised by Richardson(1977a) in which subjects are required to answer
questions about an imagined cube thathas been divided into 27 smaller
cubes by two equidistant horizontal cuts, two equidistant vertical cuts,
and two equidistant lateral cuts; the Differential Aptitude Test (DAT),
SpaceRelationsForm T (Bennett, Seashore, & Wesman, 1947); and ver
sionsof Barratt's (1953)Visualizarion Fonn in whichthe subjects reported
on the vividness, relevance, and controllability of imagesexperienced while
completing the DAT and the CubeTask. Six measureswere obtained from
a Recalled-EventDescriptiontask: four reflected the richnessof autobio
graphical memories of specific events (the previous January I, the day
President Reagan was shot, the subject's first day at school, and the first
manned landing on the moon), and two measured the subject's age at the
time of the earliest personal memory and the richness of that memory
(as indicated by the nwnber of written words used to describe it). Fi
nally, two measureswere obtained from a separatetask in which the sub
jects were asked to recall personal experiencesbefore they were 6 years
old: one was the mean nwnber of memories listed, the other was the sub
ject's mean age at the time of the recalled events.

The total sample of subjects consisted of 58 students, although 12 of
these failedto providecompletesetsof data, and only the remaindercon
tributed to the mainanalysis of results. Of course, a final sample of 46
subjects is a relativelymodestbasis for a factor analysis, especiallywhen
a total of 15 variables is under consideration.

BASIC ANALYSIS

LorenzandNeisser(1985) reportedthata principal com
ponents analysis ofall 15variables was used to extract three
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factors, and that Varimax rotation yielded factors that could
readily be identified in the following manner: Factor 1,
vividnessand control; Factor 2, spatialmanipulation; and
Factor 3, childhood memory. Table 1 shows the results
of an identical analysis carriedout uponthe matrixof corre
lation coefficients contained in Lorenz and Neisser's Ta
ble 2. Allowingfor rounding errors inherent in the latter
table, these results confirm the findings presented in their
originalpaper. There are, nevertheless, three importantis
sues to be addressed in evaluating these results: the num
ber of factors to be extracted, the use of principal compo
nents analysis, and the use of Varimax rotation.

With regard to the first of these, Lorenz and Neisser
reported that they decided to extract three factors on the
basis of "inspection of the pattern of significantcorrela
tions" (p. 497). However, a matrix of simple correlation
coefficients simply does not provide a perspicuous view
of the relationships among a set of variables, and cannot
be reliedupon to guideanalytic judgments concerning their
internal structure. The wholepoint of factor analysis is to
make that structure explicit. Although there is no gener
ally agreed-upon criterion for decidingthe number of fac
tors to be extracted, two commonlyused rules of thumb
are the number of factors whose eigenvalues are greater
than one in a principal components analysis (Kaiser, 1960),
and the numberof factors up to the point where the differ
ence between successiveeigenvalues in a principal com
ponentsanalysisreflectsa relatively constantincrementat
tributable to random error (the "scree test": Cattell, 1966).
For the results reported by Lorenz and Neisser, the eigen
values for 10 successive factors obtained from principal
components analysis were 2.83, 2.34, 2.10, 1.19, 1.18,
1.04, .87, .72, .63, and .57. A mechanical applicationof
Kaiser's eigenvalue-one criterion suggested that six fac
tors might be extracted, but Cattell's scree test indicated
that Lorenz and Neisser's choice of three factors was in
fact rather more suitable.

Nevertheless, with regard to the secondpoint, there are
reasons to question the appropriateness of principal com-

ponentsanalysis for the sort of investigation conductedby
Lorenz and Neisser. This sort of analysis proceeds by as
signing the variance associatedwith the original variables
to as many orthogonal dimensions or components. From
a practical pointof view, it is based uponthe original corre
lation matrix among the variables in question, in which
the diagonal elements have a value of 1.00 by definition.
This is tantamountto assumingthat the common variance
to be explainedis 100%of the total variance on each vari
able, or, in other words, that there is no variance unique
to each variable and that every variable is perfectly reli
able. Assumptions of this sort are highly questionable in
the case of the measures that were considered by Lorenz
and Neisser. Indeed, only one of the final communalities
reported in their Table 3 is greater than .7, and several
are less than .5.

In contrast, common factor analysis is concerned only
with the variance that is common to two or more of the
variables in question, andexplicitly excludes fromconsider
ation the variance that is unique to one single variable or
merely the result of random error. From a practical point
of view, it is based upon an amended correlation matrix
in which the diagonal elements are replaced by estimates
of thecommunality of thecorresponding variables, and thus
acknowledges the fact that the other elements in thatmatrix
are necessarily reduced by test-retest unreliability. It is well
knownthat the choiceof communality estimatescan make
a substantial difference to the factorial solution that is even
tually obtained (e.g., Rummel, 1970, pp. 313-315).
However, most authorities recommend an iterative solu
tion based upon the use of the squared multiple correla
tion (SMC) of each variable with all of the others as an
initialestimateof communality. For the correlationmatrix
presentedby Lorenz and Neisser, 10of the 15 SMCs were
less than .5, reinforcing the point that one can expect only
a fraction of the total variance to be explained by means
of factor analysis. Table 1 shows the results of Varimax
rotation of three factors extracted by common factor anal
ysis from the matrix of correlation coefficientscontained

Table 1
Results of Varimax Principal Components Analysis (PCA) and of Varimax and ObUmin

Common Factor Analysis (CFA) of AU Variables

Varimax PeA Varimax CPA

123 123

Betts (1909) .78* -.09 - .12 .74* -.12 -.13
Gordon (1949) .78* .17 - .10 .74* .12 -.10
Marks (1972, 1973) .55* .18 .23 .46 .11 .17
Richardson (1977a) - .01 .83* - .02 .03 .78* - .02
Barratt (1953) .32 .80* .10 .36 .78* .10
Bennett et al. (1947) -.17 .71* - .29 -.12 .63* - .26
Mean Age -.17 - .10 .79* -.16 -.10 .76*
Earliest Age .28 .05 .74* .27 .03 .68*
School .32 - .16 .:... .66* .25 - .12 - .55*
Moon - .18 .12 -.60* - .14 .11 - .46
January 1 .47 - .44 .03 .33 - .33 .04
Reagan -.31 -.02 .07 -.21 -.03 .05
Earliest Memory .24 -.01 .15 .16 .01 .10
Richardson (1977b) .40 .49.07 .35 .38 .05
Memory Number .27 .26 - .35 .22 .19 -.26

*Loadings greater than .50 were used to interpret the factors .

Oblimin CPA

1 2 3

.73* - .08 - .11

.74* .17 - .09

.47 .12 .18

.05 .78* -.05

.39 .79* .08
- .10 .63* -.28
-.16 - .15 .76*

.27 .01 .69*

.24 -.08 - .54*
-.14 .12 - .47

.32 - .31 .06
- .21 - .04 .04

.17 .01 .11

.37 .39 .04

.22 .22 - .26



in Lorenz and Neisser's Table 2. The factor loadings are
not dissimilar to those obtained in the previous analysis,
suggesting thatprincipal components analysis, although in
appropriate, is not in this case misleading.

In their discussion, Lorenz and Neisser emphasized the
point that the factors identified in their analysis are dis
tinct from one another. To be sure, both of the analyses
discussed thus far have implied that they reflect different
traits thatare orthogonal to one another . However, the latter
is merely an artifact of imposing a Varimax (i.e. , or
thogonal) rotation upon the original factor matrix, and
Lorenz and Neisser did not explore the validity of a solu
tion obtained by means of oblique rotation. It is in fact en
tirely plausible that the different traits in question might
be produced by overlapping sets of psychological
processes. In this case, the resulting dimensions might be
expected to be correlated with one another, and an oblique
rotation of the extracted factor matrix would be far more
appropriate (see Cattell, 1978, p. 128). Table 1 shows the
structure factor matrix from an oblimin rotation (Carroll,
1957; Rummel, 1970, pp. 414-416) carried out upon the
three factors extracted by means of common factor anal
ysis from the matrix of correlation coefficients contained
in Lorenz and Neisser's Table 2. The intercorrelations
among the three factors were as follows : Factors 1 and
2, + .09; Factors 1 and 3, + .03; and Factors 2 and 3, -.08.
In contrast to the purely artifaetual outcome of an or
thogonal rotation, these results offer direct empirical con
firmation that the three factors were indeed quite indepen
dent of one another. It is not surprising, therefore, that the
factor loadings were found to be similar to those obtained
by means of the Varimax solution.

IMAGERY VARIABLES ANALYSIS

Because the childhood memory variables were found to
be loaded on a separate factor, Lorenz and Neisser (1985)
decided to undertake an additional factor analysis of the
imagery variables alone. A principal components analysis
of the seven relevant measures was used to extract three
factors, and Varimax rotation yielded factors that were
identified as follows: Factor 1, vividness and control; Fac
tor 2, spatial manipulation; and Factor 3, spontaneous
elaboration. Table 2 shows the results of an identical anal
ysis carried out upon the relevant correlation coefficients
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contained in Lorenz and Neisser's Table 2, and, once
again, allowing for rounding errors, these results confirm
the findings presented in their original paper. Neverthe
less, the same three issues need to be addressed in evalu
ating these results.

With regard to the number of factors to be extracted,
Lorenz and Neisser gave no justification whatsoever for
the decision to identify three factors, although they men
tioned that the point of the analysis was "to test for the
presence of the elaboration factor isolated by Garro (1983),
which had not appeared in the first analysis" (p. 497). In
other words, the choice of three factors was motivated by
a priori theoretical expectations rather than by independent
criteria or rules of thumb. Indeed, on their own earlier ac
count, only three factors had been suggested by "inspec
tion of the pattern of significant correlations," including
the factor relating to childhood memories, and so there
could be no justification for searching for a third imagery
factor. With regard to the more commonly used rules of
thumb, the eigenvalues for successive factors obtained from
principal components analysis of the seven variables were
2.56, 1.81, .92, .61, .49, .40 , and .22. While Cattell's
(1966) scree test suggests that the choice of three factors
might conceivably be appropriate, Kaiser's eigenvalue-one
criterion indicates thatonly two factors should be extracted.

The latter conclusion was confirmed by the fact that a
common factor analysis that attemptedto extract three fac
tors from these variables failed to achieve a coherent mathe
matical solution. Specifically, after 45 iterations the esti
mated communality of one of the variables exceeded the
logical upper bound of 1.0, a so-called Heywoodcase. As
McDonald (1985) noted , "The most common cause of
Heywood cases seems to be failure on the part of the in
vestigator to represent each factor by at least three tests
with large loadings on it" (p. 226; see also pp. 79-80).
Obviously, such a situation would be an inevitable conse
quence of seeking to measure three (relatively independent)
putative factors on the basis of only seven variables.

With regard to the initial estimates of communality, five
of the seven SMCs for the imagery variables were less than
.5, which again points to the appropriateness of common
factor analysis rather than principal components analysis
for these data. Table 2 therefore shows the results of Var
imax rotation of two factors extracted by means of com
mon factor analysis from the relevant correlation coeffi-

Table 2
Results or Varimax Principal Components Analysis (PeA) and or Varimax and Oblimin Common

Factor Analysis (CFA) or Imagery Variables

Varimax PeA Varimax CFA

I 2 3 I 2

Gordon (1949) .SI* .13 .16 .69* .IS
Betts (1909) .SI* - .25 . 17 .84* - .12
Marks (1972, 1973) .7S* .1l - .01 .54* .OS
Richardson (l977a) .OS .SS* .22 .02 .76*
Bennett et al. (1947) - .05 .SS* .04 -.Il .SS*
Barratt (1953) .15 .52* .74* .27 .S2*
Richardson (l977b) .12 .03 .93* .29 .42

*Loadings greater than .50 were used to interpret the factors.

Oblimin CFA

I 2

.70* .24

.S3* - .05

.54* .13

.OS .76*
- .06 .57*

.33 .84*

.33 .44
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dents. The overall impression of the factor loadings is
similar to that obtained from the two relevant factors in
the corresponding panel of Table I .

The final analysis considered whether an oblique rota
tion might be more appropriate for these data. Table 2
shows the structure factor matrix from an oblimin rota
tion carried out upon the two factors extracted by means
of common factor analysis. The intercorrelation between
these two factors was +.17, confirming their relative in
dependence, and the factor loadings were similar to those
obtained in the Varimax solution.

DISCUSSION

Lorenz and Neisser (1985) summarized their results in the following
manner: " Our data confirm the distinction between reported vividness
of nx:nIa1 imagery on theone handand objectively measuredspatial visuali
zation on the other. In addition, we confirmed the existence of a third
imagery dimension, spontaneous elaboration" (p. 499). I have argued that
these conclusions were obtained on the basis of inadequateanalytic tech
niques. Nevertheless, are they upheld by the additionalanalyses provided
in this paper?

First, all of the analyses replicated the first two factors that were iden
tified by Lorenz and Neisser, and the oblique solutions confinned that
these two factors were relatively independentof one another. Moreover,
these analyses approximately replicated the distinctionnoted in previous
factor-analytic studies between subjectivejudgments in questionnaires on
experienced imagery and objective perfonnance in tests of spatialability
(Di Vesta et al., 1971; Forisha, 1975; Richardson, Ima). An apparent
exception to this among the tests used by Lorenz and Neisser was Bar
ratt's (1983) Visualization Form, which provided ratings of the use of
visualization while solving the previously completed Differential Apti
tude Test and Cube Task. These responses seem to constitute introspec
tivejudgments of thevividness of experienced imagery, and yet they loaded
on the spatialmanipulation factor and were wholly unrelated to the vivid
ness and control factor. One possibility is that the two factors should in
stead be identified, respectively, with the use of generic images stored
in a long-term semantic memory and the use of specific images stored
in an episodic or working memory. Another possibility(U . Neisser, per
sonal communication, September 23, 1987) is that subjects base their
responses to Barratt's Visualization Form upon their objective success
or subjective dexterity in the relevant tasks, rather than. upon. the
phenomenal qualities of their nx:nIa1 imagery. Further researchIS definitely
needed to resolve the apparently anomalous status of the Barratt task.

Second, there were no adequate grounds for identifyingan additional
imagery factor, and indeed no factorial solution involving three factors
was possible in the case of the imagery variables. In this case, Lorenz
and Neisser had wished to explore the idea of individual differences in
visual elaboration, which was originally put forward by Slee (1980).
However, the psychometric scale devised by Slee appears never to have
been properly documented; the only previous study to have linked it to
a separate imagery factor was an unpublisheddissertation (Garro, 1983),
and its reliability and construct validity have been seriously questioned
(Rooney, 1984). Lorenz and Neisser excluded it from their battery of
tests, but they did .includethe three measures with the next highest load
ings on the relevant factor in Garro's analysis: Gord?n's .(1949) ~t of
imagery control, Richardson's (1977b) Verbalizer-Visualizer Question
naire, and the Space Relations Form T of the Differential Aptitude Test
(Bennett et al. , 1947). Even setting aside misgivingsabout the useof the
principal components analysis in Lorenz and Neisser's study, it must be
noted that the putative third imagery factor showed loadingsof only . 155
and .037 on the first and third of these measures, which scarcely counts

as a replicationof Garro's investigation. In short, the notion of spontane
ous elaboration as a distinctive imaginal trait seems wholly gratuitous.
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