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THE CLINICAL USE OF DIFFERENCE SCORES:
SOME PSYCHOMETRIC PROBLEMS
Raymond B. Cattell
Hawaii School of Professional Psychology

ABSTRACT
Some pure statisticians have raised such difficulties regarding difference
scores that clinicians and others who are bound to use them have been doing so
only with trepidation.
This article examines the dependability of difference scores as a function of(l)
the dependability of the single occasion scores, (2) the correlation between preand post-interval scores, (3) the pre-post difference of means and (4) the relative
pre-post standard deviation -all in regard to the same variable measured twice
on the same people.
Uncorrelated pre- and post-scores, equal or unequal in variance, yield
differences with no larger percent error than the single occasion scores. The
difference score has highest dependability with a negative pre-post correlation,
and is reduced finally to zero with a positive, except when before and after
standard deviations are different.
The suitability of procedures depends on the psychological model one is using
- merely itemetric or heeding structures recognized in trait and state theory. In
the latter one must distinguish between the "instant" pre-post dependability
coefficient and the long term stability C!oefficient, in which the true score itself
alters. A trait constancy coefficient of0.5, not uncommon over, say, six months of
therapy, results in a reduction of a difference score dependability coefficient of0.9
to 0.82, which can readily be compensated by a Spearman-Brown calculated
increase of test length. More important than what some statisticians have
emphasized is the need for getting equal interval properties in the test, by pannormalization or relational simplex principles.
INTRODUCTION
Clinical psychology seems long to have been content to use measurement only
in initial personality assessment and diagnosis. With the advent of more analytic
measures of factor source traits, as in the 16 PF, the Guilford-Zimmerman, the
HSPQ, MAT, etc., it is now possible to monitor progress and adjust therapeutic
tactics to the changes found. A rationale for such procedures, with illustrations,
has recently been given by Cattell (1980), combining measurement with the
principles of structured learning theory.
In the end, all such clinical direction hinges on the reliability of change
measures, i.e. of a difference score on the same trait or state measure between two
occasions on the same person. The provocation of the present article is that
certain statisticians, e.g. Cronbach & Furby (1970) started such doubts about
difference scores that even committees for graduate students' theses have been
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So we have:

(3)
If instead of separating the trait part in to a fixed and fluctuah t part we had left
it as t' J (= tJ + tfJ) then tJ' and t'2 · would correlate positively and the whole
observed score of the two measures·involved in the difference score would do so.
The doubters of difference scores, using that model, rightly perceive that the
ensuing positive correlation will produce a negative covariance, so that the ratio
of true to error score in the difference score will be lower than in the single
occasion scores. However, we wish here to see how things will behave in what
seems a more realistic model.
Historically, let us note that this tendency for a significant positive correlation
between pre- and post-experimental (or developmental) scores led to Lord (1958)
and other competent statisticians in psychometry, to suggest using difference
scores derived by partialling out the pre from the post score, i.e. removing the
correlation. By some this was viewed also as taking the error on occasion 1 out of
occasion 2 and thus not dealing with double error. (Some ingenious variations
partialled the mean of pre- and post- from the difference.) This has a certain
neatness, but it is an arbitrary emasculation of nature that would remove all
chance of discovering any natural laws that might exist connecting original and
difference scored. For example, there are growth curves where growth is a
fu•n ction of the absolute level, and homeostatic laws where change is a function of
initial deviation.I
Our position will be that to tamper with the raw difference score (other than
the usual use of standard score transformations) is to ignore the most likely model
and certain real relations to it. If the proof of the pudding is the eating then the
internal and external consistency of the ·s cientific results we have so far obtained
in factoring difference scores (dR technique) in programmatic work (Cattell,
1979-1980; Horn, 1972) supports the direct - one might say honest - use of
untouched raw score differences. Admittedly particular precautions need to be
taken in so doing to reduce the admitted effect of pre-post correlation. These
precautions have been described elsewhere and include (1) Using longer tests to
raise the dependability coefficient of the single occasion measures themselves, (2) ·
Keeping conditions such as to maintain pre- and post- dependabilities essentially
equal, (3) Keeping pre- and post-variances equal, if necessary by putting them in
standard scores, and (4) Obtaining both dependability (re-test without time for
trait change) coefficients and stability (re-test after psychological change)
cofficients, to use in ways described below.
The precautions thus seen as necessary can be considered dictated by the
following causes of blurring of difference factor patterns (See Bartsch &
Nesselroade, 1973). In summary they are:

(1) That since raw scores from scales are not guaranteed to have equal interval
properties this will bring more serious distortion to difference scores than to
single occasion scores (Cattell, 1966, p. 366; 1978, p. 345).
(2) That if there is a large positive correlation between the before and the after
scores "the amount of error in a difference score can be about double that in a
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sources, which we agree are the dependability of the single occasion scores and
the correlation of pre- and post-scores are represented in variance terms as
follows:
Dependability
(Immediate retest)

and:
Stability
(Long term retest)

rd(tl ) =

o 2tl + o 2tfl

(6)

2

o tl + o 2tfl + o 2eJ

rs(tl) =
O'

2'

e

(7)

The coefficient of trait (or state) constancy (which is not a property of the test)
is:
0"

2

tl

rc(tl) = -2- - -2o tl +

(8)

o tfl

The algebra of derivingrd(2-1) from theseinvolvesseveral steps which can be
sketched in the main links:
·
1
=
rd - rs

(Substituting rd(2-1) =

O'

2

t +
,,2tf

O'

2

tf +
'

0

2

1
+~
rd(2-1) a 2 tf

t

(7)

(8)

(9)
(Substituting in (8))

rd - rs
rd(2-1)=-----1-_~~~~.....( rd - rs)

(10)

This is the required derivation of the directly unobservable rd(2-1) from
properties of the single occasion scores. But actually· re can scarcely be called
directly observable and fortunately we know (Cattell, 1973) that:
(11)

which nicely simplifies (10) to
r~ - rs
rd(2-1)=---~
- rs

(12)

To show what this means in terms of a frequently encountered range of values
we have taken in Table 1 dependability coefficients of .9, .8, and .7, and stability
coefficients of .7, .6, .5, 0 and -.5.
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dependability of the difference score a ctually exceeding that of the original single
occasion test.

So far we have proceeded with the usually reasonable assumption that the
variance components, o- 2t, o-2tf, and o-2c will be essentially the same in
proceeding from test to re-test. However it might alter, and, indeed, in the case of a
group-measured on, say, anxiety and re-measured under the influence of a
powerful common anxiety stimulus, modulation theory expects the standard
deviation to change proportionally to the change in mean (Cattell, 1979). Indeed,
Cattell & Brennan (In press) have shown that in both anxiety and depression the
group variance increases proportionally to the increase of the group mean
through the anxiety or depres.sion provoking modulating stimulus situation. It
seems best to handle this differently from Table 1, namely by showing the
variance changes which bring about the stability and constancy coefficient
changes. For simplicity we have held to a first administration dependability of
0.9 as in column 1 Table 1. By modulation theory (Cattell, 1973, 1979; Cattell &
Brennan, In press)
1st Occasion
2nd Occasion

(13(a))
(13(b))

SikJ = SkJL i
Sik2 = Sk2Li

where Sik is the state score of person i in situation k, Li is his prneness to that
emotion, and Sk is the modulator strength of the stimulus situation k. In our
notation so far Skl will equal (tJ + tfJ) and Sk2 will equal(tJ + tf2) so we can letL = t
and write
(14(a))

tJ + t{l = SkJtJ

and
(14(b))
whence tr= (1 + Sk)tJ in general.
To shift from modulator language to our present, let us call (1 + s k) some sing le
multiplier m. Then on the first occasion of measurement
(15(a))

OJ = tJ + mJtJ + eJ

and on second
(15(b))
The difference score will be
(02 - OJ)= (m2 - mJ)tJ + (e2 - eJ)

and the variance
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constancy coefficients (re's) reduce it, (iii) low dependability of the single occasion
scales reduce it, and (iv) gross differences of standard deviation between the two
occasions will reduce it.
(5) This article concentrates on (ii) and (iii) and shows, by analyzing the
variances entering into the various coefficients that(with assumption of stability
of each variance across two similar testings) the dependability of a difference
score is calculable as:
rd_-_r_s_
rd(2-1)=-1-rs
the dependabilities and stabilities being those of the single occasion.
Alternatively this can be stated in terms of the dependability and the trait
constancy by
rct<-1-rc)
rd(2-1) = - - - 1-rc. rd
the first deriving from observable -coefficients, the second from personality
theory concerning trait constancy.
(6)A table sets out therd(2-1) values from commonly encountered rd's and rs's,
in which it appears that(i) there is no difference score dependability when rd= rs,
(ii) difference score dependabilities are quite good with rd's about .8 to .9 and rs's
about0 to .7, (iii) with zero stability, which is the perfect state scale finding, the
difference scores have the same reliability as the single measure, (iv) in the
unusual event of negative stability coefficients the difference score exceeds in
dependability the single score.
(7) Modulation theory suggests that in state measurement the assumption of
constant variance at different situational modulator indices cannot be made. As
far as pursued here this seems not to invalidate the general evaluation of
difference dependabilities, but it does show that with perfect trait constancy and
high stability coefficients, that would on the first assumption reduce difference
dependability to zero, the differences now retain dependability.
(8) The importance of change measurement has long been recognized in
experiment, though more in bivariate ANOV A, than, until lately, multivariate
CORAN designs. Its importance in clinical psychology has only appeared ·
recently with the advent of tests capable of meaningfully measuring therapeutic
change (Karoly & Steffen, 1980; Waskow & Parloff, 1975; Cattell, Rickels, et al.
1966; Rickels & Cattell, 1969). The studies and experiments, however, have so far
scarcely once given attention to the basic problem of dependability of ordinary
difference scores.
(9) As change measurement comes to play a more important role it becomes
vital (i) to evaluate in each experiment the dependability ascribable to the given
difference scores, (ii) to give fuller meaning to the measures in terms of (a)
existing knowledge of traits and states (rather than mere variables) involved, (iii)
to be prepared to give more testing time, in order (by the Spearman-Brown
formula), to raise the dependability of the single measures to a level needed, in
relation to the anticipated stability coefficients, (iv) to give more serious attention
to the importance of equal unit scales in these areas. There are already available
two approaches - pan-normalization (Cattell, 1973) and the relational simplex
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t.
. (Catte ll, 1962, 1973) - that could impro ve our scales in that respec
only with
(10) Differ ence measu remen t needs bringi ng into relatio n not
dimen sions, as
factor ial eviden ce on traits, trait chang e patter ns and state
and structu red
ation
sugges ted above, but also to model s separa ting geneti c matur
Schaie 1973)
learni ng (Balte s & Nesse lroade , 1973; Cattel l, 1982; Goulet , 1973;
ation theory
modul
as
ction
intera
and such analys es of state and situati on
(Catte ll & Brenn an, In press).
FOOT NOTE S
1

It will be noted that we keep here to the more analyti cal and precise termino

logy in the

p. 354) his cowork ers and
field of test consist ency used elsewh ere by the presen t writer( 1973,
others, namely :

rd= depend ablity (short- term inter occasio n, repeat reliabil ity)
a nge
rs= stabilit y, repeat depend ability over long term and situatio n ch.
over long term,
rtc = trait consta ncy, consta ncy of the trait itself (true score)
here.
rat.bt
written
situatio nal change . Alterna tively
that commo n
2 When one is involv ed in testing unitary source traits one must note
is both the wanted and the
varianc e need not all be the wanted factor of one's researc h, but
mean "pure factor" (See
not
does
"true"
i.e.
e,
unwan ted broad or specifi c factor varianc
diagram , Cattell , 1973, p. 380).
by Kelley (1955)
3 Some trait stabilit y coeffic ient over truly long periods were provide d
Scheie r (1961).
&
Cattell
of
work
the
in
ucts,
and over fairly long time interva ls, as by-prod
l studen ts, a
medica
of
group
a
for
years,
3
The latter found for the pure anxiety factor over
now be
must
traits
source
d
factore
on
·
stabilit y coeffic ient of 0.4. Many other such results
ing
averag
survey
hensive
compre
availab le for collatio n from the literatu re. A valuab le
to
points
(1982)
elli
Tavern
&
person ality trait test stabilit y coeffic ients, by Schuer ger, Tait,
for
and
ence,
intellig
of
on
0.8 over a month, and about 0.6 over four years. With the excepti
such as we have taken for
such periods as are covere d in develo pmenta l studies , an rs of0.6
calcula tion is pretty represe ntative .

REFE RENC ES
is of indivi dual
Baltes , P. B. & Nesse lroade , J. R. The develo pment al analys
R., & Reese,
differe nces on multip le measu res. Pp. 219-252 in Nessel roade, J.
mic
H. W. (Eds.) Life span develo pment al psycho logy, New York: Acade
Press, 1973.
tion using a
Bartsc h, T. W., & Nesse lroade , J. R. Test of the trait-s tate distinc
Psychology,
manip ulative factor analyt ic design. Journal ofPersonality and Social
1973,2 7,58.
te scalin g.
Cattel l, R. B. The relatio nal simple x theory of equal interv al and absolu
Acta Psychologica~ 1962, 20, 139-158.
dimen sions,
Cattel l, R. B. Patter ns of change : measu remen t in relatio n to state
Handb ook
(Ed.)
trait chang e, liabili ty and proces s concep ts. In Cattel l, R. B.
o: Rand
of multiv ariate experi menta l psych ology, Pp. 355-402. Chicag
McN ally, 1966.
96

THE CLINICAL USE OF DIFFERENCE SCORES

Cattell, R. B. Evaluating therapy as total personality change: theory and
available instruments. American Journal of Psycotherapy, 1966, 20, 69-88.
Cattell, R. B. Estimating modulator indices and state liabilities. Multivariate
Behavioral Research, 1971, 6, 7-33.
Cattell, R. B. Personality and mood by questionnaire. San Francisco: J ossey
Bass, 1973.
Cattell, R. B. Real base true zero factor analysis. MBR Monograph. Fort Worth:
Texas Christian Univ. Press, 1972.
Cattell, R. B. The scientific use· of factor analysis. New York: Plenum, 1978.
Cattell, R. B. The_structured learning analysis of therapeutic change and
maintenance. Pp.163-193 in Karoly, P., & Steffens, J. J. (Eds.)lmproving the
long term effects of therapy. New York: Gardner Press, 1980.
Cattell, R. B. Personality and learning theory. Vols. I and 2. New York: Springer,
1979-80.
Cattell, R. B. & Brennan, J. State measurement: a check on the fit of ·the
modulation theory model to anxiety of depression states. (In press, 1982)
Cattell, R. B. & Brennan, J. A computer program for achieving equal interval
scales by the pan-normalization principle. (In preparation.)
Cattell, R. B., Rickels, K., Weise, C., Gray, B., & Yee, R. The effects of
psychotherapy upon measured anxiety and regression. American Journal of
Psychotherapy, 1966, 20, 261-269.
Cattell, R. B. & Scheier, J.H. The mearti71:g and measurement of neuroticism and
q,nxiety. New York: Ronald press, 1961.
Cronbach, L. J. & Furby, L. How should we measure change - or should we?
Psychological Bulletin, 1970, 74, 68-80.
Curran, J.P., & Cattell, R. B. The IPAT 8-state Questionnaire. Champaign, Ill.:
IPAT, 1976.
Damarin, F., Tucker, L. R., & Messick, J. A base-free measure of change.
Psychometrika, 1966, 31, 457-473.
Goulet, L. R. The interace of acquisition: models and methods for the developing
organism. In Nesselroade, J. R., & Reese, H. W. Life span developmental
psychology. New York: Academic Press, 1973.
Horn, J. L. State, trait and change dimensions of intelligence. British Journal of
Educational Psychology, 1972, 42, 159-185.
Karoly, P., & Steffens, J. J. Improving the long term effects of psychotherapy.
New York: Gardner Press, 1980.
Lord, F. M. Further problems in the measurement of growth. Educational and
Psychological Measurement, 1958, 18, 437-454.

97

MULTIVARIATE EXPERIMENT AL CLINICAL RESEARCH

Lord, F. M. Elementary models for measuring change. In Harris, C. W. (Ed.)
Problems in measuring change. Madison: University of Wisconsin Press,
1963.
Kelley, E. L. Consistency of the adult personality. American Psychologist, 1955,
10, 659-681.
Nesselroade, J. R., & Cable, D. G. Sometimes it's 0 .K. to factor difference scores
-the separation of state and trait anxiety. Multivariate Behavior Research,
1974, 9, 273-282.
N esselroade, J. R. & Reese, H. W. Life span developmenta l psychology: methodo•
logical issues. New York: Academic Press, 1973.
Rickels, K., & Cattell, R. B. The relation of clinical symptoms and IP AT factored
. tests of anxiety, regression and asthenia. Journal of Nervous and Mental
Disease, 1968, 146, 147-160.
Schaie, K. W. Methodologic al problems in descriptive developmenta l research on
adulthood and aging. Pp. 253-280 in Nesselroade, J. R. & Reese, H. W. (Eds.)
Life span developmenta l psychology. New York: Academic Press, 1973.
Schuerger, J.M., Tait, E., & Tavernelli M. Temporal stability of personality by
questionnaire . Journal of Personality and Social Psychology, 1982 (In press).
Waskow, J. E., & Pavloff, M. B. (Eds.) Psychothera py change measures.
Washington, D.C.: National Institute of Mental Health, U.S. Government
Printing Office, 1975.

I

98
I

