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A method for analyzing retrospective
pretest/posttest designs: I. Theory

PIETER KOELE and JOHAN HOOGSTRATEN
University of Amsterdam, Amsterdam, The Netherlands

To control for response-shift bias in pretest/posttest designs, Howard and his collaborators pro
posed the use of retrospective pretests, the so-called thentests. Ifa response-shift bias is present,
thentest/posttest difference scores will yield better estimates of a treatment effect than will the
usual pretest/posttest difference scores. In this article a method is presented that is aimed at
detecting response-shift bias in retrospective pretest/posttest designs. This method, essentially
a hierarchical model fitting procedure, is easy to apply, prevents capitalization on chance, and
makes optimal use of information supplied by the control group .

Studies using self-reports in a pretest/posttest design
may be contaminated by the occurrence of a response
shift bias. As a control for this kind of contamination,
the use of a retrospective pretest (the so-called thentest)
has been recommended (Howard & Dailey, 1979). Studies
investigating the potential validity of the retrospective
pretest/posttest design (e.g., Hoogstraten, 1982, 1985;
Howard, 1980; Howard, Ralph, Gulanik, Maxwell,
Nance , & Gerber, 1979) in general have shown positive
results. Bray, Maxwell, and Howard (1984) therefore as
serted that the proper way to obtain unbiased estimates
of a treatment effect in a retrospective pretest/posttest de
sign is to analyze posttest minus thentest difference scores.
This recommendation, however, takes for granted the
presence of a response-shift bias. Because experimental
results are hardly ever as neat and clear as may be hoped
for, the presence of response-shift bias cannot always be
clearly established, and the experimenter is consequently
more or less at liberty to use either pretest/posttest or then
test/posttest difference scores for estimating the treatment
effect. A bias in favor of the experimenter's hypothesis
is then most likely to occur. To prevent this bias, a test
on the presence of a response-shift bias should be executed
before treatment effects are estimated.

Brayet al. (1984) further stated that the existing liter
ature strongly suggests that posttest minus thentest differ
ence scores are more valid than posttest minus pretest
difference scores. Typically, an objective criterion is used
in studies designed to assess the relative validity of post
test/thentest versus posttest/pretest difference scores. The
accumulated empirical evidence on this issue is not
equivocal. Howard, Millham, Slaten, and O'Donnell
(1981) stated that in general thentest/posttest scores
are more highly correlated with objective measures of
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change than are pretest/posttest scores. However, some
recent studies have reported correlations between self
reported change and objective measured change that are
not significant and are often, in fact, close to zero (Hoog
straten, 1982, 1985; Sprangers & Hoogstraten, 1987).
This leaves the empirical issue of the relative validity of
pretest/posttest and posttest/thentest scores unsettled.

The purpose of the present study is to present a method
for analyzing retrospective pretest/posttest designs. In this
method the detection of a response-shift bias is the cen
tral issue. If this bias can be demonstrated, the use of then
test/posttest difference scores for estimating treatment ef
fects is justified. If not, pretest/posttest difference scores
should be used.

DESIGN

The basic retrospective pretest/posttest design is given
in Table 1. Subjects are randomly assigned to the ex
perimental and the control conditions, and mean scores
on the dependent variable Y (usually self-report) are of
primary interest. A response-shift bias "is conceived as
effects produced by the treatment which results in a shift
ing of subjects' perceptions of themselves " (Bray et aI.,
1984, p. 783) . In the experimental condition this will
result in a mean score on the thentest that differs from
the mean on the pretest. Because the bias is dependent
on the presence of the experimental treatment, it should
not occur in the control condition . Thus, a response-shift
bias may be present when

IYE(then) - YE(pre) I > IYc(then) - Yc(pre)I (I)

This formalization is less strict than the definition of a
response-shift bias, but it should be kept in mind that sam
ple means fluctuate, and Inequality 1 therefore represents
a necessary but not a sufficient condition for the existence
of a response-shift bias. A sufficient "proof ' (within the
limits of statistical inference) can be given only by com
paring the fit of theoretical models with and without
response -shift bias on the experimental results.
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RESPONSE-SInn BIAS MODELS

Table 1
Basic Retrospective Pretest/Posttest Design

The retrospective pretest/posttest design can be seen as
a two-way factorial design with repeated measures on one
factor. In the most simple design, there is a between
subjects factor groups with two levels (experimental and
control) and a within-subjects factor measurement with
three levels (pre, post, and then) . In this design a signifi
cant groups X measurement interaction effect indicates
the presence of a treatment effect and/or response-shift
bias. If such an interaction effect has been obtained, the
analysis can proceed , focusing on the scores in the ex
perimental group. The scores in the control group are used
to yield estimates of systematic effects due to history,
maturation, testing, and so forth . The scores in the ex
perimental group are corrected for these effects. The cor
rected scores are analyzed by a one-way analysis of vari
ance with repeated measures on the factor measurement
(pre, post, and then). Four different planned comparisons
(contrasts) between means are specified , which corre
spond with different configurations of treatment effects
and/or response-shift bias. The contrast that explains the
highest significant percentage of variance between the
three cell means is finally selected as giving the most op
timal description of the experimental results .
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2. Response-shift bias present, no treatment effect.
This model is probably the most tricky one; there
seems to be a treatment effect in an unexpected direc
tion (in terms of pretest/posttest difference scores) ,
but it really is only a response-shift bias (Graph 2 of
Figure 1).

3. Treatment effect and response-shift bias present.
This model is illustrated in Graph 3 of Figure 1. No
tice that in this case the pretest/posttest difference
scores give an underestimate of the treatment effect.

4 . Treatment effect present but hidden , response 
shift bias also present. A comparison of pretest/
posttest difference scores would lead to the conclu
sion that there is no treatment effect. The response
shift bias overshadows the treatment effect (Graph 4
of Figure 1).

These four models represent predictions about the cor
rected cell means in the experimental group in a retrospec
tive pretest/posttest design, given the presence or absence
of a treatment effect and/or a response-shift bias. There
exists a hierarchy in these models. Models 1 and 2 are
the simple ones, assuming only either a treatment effect
or a response-shift bias. Models 3 and 4 are more com
plex, because they assume the existence of both a treat
ment effect and a response-shift bias . The order in which
these models should be fitted to the experimental results

Figure 1. Response-shift models. (See text for details.)
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On population level, differences between /Le(pre),
/Lc(post) , /Le(then) and their grand mean /Le. reflect sys
tematic differences that are not a result of the experimental
manipulation. The purpose of a randomized pretest/
posttest design is to evaluate differences between means
in the experimental group relative to differences between
corresponding means in the control group . It is, there
fore, legitimate to subtract the estimated effects ..y(pre) =
YeU?re) - Ye.,3 (post) = Ye(post) - Yeo' and ..y(then)
= Ye(then) - Ye. from the corresponding scores in the
experimental grol!E, yielding the three corrected cell
means YE(pre) = YE(pre) -..y (pre), etc. These corrected
scores and the corrected cell means form the basis of the
subsequent analysis.

Let us assume that in a particular experiment the ex
perimenter expects a beneficial treatment effect and a
response-shift bias that will lower scores on the thentest,
compared with scores on the pretest. Given these expec
tations , the following models can be specified, depend
ing on the absence or presence of a treatment effect and/or
response-shift bias.

1. Treatment effect present , no response-shift bias.
In this model YE(pre) equals YE(then), and YE(post)
is higher than the other two. Graph 1 in Figure 1 il
lustrates this model.

Experimental Condit ion

Control Condit ion



RETROSPECTIVE PRETEST 53

DISCUSSION

Table 2
Coefficients for the Models of Figure 1

The model fitting procedure described above has two
important properties. First, the procedure is hierarchical
in nature, leading from a global test to specific tests, thus
avoiding the problem of capitalization on chance. Second,

Fitting Models 3 and 4
The procedure for these models follows the pattern laid

out above. The result is either the selection of a best fit
ting model or the sad conclusion that none of the speci
fied models gives an adequate description of the ex
perimental results. When Model 2, 3, or 4 is selected,
a response-shift bias has been demonstrated, and post
test/thentest difference scores should be used for estimat
ing treatment effects.

An application of the procedure, reanalyzing data from
an earlier study, is presented in Hoogstraten and Koele
(in press) .
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tions of explained variance, in order to decide whether
the model should be accepted or rejected . The proper way
to do this is to test whether the amount of variance not
explained by a particular model differs significantly from
zero. If a model fails to pass this test, there is evidently
room for improvement, and other models may be tried.
The amount of variance to be explained is SS(measure
ment) , that is, the sums of squares associated with the
main effect of measurement. This SS-term has 2 degrees
of freedom. Because any model has 1 degree of freedom,
the amount of variance not explained by a particular model
has 1 degree of freedom. IfPi is the proportion of vari
ance explained by Model i, the amount of variance not
explained by Model i equals (I-Pi) . SS(measurement),
and the statistic used for testing whether this amount
differs significantly from zero is given by

[(I -Pi) . SS(measurement)]

F, = MS(measurement x subjects)' (2)

following a F(I ,2(n - 1» distribution, where n is the num
ber of observations per cell (assuming equal cell fre
quencies) .

If the tests are carried out for Models 1 and 2, several
results are possible. If the test in Equation 2 in both cases
reaches significance, both models are rejected and Models
3 and 4 can be fitted. If one of the tests reaches sig
nificance and the other does not , the latter model must
be accepted. If none of the tests reaches significance, the
model with the largest amount of explained variance
should be accepted.

Fitting Models 1 and 2
Before proceeding after the rejection of the null model,

the scores in the experimental group must be corrected
along the lines sketched above.

Next , a one-way analysis of variance with repeated
measures on measurement is executed, using these cor
rected scores. There is no loss of degrees of freedom in
volved, because the correction is based on estimates ob
tained on data independent of those in the experimental
group. Furthermore, the correction does not influence the
variance within cells . The method used for fitting Models
1 up to 4 on these corrected cell means is essentially simi
lar to the method of testing contrasts or testing for trend
(see Winer, 1971; or Ferguson, 1976). For each of the
models in Figure 1, the cell means are predicted by as
signing a numerical value (coefficient) to them, represent
ing their relative magnitude. For the sake of arithmetical
convenience, these coefficients must add to zero per
model ; otherwise, there are no restrictions . In Table 2
a possible display of four sets of coefficients is given. The
models are not orthogonal . This means that tests on their
goodness of fit are interdependent; in a later section this
issue is discussed.

In order to calculate the proportion of variance ex
plained by a model, one calculates the Pearson correla
tion between the coefficients of this model (the predicted
cell means) and the corrected cell means , and one squares
this correlation. The next step is to evaluate these propor-

THE MODEL FITTING PROCEDURE

Fitting the Null Model
The null model reflects the absence of both a treatment

effect and a response-shift bias . It is rejected if the groups
X measurement interaction of the 2 x 3 ANOV A with re
peated measures on measurement reaches significance.

is dictated by their degree of complexity. First, the so
called null model is tested. This model represents the ab
sence of both a treatment effect and a response-shift bias .
If the null model can be rejected, the scores in the ex
perimental group are corrected for the systematic effects
between means in the control group. On these corrected
data, Models 1 and 2 are fitted. When these two models
do not give a good fit, Models 3 and 4 are fitted. When
these models also do not fit nicely, two explanations are
possible. Either the experimental results are simply a mess
and no conclusion can be drawn about treatment effect
and/or response-shift bias, or the expectations of the ex
perimenter about the direction of treatment-effect and
response-shift bias were mistaken, and other models
should have been specified and fitted. A priori, the latter
explanation is the most unlikely one, of course.

In the next section the particulars of the model fitting
procedure will be given . It should be clear by now that
this procedure determines for each model to be fitted how
much of the between-cell-means variance it can explain.
To this purpose the method of planned comparisons (or
contrasts) between cell means is used .
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the procedure uses the information supplied by the con
trol group in an optimal way. Given both the logic un
derlying the use of a control group in pretest/posttest
designs and the linear, additive model underlying anal
ysis of variance techniques, estimating systematic nonex
perimental effects in a control group and subtracting
them from scores in the experimental group is a natural
and perfectly sound thing to do. Because of these two rea
sons, we consider the model fitting procedure to be the
proper way for analyzing retrospective pretest/posttest
designs .

A refinement in the procedure is possible by taking into
account the covariance of the models in the model fitting
procedure, in such a way that each model is fitted on cell
means from which the common variance with some or
all other models is removed . This is done by calculating
the relevant semipartial correlations between model
predictions and cell-means, with other model predictions
partialed out of the cell means. We feel, however, that
this refinement is perhaps a bit too sophisticated and that
it only complicates the evaluation of the goodness of fit
of the models without giving clear benefits . The fact that
the models do covariate is something that should be kept
in mind, in order to resist the temptation to add percent
ages of explained variance : It is wonderful to explain
150% of variance , but it is a bit odd.
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