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REGRESSION ANALYSIS FOR REPEATED MEASURES DESIGNS:
Dealing with Missing Data and the Use of
Covariates as an Alternative to Person Vectors

Judy T. McNeil
High/Scope Educational Research Foundation

When subjects are measured on a particular criterion variable
at more than one point in time, a "repeated measures' analysis is
generally used to test hypotheses about the data. One of these
hypotheses may be that the group's mean score increased (or
decreased) over time. Since it is gemerally expected that there is
a correlation between early and later scores for the same subjects,
it is desirable to take this correla:ion into account, which is in
effect controlling for each individual's mean score on the criterion
variable. In fact, some writers argue that failure to extract
variance attributable to subject differences results in a violation
of the assumption of independence of errors (Glass, Peckham, and
Sanders, 1973). (Some authors including this one [see also Dixon
and Massey, 1969, and Downie and Heath, 1970] would argue instead
that the crucial aspect in deciding to use a repeated measures
analysis is '"'accounting for variance," not "meeting assumptions."
If a source of variance is known, it is usually wise--from an
heuristic point of view as well as for the power of the test--to
include that source of variance in the analysis. In those cases
where there is no expected correlation between pre and post scores--
as would be the case with some criterion-referenced tests with
little or no variance on pnre or post--then a repeated measures
analysis would not be beneficial.) .

In regression analysis, controlling for each subject's mean
score on the criterion variable (repeated measures analysis) is
accomplished by using person vectors, each of whick identifies a
subject and contains a "1" if the criterion score b=longs to that
subject and a "C'" if not. Using this regression approach, one can
accomplish analyses identical to the '"correlated" t test or the
repeated measures ANOVA; in addition, this approach allows for
greater flexibility in the analysis application.

The application of the general linezr model to repeated mea-
sures problems was discussed in detail in a presentation to the
Special Interest Group in Multiple Linear Regression at the AERA
annual meeting in 1974 (Pohlmann and McShane, 1974). Therefore,
this paper will describe only briefly the method of using person
vectors in regression analysis to test research hypotheses regarding
repeated measures, for a one group--two trial situation.

Based on these analyses with person vectors there are two
particular focuses of this paper: (1) a proposed solution to the
problem of missing data, and (2) the use of covariates as an
alternative to person vectors in controllirg for differences be-
tween individuals. .
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A One Group--Two Trial Research Hypothesis

Although there are many research hypotheses that a researcher
may wish to test in this situation, the most typical one would be
the following: ''The mean score of the group increases from time-
point A to timepoint B, over and above differences between indivi-
dual mean scores.' For example, a researcher may have measured four
infants' ability to focus on and visually follow a moving human face
at two ages, say 10 days and 30 days. According to developmental
theory, the infants' scores should increase from the first timepoint
to the second timepoint (if the measure is well constructed). Since
she expects a correlation between pre and post scores on this measure
at these ages, the researcher wishes to covary these individual dif-
ferences. The researcher therefore wishes to test the hypothesis
that "the mean score on visual following will increase from 10 days
to 30 days, over and above differences between individual mean
scores." The resulting full model for testing the hypothesis is
thus:

Model 1:

Xl = agl + alTl + asTy + a3P1 + a4P2 + a5P3 + 3‘6P4 + El

criterion vector of both 10-day and 30-day
scores on visual following;

where: X3

U = the unit vector;

T1 = 1 if score on X; is a 10-day score, 0 otherwise;

T2 = 1 if score on X] is a 30-day score, 0 otherwise;
Pj (i=1 to 4) = a vector containing a 1 if the score is from
person i, 0 otherwise;
ap, aj...ag = a set of least squares weights derived to

minimize the sum of the squared elements in Eys
and

El = the error vector.

Sample data that will be used to demonstrate this analysis is_shown
in Table 1. The data would be organized into vectors as in Figure 1.



10-day Score on 30-day Score on
Person Visual Following Visual Following

Lp = N P
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Table 1. Sample Data for a One Group--Two Trial Hypothesis
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Figure 1. Vectors for Model 1.

’

The weights a; and a5 in Model 1 will take on values which
will reflect the difference between the 10-day and 30-day means.
The restriction placed on Model 1 to test the hypothesis would be
aj=a2, which results in the restricted model, Model 2, which would
be compared to the full model using an F test. The full model
contains 5 linearly independent vectors, and the restricted model
contains 4. The degrees of freedom for the F test are therefore
1 and 3.

Model 2:

Xl = aOU + 331:’1 + a4P2 + a5P3 + a6P4 + Ez

The type of analysis just described is the basis for the
following discussions of missing data and the use of covariates.
Missing Data

When collecting longitudinal data (repeated measures), it is
unfortunately all too common to find that some subjects are not

available for at least one measurement timepoint. Several possible
approaches to handling the problem of missing data, not resiricted
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to repeated measures, are presented by McNeil, Kelly, and McNeil
(1975), and three of them are discussed below. A fourth approach
is proposed here as a suggested alternative when dealing with
repeated measures.

(1) 1Insert in place of the missing score the mean value
of the variable.

(2) Insert in place of the missing score a random value
which is within the range of the variable.

(3) Eliminate subjects for whom any data is missing.

(4) Eliminate a subject for only that timepoint on which
data is missing; utilize other data for that subject.

(1) Inserting the mean. Using this approach, the researcher
makes the assumption that the person with missing data is like the
average subject with data. If, in the example on infant visual
following used above, subject number 1 was missing the 10-day score,
the researcher would assign the mean of the other three subjects'
10-day scores (3.67) to subject number 1. Sometimes, however, the
researcher may not be wiliing to make the assumption that persuns
with missing data are like persons with data--it may be that they
are absent from testing because they are less healthy or less willing
to cooperate or different on some other variable which may be rele-
vant to the construct under investigation. In addition, the
insertion of mean values reduces the variance of tle predictor
variable, resulting generally in a variable with lowered predictive
value.

-

(2) Inserting a random value. One way of getting around the
problem of reduced variance due to inserting a mean value is to
insert a random score (from the range of observed scores) into the
missing data locations. Thus, in the example above, if subject
namber 1 was missing the 10-day score, the researcher would assign a
random value (say 6) to subject 1. However, this procedure tends to
decrease the relationship between that predictor variable and any
other variable because it adds random variance. It should be pointed
out that in a repeated measures analysis, inserting either random
scores or mean scores tends to reduce the correlation between pre and
post scores--a correlation which is expected to be high and on which
the justification of a "repeated measures’ or person-vector analysis
is based.

(3) Eliminating subjects. Using this approach, all scores for
a subject would be eliminated if the subject was missing any score.
In repeated measures studies, this metbod can result in the dis-
carding of much data. If, in the example given above, subject num-
ber 1 was missing the 10-day score, the 30-day score for subject
number 1 would be climinated as well. This would eliminate the P




vector from Models 1 and 2, and the elements of the remaining
vector would be as shown in Figure 2.
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Figure 2. Elements of vectors when subject 1 is eliminated.

A drawback to this approach is that eliminating subjects becduse of
missing data most likely redefines the population from which one
has sampled and hence to which one can generalize. Infants who
could not be tested at one timepoint may be the least healthy ones
or may come from less organized families who could not zrrange to
keep the testing appointment. Therefore, if ore continually uses
only complete data, the populacion to which cne can generalize may
be restricted to healthy infants from organized families. This
restriction may be unavoidable in some studies. But when one has
some data on these differing subjects, it is unfortunate and possibly
unnscessary to ignore that data.

(4) Eliminating only missing timepoints. I would propose that
in most longitudinal or repeated measures studies the researcher
would neither want to reduce the relationship between pre and post
scores by inserting mean or random values nor want to give up the use
of a subject's data on all timepoints just because the subject is
missing a score at one timepoint. I would therefore recommend that a
subject be included in the analysis if scores were obtained for him
at the earlier timepoint, or at the later timepoint, or at both time-
points. This would mean that all obtained data would be utilized and
that for some subjects only pre or only post data would be in the
analysis. For example, if infant subject number 1 was missing the
10-day score on visual following, that score would be missing from
the analysis but his score at 30 days would be included. The ele-
ments of the vectors for the repeated measures analysis would be as
shown in Figure 3.

When there are only two timepoints in the analysis, there is no
gain in degrees of freedom in using this approach rather than approach
number 3 above (eliminating all scores for the subject with missing
data). Note that in Figure 2 there are six observations; the full
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Figure 3.
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Eiements of vectors when the 10-day score for

subject 1 is eliminated, but the 30-day score
for the same subject is retained.

model would contain four linearly independent vectors and the
restricted model would contain three. The degrees of freedom when
all scores for subject number 1 were eliminated would thus be 1

and 2. In Figure 3 there are seven observations; the full model
would contain five linearly independent vectors (because P .appears)
and the restricted model would contain four. The degrees of freedom
when only the 10-day score is eliminated would thus be 1 and 2, the
same as for Figure 2. The fact that the degrees of freedom are the
same in both instances makes sense when you consider that, by includ-
ing the P vector along with the 30-day score for subject 1, the
30-day score for this subject is completely accounted for. Note
that when there are more than two timepoints in the full model, the
elimination of cnly one timepoint for a subject--rather than all
timepoints for that subject--will result in a gain in denominator
degrees cf freedom. This makes sense because now the person vector
for that subject does not completely account for that subject's
variance.

The advantage in using this approach when there are only two
timepoin<s is therefore not to be found in degrees of freedom. When
there are more than two timepoints, it will yield a gain in df. But
an advantage in both cases is that the increased number of observa-
tions yields a more stable estimate of the population mean on the
criterion score, and this estimate is more representative of the
population of subjects that the researcher set out to measure--not
just subjects with complete data.

t

Covariates as an Alternative to Person Vectors

The above discussion has assumed that the use of person vectors
is the path a researcher would wish to take when there is an ex-
pected correlation between individuals' scores at two timepoints.
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But there is another approach that a researcher may wish to
consider when dealing with measures that are repeated over time on
the same subjects, and that approach is the use of a particular
kind of covariate in place of the person vectors.

Using person vectors is essentially covarying for each person's
uniqueness. It is acknowledging thez expected correlation between
pre and post scores by assuming that the reason a particular indi-
vidual tends to score-high (or low) at both timepoints in relation
to other subjects is simply because he is that unique individual.
But the researcher may know (or have reason to suspect) that there
are measurable dimensions along which her subjects vary and which
relate to the criterion behavior in explaining why individuals tend
to score high (or low) at both timepoints. For example, our re-
searcher may have evidence from prior studies that an infant's
ability to focus on and follow a moving human face at both 10 and
30 days is related to the sex ' the birth weight of the infant.
Using scores on these two variables to predict the criterion score
will probably yield a lower R? (greater errors of prediction) than
predicting on the basis of which scores belong to which individuals
{(i.e , using person vectors), but it will be more valuable in a
theory-building attempt as well as more generalizable to another
group of subjects. It will also be a more parsimorious model.
While using person vectors is a powerful technique for testing the
hypothesis of differences between timepoints, it does not tell us
anything about how individuals' differences on other variables
causes them to be different from one another and yet consistent with
themselves on the criterion measure. And since person vectors
represent each person in the sample individually, they cannot be
used to generalize beyond the sample.

Covariates which do not change across timepoints. It is not
possible to use both person vectors and one or more covariates which
do not differ for a subject across timepoints. An infant's sex and
birth weight are this type of potential covariate. Whether one is
considering a 10-day or 30-day criterion score, the sex of the infant
would be the same, as would the birth weight of that infant. If a
variable of this type were used in a regression model in conjunction
with person vectors, a linear dependency would be generated. This is
illustrated in Figure 4, where it is shown that a set of weights can
be found such that the birth weight variable is a linear combination
of the person vectors. A choice must be made, then, between the
covariate and the person vector,s. Another way of looking at this
choice is to consider the hypotheses which represent the two choices.
For the hypothesis, ''the mean score on visual following will increase
from 10 days to 30 days, over and above the effect of birth weight,"
the researcher would use the birth weight variable as a covariate.

If the researcher chose instead *“o state the hypothesis, 'the mean
score on visual following will increase from 10 days to 30 days, over
and above differences between individual mean scores on the criterion,"
person vectors would be used. This author would argue that, if the
researcher has sufficient evidence to expect that a certain covariate
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Figure 4. Linear depencency generated by the use of person
vectors and a covariate which does not differ
across timepoints.

or set of covariates is related to the criterion in a repeated
measures design, it would be beneficial to state the hypothesis in
terms of the covariate. The benefits are: (1) the covariate

model is more parsimonious than the person vector model, (2) the
findings are more generalizable to a new sample when the covariate
is used than when person vectors are used, and (3) an advance can be
made in theory building because the analysis containing the covari-
ate gives a more refined estimate (than person vectors) of what
specifically enters into individual differences on the criterion.

In short, the researcher may wish to state the hypothesis in terms
of a covariate rather than person vectors and thus will give up some
of the power of the statistical test of differences over time in
return for gaining generalizability of findings that will also aid
in theory building. (Even if the researcher chooses to use person
vectors, I would recommend that some thought and possibly additional
analyses be devoted to accumulating evidence regarding variables
which do relate to individual differences on the criterion--for
possible usc in the future.)

Covariates which change across timepoints. The above discus-
sion has focused on covariates which do not change across timepoints.
A short comment should be made about the use in a repeated measures
design of covariates which do change across timepoints. It is
possible to use in the same analysis both person vectors and covari-
ates which differ across timepoints. 1If, for example, the covariate
of interest were the weight of the infant at the time of testing,
this would probably be different at 10 days and 30 days. The re-
searcher might then state the following hypothesis: ''the mean score
on visual following will increase from 10 days to 30 days, over and
above the effects of weight at the timec of testing and differences
between individual mean scores on the criterion.'" Examples of




vectors that would be used to test this hypothesis are shown in
Figure 5. (A changing-over-time covariate might be useful in a
case like this, in which the researcher may wish to know if the
infants' scores increase over time, beyond the increase that could
be predicted oy weight gain alone. It should be pointed out, how-
ever, that in a repeated measures design which includes treatment
as a factor, one would not wish to include a covariate on which
change over time is a possible function of that treatment because
the covariate may account for some of the variance in the criterion
which is cdue to treatment.)
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Figure 5. Example vectors for a situation in which the
researcher wishes to use both person vectors and
a covariate which changes over time.

Discussion

Two issues regarding the analysis of longitudinal or repeated
measures data have been presented--the handling of missing data
and the use of covariates. These concepts need not be applied
separately in practice; it would be perfectly reasonable to use a
covariate instead of person vectors with a set of data containing
missing scores. Some additional comments on missing data,
covariates, and the basic choice of a repeated measures analysis
are presented in this section.

In handling the problem of missing data, the researcher needs
to consider how many subjects are missing data on how many time-
points--this is a data-based question. It has been pointed out
above that, when there are only two timepoints in an analysis, the
use of subjects who have data for one timepoint in addition to
those with complete data results in no additional degrees of free-
dom. The mean obtained is a betier estimate of the population mean,
but are the total results more generalizable to the population?

This writer is not at all certain--my guess is that they are not.
But when there are more than two timepoints, it would appear to me




that the use of subjects who have data for one or more timepoints
would result in better estimates of both the population mean and
the population variance and would yield results that are more

generalizable to the population one initially intended to sample.

If one can refer to a question of the "power" of the test
when discussing the use of a "repeated measures'" analysis versus a
"regular" analysis (person vectors versus no person vectors), then
it seems apprupriate to refer to "power" when the decision is be-
tween person vectors and a covariate. This writer would say, then,
that the decision regarding the use of a covariate rather than person
vectors in a repcated measures analysis is one of wcighing theory
and statistical power. But if the ccovariate or set of covariates
account for nearly as much variance in the criterion as do the person
vectors, and if there are far fewer covariates than person vectors,
the covarjate analysis may actually be more powerful (rather than
less) because it is more parsimonious and thus generates greater
degrees of freedom.

It seems appropriate at this point to develop one final issue:
when should one use a "repeated measures" analysis. The argument
was made early in this paper that, even though data is obtained on
the same subjects at two timepoints, one may not necessarily wish to
covary for differences in individuals' mean scores (i.e., use a
repcated mcasures analysis). Jnust as it is not beneficial to covary
on any variable which is not related to the criterion, it is not
beneficial to control for a correlaticn between pre and post scores
if no such correlation exists. The example was given earlier of a
criterion-referenced test--one may expect all students to achieve
criterion on the post test. In this case *here would be no correla-
tion between pre and post scores. However, the researcher in this
case would probably not be interested in a hypothesis regarding an
increase in scores from pre to post so the question of repeated
measures would not apply. Consider, though, the situation in which
a researcher is developing a measure of, say, mathematics concepts.
In validating the measure, she wants to show that scores increase
from pre to post and also that prescores are correlated with post-
scores. She is interested in both questions--increasing scores and
correlations betwcen scores. The procedure she follows might be
this: First she tests a number of subjects at two timepoints. Then
she inspects the correlation between pre and post scores. This
answers her question regarding the correlation. If there is a sub-
stantial correlation, she proceeds with a repeated measures analysis
on the difference (increase) between pre and post scores. If on the
other hand there is no correlation, she must decide if she is still
interested in the question of increasing scorcs. In the validation
of the instrument, this may still be a question of interest. She
would cherefore test the difference between pre and post scores--
without a repeated measures design (it would be an "uncorrelated"

t test).

This paper has presented the repeated measures type of analysis
as it is formulated in regression models. Issues regarding its use
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with missing data and covariates have been presented. Before
making decisions on these issues and appiying those decisions to
data analysis, the researcher must first decide (1) what hypothesis
is being asked, and (2) how a lack of correlation between time-
points will affect that hypothesis.

REFERENCT"

Dixon, W.J. and Massey, F.J. Intzoduction to Statistical Analysis,
Third Edition. New York: McGraw-Hill, 1969, (p. 120).

Downie, N.M. and Heath, R.W. Basic Statistical Methods, Third
Edition. New York: Harper and Row, 1970, (p. 177).

Glass, G., Peckham, P., and Sanders, J. Consequences of failure
to meet assumptions underlying the fixed effects analysis of

variance and covariance. Review of Educaticnal Reseaggh,
1972, 42(3), 237-288.

McNeil, K., Kelly, F.J., and McNeil, J. Testing Pesearch Hypotheses

Using Multiple Linear Regression. Carbondale, Illinois:
Southern I1linois University Press, 1975.

Pohlmann, J.T. and McShane, M.G. Applying the general linear model
to repeated measures problems. Paper presented to the Annual
Meeting of the American Educatioral Research Association,
Chicago, 1974,

13



