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Z Scores, Standard Scores, and Composite

Test Scores Explained

Chittaranjan Andrade’

ABSTRACT

Patients may be assessed using a battery of tests where different tests yield scores

in different units, where different tests have different minimum and maximum scores,

and where higher or lower scores mean different things in different tests. Therefore, a
composite test score cannot be obtained by simple addition or averaging of scores in the
individual tests. However, if performances in individual tests are converted to Z scores, the
Z scores can be added or averaged to yield a composite score that can be interpreted or
processed using conventional statistical methods. This article explains in simple ways how
Z scores are calculated, what the properties of Z scores are, how Z scores can be interpreted,

and how Z scores can be converted into other standard scores.
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n a hypothetical study, I randomize

schizophrenia patients to comput-

er-based cognitive remediation (CR)
or television viewing (TV) thrice weekly
for three months. I administer five cog-
nitive tasks at the study baseline and,
again, at the study endpoint. I wish to de-
termine whether CR improves cognitive
task scores more than TV does. One way
of doing this is to use statistical tests to
compare CR and TV groups, task by task;
however, there are several problems asso-
ciated with this approach. For example,
performing five separate statistical tests,
one for each cognitive task, increases the
risk of a Type 1 (false positive) error.! Or,
patients in one group may perform better
in some tasks and worse in other tasks

relative to patients in the other group; so,
what should the overall conclusion be?
Or, patients in one group may perform
better than patients in the other group
in all tasks without the results reaching
statistical significance for any task; again,
what should the overall conclusion be?

Need for Composite Scores

One way to get an overall perspective is
to create a composite score. This is easily
done in some circumstances; for example,
one may reasonably add or average lan-
guage, science, math, geography, and
history marks to get a single composite
score in school examinations. Simple
addition or averaging of marks is possible
because all subjects are treated equally,

all subjects are marked from o to 100, and
all subjects have higher marks indicating
better performance. Simple addition or
averaging is not possible for cognitive
tasks because different tasks have dif-
ferent everyday importance, because
different tasks have different minimum
and maximum scores, because in some
tasks lower scores indicate better perfor-
mance, and in other tasks, higher scores
indicate better performance, and because
some tasks yield scores measured in units
of time, others yield scores measured as
the number of correct responses, and so
on. As examples, verbal memory may
be more important than visual memory
because of its application to everyday life;
tests of processing speed are measured in
units of time and lower scores indicate
better performance; and tests of memory
are measured in the number of units cor-
rectly recalled and higher scores indicate
better performance. So, simple addition
or averaging of scores is not possible.

Computing Z Scores

One solution is to first convert the orig-
inal (raw) scores for each cognitive task
into a new score that is described in the
same unit for all tasks. The new scores can
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then be added or averaged to form a com-
posite score. Conversion of the raw scores
into Z scores is one such approach. To do
this (for example) for the verbal memory
test in the cognitive battery, I would need
to perform the following actions with the
verbal memory raw scores.

1. Calculate the mean (M) and standard
deviation (SD) verbal memory score
for the CR and TV groups combined
into a single group; that is, for the pooled
sample.

2. Calculate the Z score for each patient;
the formula is Z = (x - M)/SD, where
x is the patient’s verbal memory raw
score and M and SD are the estimates
from the previous step. Positive Z
values indicate scores that are greater
than the mean of the pooled sample,
and negative values indicate scores
that are less than the pooled mean.>

Z scores are similarly calculated for each
patient for each of the remaining four
cognitive tasks. This is done separately
for the baseline and endpoint data.

Understanding Z Scores

If we look at the formula for the Z score,
we will immediately realize that the Z
score tells us how far above or below the mean
an individual’s score is, expressed in units of
SD. So, if the M(SD) is 18(4) for the verbal
memory scores in the pooled sample, a
patient with a verbal memory score of
20 has a Z score of (20-18)/4, or 0.5. That
is, the patient’s verbal memory score is
half an SD above the mean of the sample.
Another patient whose raw score is 12
would have a Z score of (12-18)/4, or —1.5;
that is, one and a half SDs below the
sample mean.

Interpreting and Using
the Z Scores

The raw scores were in different units

in the different cognitive tasks. Z scores

are all in the same unit, that is, SD. The Z

score distribution has a mean of o and an

SD of 1. Z scores are useful because they

allow data to be interpreted or used in

many ways, as the following examples
show:

1. The Z score tells us at a glance how the
patient has performed relative to the
rest of the sample, something that is
not evident from the inspection of a
raw score.
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2. Because we understand the relation-
ship between M and SD in the normal
distribution, and because the Z score is
an SD unit, we know that Z scores of 2
and above (either positive or negative)
are quite far from the mean and that
Z scores of 3 and above (either positive
or negative) are so far from the mean
as to represent outliers. So, an inspec-
tion of Z scores can identify outliers in
the sample.

3. Using published tables, such as a table
of the area under the normal curve, we
can read off the probability of obtain-
ing any individual Z value.

4.If a patient has a Z score of, for
example, 1 for verbal memory and a
Z score of —0.3 for processing speed,
because the unit of Z is the same for
both tasks, we can conclude that this
patient performed better in the verbal
memory task than in the processing
speed task. This conclusion would not
have been possible from an inspection
of the raw scores.

5. Z scores can be added to create a com-
posite score. In the context of the
study described at the start of this
article, the Z scores for the five cog-
nitive tasks can be added for each
patient; this creates a composite cog-
nitive (total) score for the patient.
There are two noteworthy points.

a) For tests where lower scores indi-
cate better performance, Z scores
should be multiplied by -1 so that
when the Z scores are added, the
composite score will correctly
indicate the direction of change.

b) Whereas the individual Z scores are
in units of SD, the composite score,
created by adding the Z scores for
the five tests, is no longer in units of
SD. However, if the composite score
is divided by the number of tests,
we get a composite (average) score
that is again a unit of SD.

Z Scores and Composite
Scores

When Z scores are added or averaged
as described above, each cognitive task
receives equal weightage. It is possi-
ble to create composite scores in which
some tasks are given higher weightage
than others, based on preset values for
weights. For example, it can a priori be
decided that, because verbal tasks are
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more relevant in everyday life than visual
tasks, the verbal memory task should
receive twice the weight that the visual
memory task receives when computing
the composite score. Weights can also be
determined and assigned through statis-
tical methods.>*

Once the composite score has been
calculated for each patient, the M(SD) com-
posite score can be calculated for CR and
TV groups separately at the study baseline
and at the study endpoint and then pro-
cessed using usual statistical methods;
this can be done whether the composite
score s a total or an average of the Z scores
of the individual cognitive tasks.

Standard Scores

Some people find it hard to understand
Z scores, especially when values are neg-
ative (readers are reminded that Z scores
have a mean of o, and that Z values that
are negative indicate scores that are
below the mean of the sample). This dif-
ficulty can be resolved by converting Z
scores into other standard scores. The Z
score is one example of a standard score;
using simple formulae, Z scores can be
converted to other standard scores that
have only positive values and other
specific properties. An example is the
T score which has M=50 and SD=10.
Stanine and sten scores are based on the
same principle. Stanine (standard nine)
scores range from 1 to 9, with a mean
of 5 and an SD of 2; sten (standard ten)
scores range from 1 to 10, with a mean
of 5.5 and an SD of 2. Stanine and sten
scores are used in some psychological
tests. IQ scores are also standardized;
they have a mean of 100 and an SD of 15.
Readers may note that Z transformation
and other methods of standardization
do not change the ranking of the orig-
inal data.

Computing Z Scores:
Reprise

The Z score for an individual measure-
ment can be calculated using the mean
and standard deviation of a sample, or
of a pooled sample, or of the popula-
tion,depending on the contextin which
the Z score requires to be derived and
used. If the sample comprises a single
group, such as a class of students, the
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Z scores are based on the M(SD) of that
group. If there are two groups, such as
in the study described in this article,
Z scores should be calculated based
on the M(SD) of the pooled sample.
However, when Z scores are interpreted
for a single individual on a test for which
population norms are available, the pop-
ulation mean and standard deviation are
used rather than the sample M(SD).

As an aside, for the study described in
thisarticle,why are the Z scores computed
for the pooled sample; why cannot the Z
scores be computed for each group sepa-
rately, and then M(SD) Z scores compared
between groups? The answer ought to be
obvious. Z scores may create new values
but do not change the ranks (order) of
the raw scores within a group; and these
new values have an M(SD) of o(1) because,
as stated earlier, this is a property of Z
scores. So, if Z scores are computed sep-
arately for CR and TV groups, the M(SD)
of the z scores for each group will be o(1),
making comparisons between groups
illogical. However, if the CR and TV
groups are pooled, the order of the raw

scores will change; whereas the M(SD)
of the Z scores for the pooled group will
be o(1), the Z scores for the CR and TV
group patients will depend on the new
order, and the M(SD) of the Z scores for
the CR and TV groups will no longer each
be o(1). So, the M(SD) Z scores thus created
can now be validly compared between
the CR and TV groups. Pooling of groups
is done in certain nonparametric tests, as
well. For example, in the Mann-Whitney
and Kruskal-Wallis tests, the groups are
pooled, individual values are ranked,
and then the ranks are compared across
groups.

Parting Notes

Knowledgeable readers may recognize
that the standardized mean difference
that is a measure of pooled effect size
in meta-analysis and the (standardized)
beta coefficient in regression analysis are
both based on principles similar to those
discussed in this article. A discussion on
these, however, is out of the scope of the
present article.
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