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2.7: What level of measurement is used for psychological variables?

2.7.0.0.1 What level of measurement is used for psychological variables?

Rating scales are used frequently in psychological research. For example, experimental subjects may be asked to rate their level of
pain, how much they like a consumer product, their attitudes about capital punishment, their confidence in an answer to a test
question. Typically these ratings are made on a 5-point or a 7-point scale. These scales are ordinal scales since there is no assurance
that a given difference represents the same thing across the range of the scale. For example, there is no way to be sure that a
treatment that reduces pain from a rated pain level of 3 to a rated pain level of 2 represents the same level of relief as a treatment
that reduces pain from a rated pain level of 7 to a rated pain level of 6.

In memory experiments, the dependent variable is often the number of items correctly recalled. What scale of measurement is this?
You could reasonably argue that it is a ratio scale. First, there is a true zero point; some subjects may get no items correct at all.
Moreover, a difference of one represents a difference of one item recalled across the entire scale. It is certainly valid to say that
someone who recalled 12 items recalled twice as many items as someone who recalled only 6 items.

But number-of-items recalled is a more complicated case than it appears at first. Consider the following example in which subjects
are asked to remember as many items as possible from a list of 10. Assume that (a) there are 5 easy items and 5 difficult items, (b)
half of the subjects are able to recall all the easy items and different numbers of difficult items, while (c) the other half of the
subjects are unable to recall any of the difficult items but they do remember different numbers of easy items. Some sample data are
shown below.

Subject Easy Items Difficult Items

Let’s compare (i) the difference between Subject A’s score of 2 and Subject B’s score of 3 and (ii) the difference between Subject
C’s score of 7 and Subject D’s score of 8. The former difference is a difference of one easy item; the latter difference is a difference
of one difficult item. Do these two differences necessarily signify the same difference in memory? We are inclined to respond “No”
to this question since only a little more memory may be needed to retain the additional easy item whereas a lot more memory may
be needed to retain the additional hard item. The general point is that it is often inappropriate to consider psychological
measurement scales as either interval or ratio. You will often see in statistical software that the distinction is between nominal,
ordinal, and interval/ratio.

2.7.0.0.1 Consequences of level of measurement

Why are we so interested in the type of scale that measures a dependent variable? The crux of the matter is the relationship between
the variable’s level of measurement and the statistics that can be meaningfully computed with that variable. For example, consider
a hypothetical study in which 5 children are asked to choose their favorite color from blue, red, yellow, green, and purple. The
researcher codes the results as follows:

Color Code

Blue 1
Red 2
Yellow | 3

Green | 4
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Purple | 5

This means that if a child said her favorite color was “Red,” then the choice was coded as “2,” if the child said her favorite color
was “Purple,” then the response was coded as 5, and so forth. Consider the following hypothetical data:

Subject Color Code
1 Blue 1
2 Blue 1
3 Green 4
4 Green 4
5 Purple 5

Each code is a number, so nothing prevents us from computing the average code assigned to the children. The average happens to
be 3, but you can see that it would be senseless to conclude that the average favorite color is yellow (the color with a code of 3).
Such nonsense arises because favorite color is a nominal scale, and taking the average of its numerical labels is like counting the
number of letters in the name of a snake to see how long the beast is.

Does it make sense to compute the mean of numbers measured on an ordinal scale? This is a difficult question, one that statisticians
have debated for decades. The prevailing (but by no means unanimous) opinion of statisticians is that for almost all practical
situations, the mean of an ordinally-measured variable is a meaningful statistic. However, there are extreme situations in which
computing the mean of an ordinally-measured variable can be very misleading.

2.7.1 What makes a good measurement?

In many fields such as psychology, the thing that we are measuring is not a physical feature, but instead is an unobservable
theoretical concept, which we usually refer to as a construct. For example, let’s say that I want to test how well you understand the
distinction between the different types of numbers described above. I could give you a pop quiz that would ask you several
questions about these concepts and count how many you got right. This test might or might not be a good measurement of the
construct of your actual knowledge — for example, if I were to write the test in a confusing way or use language that you don’t
understand, then the test might suggest you don’t understand the concepts when really you do. On the other hand, if I give a
multiple-choice test with very obvious wrong answers, then you might be able to perform well on the test even if you don’t actually
understand the material.

It is usually impossible to measure a construct without some amount of error. In the example above, you might know the answer,
but you might misread the question and get it wrong. In other cases, there is error intrinsic to the thing being measured, such as
when we measure how long it takes a person to respond on a simple reaction time test, which will vary from trial to trial for many
reasons. We generally want our measurement error to be as low as possible, which we can acheive either by improving the quality
of the measurement (for example, using a better time to measure reaction time), or by averaging over a larger number of individual
measurements.

Sometimes there is a standard against which other measurements can be tested, which we might refer to as a “gold standard” — for
example, measurement of sleep can be done using many different devices (such as devices that measure movement in bed), but
they are generally considered inferior to the gold standard of polysomnography (which uses measurement of brain waves to
quantify the amount of time a person spends in each stage of sleep). Often the gold standard is more difficult or expensive to
perform, and the cheaper method is used even though it might have greater error.

When we think about what makes a good measurement, we usually distinguish two different aspects of a good measurement: it
should be reliable, and it should be valid.
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