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Such procedures can also include
small group discussions of the
quality of the exam and its items
with examinees who have already
taken the test, or with departmental
student assistants, or even experts in
the field. Some faculty use a “think-
aloud test administration” (cf.
Cohen, Swerdlik, & Smith, 1992) in
which examinees are asked to
express verbally what they are
thinking as they respond to each of
the items on an exam. This proce-
dure can assist the instructor in
determining whether certain
students (such as those who per-
formed well or those who per-
formed poorly on a previous exam)
misinterpreted particular items, and
it can help in determining why
students may have misinterpreted a
particular item.

Quantitative Item
Analysis

In addition to these and other
qualitative procedures, a thorough
item analysis also includes a number
of quantitative procedures. Specifi-
cally, three numerical indicators are
often derived during an item
analysis: item difficulty, item dis-
crimination, and distractor power
statistics.

Item Difficulty Index ( p)

The item difficulty statistic is an
appropriate choice for achievement
or aptitude tests when the items are
scored dichotomously (i.e., correct
vs. incorrect). Thus, it can be
derived for true-false, multiple-
choice, and matching items, and
even for essay items, where the
instructor can convert the range of
possible point values into the
categories “passing” and “failing.”

The item difficulty index, symbol-
ized p, can be computed simply by
dividing the number of test takers
who answered the item correctly by
the total number of students who
answered the item. As a proportion,
p can range between 0.00, obtained
when no examinees answered the
item correctly, and 1.00, obtained
when all examinees answered the
item correctly. Notice that no test
item need have only one p value.
Not only may the p value vary with
each class group that takes the test,
an instructor may gain insight by
computing the item difficulty level

for a number of different subgroups
within a class, such as those who did
well on the exam overall and those
who performed more poorly.
Although the computation of the
item difficulty index p is quite
straightforward, the interpretation
of this statistic is not. To illustrate,
consider an item with a difficulty
level of 0.20. We do know that 20%
of the examinees answered the item
correctly, but we cannot be certain
why they did so. Does this item
difficulty level mean that the item
was challenging for all but the best
prepared of the examinees? Does it
mean that the instructor failed in his
or her attempt to teach the concept
assessed by the item? Does it mean
that the students failed to learn the
material? Does it mean that the item
was poorly written? To answer these
questions, we must rely on other
item analysis procedures, both
qualitative and quantitative ones.

Item Discrimination Index (D)

Item discrimination analysis deals
with the fact that often different test
takers will answer a test item in
different ways. As such, it addresses
questions of considerable interest to
most faculty, such as, “does the test
item differentiate those who did well
on the exam overall from those who
did not?” or “does the test item
differentiate those who know the
material from those who do not?” In
a more technical sense then, item
discrimination analysis addresses the
validity of the items on a test, that is,
the extent to which the items tap
the attributes they were intended to
assess. As with item difficulty, item
discrimination analysis involves a
family of techniques. Which one to
use depends on the type of testing
situation and the nature of the
items. I'm going to look at only one
of those, the item discrimination index,
symbolized D. The index parallels
the difficulty index in that it can be
used whenever items can be scored
dichotomously, as correct or incor-
rect, and hence it is most appropri-
ate for true-false, multiple-choice,
and matching items, and for those
essay items which the instructor can
score as “pass” or “fail.”

We test because we want to find
out if students know the material,
but all we learn for certain is how
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Editor’s Note:

The annoying qualities of all forms of mass communications remind
us of what all communication asks of us. It asks that we give our
attention and make a judgment. It seeks a relationship with us and we
may not want another relationship. | do not want to think about the multi-
leveled aspects of the Monica S. Lewinsky story, but in many ways, |
have no choice. Or do I?

In the aftermath of the Starr Report being delivered to Congress,
teachers all over the country began addressing the matter as a
“teachable moment.” A multitude of lessons stood ready to be
discovered and learned. Could the Forum find any? Immediately |
recalled an excellent case study by David Brakke that thoughtfully
probes some of the dark and dangerous waters which surely lie in the
human hearts behind the headlines. Need and longing,
misunderstanding and gossip: these can affect faculty lives and cripple
one’s ability to teach. I've posted Dean Brakke’s case on the Forum's
Web site in the hope that you'll read it there, and begin there the
thoughtful discussion the issues it raises deserve. Perhaps some good
can come out of this mess.

It becomes clearer every day that we must take control of the Web
and use it for our ends. Though paper and ink will never lose their
sensual appeal and their utility, the Web will take over much of what
paper has done. Those who lead in this wave of change have the
chance to shape it. The University of Minnesota (where Gopher software
was invented) sees ways of using the Web to amplify the conversation
about teaching. The article on “webzines” by Jan Smith and Paul
Baepler shows how these early adopters of technology are using this
publication and others to build a favorable teaching climate on their
campus.

Perhaps good teaching and good communications are the same. How
many times have we been bludgeoned with this insight? Its abuse lies in
our knowledge that “communications” means so little until we break the
idea open. A vital part of communications has to do with how we feel—
how we feel about ourselves and how our students feel about
themselves. Three articles in this issue get at this fact in different ways.
Laura Border 's DEVELOPER’S DIARY traces how feelings can trigger
a learning crisis and powerful (and useful) insights into one’s teaching.
David Tartakoff 's essay argues that students’ self-esteem and
confidence as learners transcend formally correct answers in teaching
math. And my review of the research on using humor in the classroom
suggests that, in some deep way, the brain is laughing when it is
learning and that overt humor may help the process along.

The issue starts off, however, with an essay that seems quite different
from all of these, Raymond M. Zurawski ’s discussion of what
psychologists and statisticians call “item analysis.” This article reminds
readers that the exam isn’t over when it's been graded. Exams
themselves need questioning, and we can learn a lot about both the
strengths and weaknesses of our teaching and of our students’ learning
from reviewing exam data in detail.

By the time you read this issue, over 25 campuses will have
established site licenses to the Forum. That means more and more
faculty will soon be reading the Forum on the Web. It's my hope some of
them will want to discuss what they’'ve read. To encourage such
discussion, I've included links to the Forunts Web site discussion area.
Those who don't read online can also post messages using this URL.

Together let us make the Web our own.

— James Rhem

they did on the exam we gave them.
The item discrimination index tests
the test in the hope of keeping the
correlation between knowledge and
exam performance as close as it can
be in an admittedly imperfect
system.

The item discrimination index is
calculated in the following way:

1. Divide the group of test takers
into two groups, high scoring and
low scoring. Ordinarily, this is done
by dividing the examinees into those
scoring above and those scoring
below the median. (Alternatively,
one could create groups made up of
the top and bottom quintiles or
quartiles or even deciles.)

2. Compute the item difficulty
levels separately for the upper (p
and lower (p, ) scoring groups.

3. Subtract the two difficulty
levels such that D= p o™ Lo

How is the item discrimination
index interpreted? Unlike the item
difficulty level p, the item discrimi-
nation index can take on negative
values and can range between -1.00
and 1.00. Consider the following
situation: suppose that overall, half
of the examinees answered a
particular item correctly, and that all
of the examinees who scored above
the median on the exam answered
the item correctly and all of the
examinees who scored below the
median answered incorrectly. In
such a situation puﬁm =1.00 and p,_
= (0.00. As such, the value of the item
discrimination index D is 1.00 and
the item is said to be a perfect
positive discriminator. Many would
regard this outcome as ideal. It
suggests that those who knew the
material and were well-prepared
passed the item while all others
failed it.

Though it’s not as unlikely as
winning a million-dollar lottery,
finding a perfect positive discrimina-
tor on an exam is relatively rare.
Most psychometricians would say
that items yielding positive discrimi-
nation index values of 0.30 and
above are quite good discriminators
and worthy of retention for future
exames.

Finally, notice that the difficulty
and discrimination are not indepen-
dent. If all the students in both the
upper and lower levels either pass or

)

upper
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fail an item, there’s nothing in the
data to indicate whether the item
itself was good or not. Indeed, the
value of the item discrimination
index will be maximized when only
half of the test takers overall answer
an item correctly; that is, when p =
0.50. Once again, the ideal situation
is one in which the half who passed
the item were students who all did
well on the exam overall.

Does this mean that it is never
appropriate to retain items on an
exam that are passed by all examin-
ees, or by none of the examinees?
Not at all. There are many reasons
to include at least some such items.
Very easy items can reflect the fact
that some relatively straightforward
concepts were taught well and
mastered by all students. Similarly,
an instructor may choose to include
some very difficult items on an exam
to challenge even the best-prepared
students. The instructor should
simply be aware that neither of these
types of items functions well to make
discriminations among those taking
the test.

Item Distractor Analysis

The final component of a good
item analysis applies mainly to a
particular type of test item, the
multiple-choice item. On such items,
the incorrect alternatives are called
distractors. Item distractor analysis
examines the percentage of examin-
ees who select each incorrect
alternative, to determine whether
the distractors are functioning as
intended.

To appreciate the logic of the
analysis, consider Table 1 below. For
each of four different items on a
hypothetical multiple-choice exam,
the table indicates the numbers of
those in the upper and lower
scoring groups on the overall exam

who selected each of the four
possible response alternatives. On a
well-designed multiple choice item
(such as Item 1 shown below), those
who know the material and are well-
prepared for the exam should select
the correct alternative even from
among highly plausible distractors.
Those who are not well-prepared
should guess or select almost
randomly from among the available

We test because we
want to find out if
students know the
material, but all we
learn is how they did
on the exam.
|

distractors. Such an item would be a
very good discriminator and would
very likely be a candidate for retention
for use in future exams, although it
does have a relatively low level of
difficulty overall.

Item distractor analysis can also
provide useful diagnostic informa-
tion in other situations. For ex-
ample, in Item 2 in Table 1, the
majority of those in the upper
scoring group selected a wrong
answer. This may indicate that the
item has been inadvertently miskeyed,
a proofreading error. Item 3 is a
relatively difficult item overall; few
examinees in either group answered
it correctly. This item is a candidate
for revision, particularly distractor a,
which seems to be drawing undue
attention as a plausible choice even
from those who did well on the
exam overall. Finally, Item 4 repre-

Tkl n
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sents a candidate for removal from
the exam. This item was passed by
more of those who did poorly on
the exam overall than those who
were well-prepared and knew the
material.

Could this data provoke other
insights? Perhaps. It could be, for
example, that the poor students did
well because the teacher shifted
learning styles that day, became
more concrete, less abstract, and
conveyed material more clearly to
them than to the high-scoring,
conceptual thoroughbreds.

Conclusion

To those concerned about the
prospect of extra work involved in
item analysis, take heart: item
difficulty and discrimination analysis
programs are often included in the
software used in processing exams
answered on Scantron or other
optically scannable forms. As such,
these analyses can often be per-
formed for you by personnel in your
computer services office. You might
consider enlisting the aid of your
departmental student assistants to
help with item distractor analysis,
thus providing them with an excel-
lent learning experience. In any
case, an item analysis can certainly
help determine whether or not the
items on your exams were good ones
and to determine which items to
retain, revise, or replace. ] |
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