A Meta-Analytic
Investigation of the Effect
of Various Test Item
Characteristics on

Test Scores and Test
Completion Times

The current study reported the results of a meta-analytic investigation of the effects on test
scores and test completion times of three aspects of writing test items: The number of answers
in multiple-choice exams, the order of item difficulty, and the organization of items by content.
The results of meta-analysis indicated that three-choice questions are slightly easier than

four-choice questions (d =

90) and take significantly less time to complete (d = -.61). Exams

beginning with easier items and then moving to more difficult items are slightly easier than
exams with randomly ordered items (d = .11) or exams beginning with difficult items (d = .22).
Exams in which the items are organized by content are slightly easier than exams containing
randomly ordered items (d = .04). All of the above effect sizes are small.
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Creating selection and promotion exams are common tasks for indi-
viduals engaged in public personnel management. Tests that are properly
created are content valid, psychometrically sound, and discriminate be-
tween applicant levels of knowledge.

Though the goals of good tests are clear, creating the ideal test is not
easy. One of the biggest problems in creating exams involves including all
of the items needed to cover ajob related area, but at the same time, keeping
the test at a reasonable length.

One solution to this problem is to reduce the length of a multiple-
choice exam by using only three choices for each item rather than the
traditional four or five. For example, the traditional four choice question
would change from:

What is the average validity of ability tests?
a) .51 b) 20 c) .00 d) .40

to:

What is the average validity of ability tests?
a) .51 b) .20 ¢) .00
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The idea here is that by using only three choices, the items will not
only be easier to write, but will shorten the time taken to complete the exam
by reducing the amount of material that a test taker needs to read and
analyze.

Critics to such a solution believe that by reducing the number of
distractors, exam scores will increase because a test taker who does not
know the answer to a question will have a one-in-three chance of correctly
guessing the answer compared to the one-in-four chance that would be
associated with four choices.

Another problem in creating exams involves the need for multiple
forms. Forexample, in group testing situations, multiple forms of the same
test are needed to help reduce the opportunities for cheating. Typically,
multiple forms are created in one of two ways.

The first method is to write completely new items covering the same
content area. The problem with this method is that good items are difficult
and time consuming to write. Consequently, the alternative strategy is to
use the same test times, but to rearrange them in a different order. Critics
of this last strategy claim that changing the order of items may affect exam
scores. That is, an exam with a larger proportion of easy items early in the
exam will be easier than an exam with a larger proportion of difficult items
early in the exam. Or, as shown in Figure 1, an exam in which the items are
arranged by content might be easier than an exam in which the items are
randomly ordered because the test taker will be able to maintain one train
of thought and can take advantage of self-addressable memory (recalling
information the same way in which it was stored in memory).

The purpose of this paper is to report the results of a meta-analysis of
the research that has been conducted on the effects of both the number of
choices to multiple choice questions and the arrangement of test items in
an exam. A meta-analysis is a statistical method of cumulating varied
research results into one overall effect size.

Finding Research Articles

The first step in a meta-analysis is to find research articles on the topic
of interest. Articles for this meta-analysis were located by using two
written sources; the Social Sciences Index and the Business Periodical
Index, and two computerized sources; Infotrac and Silver Platter. The
reference lists from the articles identified from the above sources were also
used to locate additional articles.
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To be included in this meta-analysis the article had to report the
results of an experiment and had to include a statistic that could be
converted into an effect size. This procedure resulted in eight studies with
14 samples investigating number of choices, 20 studies with 26 samples
investigating item order based on item difficulty, and four studies with 16
samples investigating the organization of items based on item content.
These articles are referenced in Appendix A.

Converting Research Findings to Effect Sizes

Once the research articles had been located, the statistical result for
each study was converted into an effect size using the formulas provided
in Mullin and Rosenthal (1985) and with the help of the computer program
developed by Johnson (1989). A few studies did not provide statistical
information that could be converted into an effect size and thus were not
included in the analysis.

Cumulating Effect Sizes

After the individual effect sizes had been computed, the effect size for
each study was weighted by the size of the sample and combined using the
method suggested by Hunter, Schmidt, and Jackson (1982) and the com-
puter program developed by Schwarzer (1989). In addition to a mean effect
size (d), the observed effect size variance, the amount of variance expected
due to sampling error, and a 95% confidence interval were calculated.

Results and Discussion

Number of Choices

As shown in Table 1, the effect for the number of choices on exam
scores was only .09 with a confidence interval ranging from .04 to .14. An
effect size can be interpreted in terms of standard deviations. For example,
an effect size of 1.0 would indicate that a particular variable will change the
dependent variable by a full standard deviation. In this case, the presence
of three choices rather than four would increase test scores by .09 of a
standard deviation. In the articles reviewed, the mean test score on a
100-item exam was 67.8 with a standard deviation of 13.5. Multiplying this
standard deviation by the mean effect size of .09 indicates that exam scores
would only increase by 1.22 points if three choices were used rather than
four or five.

As also shown in Table 1, the mean effect on the time taken to

complete an exam was reduced by using three choices. The mean time
taken to complete a 100 item exam across the four studies in our sample
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Table 1

Meta-Analysis Results for Number of Choices

Nurnber of Studies
Sample Size

Mean Effect Size
Observed Variance
Sampling Error

95% Lower Bound
95% Upper Bound

Dependent Variable

Exam Completion Item
Score Time Discrimination

14 4 11

6,789 674 4,263

09 -61 05

.04 .30 05

02 .03 02

04 -.45

13 - 77

was 37.2 minutes with a standard deviation of 7.52. Multiplying the mean
effect size of -.61 by the standard deviation of 7.52 reveals a time savings of
459 minutes. Because test takers were able to complete 2.69 items per
minute, this savings suggests that with the use of three rather than four
choices, 12.4 more items could be added to an exam and completed in the
same amount of time as the 100 item four-choice exam. This increase in
items without in increase in time may result in a more content valid exam.

As also shown in Table 1, using three choices rather than four did not
reduce the ability of an exam to discriminate between low and high scorers.
In fact, if anything, item discrimination was better with three rather than
four choices.

In meta-analysis, any time a confidence interval includes zero, one is
not sure that the variable in question actually had an effect on the depend-
ent variable because the mean effect size could actually be zero. In this case,
the confidence interval does include zero indicating that the number of
choices may not have an effect on item discrimination.

Item Difficulty Order

As shown in Table 2, there was a small difference between test scores
of exams with the easier items located early in the exam and the more
difficult items located later in the exam versus exams in which the item
order was random. Even had the confidence interval notincluded zero, the
effect for item order was small as the easy-to-hard order would only
improve test scores by 1.49 points on a 100-item exam.

As shownin Table 3, the easy-to hard order did not significantly lower
the anxiety level of test takers compared to a random order arrangement.
As shown in Table 4, the easy-to-hard order also did not significantly affect
the perceived difficulty of the exam.
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Table 2

Meta-Analysis Results for Effect of tem Order on Test Scores

Item Order Comparison

Easy to Hard Easy to Hard Hard to Easy
versus Random versus Hard versus Random
to Easy
Number of Studies 26 11 )
Sample Size 13,438 1,664 297
Mean Effect Size 11 22 -.08
Observed Varianc 09 05 .02
Sampling Error .04 03 .04
95% Lower Bound .00 A2 -.08
95% Upper Bound 22 32 -.08

Table 3

Meta-Analysis Results for Effect of ltem Order on Anxiety Level

Number of Studies
Sample Size

Mean Effect Size -
Observed Variance
Sampling Error

95% Lower Bound
95% Upper Bound

Item Order Comparison
Easy to Hard Easy to Hard
versus Versus
Random Hard to Easy
5 3
378 189
.08 -30
16 01
.08 01
-.44 -.30
23 -.30

As shown in the second column of Table 2, exams beginning with easy
items were significantly easier than exams beginning with difficult items.
The effect size of .22 translates to a difference of about 2.97 points on a
typical 100 item exam. As shown in Table 3, the easy-to-hard order was
also less anxiety producing than the hard-to-easy order.

Beginning an exam with hard items rather than randomly arranged
items results in a small but significant reduction in exam scores. Because
the amount of variance expected by sampling error alone was greater than
the amount of observed variance, the upper and lower bounds of the 95%
confidence interval are the same as the mean effect size. The effect size of
-.08 corresponds to a difference of about 1.08 points on a typical 100 item
exam.
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Table 4
Meta-Analysis Results for Effect of ltem Order on Perceived Difficulty

Itemn Order
Easy to Hard versus Random
Number of Studies 9
Sample Size 848
Mean Effect Size - 33
Observed Variance 36
Sampling Error .07
Q5% Lower Bound =72
95% Upper Bound 06

Organization of Items by Content

As depicted in Table 5, there was a significant, but very small effect
of item organization on exam scores. Based on the same exam figures used
in previous examples, a test taker will score .54 of a point higher on an exam
organized by content than he/she will on an exam which is randomly

organized.
Table 5
Meta-Analysis Results for Effect of ltem Organization on Test Scores
Number of Studies 16
Sample Size 3.731
Mean Effect Size .04
Observed Variance 01
Sampling Error 01
95% Lower Bound .04
95% Upper Bound .04
Summary

As indicated in the results discussed above, neither the number of
choices in an item nor the arrangement of items in an exam greatly affect
exam scores. Thus, three-choice items can be confidently used with the
advantage of less time to both create and take the exam.

The lack of large effects for item order indicate that the systematic
rearrangement of the same items to form multiple forms of an exam (e.g.,
to prevent cheating in a group testing situation) will not greatly change the
scores on an exam. It is important to keep in mind that the effect sizes for
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item order that were reported in this analysis are probably upper limits.
For example, a person taking an exam with the easier items early in the
exam will score about 1.5 point higher than a person taking the same exam
with the items arranged in a random fashion. However, most multiple
forms consist of randomly ordered items and the limited available research
indicates that there are no differences between two tests with randomly
ordered items.

If for some reason, it was desirable to make a test more difficult,
beginning the test with the more difficult items, using fourrather than three
choices, and not organizing items by content would theoretically reduce
the average score by about four or five points. Conversely, a test can also
be made about three points easier by organizing the items by content, using
three choices, and beginning the exams with the easier items.

Figure 1

Example of Content Organized Items and Randomly Organized ltems

Content Organized items

Ql.
2,
Q3.
4.
Q5.
Q6.
Q7
Q8.
9.

State Law

State Law

State Law

Police Procedure
Police Procedure
Police Procedure
Administrative Skills
Administrative Skills
Adrninistrative Skills

ltems with Random or Mixed Organizations

Qls
Q2.
Q3.
Q4.
Q5.
W6,
Q7.
B,
Q9.

tate Law

Police Procedure
Adrministrative Skills
State Law
Administrative Skills
Police Procedure
Police Procedure
State Law
Administrative Skills
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