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An Ingructor’s Guide to Understanding Test Rdidhility

Test reliability refers to the consstency of scores students would receive on dternate
forms of the sametest. Due to differencesin the exact content being assessed on the
dternate forms, environmenta variables such asfatigue or lighting, or student error in
responding, no two tests will consistently produce identical results. Thisistrue
regardiess of how smilar the two testsare. In fact, even the same test administered to the
same group of students aday later will result in two sets of scores that do not perfectly
coincide. Obvioudy, when we administer two tests covering Smilar materid, we prefer
sudents scores be smilar. The more comparable the scores are, the more reliable the
test scores are.

It isimportant to be concerned with atest’ s reliability for two reasons. Fird,
reliability provides a measure of the extent to which an examinee' s score reflects random
measurement error. Measurement errors are caused by one of three factors: (a)
examinee-ecific factors such as motivation, concentration, fatigue, boredom,
momentary lapses of memory, cardessness in marking answers, and luck in guessing, (b)
test- gpecific factors such as the specific set of questions salected for atest, ambiguous or
tricky items, and poor directions, and (c) scoring-gpecific factors such as nonuniform
scoring guidelines, cardessness, and counting or computational errors. These errors are
random in that their effect on a student’ stest score is unpredictable — sometimes they
help students answer items correctly while other times they cause students to answer
incorrectly. Inan unreliable test, students scores consst largely of measurement error.

An unreliable test offers no advantage over randomly assigning test scores to students.



Therefore, it is desirable to use tests with good measures of reliability, so asto ensure that
the test scores reflect more than just random error.

The second reason to be concerned with reliability isthat it is a precursor to test
vaidity. That is, if test scores cannot be assgned consggtently, it isimpossible to
conclude that the scores accurately measure the domain of interest. Validity refersto the
extent to which the inferences made from atest (i.e,, that the student knows the materid
of interest or not) isjudified and accurate. Ultimatdly, vaidity is the psychometric
property about which we are most concerned. However, formaly assessng the vdidity
of a gpecific use of atest can be alaborious and time-consuming process. Therefore,
reliability analyssis often viewed as afird-step in the test vaidation process. If the test
isunreliable, one needn’'t spend the time investigating whether it is vaid—it will not be.

If the test has adequate reliability, however, then a vdidation study would be worthwhile.

There are severd ways to collect rdiability data, many of which depend on the exact
nature of the measurement. This paper will address reliability for teacher-made exams
congding of multiple-choice items that are scored as either correct or incorrect. Other
types of rdiability andyseswill be discussed in future papers.

The most common scenario for classroom exams involves adminigtering one test to
al sudents at one time point. Methods used to estimate rdliability under this
circumstance are referred to as measures of internal consistency. In thiscase, asngle
scoreis used to indicate a student’ s level of understanding on a particular topic.
However, the purpose of the exam is not Smply to determine how many items sudents
answered correctly on a particular test, but to measure how well they know the content
area. To achievethisgod, the particular items on the test must be sampled in away asto

be representative of the entire domain of interest. It is expected that students mastering



the domain will perform well and those who have not mastered the domain will perform
lesswell, regardless of the particular sample of items used on the exam. Furthermore,
because dl items on that test tap some aspect of acommon domain of interes,, itis
expected that studentswill perform smilarly across different items within the test.
Reliability Coefficient for Internal Consistency

There are severd datigtical indexes that may be used to measure the amount of
internal congstency for an exam. The most popular index (and the one reported in
Teding & Evduaion'sitem andyss) isreferred to as Cronbach’s alpha. Cronbach’s
apha provides ameasure of the extent to which the items on atest, each of which could
be thought of asamini-test, provide consstent information with regard to students
megtery of the domain. In thisway, Cronbach’s dphais often considered a measure of
item homogendty; i.e, large dpha vaues indicate that the items are tapping a common

domain. Theformulafor Cronbach’sdphaisasfollows
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k isthe number of items on the exam; p;, referred to as the item difficulty, isthe

proportion of examinees who answered item i correctly; and § % isthe sample variance
for thetotd score. Toillustrate, suppose that a five-item muitiple-choice exam was
adminigered with the following percentages of correct response: p1 = .4, p2 = .5, p3 = .6,

ps = .75, ps = .85, and §% =1.84. Cronbach’s aphawould be caculated as follows:
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Cronbach’s dpha ranges from 0 to 1.00, with vaues close to 1.00 indicating high
consstency. Professonaly developed highstakes standardized tests should have interna
consstency coefficients of at least .90. Lower-stakes standardized tests should have
internal consstencies of at least .80 or .85. For aclassroom exam, it is desirable to have
ardiability coefficient of .70 or higher. High rdiability coefficients are required for
standardized tests because they are administered only once and the score on that one test
is used to draw conclusions about each student’s level on the trait of interest. It is
acceptable for classroom exams to have lower rdiabilities because a Sudent’ s score on
any one exam does not condtitute that student’ s entire grade in the course. Usudly grades
are based on several measures, including multiple tests, homework, papers and projects,
labs, presentations, and/or participation.

Suggestions for Improving Reiability

There are primarily two factors at an ingtructor’ s disposa for improving reiability:
increasing test length and improving item qudity.
Tedt Length

In generd, longer tests produce higher rdiabilities. Thismay be seen inthe old
carpenter’ s adage, “measure twice, cut once.” Intuitively, this dso makes agreat ded of
sense. Most ingructors would fed uncomfortable basing midterm grades on students
responses to asingle multiple-choice item, but are perfectly comfortable basing midterm
grades on atest of 50 multiple-choiceitems. Thisis because, for any given item,
measurement error represents a large percentage of students' scores. The percentage of
measurement error decreases as test length increases. Even very low achieving sudents
can answer agngle item correctly, even through guessng; however it ismuch lesslikely

that low achieving students can correctly answer al items on a 20-item tedt.



Although reiability does increase with test length, the reward is more evident with
short tests than with long ones. Increasing test length by 5 items may improve the
reliability subgantidly if the origind test was 5 items, but might have only aminimd
impect if the origina test was 50 items. The SpearmanBrown prophecy formula (shown
below) can be used to predict the anticipated rdicbility of alonger (or shorter) test given

avdue of Cronbach’s dphafor an exigting test.

old
new _ ma

a™" isthe new rdiability estimate after lengthering (or shortening) thetest; a®¢ isthe
religbility estimate of the current test; and m equals the new test length divided by the old
test length. For example, if the test isincreased from 5to 10 items mis10/5= 2.
Condder the rdiability estimate for the five-item test used previoudy (& =.54). If the
test is doubled to include 10 items, the new rdiability estimate would be

qrev = AB4
1+(2- 1)*.54

asubgantia increase. Note, however, that increasing a 50-item test (with the same
religbility) by 5 items, will result in anew test with ardiability of just .56.

It isimportant to note that in order for the Spearman Brown formula to be used
appropriately, the items being added to lengthen atest must be of asmilar qudity asthe
itemsthat already make-up thetest. In addition, before lengthening ates, it isimportant
to congder practicad condraints such astime limit and examinee fatigue. Asagenerd
guiddine, it iswise to use as many items as possble while il dlowing most sudents to

finish the exam within a specified time limit.



Item Qudity
Item quality has alarge impact on reliability in that poor items tend to reduce

reliability while good items tend to increase rdiability. How does one know if anitemis
of low or high qudity? The answer lies primarily in the iten’ s discrimination.  Items that
discriminate between students with different degrees of mastery based on the course
content are desirable and will improve rdigbility. Anitem is conddered to be
discriminating if the “better” students tend to answer the item correctly while the
“poorer” students tend to respond incorrectly. Item discrimination can be measured with
acorrelation coefficient known as the point-biserid corrdlaion (rpbi). rpbi isthe
correlation between students' scores on aparticular item (1 if the Sudent getstheitem
correct and 0O if the student answers incorrectly) and students overdl totd score on the
test. A large, positive rpyp,; indicates that students with a higher test score tended to answer
the item correctly while students with alower test score tended to respond incorrectly.
Items with small, positive rppi’swill not improve reiability much and may even reduce
reliability in some cases. Items with negative rppi’ s will reduce reliability. For a
classroom exam, it is preferable that an item’s ;i be 0.20 or higher for dl items. Note
that the item analysi's provided by Testing and Evauation Services reports the rpp; for
eachitem

Regarding item difficulty, it isbest to avoid usng too many itemsthet nearly al of
the students answer correctly or incorrectly. Such items do not discriminate well and
tend to have very low rppi's. Ingenerd, 3-, 4-, and 5-dternaive multiple-choice items
that are answered correctly by about 60% of the students tend to produce the best rppi's.

For 2-dternative items, the target item difficulty is 75% correct.



