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ABSTRACT

The purpose of this study was to determine what effect
changes in the item order had on classical and on latent
tralt test statistics. As well, comparisons were made
between students who were allowed to answer the questions in
any order, and students who were required to answer the
questions in the order presented in the test booklet. The
results were then analyzed using the student's ability level

as an additional 1independent factor.

Four different formats of a forty item mathematics
test were used with 590 students in grade eight. Half of
the booklets had the items sequenced from easiest to
hardest. The other booklets were sequenced from hardest to
easiest. 1In addition, half of the tests of each sequence
had special directlons which prevented students from
altering the given item difficulty sequence. The classroom
teachers provided a rating of each student's ability in

mathematics.

The order of the items was found to have a sighlflcant
effect. Tests which were sequenced from hard to easy had a
lower mean score. Although students with test booklets with
restrictive directions had lower scores on average, it was
not a statistically significant difference. There were no

significant interactions found. Classical and latent trait

11



ltem difficulty statistics showed a high degree of

correlation.

It was concluded that under certain circumstances, the
order of the items could effect both classical and latent
trait statistics. It was also recommended that care should
be taken when assumptions are made about parallel forms or

local independence.
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Chapter I

Introduction

Context of the Research Problem

Ever since multiple choice tests were considered the
"new-type examinations" (Ruch, 1929) to the present
descriptions of computerized marking systems (Hopkins &
Antes, 1985), advice has been forthcoming from many textbook
authors that multiple choice tests should be arranged with
the easiest questions at the beginnlnq to the hardest
questions at the end. This advice has had a great dgal of
intuitive appeal and assumed certainty. For example one

author states:

The level of difficulty of objective test items is used
as a basls for arranging these items in a test by
placing the easy ones filrst, the more difficult ones
later, and the most difflicult ones last. Such an
arrangement has advantages £or'the average and below
average pupll. Wwith this kind of test he uses the
testing time allowed more efficiently, and his morale
is improved. 1If the difficult test items appear first,
many pupils of average or low achievement will waste a
great deal of time trying to answer them. They may

fall to answer easlier test items later in the test

(1)
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because so much time was spent on the first ones.

Moreover, they may quickly become discouraged or even
hostile. On the other hand, if the easier test ltems
are listed first, these same pupils will at first make
smooth progress in the test, and consequently feel
encouraged. When they later encounter the more
difficult test items, they no doubt will have time to
attack them. Even 1f they fall to answer some of them
correctly, as will very likely happen, the resulting
disappointment will be moderated by thé knowledge that
they already have responded to some items in a manner

that is probably correct. (Ahmann & Glock, 1963, p.115)

However, despite such conviction of what examinees will
no doubt do and feel, empirical research does not support
this same lack of doubt. Research over the years has been
inconclusive. It is not a certainty that the arrangement of
test items will make a difference to the score of the

examinee.

In fact, the issue of item order effects has been an
area of research for nearly forty years.' As Leary and
Dorans (1985) pointed out, the research has reflected the
interests and statistical abilities of the times. So, while
the accuracy of tests have improved, the need for more
precise statistics has also increased. As a result, item

order continues to be a concern due to conflicting research
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results; one researcher will conclude that item ordexr has no
significant effect (Alllson, 1984) whereas another
researcher will conclude that the effect is significant
(Hambleton & Traub, 1974). 1In fact, Lane, Bull, Kundert,
and Newman (1987) reported finding significant order effects
in their first study and non-significant effects in their

second study.

The first research on item order began in the early
1950s and examined the simple main effect of item order on
classical test statistics. Researchers wanted to test the
axlom that tests should be construéted with the easliest
questlions flirst. A varlety of arrangements were trlied such
as easy to hard, hard to easy, random, and spiralling. Some
initial studies reported a significant effect (Mollenkopf,
1950; MacNicol, 1956; sax & Carr, 1960; sSax & Cromack, 1966;
Flaugher, Melton, & Meyers, 1968; Sirotnik & Wellington,
1974; Hambleton & Traub, 1974; Kleinke, 1980; Hodson, 1984).
However, some later research reported that item order did
not make a éignificant difference (Brenner, 1964; Huck &
Bowers, 1972; Monk & Stallings, 1970; Klosner & Gellman,

1973; Kestenbaum & Welner, 1970; Allison, 1984).

In the late 1960s there was a concern about the
emotional state of the exam takers and their level of
anxiety, so the emphasls of the research shifted to examine

these internal states. 1In addition, statistical techniques
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using factor analyslis were in more common usage, and
researchers could examine the interaction effect of reported
anxiety level and test results. As in previous research, a
variety of ltem arrangements were used. The results of this
research were also mixed with some studies reporting
significant effects (Munz & Smouse, 1968; Smouse & Munz,
1969; Towle & Merrill, 1975; Plake, Ansorge, Parker, & Lowry
1982) whereas other reseaich found the main effects and the
interaction effects to be non-significant (French & Greer,
1964; Smouse & Munz 1968; Berger, Munz, Smouse, & Angelino,
1969; Marso, 1970; Munz & Jacobs, 1971; Plake, 1980; Plake,
Thompson, & Lowry, 1980; Plake, Melican, Carter,

Shaughnessy, 1983; Plake, Ansorge, 1984; Klimko, 1984).

Recent research has returned to a concern about simple
item order, but the researchers have begun to use a more
modern computerized analysis involving latent trait models
of test statistics rather than classical test statistics.
The results of the limited number of studies to date have
reported significant effects of item order on some item
parameters (wWhitely & Dawis, 1976; Yen, 1980; Kingston &

Dorans, 1984).

This recent research ralses some important issues. For
one, If item order has a significant effect, then some of
the results of previous research may be guestionable since

they may have lacked the power or statistical sophistication
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to detect an item order effect. Previous concerns and
conclusions may have to be re-examined in light of new
findings. Of course, this discrepancy between the latent
trait model findings and some of the classical model
findings may be due to fundamental differences in the fypes

of factors under study.

This research may also bring into question a basic
premise of the latent trait model that each item is locally
independent. If item order has an effect such that the
probability of getting one item right is effected by the
probablility of getting some other question right, then the
assumption of local independence 1s violated. Therefore,
any test that did show item order effects would not be
perfectly suitable for using latent trait model item
parameters. Hopefully, latent trait models are robust and
can tolerate small violatlons of some basic assumptions;
however, the extent and effect of this source of error needs

further research.

Research into item order must investigate.several areas
of growing concern. Not only must the item order effect
reported by latent trait model studies be examined, but also
the source of the mixed results among the classical model
studies must be considered. It is unclear if perhaps the
classical model studies lacked the power or the sensitivity

of the latent trait studies or if some of the classical
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models did not properly control a factor in the design of
their studies which may have influenced the results they
obtained. Nevertheless, comparisons between present and
past research is called for to shed further light on an

ongoing measurement problem.

One study, using classical statistics, that did find a
significant effect from item order suggested that previous
studies without significant results had been in error since
they did not control for within-subject rearrangement of
test item order (Hambleton & Traub, 1974). 1If subjects are
allowed to skip hard questions and do the easy ones first
then Hambleton and Traub reasoned that the effect of item
order would be masked and the differences between item order
arrangements would appear to be insignificant. Hambleton
and Traub, as a result, developed a mathematics test with a
test booklet format that prevented within-subject
rearrangement. Their significant results do question the
validity of the findings of previous research. However, the
lack of a control group that did not have a restricted
format in Hambleton and Traub's study limits the

generalizabllity of thelr findings.

However, if Hambleton and Traub's findings are correct,
then within-subject rearrangement 1s perhaps a random error
factor that may have been causing the inconsistent results

in this field. 1In addition, within-subject rearrangement
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may be such a significant factor that all examinees should
be made aware of its potential so that they might use it
when they are taking a test, Jjust as examiners must be aware

of its error causing abilities when they design a test.

There is a need to replicate Hambleton and Traub's
research of examinee control of item order, but with a
contiol group, to determine if item order and examlinee
control of the order are significant factors. 1In addition,
both latent trait and classical statistics could be used in
the analysis to determine if the results are duplicated with

both types of statisties.

Another area of concern is the effect that item order
has on low achieving students. Surprisingly, even though
much of the concern over item order involved this
interaction effect with low achieving students, only four
studies included this as a factor (Sax & Cromack, 1966;
Klosner & Gellman, 1973; Hodson, 1984; Allison, 1984). The
results were inconclusive, but further research was

recommended (Klosner & Gellman, 1973).
Purpose of the Study

This study replicated the procedures of the item order
research of Hambleton and Traub (1974). In addition, this

study examined the effects of within-subject rearrangement,

as defined by Hambleton and Traub, by using an additional
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group of students as a control group who were not given test

booklets with restrictive directions.

Another aspect studied was a comparison of the
performance of high ability students with low ability
students. An easy to hard arrangement has been generally
believed to be of benefit to low ability students who are
supposedly easily frustrated by the hard to easy
arrangement. On the other hand, high ability students may
be able to avoid this frustration by using within-subject
rearrangement when test booklets do not prevent such changes
to the item order. This study used a large sample of
students with a wide range of ability levels to compare the
performance of students with different ability levels under
easy to hard or hard to easy item difficulty sequences and

under restricted or unrestricted test booklet formats.

A final aspect studied was a comparison of the results
of item difficulty statistics based on classical test theory
with item difficulty statistics based on latent trailt
statistics. This was done to determine If studies using
latent tralt statlstics are comparable to studies using

classical based statistics.



Chapter I1I

Review of Literatute
Initial Studies

Initial research did tend to support the view that the
context of a test item could influence the score of the
examinee. Mollenkopf (1550) was the first to study the
effects of changing item order. 1In addltlon, his study
examined the effect of reducing time 1limits. He used 382
grade 11 and 12 students who were divided into four groups
to take one of two forms of a combined verbal and
mathematics exam. Then each group was assigned to finish
their test under one of two timing conditions. 1Item order
‘'was modified only slightly. The tests were rearranged by
sections with each section arranged internally from easy to
hard, and with content areas kept together. The time limits
had more substantial changes. The time limits were 1 hour
45 minutes for half the students, while the other half were
given only 35 minutes. The group with the short time limit
was, however, allowed to complete the‘test with a different

coloured pencil.

Most of Mollenkopf results were as he expected. For
one, changing the order of whole sectlons did nbt cause any
changes in the performance of the students on the

(9)



(10)

mathematics test. In addition, decreasing the time limits
caused a deterioration in performance. Mollenkopf
recommends that to get useful test statistics, time limits
should be long enough to allow at least half of the students
to complete the test. One unexpected result was that with
only minimal re-arrangement of the verbal test items, there
was a statistically significant change in the difficulty
level of those items (p < .05). Items placed at the end of
the test had a lower proportlion of correct responses. He
dismissed this finding as a small insignificant error
possibly related to fatigue that could be ignored by test

developers.

Another early study into item ordexr was an unpublished
report by K. MacNicol in 1956. It was cited by several
authors (Flaugher, Melton, & Myers, 1968; Monk & Stallings,
1970; Hambleton & Traub, 1974; Plake, 1980; Hodson, 1984;
Leary & Dorans, 1985; Lahe, Bull, Kundert, & Newman, 1987},
According to Leary and Dorans (1985), MacNicol randomly gave
1,500 high school students one of three forms of a verbal
analogles test. The mean of hard to easy arrangement was
significantly lower than the easy to hard arrangement
whereas the random arrangement was not significantly
different from the easy to hard arrangement. Unfortunately,

the 30 minute time limit on a 50 item test may have been a
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factor, particularly since some students reportedly did not

finish the test.

Further research was conducted by Sax and Carr (1962),
who used 325 college freshmen takling two forms of the Henmon
Nelson Mental Ability Test for College Students. The test
was arranged in two forms. One form had the test unaltered
with the difficulty levels alternating among easy, medium or
hard, and with the content categories intermixed. This type
of arrangement 1s called spiral-omnibus form. The other
type of arrangement was to regroup the items into thelr
three content types, vocabulary, mathematics, and spatial

relationships. All students took both forms.

Sax and Carr tried to reduce the effects of speed by
increasing thé time limit from the recommended 30 minutes to
40 minutes. Unfortunately, many items were not completed by
the students, so speed was, unfortunately, a confounding

factor.

The concluslion found by Séx and Carr was that the order
of the items d1d make a difference (p < .001). 'Students got
more answers correct with the spiral-omnibus format. 1In
addition, students omitted fewer items at the end on the
splral—omnibus form. The most significant number of
omissions occurred in the mathematics section of the content

based test. They concluded that the presence of
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increasingly complex items tends to discourage students from

responding to the more difficult items.
Critical Re-examinations

It was a classroom teacher who wanted to solve the
practical problem of whether or not he could randomly
rearrange test items from a test iltem bank to create several
forms of the same test. He wanted to have two forms of the
test in class to prevent cheating in crowdéd situations, and
he wanted to change his test format over the years without
writing all new items each year or Jeopardizing the security
of his items. M. H. Brenner (1964) used the results of his
Educational Psychology 407 midterm tests to compare the
reliability, discrimination and difficulty statistics of

rearranged pairs of tests administered over four terms.

.Brenner compared easy to hard arrangements against hard
to easy arrangements. As well, he compared an easy to hard
order on the first ten items with a hard to easy order on
the first ten items. On both forms, the last thirty items
were in random order. Unfortunately, he did not report the
number of subjects involved, nor did he adequately describe
the statistical tests that he used to analyze his multiple

comparisons.

Brenner reported only one significant statistical

differences in twelve comparisons. One palr of tests had
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significantly different (p < .05) discrimination indexes.
However, without an adequate description of the type of
t-test used, this could merely be a chance event. Since his
results indicated that changing of the item order did not
make a difference in student performance, he recommended
that college instructors not bother arranging test items

based on item difficulties.

The generalizability of this study 1s limited since
fourth year education students taking a requlred course are
a very motivated and sophisticated group of students. 1It
seems unlikely that such students would become discouraged

by any arrangement.

Other researchers also wanted to find out if item order
made a difference, especlally G. Sax whose flirst study
({Sax and Carx, 1962) found a significant effect from the
item arrangement. In his earlier research he had found that
students writing a spiral format test did better than
students who had the more traditional increasing difficulty
arrangement. These findings were in contrast to the
commonly held view that recommended easy to hard

arrangements (Ahmann and Glock, 1963).

As a result, Sax and Cromack (1966) rearranged the
Henmon-Nelson Tests of Mental Ability into the following

four forms: easy to hard, hard to easy, spiral, and random.
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The four forms were then administered to 467 first year
college students who were allowed one of two time limits.
Half the students had a generous 48 minutes which is 18 more
than the manual suggests while the other half had the
suggested 30 minutes. In addition, cumulative grade points
of all students were used as a covariate factor in the
analysis of the results to divide the group into high

ability and low ability.

Predictably, Sax and Cromack found that students given
more time performed better on the tests. In addition, their
study found that if a restrictive time limit was imposed,
then the mean of the easy to hard form was significantly
higher than the mean of the hard to easy arrangement
(p. < .001). The other two arrangements were not
significantly dlfferent. On the other hand, 1f there were
longer time limits, then the arrangement did not make a
difference. 1In comparing the results of students with high
grade point averages and low grade polint averages there were
no significant differences for time or order except when
students were glive greater amounts of time and were
answering questions on a hard to easy format test. 1In this
case, high achieving students performed better. This

unusual interaction was significant at the .05 level.

Desplte finding that under certaln clircumstances low

achieving students do in fact have more difficulty with one
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order than another, Sax and Cromack concluded "...little is

gained in arranging items if time limits are generous."
However, while it may be true that there is not evidence
that one arrangement will help low achieving students, the
higher scores by high achieving students on the hard to easy
arrangement may indicate a differehce in attitude that is
related to item order effects. 1In this study, although low
achievers did not seem to be discouraged, high achieving
students may have been challenged by the unusual format and
actually performed better as a result. 1Item order effects
may affect people differently, and as a result havé both
positive and negative effects. Of course, this study is not
indicative of a wide population since the college students
involved probably performed within a very limited, but very

high, range of achievement.

Until 1968, most studies on item order involved small
classroom samples. Large scale test developers such as the
College Entrance Examination Board needed to know if they
could rearrange small banks of items on different tests
without adverse effects. Flaugher, Melton, and Myers (1968)
used the C. E. E. B.'s Scholastic Aptitude Test to test
5,000 college applicants with 4 different forms. The
arrangements varied the easy to hard arrangement within
blocks of five similar content items, and vaiied the

sequence of the content based blocks. Students had 30
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minutes to complete 40 verbal type questions and 30 minutes

to complete the 25 mathematics items.

Although this study did not involve very significant
changes in item order, they found that under their somewhat
speeded condition, item order did make a difference on
verbal items (p <.001). They did not find a difference with
differing arrangements of mathematics questions. They
concluded that since some of the relatively easy verbal
items occurred last and were omitted by some students,
differing numbers of unanswered questions were a factor.
Item order, they felt, was an error factor, but an error
factor smaller than the tests standard error of measurement.
Nonethgless, this factor would have to be considered if

tests involved item rearrangement.
Initial Studies: Conclusions

To summarize the findings of the early research up to
the late 1960s, time limits were shown to have a definite
impact. 1Item statistics became more prone to item order

effects as more questions are omitted by the students. One

effect of time 1limits 1in some studles was that questions
which were not reached or omitted were given only a random
chance level of being correct. This would cause easy
guestions that were compléted by all students at the

beginning of one test to be reported as more difficult if
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placed at the end where they would not be reached by
students taking the hard to easy test. 1In addition, fatigue
- or frustration are some other factors that might account for
easy questlions at the beginning of one test seeming to be
hard at the end of another. The more speeded the test

becomes, the more error and uncertainty develop.
Anxiety and Item Order

Researchers in the late sixties began to turn their
attention to more internal responses of the students.
Concerns over the anxiety and stress level of the students

prompted researchers to examine these varliables.

One of the first studies to consider item order and
stress was by French and Greer (1964). The studylinvolved
152 first grade students. The students were given four
different versions of the Pictorial Test of Intelligence in
a counter-rotated order. The four forms were either easy to
hard within subtests, easy to hard within the whole test,
random, or a spiral of two easy and one hard. 1In addition
to the P.T.I., students also took the California Test of
Mental Maturity, the General Anxiety Scale for Children, and
the Test Anxlety Scale for Children. The children were also
rated on the P.T.I. Behavioral Rating Scale and measured for

skin resistance on a polygraph recorder,
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Despite a large amount of assessment techniques, not a
large amount of data was reported. The only results that
French and Greer reported to be significant were the data
that indicated that regardless of the order, the first
performancé out of the four exposures was lower. There were
not any increases 1in galvanometer readings as a result of
changing the order. The authors concluded that if the
P.T.I. was used with a similar gréup of students, they would

not be sensitive to different ltem arrangements.

Unfortunately, their sample of students limits the
applicablility of the French and Greer study. For one, the
reported I.Q. scores of the students ranged from 100 to 125.
Most of the concern about item order involves tﬂe
frustration of low ability students, but thelir sample did
not include low ablllity students. 1In addition, first grade
students may not have had sufficlent school experience to
find tests stressful or frustrating. Also, the ltem
arrangements given d4id not 1lnvolve the possibly most
frustrating arrangement of hard to easy. The authors did
mention that this sample may not have been sufficliently
anxlous enough, nor were the pictures of the test arousing

enough to register any reaction on the galvanometer.

In addition to improving the generalizablility of their
study, French and Greer could have repoited more detalls

about thelr findings. For one, they did not provide the
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details of the difficulty level of the items used.

Secondly, the results of the anxiety measures were not
reported, and finally there was not a factorial analysis. to
determine if students with high anxiety had reactlons to any
particular order that were different than students with low

anxiety.

Researchers not only began to take an interest in
anxiety in the late 1960s, but they also began to use the
F test statistics to look at both the main effects and the
interaction effects. As a result, the interaction effect of
high anxiety with hard to easy item difficulty sequence was
not overlooked by Smouse and Munz (1968). In thelr study,
113 college freshmen were given one of three forms of a
psychology final exam. The items on the exam were arranged
by difficulty level either easy to hard (E-H), hard to easy
(H-E), or random (R). In addition, the Multiple Affect
Adjective Check List,.a test for anxiety, was included at
the end of the test. The three different item groups were
randomly assigned to two dlifferent test directions groups.
One group recelved anxlety provoking Information concerning
steps to prevent widespread cheating along with their
directions for the test while the other group just received

neutral, non-arousing test directions.

Smouse and Munz (1968) found no significant differences

in test results among any of the groups. The item
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arrangement 4id not make a difference, the type of anxlety
group did not make a difference, and the interactions
between those factors were not significant. The results of
the anxiety measure at the end of the test only showed that
everyone was highly anxious; The authors were disappointed
with their result and concluded that any differences that
could be caused by anxiety were possibly masked by the
already highly anxiety producing situation of a final exam.
They also' reasoned that there may be 1nd1vidua1 reactions to

tests which can be effected by item sequence.

In a follow-up study Munz & Smouse (1968) used the
'Achievement Anxlety Test and their psychology flnal exam to
compare 120 college freshmen. The students had to take one
of three tests with the difficulty levels arranged (H-E),
(E-H), or (R), as in the previous study. However in this
study, the students results were divided according to their
A.A.T. scores into four groups of anxlety levels for

statistical analysis.

While Munz and Smouse (1968) did not show a significant
main effect for ltem order, there‘was a failrly complex
interactlion between anxlety level and form of the test
(p < .01). One group labelled "non-affecteds" performed
lowest on the random arrangement but highest oh the hard to
easy arrangement. Another group, the "high—affectéds", did

best on the random but worst on the easy to hard. The
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"debilitators" did poorly on all forms while the
"facilitators" 4id well on all but the hard to easy form.

The hard to easy form was found to have the smallest

variance with no significant differences between the groups.

Munz and Smouse's conclusions were based on an
inverted-U level of arousal theory. If arousal levels are
increased, some people will respond well while others will
respond poorly. For each person there.ls an optimum level
of arousal that serves as the peak of an inverted-U graph of
their performance. The different formats provided different
levels of arousal and, as a result, different levels of
performance. Increases in performance by certain anxiety
types tended to be cancelled out by decreases by other
types, so the main effect was not signiflicant. However,
Munz and Smouse noted that the hard to easy arrangement had
the least variance, so they recommended that the hard to
easy sequence would be the best format to use to minimize
personality variables. In a follow-up study, Smouse and
Munz replicated their study and findings, but tempered their
concluslon with a cautlion that even though the hard to easy
sequence may eliminate some unwanted variance, it may
introduce other test taking contaminants not examined by

their studies (Smouse & Munz, 1969).

Another follow-up study by Munz and Jacobs (1971) also

essentlally replicated the procedures and the results of the
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study by Munz and Smouse (1968). One change of procedure
was to try and determine the difficulty level of each item
by subjective judgement procedures rather than the typical
'p' level statistical method. This was an attempt to
address the issue that if the subjective difficulty of an
item differs among individuals, then arrangements of
difficulty based on 'p' level may not be actually sequencing
the items for the subject as the researcher intended. They
asked 142 psychology students and 9 instructors to rate the
difficulty level of each question which would be
administered to the second group of 133 college students on
their psychology final exam. The inter-observer agreement
showed a moderately high relatlonship, and was reported as
r = ,62. The average difficulty of the group of items was
reported as not differing significantly. They felt their
results with this new procedure demonstrated that the
difficulty of the test ltem was more complex than was

reflected by the typical 'p' index.

0ddly, Munz and Jacobs (1971) did not report the
correlation between the subjective difficulty ratings and
'p' index ratings. In addition, thelr findings did not seem
to differ from studies which did use the 'p' index. As a
result, the lncreased effort in obtaining subjective ratings
does not seem to be necessary in examining the effects of

ltem difficulty sequence. Thls is particularly the case |if
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there is a strong correlation between the 'p' index and the
subjective rating. Of course, as Munz and Jacobs concluded,

further research on the relationship of subjective

difficulty levels wifh other variables 1s needed.

The interaction effect that Munz and Smouse (1968)
found with achlevement tests and anxlety types was not found
to be present with ability tests (Berger, Munz, Smouse, &
.Angelino, 1969). Berger et al. used a format similar to
that of the previous studies by Smouse and Munz. They had
the three different forms of item difficulty and identified
the four different anxiety types. However, théy used the
Henmon-Nelson Test of Mental Abilities with 330 high school
students rather than a college final exam. In this study
they also had two test instruction conditions to hopefully
generate 2 levels of anxiety. -One group of students
received instructions that the mental ability scores would
be used on their permanent record while the others were told

that the scores were to be only used for research purposes.

Not only d4id Berger et al. not find any interaction
effects, but the main effects from changing item order and
the main effect from giving different test instructions were
also found to be non-significant. However, anxiety type was
a significant factor. "Facilitators" scored highest
followed by "non-affecteds" then "high-affecteds"™ with

"debilltators" last. Berger et al. concluded that the item
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difficulty sequence does not effect ability tests. However,
they felt differential reaction to test taking anxiety does

have a significant effect on aptitude tests.

Several explanations were given by Berger et al. for
this lack of effect. For one, there is the possible
stabllity of aptitude tests. Another possible explanation
is that the high school student population has a greater
variation of intelligence, test taking ability, and test
taking motivation. This may be true for all high school
students or for Just this sample, and the authors are remiss
in not providing details of the intelligence scores and
soclioeconomic status of the sample especially since that
information was reportedly gathered. Such information might
also indicate if there was an unusual lack of variation in
the intelligence scores of their sample. A lack of variance
could mask any changes caused as a result of changing the
order since those changes are supposedly most noticeable

among the students with the lowest ability.

Further attempts were made to replicate the studies of
Smouse and Munz. Marso (1970) reported two studies that
examined anxiety and item sequence. His filrst study
involved 122 first year college students randomly assigned
to three ltem arrangements (E-H, H-E, and R) with item
difficulties ranging from 0% to 100%. The students had to

complete 139 questions of the Quick Word Test. In addition,
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each student completed a series of test anxiety measures
prior to taking the Q.W.T. so that their test results could
be grouped into high, average, or low anxiety test taking
groups. There were no time limits, but a record was kept to
determine how long each student took to complete his or her

test.

Marso's analysis of varlance found no significant
effect from item order nor from an interaction of item order
and anxiety level. Also, neither item order nor anxiety
level had a significant impact on the length of time that
students used to complete theilr test. However, anxiety
level was found to be a significant factor in the level of
performance (p < .01). The most anxious students had the

lowest scores.

Marso's second study found similar results. Only the
anxiety level was found to be a significant factor in the
level of performance (p < .01). The second study involved
156 college students wrliting their psychology fihal exam.

As in the previous study, students were grouped for analysis
into high, average, and low anxiety levels based on a series
of anxiety tests. This experiment was, however, quite
different in the arrangement. The actual item difficulties
were not used, but the order in which the topics were

presented in class was used for the basis of the
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\
arrangement. One test had the items presented in the order
that their content was presented by the teacher, another
test was presented in a reverse order of presentation, and a

final form was arranged in random order.

Marso's conclusions from the two tests were that tests
without time 1limits do not have to be arranged in difficulty
order, or In order of class presentation, or in groups of
similar content. These conclusions are made even though his
first experiment with the Quick Word Test may not have had
subjects who were motivated enough to experience typical
classroom levels of anxlety and frustration. His second
study could have involved high levels of anxiety, but the
tests were not arranged by difflculty levels. In particular,

the hard to easy sequence was not tested.

In contrast to Marso's study 1s the Towle and Merrill
{1975) study, which also was an attempt to replicate the
work of Munz and Smouse (1968), comparing different anxiety
levels and item orders. Towle and Merrill used 82
volunteers from educational psychology courses and community
college mathematics courses to take the Florida Statewide
Twelfth-Grade Mathematics Achievement Test. The test had a
reported wide range of difficulties, and the items were
arranged in the three common difficulty patterns (E-H, H-E,
and R). The students were also reported to have a wide

range of mathematics abilitles. 1In addition to the
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mathematics test, the students completed the Achievement
Anxiety Test and the State-Trait Anxiety (S.T.A.I.) prior to
the mathematics test and the S.T.A.I. after the mathematics
test. Towle and Merrill found no significant interactions,
and ankiety levels were not a significant factor. However,
unlike the pzevious studies, they did find that the order of

the item difficulties was significant (p < .095).

Towle and Merrill -concluded that the significant effect
of item order was a result of the slight time limits placed
on the exam. Many of the students did not have time to
consider every problem. Another significant result was the
increase in anxiety level as recorded on the 8.T.A.I. post
test. This anxiety increase was however not related to the
different item orders, so none of the orders seemed to
increase anxiety more that any other. While the lnverted-u
theory of Munz and Smouse (1968) was not supported with a
significant interaction, Towle and Merrill felt that the
data showed a tendency that would indicate the presence of
such an effect. They felt that the effect may have been
masked by the fact that the anxlety level groups are based
on sample norms in each study rather than standardized
norms. As a result, an individual could be placed in a
different anxiety level group in each study depending on the

sample used in the study.
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In summary, research on item order and its relation to
anxiety was not proving to be a fruitful line of research.
For one, the lack of anxiety levellnorms limited the
generalizability of the findings. Further, only three
studies found a significant interaction (Munz & Smouse,
1968; Smouse & Munz, 1969; Munz & Jacobs, 1971). The other
five studies, including two with Smouse and Munz, faliled to
find an interaction. One, however, did find a significant
effect of order alone, but as with other studles, it

Involved a test with time limits.

Achievement and Item Order

An important area of lnteractlion research 1s with
achievement levels and item sequencing. It has been
theorized that students with average or below average
achievement would perform most confidently and efficiently
with an easy to hard arrangement (Ahmann & Glock, 1963).
Few studies have considered the effect of this factor. Sax
and Cromack (1966), as previously reviewed, reportea that
high ability students did better on a hard to easy test if

they were also given a generous amount of time.

Klosner and Gellman (1973) ranked 54 graduate students
on the basis of their midterm marks as either high or low
achievers. Students were randomly assligned to take one of

three forms of the flnal exam. The ltem format was arranged
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using item difficulty in a typlical classroom manner. One
test was an easy to hard order within similar content
groupings. Another was random order within similar content
order. The third format was the more common easy to hard
arrangement. There were no time limits or item difficulties

reported.

Klosner and Gellman did not show a significant
interaction or main effect of item order. However, the
authors felt that the interaction was almost significant
(p < .15) and therefore showed a trend. The low achieving
students seemed to do best on the easy to hard with the
content groups arranqement.. Their suggestion that further
research should proceed is indeed warranted since there is
reason to belleve that their study lacked power due to the
small sample size. In addition, a more generalizable study
should be done since the sample of this study was high
ability graduate students who probably do not demonstrate
some of the typical behaviour patterns of students normally

consldered low achievers.

One typical characteristic of low achievers is their
low achievement motivation. Although Kestenbaum and Weiner
(1970), d4id not examine specifically various achievement
levels, they did examine achievement motivation. In
addition, they examined the relationship betweeh item order,

test anxlety and achievement motivation. They used 79



(30)

seventh and eighth graders who were administered a reading
test in either random or easy to hard sequence. Also, the
students were administered the Test Anxliety Scale for
Children and the Children's Achievement Motivation Scale.
There were no significant effects as a result of different
order, but there was a significant correlation between
motivation, anxiety, and performance scores. They did not
répqrt how motivated the students were in the study, but
they did conclude that highly motivated students with low
anxiety tend to persist at endeavours despite failure. It
would.have been interesting to see the interactions that may
have resulted in this study if it had included the possibly

most frustrating sequence of hard to easy.

Hodson (1984), however, did use various achlevement
levels and a hard to easy sequence. He compared 157
students between the ages of 16 to 19 who were taking the
British school system's A-level exam in chemistry.
Unfortunately, due to the highly academic and competitive
nature of the exams, the students who took the exam were
reported to be high ability students and highly motivated
students. Nonetheless, the students were grouped into three
different ability levels based on their previous 0O-level
exam results. The students were given one of three tests
arranged in the typlcal formats: easy to hard, random, or

hard to eésy.
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The students who took the hard to easy arrangement had
the lowest average mean, 26.6 on the fifty item test. 1In
addition, most of the students who falled to complete the
test within the time 1limits had taken the hard to easy test.
Item order had an effect since there was a significant
difference between the means of all the tests (p < .01).

The mean of the easy to hard test was the highest, 31.5, and
the mean of the random format was 29.6. The ability level
was also reported as a significant main effect (p < .01),
but there were no significant interaction effect with the
item order and the ability levels. Sex of the student was
also examined as a factor, but no significant main effects

or interactions were found.

Surprisingly, Hodson concluded, "Apart from a slightly
inflated mean score, which might have some motivational
value, there was no evidence to support the practice of
presenting multiple cholice chémistry questions in an easy to
hard sequence."™ However, his findings show more than a
slightly inflated mean score. They show a significant
difference between test scores. The three tests are clearly
not equivalent. From an academic student's point of view
there is also a very significant difference between
receiving a score of 31.5 on the test as compared with a
26.6 on the test and possibly not having enough time to

finish. Such a difference on a cruclal exam could have very
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significant effects on a student's future as well. Despite
the suggestidns by Hodson, chemistry teachers should in fact
spend the effort to sequence items in a way which at the
very least avoids the theoretical discouragement of the hard

to easy sequence.
other Interactions

The interactions of item order with various other
unusual factors were also of particular interest to B. S.
Plake. Plake was involved in five studles. Although other
factors were examined, the primary area of lnterest in three
studies was the effect of item order and student's knowledge

of that order, with the student's performance and

perceptions.

Plake's first study (Plake, 1980) used 104 psychiatric
" nurses taking three forms of their midterm exam, easy to
hard,. spiral, or random. Half of the nurses were given
information in the test instructions about the order and
strategies to deal with the order. The other half received
no such extra information. All students had to complete a
questionnalre at the end of the test describing their
perceptions of the test order, their performance, and their
expected score. Unfortunately, an adequate description of
his measure of student perception was not provided, so there

are some questlons about the validity of this measure.
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In this first study, Plake (1980) did not find that
item order or knowledge of the item order significantly
effected either the students' test scores or their reported
perceptions of the test. Plake d4id admit that the type of
examination and the type of student used limited the
generalizations possible from this study. However, she did
theorize that anxiety may have been an interacting factor.
She proposed‘that knowledge of easy to hard order may have
caugéd the performance of the highly anxious to drop and

offset the rise in performance by the less anxious student.

Anxliety along with item order and the knowledge of that
order was the focus of the next study (Plake, Thompson, &
Lowry, 1980). Anxiety was measured as in earllier research
by Towle and Merrxill (1975). They used the Achievement
Anxiety Test before the exam and the STATE and TRAIT Anxiety
inventories as pre-tests and post-tests. 1Item order,
knowledge of order and student perceptions were the same as
in Plake's first test. In addition, two different scoring
methods were used, number right or elimination. Knowledge
of the scoring method was also a factor in the study with
the half of the students who did not receive information
about the order reéelving the information about the scoring
system instead. Unfortunately, this procedure does not
provide for a control group to not receive information about

scoring or order. The subjects were 97 educational
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psychology students who volunteered to take the A.C.T.
College Mathematics Placement Program test. The students

receilved course credit for volunteering.

With so many factors, some of the results of Plake,
Thompson et al. were quite difficult to interpret. For
example, fhe interaction of anxiety condition with knowledge
of order with using the number right marking system was
significant. The authors admitted that such a result may
not be meaningful since the interaction between anxiety and
the knowledge of order was already shown to be
non-significant. The implications of the other findings
were a bit more clear. The main effect of order was not
found to be significant. However, order did interact with
the pre-test and post-test anxiety scores to produce a
result that was almost significant (p < .10). The lower
post-test anxiety scores hints at a trend which might
indicate that some item arrangements increased pre-test
anxiety whereas others may have caused a decrease. The

authors state:

Trends in the data do support the presence of some
possible effects. Therefore, conclusions based on the
results of this study should be tempered by the
knowledge that the lack of significant effect may have

been due in part to insufficient power and/or
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motivation in the research design. (Plake, Thompson, &

Lowry, 1980, p. 218)

It 1s the concern with motivation that characterizes
her third study on the effects of the knowledge of order
(Plake, Ansorge, Parker, & Lowry, 1982). To get a larger
and more motivated sample, the authors used 170 senior and
graduate students enrolled in an introductory statistics
course. The study was arranged in a similar manner as the
previous study by Plake, Thompson, and Lowry, there were 3
common item arrangements (E-H, R, S), half the students were
given information about the order. 1In addition, the same
mathematics test, anxiety tests, and perception
questionnaires were used. The differences between the two
studies were that the students were also given a Revised
Mathematics Anxiety Rating Scale, there was only one scoring
system used, and to motivate the students, they were told
that the results of the mathematics test would be used to
determine which students would qualify for extra remedial
mathematics classes. An additional change was that all of
the tests were grouped by sex for factor analysis. This was
done to examine the influence of sex on mathematics test
performance and to examine the interactive effects of
anxiety, sex of the subject, item arrangement, and'knowledge

of arrangement.
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Even though the students in the Plake, Ansorgé, et al.
study had 75 minutes to complete a 48 item test, and even
though the volunteers in the previous study by Plake,
Thompson, and Lowry easily finished the test in the allotted
time, these highly motivated students did not complete all
items. Twenty percent of the students failed to finish the
mathematics test. Due to some problems with directions, the
two perception questions were also left blank by many
students. As a result, a planned power test became a
speeded test. The effect of time limits on order has been
well established. As previous research has shown, when
there are significant time limits, item order can/have an

effect.

So, with time 1limits involved, Plake, Ansorge et al.
found an item order effect. While there was no signiflcant
main effect from item order, there was an unusual but
significant interactlon effect (p < .007). Not only did
males out perform females on all mathematlics tests combined
(p < .002), but factor analysis showed that males actually
did best on the easy to hard order and the random order
while both males and females performed equally well on the
spiral arrangement. The authors suggested that further
research would be needed using non-mathematics tests and

longer time limits.
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Item order was also a significant factor in the
self-reported perceived performance and perceived test
difficulty. Although none of the pairwise comparisons were
significant, the random form showed a tendency to have the
lowest perceived difficulty rating and the highest

performance rating.

One lesson that might be learned from the Plake,
Ansorge et al. study is to not assume that a power test will
in fact be a power test. Sometimes, it is the students who
will determine if there will be time limits. Despite
providing what one might consider to be generous time
limits, and therefore using assumptiohs ;bout power test, if
a number of students do not finish, then the assumptions

about time limits and item order effects might apply.

The unusual findings of Plake, Ansorge et al. that item
order interacted with the sex of the subject on a
mathematics test was further examined in two follow-up
studies (Plake, Melican, Carter, & Shaughnessy, 1983; Plake
& Ansorge, 1984). Both tests used college students who were
writing a psychology final exam. Plake, Melican et al. had
167 students write tests composed of three sections with
each section having questions that would be arranged in one
of the following three ways: easy to hard, spiral, or
random. While the item order and sex of the subject

interaction was not found to be significant at the .05
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level, it would have been significant at the .10 level.
There was a significant effect in connection with the sex of
the subject with the 128 females receiving higher scores |
than the 39 males (p < .05). On the other hand, Plake &
Ansorge did not find any such sex of the subject effect with

their 279 female and 73 male students.

Both of these studies concluded that the findings of
Plake, Ansorge et al., which involved higher scores by males
on a mathematics test, were not applicable to
non-quantitative tests. It was noted that comparisons were
difficult to make since the tests in all the studies were
not equally difficult. For example, the test used by Plake
and Ansorge had a difficulty rating of .67, but the tests
used by Plake, Melican et al. had difficulty ratings between

.32 and .48.

Another area which causes difficulty in making
comparisons, which was not mentioned by the authors of
either study, was the non-random nature of their samples.
Unfortunately, their samples were based on students who took
certain courses. It does not seem appropriate to equate
males and females who take a statistics class with males and
females who take a psychology class. For a variety of
reasons, these two samples may be different. The males or

females in either course might not be the same as the males
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and females in the total population. Conclusions about

gender differences must be taken wifh extreme caution.

Another item order study involving female and male
students takling an educational psychology examination was by
Klimko (1984). Additional factors that were considered were
anxiety level and cognitive entry level. Cognitive entry
level was defined as prerequisite types of knowledge, skills
and competencies which are essential to the learning of a
particular new task or set of tasks. Cognitive entry was
measured at the beginning of the course using a forty-five
item test which was designed by Klimko. There were 93
female and 18 male college students who were randomly
assigned to midterm examination formats containing the three

common item arrangements (E-H, H-E, R).

Klimko found that cognitive entry characteristics was
the only factor with a significant relationship to the
performance score (p < .0001). Item order, sex of the
- subject, and anxiety level were not significant factors.

His main conclusions was that item order does not influence
achievement examination performance. He also concluded that
cognltivg entry was a meanlingful predictor of achievement
performance. Unfortunately, he provided 1little in the way
of specific information detailing the parameters of
cognitive entry characteristics. His forty-five item test

of cognitive entry characteristics had no validity data
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other than its results were similar to a psychology midterm

examination.

Another factor based on cognitive theory was by Lane,
Bull, Kundert, and Newman (1987). They used Bloon's
taxonomy to subjectively determine the "cognitive
difficulty" of every test item in a forty item education
course examination. The test 1ltems were arranged in five
different formats. Two forms had the items with increasing
cognitive difficulty and either increasing or decreasing
statistical difficulty. Two other forms had the items with
decreasing cognitive difficulty and either increasing or
decreasing statistical difficulty. A fifth format had the
questions in random order. These tests were used in two

different studies.

In the first study by Lane et al., 59 male and 96
female college students wrote one of the five different
examination formats. Although item order was not a
significant factor in the total scores, some subscores did
seem to be effected by the item order (p < .05). Students
who had the easy knowledge items first followed by questions
of increasing statistical and cognitive difficulty had the
highest mean scores. The lowest mean scores were received
by students who had exams with decreasing cognitive

“difficulty and increasing‘statistical difficulty. Another

unusual finding was that gender was a significant
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interactive and main factor with females scoring higher than

males.

In the second study, Lane et al. used only three of his
original five formats. They used the form with increasing
cognitive and statistical difficulty, the form with
decreasing cognitive and statistical difficulty, and the
form with the random order of difficulty. 1In addition, halt
of the tests had labels on each item to indicate its
cognitive difficulty. The six forms were randomly given to
78 male and 169 female college students as an exam in an

education course.

The results of the second study differed from the first
since item order had no significant effect with either the
total score or with the subscores. However, as in the first
study, females had higher scores than males. The presence
or absence of labels was also a significant factor. Both
males and females had higher scores when the labels were
presenf. In addition, there was an interaction effect
between gender and labelling. Although all students did
better when labels were included, the discrepancy between

males and females decreased when the labels were included.

Lane et al. concluded that the presence of labelling
was beneficial and could possibly negate the effect of item

ordering based on item difficulty. However, the
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generalizability of this study may be limited by the fact
that only subjects who understood Bloom's cognitive levels
took the test. Lane et al. also suggested that further
research was needed in the area of performance by females
since this research contradicted the results of Plake and
Ansorge (1984) on the performance of females on

non-quantitative tests.

The effects of item order and sex of the subject were
studied by Kleinke (1980), but speed was also included as a
factor. He had 484 fourth grade students complete a thirty
six item sociallsciences test. The test was presented in
either an easy to hard arrangement or a uniform spiral
arrangement. The students were given twenty minutes to
complete the test, but after only ten minutes, students were
asked to draw a line to indicate which question they had
just finished. This provided data on each student's speed
and accuracy under very speeded conditions. Unfortunately,

only 314 students followed the directions and drew the line.

An additional area of study by Kleinke was response
location. The position of item responses were placed on the
left side of half the booklets and on the right side of the
other half of the booklets. This response positioning was
compared to the handedness and sex of the student to see how
these factors related to the student's performance on the

test.



(43)

Kleinke found that the easy to hard item arrangement
had a higher mean under the speeded ten minute condition
(p < .01). However, the total scores were equal under the
twenty minute condition. He concluded that if an examinee
had ample time to complete a test, théy will persist no
matter.what the arrangement. He was not able to draw
conclusions on some of his other findings. For one, males
had higher mean total scores, higher scores after ten
minutes, and more questions complete after ten minutes. He
also had no conclusion for his finding that left handed
pupils had higher scores after ten minutes and more
questions complete after ten minutes. Other effects and

interactions were not found to be significant.

It is unfortunate that 170 subjects failed to draw a
line at the ten minute point of their test. Conclusions
must be limited by the fact that the remaining 314 are a
less than random sample. None the less, ;t can be concluded
that some students will get more questions correct at the
beginning of a test if they begin the test with easy
guestions in comparison with some students whose test begins
with items of varying difficulty. However, this study did
not address the issue of what effects would a series of

difficult questions have on a student's total score.
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Interaction Research: Conclusions

The research into the interaction of item order with
other measures did not produce clearly significant results.
For example studies involving anxliety showed some initial
success (Munz & Smouse, 1968; Smouse & Munz, 1969), but the
effects were not confirmed by other researchers (Smouse &
Munz, 1968; Berger et al., 1969; Marso, 1970; Towle &

Merrill, 1975).

Although anxiety has been one of the more common
factors included in item order research, other factors have
also been studied in conjunction with item order. However
most have had results of limited significance and limited
applicability. For one, knowledge of arrangement was one
line of inquiry that did not produce any significant results
{Plake, 1980; Plake, Thompson et al., 1980; Plake, Ansorge
et al., 1982). Klimko (1984) included cognitive entry
characteristics along with sex, test anxlety, and item
.order. He found cognitive entry characteristics to be the
only predictor of examination performance. Lane et al.
(1987) had very mixed results when they included cognitive
and statistical item difficulty along with knowledge of the
item arrangement and gender. In one study, the_orderinq of
the test items based on cognitive and statistical methods
showed a significant effect. However, iIn their other study,

when the test 1tems were labelled with thelr cognitive
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level, there were no significant order effects, but there
were significant differences related to the presence of

labels and the sex of the subject.

The sex of the subject was also a factor in several
other studies. Plake, Ansorge et al. (1982) found an
interaction effect between item order and sex of the
subject. Several studies did not find an interaction
effect, but did find a significant main effect (Plake,
Melican, et al., 1983; Kleinke, 1980; Lane et al., 1987).
Other studies that examined the sex of the subject factor
did not find it to be a significant factor (Plake & Ansorge,
1984; Klimko, 1984). The mixed results of these studies
would indicate that one must be cautious in making
conclusions about gender differences since there may be

other factors involved with any reported observations.

Achievement level as an interacting factor did show a
tendency toward significance in the Klosner and Cellman
(1973) study, but unlike Sax and Cromack (1966), it was
still found to be a non-significant factor with the sample
used. On the other hand, Hodson (1984) did not find an
interaction effect with ability level, but he 4id find a
significant main effect for item order. Considering the
importance of ability levels to the justification of
sequencing questions from easiest to hardest, the lack of

research in this area is surprising.
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Any study using slightly speeded tests found
significant results; results which confirmed previous
findings. The speeded tests either caused an outright main
effect for item order (Towle & Merrill, 1975; Kleinke, 1980;
Hodson, 1984) or an interaction effect with the sex of the

student (Plake, Ansorge et al., 1982).
Simple Effect Re-examined

The interaction of variables with item order was not
the only concern of later researchers investigating the
effects of item order. The simple effect of item order
remained a concern since textbooks of the day continued to
suggest that items be arranged from easy to hard and since
classroom teachers still had questions about the equivalency
of multiple forms. 1In addition, the use of multifactor
analysis procedures, which allowed interaction analysis,
could also be used for multiple comparisons of the simple

main effect among several similar groups.

Huck and Bowers (1972) reported the results of two very
similar experiments that compared the effect of several
different random arrangements on item difficulty. 1In the
first experiment Huck and Bowers used ten different random
variations to a psychology final exam with 120 psychology
students. In the second study they usgd slx‘dlfferent

random forms of a psychology midterm with 162 students. The
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difficulty ratings ranged from .00 to 1.00 in the first
study and .15 to 1.00 in the second. The average of
difficulty rating ranged from .54 to .61 in the first
study's 10 tests and .66 to 70 in the second study's 6
tests. Huck and Bowers found no significant difference in
the item difficulty ratings from any of the test forms.

They concluded that the sequence effect hypothesis might not
be a valid one and criticized other writers, "comments
concerning a sequence effect should be somewhat qualified as

compared with presently appearing statements."

This study was limited in its applicability. For one,
as Huck and Bowers briefly mention, college students
enrolled in a psychology class do not represent a random
sample for the purpose of generalization. In theory, item
order effects are most applicable to low ability students,
and if low ability is a category reference relevant to any
sample, then a college sample would have "low ability"
students. However, if "low ability" is in reference to a
large, age based population, then a college sample probably
does not inciude any low abllity students for whom iltem
order might make a difference. Secondly, the effect of item
order is supposedly the result of a lack of success
(Ahmann and Glock, 1963). Therefore various random orders
would have approximately equal amounts of easy questions at

the beginning and correspondingly equal amounts of success
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at the beginning for the easily frustrated low ability
student. Huck and Bowers' findings are therefore limited to

only one type of item arrangement, random, and one type of

ability level, high.

Sirotnik and Wellington (1974), on the other hand, did
try to have their item order study generalize to a larger
population, and they used a content based arrangements as
well as random. The content based arrangements had items
grouped according to their basic subject areas--either
mathematics, social studlies, sclence, language arts, or
reading. In addition, they used a large grade based sample
of 2,463 eighth grade students, so, by most definitions, low
ability students were included. For an item pool they used
the final exam questions from the five basic subject areas
and systematically divided them into four tests arranged by
content or four tests arranged in random sequence. This
nultiple matrix sampling design allowed them to rearrange
one four hour test into eight one hour tests which they
hypothesized would be equivalent. The one hour time limit
did introduce a slight speeding effect that the authors felt
was negligible but typical to the school system. The time
limit was another attempt to allow their results to have a

broad and practical application.

Most of Sirotnik and Wellington's tests of significance

supported thelr hypothesis that there was no difference in



(49)

the means, variance, item difficulties, or KR-20 reliability
for most of their tests. However, they did find that the
means of the reading tests were significantly different.

The content based reading test was 1.5 percent higher than
the random arrangement. Although this result was
statistically significant, it was dismissed by Sirotnik and

Wellington as not being of practical significance.

Once again, the effect of time limits comes into play
with item order. Research involving typical classrooms and
large numbers of students must contend with the very real
problem of time limits. As a result, item order is likely
to have an effect. 1In Sirotnik and Wellington's research,
item order only seemed to effect the results in one subject
area. There may have been other interactions that were not
analyzed in this study such as sex or achlievement level. O0f
course, the significance of the main effect could have been
just a chance anomaly from the increased alpha error level
due to repeated tests of significance. The study could have
been improved with the use of appropriate significance tests
for multiple comparisons. None the less, it 1s notable that
the mathematics tests did not show an effect of item order
under time limits which 13 contrary to some previous
research (Towle & Merrill, 1975). Unfortunately, it is
difficult to make accurate comparisons of the mathematics

tests because Sirotnik and Wellington did not provide any
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details as to the difficulty rating of their tests and item,

nor did they have the hard to easy variation of item order.

A study similar to the one by Sirotnik and Wellington
is the study by Feldt and Forsyth (1974). They were,
however, only concerned with the context effects caused by
the matrix sampling techniques used with content based item
groups. They used two forms of the Iowa Test of Educational
Development on 530 students in grades 9 to 12. One group of
language questions or one group of three different groups of
mathematics questions were drawn from one of the two regular
test forms and included as a special section in the other
test form. As a result, eight different test packages were
developed and tested. They found significant differences
between the means of the mathematics questions (p < .05) and
no significant differences between the means of the language
questions. The means of mathematics questions in the
special sections were higher than the means of the same

questions when they were presented in the regular section.

They cited several possible reasons for their mixed
results. For one, as with other studies, time limits seemed
to have an effect. They said that even though students had
enough time to finish the test, they may have felt more
:ushed to complete the questions when they were glven in the
reéular form rather than when they were given in the shorter

speclal section. Another possibility given was that the
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students may have been slightly more fatigued when answering
questions when they were presented in the longer regular
section. These conclusions are tempered by the fact that
the effects were observed only with the mathematics sections
but not with the lanquage section. They felt that the
mathematics sections may have been more rigorous. A final
reason suggested was that item sequence effects may have
been present in some subtle form since the item order of the
questions in the special section was not identical to the

order in the regqular form.

It is unfortunate that Feldt and Forsyth did not
control for the possible subtle effects of item sequence by
administering different item arrangements of each special
section. They also did not clearly address the issue of
whether or not their tests were power tests or if they were
speeded tests. They state that the non-completion of the
tests was not a problem, but they also state that the
omission of mathematics items was common. This results in
their being able to claim that time was a factor when there
was a significant effect, and claim that time was not a
factor when there was not a significant effect. However, it
is also possible that item sequence effects can be the cause
of what seems to be a time problem rather thén the effect.
Results similar to speeded tests may occur with differen£

item orders since students frustrated by one arrangement may
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tend to omit or fail to complete more questions than
students experiencing a different order without the
frustration. Time limits must be more carefully controlled
and standardized to make research on item order effects more

replicable and conclusions more certain.

Controlling Other Factors

Some of the shortcomings of previous research were more
adequately controlled by Hambleton and Traub (1974). After
conducting a fairly careful review of previous research,
Hambleton and Traub concluded that several of previous
studies which had not shown an effect from item order had

not controlled three fairly important factors.

The first factor that Hambleton and Traub felt was not
well controlled was the examinee's control of item order, or
the within-subject rearrangemeht factor. It is commonly
assumed that an easy to hard test or a hard to easy test are
taken in that order. However, 1t may not be the case that
students, in fact, do the items in the order that was
intended by the researcher. Particularly in the case of
hard to easy arrangements, mény students may try to do the
easy ones first and therefore statistically mask the effect
of item order. While Hambleton and Traub did not ﬁave an
estimate of how extensive this within-subject rearrangement

was in the high school population they sampled, they
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attempted to prevent examinee control of the item order by
instructing the students to do the questions in the order
presented in their booklets. The booklets were also
specially printed with only one question printed on each
page to discourage students from searching for easy

questions to do first and hard questions to do last.

The second reason that Hambleton and Traub felt other
studies had failed to find an effect was due to the limited
range of the item difficulties used in the test. They
pointed out that no information on the variation of item
difficulties was published. Unfortunately, Hambleton and
Traub's article reported only the rank correlation between
item position in the test and the position the item should
have been in, based on item difficulty level as estimated
from the data of their study. However, their test was a
standardized and published test with item difficulty

information available in the test manual.

A third factor Hambleton and Traub dealt with was
student motivation. Hambleton and Traub contended that some
of the previous studies may have lacked realistic or
effective motivation by the subjects. They pointed out that
most studies gave no clear description of how important the
student perceived the tests to be. Item order effects, they
felt, would be directly related to the importance a student

attaches to the test. To attempt to insure student
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motivation, Hambleton and Traub reported that they told the
students that the results would be used by their classroom
teacher to arrive at a final grade. This point is also
significant since Plake, Thompson, and Lowry. (1980) used
volunteers and found nb significant effects, but when Plake,
Ansorge, Parker, and Lowry (1980)-used motivated students in

a similar study, they did get significant results.

With these three factors controlled, Hambleton and
Traub felt that item order should have an effect. They
hypothesized that the effect was caused by two factors. For
one, fatique, as suggested by Mollenkopf (1950), could cause
the easier questions at the end of a hard to easy
arrangeﬁent seem harder. Another possible cause was
personality trait such as anxiety. As Munz and Smouse
(1968) suggested, some arrangements such as hard to easy
improve the performance of those students who need to have a
higher anxiety level on the test while at the same time
performance is lowered for those who are debilitated'by the

higher anxiety of the hard to easy arrangement.

To test thelr theories, Hambleton and Traub used 106
eleventh grade mathematics students enrolled in a
mathematics summer school program. Thelr mathematics
ablility was considered low to average. Théy were given an
Achlievement Anxiety Test two weeks prior to the mathematics

test to determine the highest scoring 25 percent and the
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lowest scoring 25 percent for analysis of anxiety trait
reactions. On the day of the test all students were given

the Cooperative Mathematics Test Algebra II published by the
Educational Testing Service. The students were randomly
assigned two forms, either easy to hard or hard to easy
arrangements. The test booklets were designed to discourage
students from changing the arrangement order. The students
were told that the exam could be used for marks. To measure
stress levels students had their pulse.measured every 10
minutes. Unfortunately, in one class the pulse meter did
not work, so pulse rates were collected for only half of the
students. The test was reported as a power test, but some
of the students did not finish, so the test must be

considered as slightly speeded.

Hambleton and Traub's results indicated a significant
effect due to item order (p < .05). Scores on the hard to
easy arrangement were lower than 6n the easy to hard
arrangement. While some students did not finish their tests
the authors felt it was an insignificant number based on a
chl squared test for contingency. They further analyzed the
types of questions not completed and felt that the results
would not be substantially enough different if all students
had finished the test. As a result, they felt that

speediness was not a plausible explanation of the results.
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In addition, item order affected test anxiety. The
hard to easy item order produced more stiess as measured
with the pulse meter than the easy to hard item order. This
résult is marred by the small numbexrs, and the analysis was
difficult since the two samples had different means to begin
with, but Hambleton and Traub d4id tentatively conclude that
the order does effect the stress level. The performance of
the two anxiety levels as identified with the A.A.T. 4did not
show a significant main effect nor a significant interaction
with item order. The results did show a trend with a level
of significance between .05 and .10; however, the results of

Munz and Smouse (1968) were not replicated.

Interestingly, this was one of the first studies to
report an analysls based on sex. Hambleton and Traub d4did
not f£ind any signiflcant difference between male and female
students 1n this study even though in a later study by
Plake, Ansorge, Parker, and Lowry (1980) there was an effect

related to sex and a sex.by item order interaction.

Hambleton and Traub concluded that item order does make
a difference, and they caution against the préctice of
making several forms of a test in a class to reduce the
chance of cheating. Two tests with different orders are two
tests with different properties and therefore make
comparisons invalid. They felt that the cause for this

effect was from what Cronbach (1946, 1950) called response
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set. In a multiple choice format, students expected an easy
to hard arrangement, so when a student begins with the
hardest items, he becomes more anxious since his expectation
is to have even harder questions as he progresses through

the test.

Monk and Stallings (1970) were concerned about
Hambleton and Traub's recommendation against using multiple
forms in a class to prevent cheating. They examined the
results of twenty-two tests they had administered over a
three year period in their geography course. The tests were
made from items chosen from an item pool and administered in
pairs. Each pair had identical questions grouped together
by content categories. There were no arrangements based on
item difficulty, but each pair had their content categories
randomly rearranged to discourage cheating. Nearly 2000
subjects were involved since each form had approximately 100
students writing it, The tests were slightly speeded as is

typical in large scale testing situations.

They tested the significance of their result by
repeated t-tests, and found that nine out of eleven pairs
were not significantly dlifferent. They concluded that
equivalent tests could be produced by rearranging items.
However, they did concede that two tests were significant.

One was at the .01 level of significance, and the other was
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at the .001 level. As a result, they cautioned that item
order effects may in fact be present in large scale testing

programs.

Monk and Staliings' analysis is marred by the repeated
use of the t-test without a description of the type of
t-test used. 1If an inappropriate t-test were used thén,
from chance alone there could be at least one significant
result in the ten comparisons at the .05 level of
significance. Comparisons with other studies are also
limited by the absence of data on item difficulties and the
absence of data on the ordering of easy questions in
relationshlip to hard questlions. These weaknesses hide the
possibility that 1f the item difficulty range was minimal,
if the changes in ltem sequence were minimal, and if the
appropriate t-tests were used, then the fact that two tests
showed any effect may be evidence that item order is a

significant factor.

The research findlngs of Hambleton and Traub (1974)
were also of concern to Allison (1984). It was noted by
Allison that most of the previous research into item oxrder
which had involved students who were probably mature enough
to use the item rearranging strategy cited by Tuck (1978).
While Hambleton and Traub had tried to control this factor
with a restricted test format, Allison simply chose a sample

of young students. He felt that students in grade six would



(59)

generally not yet use this strategy. 1In addition to being
one of the few studies to examine item order outside of a
college classroom, Allison's study was also one of the few
studies to examine the interaction effect of item order with

low and high ability students.

In his study, Allison randomly gave 364 grade six
students a science exam arranged in one of the three common
orders, easy to hard, hard to easy, and random. The items
had a wide range of difficulty as recommended by Hambleton
and Traub (1974). The items ranged in difficulty from .178
to .981 with a mean of .673. Students were given an ample
90 minutes to complete the 64 item test. Motivation was a
factor that was taken into account since the students were
told that the test was an important part of their program.
High and low ability students were identified from I. Q.
scores in the students school records. Thirty-five students
did not have such information on file so only 327 students
were used in the analysis. Their mean I. Q. was 113.31.
Finally, as so many other studies have done, the scores of
the 160 boys were compared wlth the scores of the 167 glirls

to see if ltem order has any interactive effect with gender.

In contrast to Hambleton and Traub's findings, Allison
found no significant difference between the means of the
‘three different test formats. Nonetheless, there were

significant main effects assoclated with I. Q. and gender.
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Boys and students with high I. Q. scores had higher means on
this science test. Allison drew no conclusions regarding
the two significant main effect. 1In examining the
interactions, Aliison reported that there were no
significant interaction effects involving the factors of
sex, I. Q., and item order. These results are similar to
other studies where the tests were not speeded. Allison
concluded that measurement speclalists should hesitate

before recommending any one ltem arrangement over another.

Since both the study Allison and the study by Hambleton
and Traub were very thorough in controlling many of the
factors involved in item order research, it leaves open the
question why these two studies differed in their results.
For one, where Hambleton and Traub did not have a control
group of unrestricted students, Allison did not have a an
experimental group with restricted students. Although his
subjects were young, they may still have used the technlique
that was controlled by Hambleton and Traub. Another
difference is that while Hambleton and Traub used a math
test, Allison used a science test. Students may be more
senéitive to a series of difficult math questions than to a
series of difficult science questions. Science questions
which are statistically difficult may not be subjectively as
difficult for students. On the other hand, math quegtions

may have a better match between subjective and statistical
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difficulty. As a result, difficult science questions may
produce less of an item order effect. Of course the issue
of speeded test as compared to power test may be a factor.
Although both studies claim to be power tests, there was
some suggestion that time may have been a factor in the
Hambleton and Traub study. If time was a significant

factor, then both studies merely confirm previous research.
Test Wiseness

The studies by Hambleton and Traub (1974) and Allison
(1984) were the only studies of item order effects to
suggest that subjects may possess some sort of skill in
modifying the effects of item order. They suggested that
the examinees could control the item order by answering the
easiest questions first rather than answering the questions
in the order presented by the researcher. This skill is one
of several under the general category described as
"Test-wiseness". Test-wiseness is defined by Millman and
Bishop (1965) as "a subject's capacity to utilize the
characteristics and formats of the test and/or the test
taking situation to receive a high score." Hambleton and
Traub reasoned that 1f too many subjects did the easiest
questions first by omitting the hard questions until the end
of the test, then the effect of item order on the students
who did not use this strategy would be masked by the results

of those who did use the strategy.
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This conclusion of Hambleton and Traub is significant
in light of a later studies. For one, Tuck (1978) questioned
ninety psychology students about the strategies they used on
multiple choice tests. He found that 69% of the students
reported that they would seek out the easy questions first
and leave the difficult questions until last. Further
evidence of within-subject rearrangement was uncovered by
Klimko (1984) in his item order study. Klimko included a
self-report questionnaire at the end of a midterm
examination with his 111 psychology students. He found that
43 subjects took the test strictly in the order given. On
the other hand, 58 students went in order, but skipped over
the hard questions to work on them at the end of the test.
In addition, 5 students skipped around looking for any easy
questions to do first, and 3 students flipped through the
test to begin at a random point, and 2 students did not use

any of the methods listed on the questionnalre.

In a very extensive study, Allison and Thomas (1986)
gave a short questionnaire on the student's preferred
strateqy for answering achievement test items to 415
students from grade four through to fifth year university.
All grades reportedly had some students who would use one of
the three different types of strategles, either easy to
hard, as presented, or hard to easy. The easy to hard

within-subject rearrangement strategy was used by 58.4% of
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the students in the intermediate grades, 62.7% of the
students in junior high school, 49.6% of the students in
senior high school, and 59.6% of the students in their third
to fifth year of university. Most of the remaining students
used the "as preseﬁted" strategy. Although these results
are evidence that students mayAuse rearrangement strategies,

Allison and Thomas conclude:

Whether the students' own test-taking strategles
supersede the item-difficulty sequence intended by the
examiner is not clear. There does not seem to be
enough evidence to doubt the majority of the studies on
item-difficulty sequence simply because the actual
.sequence of responding to items was not controlled. In
fact, it may be that the results of studies involving
item-difficulty sequence can be more readily
generalized to typical testing situations when students
are allowed to use whichever strategy they usually
choose. It is also possible to argue that students
perceive the questions they can answer to be the easy
items and the questions they cannot answer easlily to be
the hard items. 1In other words, it may be that the
majority of stﬁdents say, qulte reasonably, that they
answer the questions they can answer first and the
questions they cannot answer are left until later.

(Allison & Thomas, 1986, p.869)
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It is certainly not clear if students can improve their
scores by answering the more difficult questions later.
Rindler (1980) had 160 college volunteers write a thirty
item verbal aptitude test with speclial scoring sheets
designed to identify if items were skipped. Students were
also put into one of three different timed conditions, 20
minutes, 25 minutes, or 65 minutes. Grade point averages of
all students were also obtained to divide the students into
high, medium, or low ability rankings for a comparison of

their performance.

The results indicated a complex interaction between
ability groups and skipping questions. While there were
- some students who skipped in every ability group and under
most timing conditions, only the high ability students who
skipped questions had consistently higher scores under every
timing condlition. On the other hand, middle ability
students who did not skip had the higher scores under every
timing condition. 1In contrast, low ability students who
skipped had higher scores only when they had 25 minutes for
the test. Low ability students did not skip any questions

when they had the ample 65 minute time limit.

Rindler concluded that some students may be better
advised to spend more time on the easier questions which are
usually at the beginning of the test. Thls tactic would

help to make sure that those students would spend the most
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time on the questions they were most likely to get correct.
She felt it was unfair to suggest to all examinees that

their time would be used effectively if they skipped the

difficult questions.

Another fact shown by this research is that using a
test-wiseness strategy and using it well are two different
skills. One of procedures associated with skipping
difficult questions is to return to the skipped question.
When low ability students skipped questions, they returned
to only 5% of the questions skipped. High ability students,
depending on the amount of time available, would return to

between 20% to 98% of their skipped questions.
L t ai d

The research into item order has been problematical.
There are not enough clearly significant resu1€s to
conclusively predict or dismiss item order effects. This
uncertainty began to have an impact in the late 1970s as
another new statistical technique gained increasing

popularity.

Item response theory or latent trait model theory had
several advantages over classical test theory that test
constructors found attractive, but its statistics involved
an assumption that each test item was locally independent.

In other words, to be statistically effective, the context
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of questions before and after an item could not change the
probabilities of how students responded to that item.
Therefore, latent tralt theory required that item order was

not a significant factor.

Whitely and Dawis (1976) were the first to test this
assumption of local independence and the effect of context
on item parameters. They administered sixty verbal
analogies tests to 1,568 junior and senlor high.school
students. There were seven forms which had a common core of
fifteen questions with each item in the same position on any
one of the test. The other forty-flve questions were unique
questions developed for each of the seven tests to provide

seven totally different contexts around the core items.

While this study was not designed to test 1if
specifically the item order has an effect on students, it
does address the issue of the effect that one question might
have on another question. As a result, Whitely and Dawis'
results do not indicate if some students do best with a test
that starts with the easy questions. However, their results
did show a significant difference in the rasch item
parameters obtained for nine of their core items (p < .05).
In addition, they found a significant difference between the
means of the core items on two of their tests (p < .05).

They concluded that item-parameter-invariant models must
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have thelr assumptions tested before developing equivalent

measures.

Unfortunately, rasch item parameters are usually
established in relation to the other items on the test.
Since each test was different, the rasch parameter would be
different for the core group of items. So Whitely énd Dawis
had to use an uncommon statistical method to establish a
common point of reference for the core group of items before
they could conclude that there was in fact a significant

difference.

Whitely and Dawis raised some concerns by test
constructors who were using latent trait models to pretest
questions at one test administration and then use them later
at another sitting using what were assumed to be invariant
item parameters. As a result, Kingston and Dorans (1984)
tested context effects within the pre-operational
calibration of Graduate Record Examinations General Test.
Their research design involved 1500 examinees who took one
of two forms of the G.R.E. General Test. Each test had
different questions divided into four operational sections
of similar content. A fifth pre-operational section was
composed of a random selection of questions from the other
test form. Six versions of the first form were made with
different questions from the second form in the fifth

pre-operational section, and six versions of the second form
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were made also with different questions from the other form.
As a result, every operational question of each form was
used in one version of the other form in the pre-operational
fifth section. Rasch model item difficulty parameter
estimates for verbal, quantitative, and analytical items
could then be compared between their operational and thelir

pre-operational placements.

Kingston and Dorans did find some items to be affected
by context while many were unaffected. Of verbal item
types, items involving antonyms displayed a slight practice
effect when they were placed after a series of such
questions, while "readlng comprehension" showed a slight
fatigue effect if located in the final section (p < .05).
Quantitative items showed little change with the exception
that one ltem on one form in "data Interpretation" was
significantly more difficult when placed at the end of the
test (p < .01). By comparison, in the analytical section,
"analyslis of explanation" and "logical diagrams" both showed
significant effect from practice on both forms (p < .01).
"Analytical reasoning™ in that same section did not show any

significant differences.

As with the previous research, Kingston and Dorans
study does not show the specific effects of item order.
However, it does indicate that some items can be affected by

placement at either the beginning or the end of the test.
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Of course, these findings are limited by the fact that

students who take the Graduate Record Examination are not a
random cross section, but may be unusually motivated and
competent students. None the less, Kingston and Dorans felt
that, for their purposes, they could conclude that location
effects were specific to certain types of items, and the
elimination, or the proper placement of those types of items

would solve the problem.
Context Fffects and Item Orderx

One study using latent trait item parameters did
examine the specific effect of item order as well as more
general context effects. Yen (1980) had 1,300 sixth grade
students complete the California Achievement Test
mathematics section while 1,100 fourth grade students
completed the appropriate reading section. Each person used
one of the seven different forms for either the mathematics
group or the readlng group. Each form was a different
combination of five different sets of questions. Six of the
seven forms contalned set A questions which had a range of
difficulties and relatively good model fit which were used
as the common core of questions for item parameter anchoring
purposes. Also randomly intermixed were set X on four of
the forms and set Y on the other three forms. These sets
were of primary interest and were questions with goéd model

fit and discrimination, but more limited in their range of
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difficulty. The final variation of forms was that one test
with sets A and X also had a set V while one form with sets
A and Y also had a set W. Sets V and W had relatively poor
fit and extreme difficulties or low discriminations. All
items from the sets that were included in the form were
intermingled so that some forms contained all identical
questions but in randomly different orders while other forms
had many identical questions in a different order but also
had some additional questions that changed the context of

the test items.

Yen found that changing the order or including
additional questions did significantly alter the difficulty
parameters and the discriminating éarameters (p < .05).

Item order effects were demonstrated by the fact that the
greater the correlation of sequence the greater the
similarity of item parameter estimates. Speediness was not
considered a factor since 93 percent of the students d4id
answer the last question of one booklet examined. Of
course, some students did omit some items. As a result,
their computer analysis gave only those students who omitted
an item a chance levei of answering the question, but
ignored the missing answers of students who did not reach an
item. This is one reason that Yen concluded that fatigue or
impatience to finish rather than a computer scorling anomaly

were posslble causes of some questions near the end of the
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test seeming to be more difficult. However, not all
questions at the end were more difficult, so Yen felt that

other factors such as the content of the preceding item may

have caused the instability.

Although Yen's study does indicate an effect, it is
similar to other recent studies using latent trait analysis
and does not address the issue of whether it is best to
sequence test from easiest to hardest for the benefit of the
low ability students. Yen's study did use a large and
heterogeneous sample of elementary students, but her complex
altering of context added other factors such as test length
into her analysis that limit the conclusions about item

order.
Summa and Co

Thirty-seven studies published over the last 40 years

- show the continued interest in item order research and
demonstrate the difficulty that any researcher would have in
drawing conclusions. The definitive study has not yet been
published, but the many attempts to settle the item order
controversy have served to create avlarqe pool of

conflicting results.

Table 1 presents the research results in a format
similar to the analysis by Leary and Dorans (1985).

Unfortunately, results of item order effects do not always
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fall simply into the category of non-significant main or
interaction effects (non) or the category of significant
main or interaction effects (sig). Those studies that do
show some findings that report results which to a limited
extent show somé possible effect of item order will be
indicated as being non—sighificant with additional

information (non +).

The tests In Table 1 were also divided according to
type based on whether they were power tests, and reported
all students finished the test, or timed tests, and reported
that some students did not finish the test. This also is a
difficult judgement to make since some studies gave no
lﬁdlcation one way or the other. Studles which do not
clearly state the effects of their time limits are indicated
as power tests. In addlition, a study which involved a large
number of students could be essentially a power tests for
most of the students but a speeded tests for a few. Such a

test 1s 1isted as a timed test.

Finally in Table 1, although the number of students
involved is one of the easiest judgments to make,
compromises between brevity and accuracy were made. In the
case of the study by Monk and Stallings (1970) the same
experiment was repeated 11 times wifh 11 different small

samples, but only the total aggregate-number'is listed.
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Table 1
List of Item Orde ese ts, Types, a Samples
Results Authors Year Type Sample n
Non French & Greer 1964 p elem. 152
Smouse & Munz 1968 p col. 113
Berger et al. 1969 P sec. 330
Marso (a) 1970 P col. 122
Marso (b) 1970 p col. 156
Kestenbaum & Weiner 1970 P secC. 79
Huck & Bowers (a) 1972 p col. 120
Huck & Bowers (b) 1972 p col. 162
Plake 1980 p col. 104
Plake & Ansorge 1984 P col. 352
Klimko 1984 o} col. 111
Allison 1984 P elem. 327
Lane et al. (b) 1987 P col. 247
Non + Brenner 1964 P col. -
Munz & Smouse 1968 p col. 120
Smouse & Munz 1969 P col. 181
Monk & Stallings 1970 p col. 2,000
Munz & Jacobs 1971 p col. 133
Klosner & Gellman 1973 p col. 54
Plake, Thompson et al. 1980 P col. 97
Plake, Melican et al. 1983 P col. 167
Sig Mollenkopf 1950 t sec. 382
MacNicol 1956 t secC. 1,500
Sax & Carr 1962 t col. 335
Sax & Cromack 1966 t col. 467
Flaugher et al. 1968 t sec. 5,000
Sirotnik & Wellington 1974 t sec. 2,463
Feldt & Forsyth 1974 t secC. 530
Hambleton & Traub 1974 t sec. 106
Towle & Merrill 1975 t col. 82
Whitely & Dawis 1976 t sec. 1,568
Yen 1980 t elem. 2,400
Kleinke 1980 t elem. 484
Plake, Ansorge et al. 1982 t col. 170
Kingston & Dorans 1984 t col. 4,000
Hodson 1984 t sec. 157
Lane et al. (a) 1987 o} col. 155
Note non = not significant; non + = additional relevant
effects; sig = significant; p = power; t = timed; elem. =
elementary; sec. = secondary; col. = college; - = not given
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The results of Table 1 show sixteen studies ;eporting
significant effects related to item order and twenty-one
reporting non-significant effects of item order. As Leary
and Dorans (1985) concluded, those studies that indicated
that speediness was a factor, due to students not finishing
the test within the given time limits, were studies that
reported significant order effects. Item order seems to be
a factor whenever speed ls a factor. One suggested reason
is that students with the easiest questions first will get
more questions correct before they run out of time. This
conclusion ls supported by the fact that, with one
exceptlion, any study which had no effect from item order was
a power test, and any study which had a significant item

orxdexr effect had students who did not finish.

Another explanation for this colncidence is that
studies that attempted to increase their statistical power
to find significant effects or studies that were using
latent trait statistics needed to have larger numbeis. with
larger numbersyof students, the need for time limits
increased as well as the likelihood that some students would
not finish the exam. In addition, attempts were made to
improve the generalizability of the study, so samples with a
wider range of abilities than the typlcal first year college
student sample Qere used. This resulted in samples from the

public school system and therefore samples with a wider
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variation in performance speed. Time limits became a
necessary and typical factor of studies that were powerful

enough to find an item order effect.

Table 1 shows that the sample type and the sample size
seem to be a factors, but they are factors related to time.
A study with over 300 students will probably have a
significant item order effect or context effect, but it will
probably also have time limits on such a large number of
subjects. Eleven out of fifteen studies show such a
pattern. As well, ten out of fifteen studies involving
secondary or elementary students, reported significant item
order effects, but they also reported that time limits were
a factor for some students. Finally, three studies
involving latent trait models indicated significant item
order effects, but since latent trait models require large
numbers, they also involved time limits as a factor (Yen,

1980; Whitely & Dawis, 1976; Kingston & Dorans, 1984)

The obvious relationship between the speediness of the
test and the item order effects may involve other factors.
Whether a test is considered a timed or a power test
involves a judgmental problem related to correlation as
opposed to causation. While there 1s a correlation betwéen
item order and time, item order may, in fact, cause some
students not to finish on time rather than time causing some

students to be effected by the 1teh order. A strong
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correlation could also be a result of researchers who
unéxpectedly found an item order effect and chose to dismiss
it as a side effect of their time limits; as a result, they
reported students who failed to complete the test and
declared that their test was speeded. On the other hand,
researchers who found no effect from item order may have
chosen not to mention that students did not complete the
test. One related example 1s Hambleton and Traub (1974) who
expected to f£ind an item order effect and considered their
test to be a power test. However, since some of their
subjects did not finish the test, their study is considered

to involve speeded tests (Leary & Dorans, 1985).

Clearly, there is a need for further research about the
factors that influence item order effects. It seems that
item order effects may involve a question of statlistical
power. So, a sample size over 400 would seem to be an
approprlate size to ensure adequate power. In addition,
Item order effects may also involve subject varlance.
Therefore, sampling should be from a population with a wide
range of abilities. Further, item order research may also
involve controlling such confounding variables as
within-subject rearrangement, gender, test content, subject
motivation, and the item difficulty range. All of which
have been shown by the research to be potential sources of

error. Filnally, the research must use a power test to avoid
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problems with test scores that are the results of

speediness.



Chapter I1II

Problem

statement of the Problem

The main problem that was addressed in this study was
whether or not a test with the items arranged from hardest
to easiest is more difficult than if it is arranged from
easiest to hardest. Two tests were used. One test had the
questions arranged in the ascending difficulty sequence, and
the other test had the questions arranged in the descending
difficulty sequence. However, since research would indicate
that several conditions can alter the size of the item order
effect, several other problems were addressed to determine

the influence of these other variables.

For one, the problem of within-subject rearrangement
was addressed by . replicating the restrictive test booklet
directions used in the Hambleton and Traub (1974) study.
However, to determine if the test booklet directions are in
fact a significant factor, a control group with

unrestrictive directions was also used.

A third problem was to determine whether or not low
ablility students performed differently than high ability
students with the two dlifferent item order arrangements or

with the two different test booklet formats. A large and
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diverse sample was used to ensure an ample range of ability

levels.

Finally, the problem of whether or not studies using
latent trait statistics are comparable to studles using
classical statistics was addressed by using both types of

statistics In the analysis of the data.

Rationale

Forty years of research into item order arrangements
has still not resolved the issue of whether or not the item
order sequence will effect test scores. This study was
intended to help clarify this controversy. In addition,
several variables have been suggested by the research as
factors which might influence the presence or absence of an

item order effect.

One possible variable is indicated by the research of
Hambleton and Traub (1974). 1In their study they did not
allow students to rearrange the order of the items by doing
only the easy ones flrst regardless of the iftem's location
in the test. This prevented students from using a test
taking strategy that some students seem to possess (Millman
& Bishop, 1965; Tuck, 1978; Rindler, 1980; Klimko, 1984;
Allison & Thomas, 1986). However, as Hambleton and Traub
concluded, when any students who may have this strateqgy are

not able to use it, then item order has an effect that is
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statistically significant. They may be prevented from using
their strategy by the test booklet as Hambleton and Traub
did, or they may be hindered in using their strategy by the
presence of time limits which tend to discourage skipping

back and forth between items.

If this within-subject rearrangement technique is a
significant factor, then much of the previous research on
item order must be more seriously questioned for its failqre
to control this variable. The validity of previous item
order studies can be questioned since the study may be
measuring an additional factor of knowledge and usage of a

test-wiseness strategy.

A second variable is the possibility that when low
achieving students are involved 1n the study, these students
may lack the skill to effectively use the strategy of
within-subject rearrangement and are therefore affected by
the 1tem order. This 1s in keeping with the more common
historically held view that supports the need for arranging
jitems from easy to hard to avoid frustrating low achieving
-students. Thelir frustration may be caused by a lack of this

test taking strategy.

If some examinees can control the detrimental effects
of item order, then tests should be arranged from easy to

hard to obtaln the best results from students who are not
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adept at omitting the hard questions. Also, students who
are unaware of this strategy could be taught how to use the
within-subject rearrangement strategy to perform better on

tests.

A third variable could be that latent trait item
parameters are more sensitive to item order effects than
classical model statistics. Although Yen (1980) found both
classical and latent trait statistics to be sensitive to the
item diffiéulty sequence, this could be one reason why the
studies involving item order and latent trait statistics
reported that changes in the context were associated with
significant changes in the item parameters (Whitely & Dawis,
1976; Kingston & Dorans, 1984). It needs to be determined
if non-significant results with classical statistics would
be significant if latent trait statistics were used instead.
If latent trait statistics indicate different conclusions
than classical sfatistics, then it would be inappropriate to
compare results from a test using latent trait statistics
with one that used classical statistics. 1In addition, if
latent trait statistics are particularly sensitive to iltem
order changes then the latent trait model assumption of

local independence must certainly be questloned.
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Hypotheses

Hypothesis #1: A test with the items arranged from
easy to hard will be easier than the same test with the
items arranged from hard to easy. This effect will be
evident from\the easy to hard arrangement having a higher
mean, a higher average of classical item p-level difficulty
indexes, and a lower average of latent trait model item

parameter difficulty indexes.

Hypothesis #2: A test with test booklet directions
which restrict within-subject rearrangement will be more
difficult than tests without such restrictions. This effect
will be evident with the restricted test having a lower mean
and classical difficulty 1ndex. The latent trait model

difficulty indexes will be higher.

Hypotheslis #3: There will be an interaction effect
between the abiiity of the student, the test arrangement and
the test format. Students with high ability will have the
. lowest mean and classical difficulty index on the restricted
format, hard to easy arrangement. The latent trait model
difficulty index will be hlghest. On the other hand, low
ability students will have their lowest mean, thelr lowest
classical difficulty index, and the highest b-value
parameter on any hard to easy arrangement. Flgure 1 and

Filgure 2 dlsplay this hypothesis,
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Figure 1
Low Ability St s
Unrestricted Restricted
Easy Mean = high|Mean = high
to p-level = high|p-level = high
Hard b-value = low {b-value = low
Hard Mean = low |Mean = low
to p-level = low |p-level = low
Easy b-value = highj{b-value = high
Figure 2
High Ability Students
Unrestricted Restricted
Easy Mean = high|Mean = high
to p-level = high|p-level = high
Hard b-value = low |b-value = low
Hard Mean = hlgh|Mean = low
to p-level = high|p-level = low
Easy b-value = low [b-value = high
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Hypothesis #4: Classical and latent trait test

statistics will indicate similar patterns of results to each

other. Comparisons between classical p-level statistics and

latent trait b-value statistics will have a high degree of

correlation.



Chapter 1V
Method
Design

The design was a post-test only control group design.
Four different test booklets were used as the four different
treatment groups. The booklets had either restrictive or
unrestrictive directions, and they had either an easy to
hard item order or a hard to easy item order. The students
were placed randomly into either the control group of
unrestricted, easy to hard test booklets or into one of the
other treatment groups that used the other test booklets.
The mathematics test itself served as the treatment and as

the post-test.

The independent variables were item order, test format,
and ability level. 1Item order was either the easy to hard
arrangement or the hard to easy arrangement. Test format
was either restricted or unrestricted. Ablility level was
rated by the teacher on a scale from "1" to "6". The 10% of
students with the lowest ability in mathematics received a
"1, A "2" was used for the next 15%, a "3" was used for
the next 25%, a "4 was used for the next 25%, a "5" was used
for the next 15%, and a "6" was used for the 10% of students

with the highest mathematical ability.
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The dependent variables were the test scores and the
item difficulties. 1Item difficulty was with comparisons
using classical p-level statistics, and with comparisons

using latent trait b-value item parameters.
Subjects

Students in grade eight from approximately 25 different
classrooms in three different secondary schools in two
suburban school districts near Vancouver B.C. were used
The 590 students were from every grade elght class in each
of the three schools, so a variety of socioeconomic
backgrounds and ability levels were included the sample.
Students with learning problems significant enough to not be
enrolled in a regular classroom, or students who had an
excused absence on the day the test was administered did not

participate in the study.
Instrument and Tasks

A grade 8 mathematics test was developed using 40
randomly chosen items from the 150 items in the Second
I. E. A. International Study of Mathematics (Robitaille &
Garden, 1987). The difficulty levels had a range from
p= .13 to p = .89 with the mean of difflculty levels at
.492. There was no attempt to reflect the provinclal

curriculum in the items chosen since individual schools
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differed in the timing of their instruction of the

curriculum.

Four mathematics test booklets were prepared using these
40 randomly chosen questions. One half of the test booklets
had the questions arranged from easy to hard
while the other two booklets were arranged from hard to
easy. In addition, both arrangements were presented on one
of two test booklet formats. One format had instructlions
which directed the students to only do the questions in the
order that they were presented. The other format had
instructions which allowed the student to look back and
forth through the test booklet. Both booklet formats were
printed with one question per page, and both bookiet formats
were colour coded to allow test takers and test supervisors
the ability to be sure that the proper restricted or

unrestricted instructions were being followed.

In order to make a practical assessment of student's
ability, teachers were asked to complete a simple six point
rating scale. This scale asked the teacher to use a normal
curve distribution to rank the students' mathematics ability
based on the teacher's personal judgement. A rating of "1"
indicated the students with the lowest ability in math, and
a rating of "6" indicated the students with the highest

ability in math.
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All four test booklet types were distributed
alternately to the students in each classroom. It is
assumed that this systematic distribution produced an
essentially random sample. Students were asked to put their
name, school, and mathematics class identification
information on the test booklet answer sheet. Next,
students were given directions for completing the test and
the restrictions for those with the restricted format
booklets. Both the motivation and the cooperation of the
students was sought in the directions. The students were
asked to cooperate since this was part of an experiment to
see 1f goling back and forth in a test booklet would help
students who had to take tests. 1In addition, the students
were told that even though it was part of an experiment, the
results might be used by the teacher in determining the
students final grade. Students were then allowed the

remaining fifty minutes of class time to complete the test.

An i

The analysis of the test scores was with a 2 x 2 x 6
Anova format using the S.P.S.S5.-X program. It was assumed
that the means were normally distributed, homogeneous in

variance, and 1ndependeﬁt; It was also assumed that the
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factors of school and classroom were non-significant random

factors with equal means.

The analysis of the item difficulties was with a Manova
repeated measures format using the S.P.S.S.-X program. It
was assumed‘that each item's difficulty was measured four
times with each test booklet being presented to equivalent
samples of the population. Further, it was assumed that the
means were normally distributed, homogeneous in variance,
and independent. It was also assumed that the factors of
school and classrpom were non-significant random factors

with equal means.

The alpha level chosen for the tests of significance
was .05.  This level was chosen to replicate the statistical
conditions established in the study by Hambleton and Traub

(1974).



Chapter Vv
Results

A mathematics test of forty questions was administered
to 590 grade eight students. The forty questions were
presented in four different test booklets with the four
booklets randomly given to the students. Two of the
booklets had the items arranged from easiest to hardest and
the other two booklets had the questions arranged from
hardest to easiest. Further, each sequencing format was
presented in two different test booklets. One booklet had
directions which restricted subjects from rearranging the
item order, and the other booklet had no such restrictions.
The four tests were designed to answer the following

questions:

1) Does altering the order of test items result in changes

in means of the test scores?

2) Do directions on the test booklet which restrict the
within-subject rearrangement of test items result in greater

effects associated with the changes in item order?

3) Is their an interaction effect between a students
ablility, the item order and the test booklet format?
Speclfically, do low ablility students have their lowest

score whenever they have a test which beglns with hard
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items, and do high ability students only have low scores
when the test begins with hard items and when they.are not

allowed to alter the item difficulty sequence?

4) Are any changes in p-level difficulty statistics

similar to changes in b-value item parameter statistics?
Main Effects

The means of the two different item seguences were
found to be significantly different (p < .001). The 297
students who had an exam with an easy to hard sequence had
an average score on the 40 item test of 18.56. The 293
students who had a test which began with hard questions only

had an average score of 15.90.

The means of the two different test formats were not
found to be significantly different. The 296 students with
the unrestrigted test format booklet had an average score of
17.58. On the other hand, the 294 students with the
restricted sequence did about the same with an average score

of 16.89.

The four formats demonstrated a high level of
reliabllity. Cronbach's coefficient alpha was calculated
for each format. The first format with an easy to hard
sequence and unrestricted directions had a reliability of

.845, The second format with a hard to easy sequence and
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unrestricted directions had a reliability of .855. The
third format with an easy to hard sequence and restricted
directions had a reliability of .829. Finally the fourth
format with a hard to easy sequence and restricted

directions had a reliability of .835.

The means of the different teacher-rated ability levels
were found to be significantly different (p < .001). The
correlation between teacher rating and the student's score
was significantly correlated (p < .001) with a Pearson
correlation coefficient of .6340. The results are presented

in Table 2.
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Level

Ability Label Mean n

1 Lowest 10% 11.27 44

2 Next 15% 11.76 90

3 Next 25% 14.96 178

4 Next 25% 18.92 112

5 Next 15% 21.63 115

6 Highest 10% 26.41 51
Total 17.37 590
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There were no significant interaction effects. Low
ability students did not seem to be any more likely to
receive a lower score on a test which began with hard
questions than did high ability students. The effects
associated with changes of item order effected all ability

groups equally.

As well, test.directions did no have any interaction
effects. So, in addition to the fact that there was no
overall main effect associated with differenf test
directions, different ablility groups were not more likely to
recelve higher scores i1f they had a different type of test

direction.

The results of the 2 x 2 x 6 analysis of variance are

presented in Table 3.
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Table 3
S ary of Ana j £ ian (o} or

It 0 o

sum of Mean
Source Squares DF Square Prob.
Main 12743.090 7 1820.441 65.715 < .001
Ability 11629.609 S 2325.922 83.962 < .001
Order 694.458 1 694.458 25.069 < .001
Directions 32.034 1 32.034 1.156 .283
Ab x Or 255.123 5 51.025 1.842 .103
Ab x Dir 80.120 5 16.024 .578 717
Or x Dir 6.453 1 6.453 .233 .630
Ab x Or x Dir 179.829 5 35.966 1.298 .263
Explained 13249.491 23 576.065 20.795 < .001
Residual 15679.289 566 27.702
Total 28928.780 589 49.155
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Item Difficulties

Due to the close mathematical relationship between the
mean and p-level, it 1s not surprising that a significant
difference was also found between the mean of the p-levels
of each test. A multivariate analysis of variance for
repeated measures was used to determine if there was a
significant difference between the item difficulties on each
test. Each item had p-level values from four tests. The
samples were assumed to be equivalent with the variance
primarily a result of the explained variance between»the
tests or ability levels as reported in the previous Anova

results in Table 3.

As expected, a significant difference was found between
the different item difficulties of each test as shown in
Table 4.
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Table 4

Sum of Mean
Source Squares DF Square F Prob.
P-levels .10 3 .03 10.26 < .001

Within Cells .18 57 .004
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The same type of analysis with rasch item parameters

was used. The rasch item parameters were estimated using

the Microcat Testing System (1988) with ability levels

standardized.

Table 5 shows that the rasch item parameters

also have a similar level of significance as the classical

item difficulties in Table 4.

Table 5

Sum of Mean
Source Squares DF Square F Prob.
.B-values 3.14 3 1.05 9.09 < .001

Within Cells

6.56 57 0.12
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The similarity of results is also apparent by comparing
the means of the test scores, the p-values, and the b-levels
for each test as given in Table 6. The changes in the
p-levels and the test means are inversely related to the

changes in the b-values.

Table 6
= a -V a core Means
Format Item Test P-level B-value Score
Number Order Type Mean Mean Mean
1 Easy - Hard Unr. .474 .128 18.946
3 Easy - Hard Res. .454 . 295 18.169
2 Hard - Easy Unr. .405 .493 16.190
4 Hard - Easy Res. .390 .652 15.603
Note Unr. = unrestricted directions; Res. = restricted

directions
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The Pearson correlation coefficients in Table 7 also
demonstrates a strong relationship between an item's
p-levels and its b-values regardless of which test format is

used with the item.

Table 7

P~-level Test Formats

B-value
Test Formats EH, U HE, U EH, R HE, R
EH, U -.9652 -.9385 -.8796 -.9125
HE, U -.9001 -.9050 -.8558 -.8820
EH, R -.9225 -.9350 -.8818 -.9099
HE, R -.8141 -.8294 -.7697 -.8181

Note All correlations are significant at p < .001.
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Finally, Table 8 further demonstrates the similarities

between classical and latent trait statistics. Table 8 uses

theta values calculated from b-values standardized for

difficulty.

Table 8

Abi Order i tions (Dir
Sum of Mean

Source Squares DF Square Prob.
Main 239.955 7 34.279 55.127 < .001
Ability 217.250 5 43.450 69.875 < .001
Order 14.997 1 14.997 24.117 < .001
Directions .212 1 .212 . 341 .559
Ab x Or 5.052 5 1.010 1.625 .151
Ab x Dir 2.614 5 5.523 .841 .521
Or x Dir .002 1 .002 .004 .951
Ab x Or x Dir 4.160 5 .832 1.338 .247
Explained 251.773 23 10.947 17.604 < .001
Residual 351.954 566 .622
Total 603.727 589 1.025




Chapter VI

Summary and Conclusions

Rurpose of The Study

This study was an attempt to determine if the sequence
of test items has an effect on the performance of students.
Further, this study tried to determine if some examinees
were able to mitigate any such effects by personally
rearranging the item order as presented by the researcher
in the test booklet. Whether or not the item order can have
an effect on test scores has been an area of research for
forty years. Recently, with the Increased usage of latent
trait statistics, the issue of context effects and local
independence has become more of a concern. As a result this
study also examined the effect of item order on latent trait

statistics.

Four different test booklets were used and given
randomly to 590 grade eight math students. Two booklets had
the items arranged in sequence from easy to hard questions,
and the other two booklets had the items arranged in
sequence from hard to easy. Both types of sequences had one
booklet which allowed the students to rearrange the order of
item presentation by skipping back'and forth between
questions, and there was one booklet of each sequence type

that did not allow such within-subject rearrangement.
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The results of the study supported several of the
hypotheses about the effects of item order and the factors

assocliated with {it.

Sequence

The sequence of the test items can affect the
performance of the students. Students who took the test
with the items arranged from easy to hard had a
significantly higher mean than the students who had the hard
to easy arrangement (p <.001). The students who took the
easy to hard tests had a mean score of 18.6 as compared to
the students who took the hard to easy test and had a mean
score of 15.9. The mean of the students who took the hard
to easy exam had scores 7% lower than students who took the

other test.

Although there was no actual measure of the students
theoretical frustration and discouragement while they were
taking the test, the common concern about beginning a test
with too many hard questions may have some Jjustification.

It Is clear that a hard to easy arrangement can result in
lower scores for the students. As a result, cautlion should
be exercised when developiné two forms of the same test. It
is possible to create formats with significantly different

test characteristics even though the items are identical.
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Directions

The difference between the two types of directlions was
not significant. However, there was a trend toward
significance since mean of a test with restricted directions
was lower than a comparable test with unrestricted
directions. 1In cohparing the overall test scores, those
students who were allowed to do the questions in any order
and to go back and forth between the questions had a mean of
17.6. The students who could not rearrange the order of the
exam had a mean score that was not significantly lower at

16.9.

The effort to prevent students from rearranging the
item order does not seem to greatly improve the likelihood
of finding a significant item order effect. The evidence
for the widespread and effective use of this test—wisenéss
strategy was not clearly demonstrated. Therefore, this
study supports the conclusions of Allison and Thomas (1986)
that there is not enough evidence to doubt that the majority
of item order studies would have had different findings if
this factor had been controlled. However, in light of the
trends indicated in the data, this factor may be a
problematical variable in some situations as Hambleton and

Traub (1974) suggested.
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Ability

The main effect associated with ability levels was
significant. The fact that teachers are able to predict how
well thelr students will do on a mathematics test is not .an
unexpected finding. As a result, no conclusions will be

drawn from this finding.
Interactions

A more significant fact 1s that there were no
significant interactions between any of the factors
including ability. Students who were considered to have
limited mathematical ability were effected by the sequence
and the directions to the same degree as tﬁe students who
were considered to have high mathematical ability. This
calls into question one of the justifications for the
concern over item order. The easy to hard order does not
appear to help the low ability student any more than it
helps the high ability student. So while a concern for the
feelings of low achieving students is admirable, there is no
special justificatlion for arranging the test items from easy

to hard based on the results of this study.

Another lack of slignificant dlfference involves the
interaction between the test directlions and the ability
levels. The lack of any significant differences contradicts

the findings of Rindler (1980) that all abllity levels
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possess the test-wiseness strategy of skipping questions,
but they use it with varying degrees of success as
demonstrated by the complex interactions found in Rindler's
study. However, the results of these studies do not
preclude the value of teaching test-wiseness strategies to
possibly help students to learn to use the item

rearrangement strateqy effectively.

Latent Tralt

Studies which have used latent trait statistics in
their analysis of item order or context effects have all
found significant differences in their difficulty
parameters. Only one study (Yen, 1980) used both latent
trait statistics and classical statistics, and that study
found the same significant effect of item order using both

types of statistics.

Both classical based difficulty levels and latent trait
difficulty levels were found to be significantly correlated
in this study, and both demonstrated the same significant
effect associated with changes to the item order. It can be
concluded that the studies which used latent trait
statistics and found a significant effect from changes in
context would probably have found similar results had they
used classical based statistics. Further, it is also

possible that 1f some previous classical based studlies had
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used larger samples, then their results may have been

similar to the latent trait based studies.

The assumption of local independence can not be
supported by the results of this study. Latent trait
difficulty parameters were affected by the difficulty
parameters of preceding items. Caution must be exercised
when comparing tests by using the latent trait statistics
since a test which begins with harder questions cannot be
assumed to be the parallel to a test which begins with

easier questions.
atio

The conclusions of this study must be limited to
comparisons between a test arranged from easy to hard and
one arranged from hard to easy. Other formats such as
random or spiral were not included. It is open to
conjecture and future research if a random arrangement that
began with primarily hard questions would have significantly
lower scores than a random arrangement that began with

primarily easy questions.

A second area of limitation involves the content of the
tests. This study confirms many of the results fodnd with
studies that used quantitative type tests (Hambleton &
Traub, 1974; Feldt & Forsyth, 1974; Towle & Merrill, 1975;

Yen, 1980; Plake, Ansorge et al. 1982; Kingston & Dorans,
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1985). However, this study may only generalize to
mathematics tests. One possible reason is that the
difficulty of an item may be highly subjective. The
statistical difficulty level may only be an estimate of the
actual difficulty that is perceived by the individual
encountering the item. 1In the case of a mathematics
question, the statistical difficulty level may be a good
predictor of how difficult each individual perceives the
guestion to be. On the other hand, a science question may
be statistically very difficult because most subjects answer
it incorrectly, but it is perceived as a very easy question
by the respondents due to the effectiveness of the
distractors. As a result, a series of statistically
difficult science questions may not result in the same

effects as a series of difficult mathematics questions.

A third limitation is the result of the definition of
mathematical ability used in this study. The ability levels
used in this study were based on a teacher rating system and
would be strongly influenced by classroom behaviour, student
personality, and the errors of teacher judgement. Even
though the teacher rating scale had a signlficant .6340
correlation with the mathematics test scores (p < .001), the
results of this study may differ from a study which uses a
measure of student ability with a more valld criterion of

mathematical ability.
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The issue of difficulty involves another limitation.
Items used in this study 4o not have difficulty levels which
are identical to other studies. The conclusions of this
study are based on a series of items whose pre-tested
difficulty levels had an average p value of .49 with a
standard deviation around that mean of .21. The range of p
levels was from .13 to .89. Unfortunately it is not clear
if the results of this study compare with the results of
other studies since, as Hambleton and Traub (1974) pointed
out, many studies do not give information about their item
difficulty. The degree to which the mean and variation of
difficulty levels influence item order effects is a subject

for future research.

A definite limitation of this study is that the results
only generalize to children enrolled in the intermediate or
secondary school programs of Canadian public schools with a
wide diversity of student ability levels. This study may
not be applicable to a college setting where some previous
research has indicated, changes In item order do not result
"in significant changes in the scores of college students.
However, the results of this study do call into question
some of the generallzations of previous research which used
colieqe students to conclude that item order does not have

an effect.
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Conclusions about latent trait statistics are
restricted by the small sample size. Although there were
590 students in total, there were only about 147 students
taking each test. The latent trait parameters for each test
format were established just with the students who were

given that particular test booklet.

Generalizablility may also be limited by the possfble
interaction of selection process and the tests used in this
"study. This limitation is outlined as a possible weakness
of post-test only control group designs by Campbell and
Stanley (1963). While the three schools involved in the
study are hopefully representative of the typlcal junior
secondary school, it is possible that the three schools
involved were atypical. For one, they were the only three
out of the five schools asked which aqreed to participate in
the study. The two schools which declined to participate
did so because they felt that the district's labour
diffliculties had already slgnificantly shortened their
instructional time. It should be noted that two of the
participating schools did not feel that the shortened
instructional time was a hindrance to their participation.
Therefore, since the factors involved with participation
seem to be unrelated to the factors under study, it can be

concluded that there probably was not any interaction
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between the selection process and the tests used in the

study.

Campbell and Stanley also point out that the design is
limited by the possible effect of reactive elements. To a
certain extent students were affected by the unusual nature
of the testing procedure. For one, students who recelived
the unrestricted test booklets may have reacted more
positively to the testing situation since some expressed
pleasure at having recelved the unrestricted test booklet.
Unfortunately, the testing situation may have also limited
the possible effect related to directions since some
students may not have fully cooperated with the directions
to not rearrange the item order. While the majority of
students were cooperative, a few students in each school
seemed to be uncooperative since they assumed that it was
really just some type of an experiment. Those students
passively resisted teacher attempts to have them follow the
directions and do their best. This limits the accuracy of
any conclusions about the effect of the test directions. On
the other hand, the item order effects were less likely to
be influenced by such a factor since the students were not
told that the tests were also prepared with different item
sequences. In fact, some teachers said that the hard to

easy sequence was more likely to cause uncooperative
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behaviour rather than the uncooperative behaviour limiting

the item order effects.

Nevertheless, despite the limitations of this study,
the conclusions of this study should not be in any way
limited to speeded tests. Every attempt was made to have
this test be a power test within the limitations of testing
590 students in the public school system. Most students
easily finished the test within the time allotted. The
teachers who administered the test stated that the time
limits were ample and generous. Nonetheless, there are
students who did not complete the test, and there are items
that were omitted at the end of the test and technically

classified as "not reached".

However, whether or not a test is a power test because
all students completed the test and only omitted the most
difficult or whether a test is a speeded test because
questions were not reached by some students is a difficult
distinction. It is not realistically possible for tests of
the type used in this study to not have a small percentage
of not reached questions. For example, one student after
trying the first question of the hard to easy sequence
booklet threw his test across the room and refused to
complete the rest of the test. As a result thirty-nine
questions on his test can erroneously be scored as not

reached rather than omitted. As another example, students
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were observed to use a test taking strategy of doing the

questions at the beginning and the end first while questions
in the middle were left until last. If these students did
not have enough time to complete the test their not reached
questions would then be scored as omitted. The difference
between not reached and omitted questions is also not clear
since students who took the easy to hard format had 1.7% of
their questions not reached, but the students with the hard
to easy format had .9% of their questions not reached.
Students with hard questions at the end of the test omitted
more questions at the end of the test which increases the
number of technically not reached questions. While omitting
questions on a power test is very different from not
reachlng questions on a speeded test, it is not accurate to
make a statistical distinction Between the two under the
conditions of this study. For all intents and purpoSes the
tests used in this study were power tests with some students

choosing to omlit questions.

Implications

Caution should still be expressed by writers in the
measurement field about item sequencing. Under certain
circumstances, it 1s possible for the context of the items
to influence the statistics of the ltems. Care must be

taken in the development of parallel forms of a test to
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prevent significant differences in scores as a result of

differences in the item sequencing.
Future Regearch

Many areas remain as subjects for future.research. _For
one, the differentiation between the six different ability
groups could be the basis of further research. Students
could be classified into different groups based on a
pre-test that measures iﬁtellectual ability, mathematical
achievement, or both. The scores from those tests could be
used to identify more or fewer groups as needed for the
analysis of any interaction between ability level and other

factors.

A second area of research 1s to determine if there is a
significant difference between subjective item difficulty
and statistical item difficulty. Students could rate the
subjective difficulty of tests, and those ratings could be
compared with statistical ratings to determine the
correlation. Different subject areas could be used to
compare the correlation between content areas to determine
if the types of questions with the highest subjective and
statistical correlation are the content areas with the

greatest item order effects.

Variations in item and test difficulty could also be

examined. For one, the number of difficult items at the
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beginning of a test could be varied to determine the maximum

number of difficult items that could be tolerated by
students without resulting in lower test scores. Variations
of the mean and range of item difficulty would also give

evidence to the sensitivity of students to item difficulty.
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APPENDIX I



TEACHER INSTRUCTIONS

MATHEMATICS 8 EXAMINATION

THESIS PROJECT OF M. J. SCALES

I. General Directions

II. Thesls Project Background

II1. Detailed Directions (optional)

a. Start Explanations

b. Booklets

c. Answer Sheets

da. Identification Number

e. Name Section

f. Gender

qg. Grade

h. Birth Date

i. Answer Sheet Usage

j. Start Examination

k. End Examlnation

1. Collect Testing Materials

m, Math Ability Rating

n. Return Testing Materials

IV. Appendix

a. Student Identification Sample
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GENERAL DIRECTIONS
Materials Required by the Examiner
A, A copy of these instructions.
B. A class set of mixed test booklets, complete

with an answer sheet and some scrap paper to
give one booklet to each student.

Test Format 1 (orange)
Test Format 2 (yellow)
Test Format 3 (blue)
Test Format 4 (green)

C. A supply of sharpened soft-lead pencils.

D. An extra supply of booklets, complete with
answer sheets and scratch paper.

1. A class period of one hour should be sufficient to
explain (15 min.) and administer (45 min.) the
test.

2. Explain to the students that today they will be
taking a test as part of a study to determine if
skipping back and forth between test questions
will help students to do better on tests. Some
students will receive tests which allow them to
skip back and forth. Other students will receive
booklets which require that they do not skip ahead
but must do the questions in the same order as in
their booklet.

Do not discuss the order of the jitems in the

hard questions to do the easy questions first.

3. Be sure all students have a pencil (No. 2 or HB).

4. Caution students not to open their test booklet
until till they are told to do so.

5. Distribute one test booklet with approprlate
answer sheet and scrap paper to each student.
Alternate evenly between the four different types
of colour coded test booklets.

6. Have the students carefully remove the answer
sheet and the piece of scrap paper from the test
booklet. Have them check to see if box A in the
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11,

12,

13.

14.
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"Identification No." section of their answer sheet
has been marked with the number that corresponds
to the test format number on the front cover.

Have the students complete the name, sex,

birth date, and grade sections of thelr answer

sheets. 1If the class is unsure how to complete
these sections, read the appropriate "Detailed

Directions" of this booklet to the class or use
the sample sheet in the appendix as a guide.

To get the students to be realistically motivated,
please tell them that these test results may be
used to calculate their final marks.

Encourage the students to read the remaining
directions from number 5 to the end of the page.
If necessary, read them to the whole class.

Remind those students with "Special Instructions"
that they may not skip ahead to new questions or
go back to o0ld ones. They must do the questions
in the same order as they are presented in the
test. 1If they can't answer a question, they may
omit that question and go on to the next one.
Nonetheless, they should at least try their best
to answer every question on the test.

When you are sure that all students understand the
directions, begin the test (45 minutes).

During the testing period, students might ask for
help. Encourage them to read and respond to each
item to the best of their abilities. Do NOT
change the wording of any ltems, or explain
specific terms, or discuss the ordering of the
questions. Treat this testing situation as normal
and as serious as any other examination.

After 45 minutes, or sooner if all students are
finished, end the test. Collect the test booklets
in colour coded groups. Collect the answer
sheets and check to see that all of the
identification sections of the answer sheets have
been completed correctly.

On a class list, rate each students ability to do
mathematics. Using a six point scale, record a
number from 1 to 6 that represents your best
estimate of each students mathematical abilities.
This rating should be somewhat independent from
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overall intelligence or classroom behaviour. Use
a "1" for those students with the lowest 10% of
mathematical ability, a "2" for the next 15% of
students with higher mathematical ability, a "3"
for the next 25%, a "4" for the next 25%, a "S"
for the next 15%, and a "6" for the 10% of
students with the highest mathematical ability.
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THESIS PROJECT BACKGROUND

Ever since multiple cholce tests first came out in
the early 1920s, most textbook authors have suggested
that these tests should be arranged with the easiest
questions at the beginning and the hardest questions at
the end. One Justification for such an arrangement is
to help low ability students avoid early frustration
with the test. However, much of the research over the
last 40 years has generally found that the item order
does not make much of a difference to the final results
of the tests.

One purpose of this study is to examine the
discrepancy between what research has statistically
found and what teachers and textbook writers have
intuitively found. Since most of the past research has
used college students, this study will involve a
younger and more diverse sample of high school
students. It is the hypothesis of this study that
students who are in fact affected by the item order are
more likely to be found in a typical public school
rather than in a college classroom.

If students of low ability are, in fact, easily
discouraged by starting tests with the more difficult
questions, then another purpose of this study is to
examine one of the skills that high ability students
may use to avoid that discouragement. One possible
skill of the more able students is the tactic of
omitting the hard questions until they have finished
the easy questions. This may be a skill that the low
ability students are either unaware of or just fail to
use.

A third purpose of this study is a more esoteric
one which involves examining the results of this test
using two types of test statistics. The studies which
have found no differences as a result of item order
have used classical statistics to examine their data.
However, recent studies which have found some effects
of item order, have used the more modern latent trait
statistics. This study would compare the results
obtalined from each type of statistical method.

A final reason, of course, 1ls to complete the
requirements to obtain a Master of Arts degree in the
Faculty of Education at the University of British
Columbia in the department of Educational Psychology
and Special Education with a specialization in
measurement, evaluation and research methodology.
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D L DIRECTIONS (o nal

All directions that you can read to the students
are indented so that they stand out. You may read them
exactly as they are written, using a natural tone and
manner. If necessary, you may supplement the
directions with your own explanations, but do not give
help on specific test questions.

Try to maintain a natural classroom atmosphere
during the test administration. Encourage students to
do thelr best, and advise them not to spend too much
time on any one qQuestion. Check periodically to make
sure that students are recording their answers
properly, are following instructions, and are working
to the end of the test, or as far as they can.

The scoring machine used to process the answer
sheets is capable of almost 100% accuracy if the answer
sheets are marked correctly and kept in good condition.
Remind the students to handle the sheets with care; to.
record their answer with heavy, dark marks; and to
avoid making stray marks on their answer sheets.

Answer sheets should never be folded, clipped, or torn.

a. Start Explanations

(Have all desks cleared, and see that each student has
a soft-lead pencil (No. 2 or HB), and an eraser. Say:)

"You are going to take a special math test today.
Don't open your test book or make any marks on it
until I tell you what to do."

b, Booklets

{ Give one test booklet to each student. As you hand
out the tests, alternate between the four different
types of test booklets to evenly distribute the four
types among your students. Place the booklet with the
front cover up. Also, make sure each student has an
answer sheet and a piece of scratch paper in his
booklet. When the booklets have been distributed,
say:)

"Please don't open your booklets until you are
told to do so by me."

"Four different booklets have been distributed as
part of a special experiment to see if students
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can do better on tests if they are allowed to skip
around between test questions. Those of you with
the yellow or orange tests are allowed to go back
and forth in the test booklet and do the guestions
in whatever order you wish. Those of you with
blue or green test booklets are requested not to
skip ahead to a new question and then go back to
an old one. You must answer the questions in the
order they appear on .the test. Students with the
blue or green test booklets will also find that
they have some special instructions on thelr test
booklets and on thelr test questions to remind
them of these special rules."

(Pause and answer questions. Do not discuss the
special order of the items. Try to maintain your
normal testing routine. Try to obtain the cooperation
and motivation of the students.)

C. Answer Sheets
(say:)

"Carefully remove the answer sheet from the inside
front cover of your test booklet. Your answer
sheet is going to be scored by machine, so be
careful with it. Keep it as clean as possible,
and don't bend it or fold the corners."

d Identifi ion Numbe

"I may be using the results of this exam to help
me determine your final grade at the end of the
year. It is therefore important that you do your
best. It is also important that I know which test
you took. I want everyone to find the box marked
'Identification No.' on their answer sheet and the
test format number on the front of their test
booklets."

{Show the locatlon of the 'Identification No.' section
on the back of the answer sheet and the test format
numbery on the front of the test booklet.)

"In the box labelled 'A' in the identification
number section, make sure that the number of the
test format of your test is in that box. The
orange test is format one. The yellow test is
format two. The blue test is format three. The
green test is format four.
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(Pause)
e. Name Section

"Find the spaces for your name."
(Demonstrate)

"First in the boxes print as many letters of your
last name as you can. Use one box for each
letterx. Then, leave one box as a space. Next,
print as many letters of your first name as you
can. Then, leave another space. Finally, print
your middle initial. If you cannot fit your full
name in the space provided, try to print at least
most of your last name, a space, your first
initial, a space, and finally your middle
initial."

(Pause)

"Now in the column below each box, f£1ill in the
clircle that has the same letter or gpace as the
letter or space in the box above it. Be sure that
you mark only one circle in each column. Fill in
the blank circle at the top of every column in
which you have left a space. Be sure to make
heavy, shiny marks that cover the whole circle.

If you make a mistake, erase your mark completely.
If you have any questions, raise your hand."

(Pause until all students have finished f£illing in the
name section. Then say:)

"You should have 19 circles filled in under the
name boxes. Count and make sure."

(Pause)

f. Gender

(After students have checked the name section, say:)

"Now look at the box below the columns you filled
in for your name."

(Demonstrate)

"Fill in the circle next to 'Male' if you are a
male or next to 'Female' if you are female."
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(Pause)

d. Grade

"Now look at the box and circled numbers to the
right labelled 'Grade or Education'. Just fill in
the circle with an 8 since this is a grade 8
course.,

(Pause)

h. Birth Date

"Now look at the columns underneath the box
labelled 'Birth Date'.

{Demonstrate)

"Fill in the circle next to the month in which you
were born."

(Pause)

"Fill in the boxes labelled 'Day' with two numbers
for the day of your birth. For example, if you
were born on the seventh of the month, you would
write zero seven."

(Pause)
"Fill in the circles ‘in the columns underneath the
boxes labelled day to show the number in the box
above the column. Be sure to only £ill in one
circle in each column."”

(Pause)

"Now £il1ll in the boxes labelled year with the two
‘numbers for the year you were born in, and £111 in

the circle under each box to indicate the number
in the box."

(Pause)

"Now check to make sure that you have correctly
filled in all the required information."

(Pause)
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i. Answer Sheet Usage

"Before I tell you to open your test booklet and
start, I am going to tell you how to properly mark
your answer sheet. Listen carefully so that you
will know how to mark your answers. You are to
mark all your answers on your answer sheet. Don't
make any stray marks on it and 4o not write in
your booklet. You should already have some
scratch paper for any figuring that you might have
to do. For each question, choose the best answer.
Then, on your answer sheet, find the number for
the question, and mark the space for your answer.
Be sure to mark the space for your answer. Be
sure to mark only one answer space for each
question. Make your mark heavy and shiny, and see
that it completely fills the answer space. If you
change your mind after you've marked an answer,
erase the wrong mark completely; then make your
new mark."

(On the chalkboard, show students how to £ill in an
answer space. Answer all questions.)

"You will have 45 minutes to work on thls test.

If you have any trouble reading a question, raise
your hand and I will help you. Of course, you may
not use a calculator. If you're not sure about
the answer to a question, do the best you can, but
don't spend too much time on any one question.

You may omit a question if you are sure that you
cannot answer it."

"Make sure that you have turned your answer sheet
over to slde one, 30 the name sectlion 1ls face
down, so the side with the picture of the pencil
is face up, and so the answer space for question
one is face up."

(Demonstrate and check to make sure everyone is
starting on side 1.)
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i, Start E inati

(When you feel that everyone understands the
directions, say:)

"You may start working now."

(Record the starting and ending times on the
chalkboard. While students are working, walk around
the room to make sure that the students are following
directions. Try your best to make sure that students
do not change the order of the exam questions if they
are in the blue or green booklets with the special
instructions. If you see that a student is having
difficulty reading a problem, you may help the student
read the problem; however, do not give help in
answering any of the questions.)

k. End Examjination

(After 45 minutes, or sooner if all students have
finished, say:)

"Stop! Put your pencil down now, and close your
booklet so that the front cover is up. I will
collect your test booklets and answer sheets."

Test] terjals

(Collect the test booklets into the four colour coded
groups. Collect the answer sheets and check to make
sure that the student identification sections have been
correctly filled out. Collect the scratch paper and
dispose of it. Collect any of the extra pencils loaned
to the students.)

m t bilit ti

On a class 1list, rate each students ability to do
mathematics. Using a six point scale, record a number
from 1 to 6 that represents your best estimate of their
mathematical abilities. This rating should be somewhat
independent of overall intelligence and general
classroom behaviour. Use a "1" for those students with
the lowest 10% of mathematical ability, a "2" for the
next 15% of students with higher mathematical ability,
a "3" for the next 25%, a "4" for the next 25%, a "5"
for the next 15%, and a "6" for the 10% of students
with the highest mathematical ability.
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This information will be kept strictly confidential and
used only to identify which students, from a teacher's
point of view, may be either frustrated by the
arrangement of the test questions or hindered by the
directions of the test booklets.

Please keep answer sheets grouped in classes with their
class list. The results for each of your students will
be sent to you at your request. '

D. Return Testing Materijals

Please return testing material, the tests, the answer
sheets, the pencils, and the rating lists to Michael
Scales.

The test will be scored and analyzed by Michael Scales,
graduate student at the University of British Columbia,
and teacher at Aldergrove Secondary. The results will
be kept strictly confidential with the results of
individual students only being sent to that student's
classroom teacher if so requested. It is not the
intention of this study to make comparisons between
individual classes, schools, teachers, or students.

Thank you for your cooperation and your efforts.
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MATHEMATICS 8 EXAMINATION

TEST FORMAT 1

INSTRUCTIONS

Do NOT open the test booklet until you are told to do
so. You will have 45 minutes to complete this test.

Carefully remove the answer sheet from inside the front
cover and make sure there is a 1 marked in box A of the
Identification No. section of the answer sheet.

Be sure you have a penclil, an eraser, and some scratch
paper.

Fill in your answer sheet with your name, sex, grade,
and birth date.

Do NOT use a calculator or a protractor.

For each question, select the best answer. Mark your
choice on the answer sheet by filling in the bubble
under the correct letter. Make sure the question
number is the same as the question number in the test
booklet.

Do not spend too long on any one question. Try your
best pick a good answer to every question.

If you make a mistake, completely erase your first
choice and £ill in the bubble of your new choice.

Do NOT write in the test booklet. Mark only your
answer sheet. If your booklet already has any
inappropriate marks, ask for a clean booklet.
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FINISHED?

Close your test booklet,

Make sure you have filled in your answer sheet with your
name, sex, grade, and birth date.

Make sure that the Identification No. Box A has a 1 in it.

Turn in your test booklet and answer sheet.

THANK YOU
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MATHEMATICS 8 EXAMINATION

TEST FORMAT 2

INSTRUCTIONS

Do NOT open the test booklet until you are told to do
so. You will have 45 minutes to complete this test.

Carefully remove the answer sheet from inside the front
cover and make sure there is a 2 marked in box A of the
Identification No. section of the answer sheet.

Be sure you have a pencil, an eraser, and some scratch
paper.

F11l1 in your answer sheet with your name, sex, grade,
and birth date.

Do NOT use a calculator or a protractor.

For each question, select the best answer. Mark your
choice on the answer sheet by filling in the bubble
under the correct letter. Make sure the question
number is the same as the question number in the test
booklet.

Do not spend too long on any.one question. Try your
best pick a good answer to every question.

1f you make a mistake, completely erase your first
choice and £ill in the bubble of your new choice.

Do NOT write in the test booklet. Mark only your
answer sheet. If your booklet already has any
inappropriate marks, ask for a clean booklet.
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FINISHED?

Close your test booklet.

Make sure you have filled in your answer sheet with your
name, sex, grade, and birth date.

Make sure that the Identification No. Box A has a 2 in it.

Turn in your test booklet and answer sheet.

THANK YOU



MATHEMATICS 8 EXAMINATION (139)

TEST FORMAT 3

INSTRUCTIONS

Do NOT open the test booklet until you are told to do
so. You will have 45 minutes to complete this test.

Carefully remove the answer sheet from inside the front
cover and make sure there is a 3 marked in box A of the
Identification No. section of the answer sheet.

Be sure you have a pencil, an eraser, and some scratch
paper.

Fill in your answer sheet with your name, sex, grade,
and birth date.

Do NOT use a calculator or a protractor.

For each question, select the best answer. Mark your
choice on the answer sheet by filling in the bubble
under the correct letter. Make sure the question
number is the same as the gquestion number in the test
booklet.

‘Do not spend too-long on any one question. Try your

best pick a good answer to every question.

If you make a mistake, completely erase your first
choice and f£ill in the bubble of your new choice.

Do NOT write in the test booklet. Mark only your
answer sheet. If your booklet already has any
inappropriate marks, ask for a clean booklet.

SPECIAL INSTRUCTIONS

You must begin with question 1. When you have chosen
the best answer and marked your answer sheet, then you
must go to question 2. When you have finished question
2, then you must go on to question 3, then question 4,
then question 5, and so on to the end of the test.

Try each question once and only once. 1If you can't
answer a question, go on to the next one.

Do NOT skip ahead to new qguestlons or go back to old ones.

Try to answer each question in its proper order.
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END OF TEST

Close your test booklet.
Do not go back to any of the questions.

Make sure you have filled in your answer sheet with your
name, sex, grade, and birth date.

Make sure that the Identification No. Box A has a 3 in it.

Turn in your test booklet and answer sheet.

THANK YOU



MATHEMATICS 8 EXAMINATION (141)

TEST FORMAT 4

INSTRUCTIONS

Do NOT open the test booklet until you are told to do
so. You will have 45 minutes to complete this test.

Carefully remove the answer sheet from inside the front
cover and make sure there is a 4 marked in box A of the
Identification No. section of the answer sheet.

Be sure you have a pencil, an eraser, and some scratch
paper.

Fill in your answer sheet with your name, sex, grade,
and birth date.

Do NOT use a calculator or a protractor.

For each question, select the best answer. Mark your
choice on the answer sheet by filling in the bubble
under the correct letter. Make sure the question
number is the same as the question number in the test
booklet.

Do not spend too long on any one question. Try your
best pick a good answer to every question.

If you make a mistake, completely erase your first
choice and £i1l1l in the bubble of your new choice.

Do NOT write in the test booklet. Mark only your
answer sheet. If your booklet already has any
inappropriate marks, ask for a clean booklet.

SPECIAL INSTRUCTIONS

You must begin with question 1. When you have chosen
the best answer and marked your answer sheet, then you
must go to question 2. When you have finished question
2, then you must go on to question 3, then question 4,
then question 5, and so on to the end of the test.

Try each question once and only once. If you can't
answer a quesation, go on to the next one.

Do NOT skip ahead to new questions or go back to old ones.

Try to answer each question in its proper order.
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END OF TEST

Close your test booklet.
Do not go back to any of the questions.

Make sure you have filled In your answer sheet with your
name, sex, grade, and birth date.

Make sure that the Identification No. Box A has a 4 in it.

Turn in your test booklet and answer sheet.

THANK YOU
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P-level Item Analysls Data (144)

Easy to Hard Hard to Easy
As Gliven Order Reversed Order
Form Form Form Form
Seq. 1 3 Seq. 2 4
Item No. Unr. Res. No. Unr. Res.
A 1 .913 .919 40 .728 .678
B 2 .906 .838 39 .707 .562
C 3 .866 .831 38 .762 .651
D 4 .832 .723 37 .619 .521
E 5 .678 .635 36 .558 .548
F 6 .765 .723 35 .599 .589
G 7 .812 . 750 34 .565 .527
H 8 .624 .696 33 .531 . 445
1 9 .604 .520 32 .537 .5217
J 10 .705 .676 31 .660 .575
K 11 .651 .669 30 . 449 . 459
L 12 .470 .466 29 .435 .384
M 13 .631 .595 28 .483 .452
N 14 . .617 .541 27 .503 .527
0 15 .503 .493 26 .442 .404
P 16 .369 . 385 25 .374 .288
Q 17 .362 . 399 24 .272 .418
R 18 .416 . 351 23 .313 .342
S 19 .490 .5217 22 . 435 .438
T 20 .456 .392 21 .361 .397
U 21 .376 .358 20 .367 .411
v 22 .477 .419 19 .429 .308
W 23 .523 .527 18 .435 .500
X 24 . 389 .378 17 .367 .329
Y 25 .329 .291 16 .374 .432
z 26 .456 .459 15 .306 .371
AA 27 .315 .284 14 .293 .267
BB 28 .356 .351 13 . 354 .390
ccC 29 .275 .324 12 .272 .253
DD 30 .201 .2597 11 .204 .267
EE 31 .362 .297 10 .313. .281
FF 32 .369 .439 9 .367 .370
GG 33 . 255 .2517 8 .218 .240
HH 34 .275 .209 7 .238 .219
II 35 .242 .223 6 .252 .151
JJ 36 .228 .250 5 .272 .288
KK 37 .242 .189 4 .238 .137
LL 38 .262 .182 3 .190 .205
MM 39 .161 .169 2 .122 .199
NN 49 .181 .176 1 .245 .247

Note Unr. = Unrestricted; Res. = Restricted



B-value Item Parameter Estimates (145)

Easy to Hard Hard to Easy
As Given Order Reversed Order
Form Form Form Form
Seq. 1 3 Seq. 2 4
Item No. unr. Res. No. Unr. Res.
A 1l -2.743 -3.028 40 -1.257 -1.004
- B 2 -2.653 -2.096 39 -1.134 -0.357
C 3 -2.206 -2.037 38 -1.476 -0.845
D 4 -1.909 -1.255% 37 -0.641 -0.139
E 5 -0.915 -0.741 36 -0.325 -0.284
F 6 -1.427 -1.255 35 -0.535% -0.504
G 7 -1.752 -1.429 34 -0.360 ~0.175
H 8 -0.633 -1.089 33 -0.188 0.262
I 9 -0.531 -0.128 32 -0.222 -0.175
J 10 -1.063 -0.970 31 -0.861 -0.430
K 11 -0.772 -0.931 30 0.233 0.189
L 12 0.126 0.155 29 0.292 0.602
M 13 -0.667 -0.520 28 0.051 0.226
N 14 -0.599 -0.234 27 - -0.051 -0.175
0 15 -0.037 0.014 26 0.257 0.487
P 16 0.633 0.592 25 0.611 1.178
Q 17 0.669 0.517 24 1.195 - 0.411
R 18 0.392 0.783 23 0.950 0.839
S 19 0.028 -0.163 22 0.292 0.299
T 20 0.192 0.555 21 0.684 0.525
U 21 0.598 0.744 20 0.647 0.449
v 22 0.093 0.407 19 0.327 1.047
W 23 -0.135 -0.163 18 0.292 -0.030
X 24 0.529 0.630 17 0.647 0.921
Y 25 0.850 1.148 16 0.611 0.337
YA 26 0.192 0.191 15 0.990 0.641
AA 27 0.925 1.191 14 1.070 1.314
BB 28 0.704 0.783 13 0.721 0.563
cc 29 1.162 0.941 12 1.195 1.409
DD 30 1.657 1.369 11 1.658 1.314
EE 31 0.669 1.106 10 0.950 1.223
FF 32 0.633 0.299 9 0.647 0.680
GG 33 1.287 1.369 8 1.558 1.506
HH 34 1.162 1.710 7 1.416 1.660
II 35 1.374 1.608 6 1.325 2.259
JJ 36 1.465 1.415 5 1.195 1.178
KK 37 1.374 1.872 4 1.416 2.403
LL 38 1.245 1.929 3 1.762 1.768
MM 39 1.981 2.047 2 2.389 1.824
NN 40 1.812 1.987 1 1.370 1.457

Note Unr. = Unrestricted; Res. = Restricted
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MATHEMATICS 8 EXAMINATION (147)

TEST FORMAT 3

INSTRUCTIONS

Do NOT open the test booklet until you are told to do
so. You will have 45 minutes to complete this test.

Carefully remove the answer sheet from inside the front
cover and make sure there is a 3 marked in box A of the
Identification No. section of the answer sheet.

Be sure you have a pencil, an eraser, and some scratch
paper.

Fill in your answer sheet with your name, sex, grade,
and birth date.

Do NOT use a calculator or a protractor.

For each question, select the best answer. Mark your
choice on the answer sheet by filling in the bubble
under the correct letter. Make sure the question
number is the same as the question number in the test
booklet.

Do not spend too long on any one question. Try your
best pick a good answer to every question.

If you make a mistake, completely erase your first
choice and f£i11 in the bubble of your new choice.

Do NOT write in the test booklet. Mark only your
answer sheet. If your booklet already has any
inappropriate marks, ask for a clean booklet.

SPECIAL INSTRUCTIONS

You must begin with question 1. When you have chosen
the best answer and marked your answer sheet, then you
must go to question 2. When you have finished question
2, then you must go on to question 3, then question 4,
then question 5, and so on to the end of the test.

Try each question once and only once. If you can't
answer a question, go on to the next one.

Do NOT skip ahead to new questions or do back to old ones,

Try to answer each quegstion in its proper ordex.



ITEM A: QUESTION 1 (148)

The.circle graph shows the proportions af
varigus grain crops produced by a country.
Which of cthe following scataments is TRUE?

o A More ocats than rye is
produced.

8 The largest crop fs barley.

¢ Equal quantities of wheat
and bariey are praduced.

] The smallest crop s oats,

E Wheat and oats together make
up less than half the total
grtain crop.

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM B: QUESTION 2 (149)

162 x 45 is equal to

A 1378
8 1458
c 5890
D 6290
o E 7280

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM C: QUESTION 3 (150)

A team scores an average of 3 points per game

over 5 games. How many points altogether were
scored in the S games.

-
s
c 3
0 5

e E 15

PLEASE DO NOT TURN BACK TO THIS PAGE,




ITEM

D:

QUESTION 4 (151)

In a discus-throwing competition, the
winning throw was 61.60 metres. The

second place throw was 59.72 metres.

How much longer was the winning

throw than the second place throw?

A. 1.12 metres
8. 1.88 metres
C. 1.92 metres
0. 2.12 metres

E. 121.32 metres

PLEASE DO NOT TURN BACK TO THIS PAGE,



ITEM  E: QUESTION 5 (152)

If. 102 x 103 = 10" then n is equal to

A 4
¢ B 5
c 6
0 8
E 9

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM F: QUESTION 6 (153)

A group of children was divided into

7 teams with nine in each team. Later,
the same group of children was divided
into teams with seven in each team. How
many teams were there then?

A 7
8 8
e C 9
0 16
E 63

PLEASE DO _NOT TURN BACK _TO THIS PAGE.




ITEM G: QUESTION 7 (154)

Here is a table that shows the number of  [f the graph were compieted, which point would

trees planted along a highway in a week. fndicate the top of the bar on Thursday?
Days of A P
the Week | Mon | Tues | Wed | Thurs | Fri
Number of 8 Q
Trees
Planted 80| SO 60 90 75 c R
On the diagram below, the graph for the
first two days' plantings has been
drawn. 0 S
100

. T
v o
¢ 0 e e T
e T e
w 60 ® Q
3 7.7 .
3 21 7/
] 20 A7, 1444495
= XA

0 A

Moa Tues Ved Thurs Fri

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM H: QUESTION 8 (155)

What is the volume of a rectangular box
with interior dimensions 10 c¢cm long, 10
cm wide, and 7 c¢m high?

A 21 cm?
B 70 cmd
c 140 cm3
0 280 cm?3

0 E 700 cm3

PLEASE DO _NOT TURN BACK TO THIS PAGE.




ITEM I: QUESTION 9 (156)

If the ratio of 2 to 5 equals the
ratio of n to 100, then n is equal to

A 10
B 20
o C 40
0 150
E 250

PLEASE DO NOT TURN BACK TO _THIS PAGE.




QUESTION 10 (157)

ITEM J:
D
A 20
8 40
A c B

’ 0 80

If AB is a straight line, what is the
3 100

measure in degrees of angle BCD?

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM K: QUESTION 11 (158)

In a school of 800 pupils, 300 are boys.
The ratio of the number of boys to the
number of girls is

A 3:8
B 5:8
C 3: 1
D 5:3

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM L: QUESTION 12 (159)

Which of the followi
7x (34 9)3 wing equals

. A (7 x3)+(7x9)
8 (7x9)+(3x9)
¢ (7 x3)+(3x9)
0 7 x 27

E 21 + 9

PLEASE DO _NOT TURN BACK TO THIS PAGE.




ITEM M: QUESTION 13 (160)

0.40 x 6.38 is equal to
A. .2552
B. 2.452
’ c. 2.552
D. 24.52

E. 25.52

PLEASE DO NOT TURN_BACK TO THIS PAGE.



QUESTION 14

Whenz=2,%£—-t—}=isequa1 to
A 1
B 3
o
I

PLEASE DO NOT TURN BACK TO THIS PAGE.
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ITEM 0: QUESTION 15

A. 36 m2

8. 300 m2

’ c. 284 m

A square is removed from the rectangle as

shown. What is the area of the remaining ,
£ 16m

part?

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM  P: QUESTION 16 (163)

f segment PQ were drawn for each figure
:hownggelow, it would divide one of the
figures inta two congruent triangles.
Which figure?

~

PLEASE DO _NOT TURN BACK TO THIS PAGE .,




ITEM Q: QUESTION 17 (164)

7 23—0 is equal to

p ~

7.03

. B. 7.15

cC. 7.23
0 7.3
3 7.6

PLEASE DO _NOT TURN BACK TO THIS PAGE.




ITEM R: QUESTION 18 (165)

What is the square root of 12 x 757

A 6.25
e B 30

c 87

0 625

E S00

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM S: QUESTION 19 (1l66)

If z = -3, the value of -3z is
A -9
8 -6
c -1
0 ]
¢ E 9

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM T: " QUESTION .20 (167)

How many pieces of pipe each 20 metres long
would be required to construct a pipeline
1 kilometre in length?’

A 5
° 8 S0
C 500
D 5000
E 50,000

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM uU: QUESTION 21 (168)

2 metres + 3 millimetres is

equal to

A. 2.0003 metres

) 8. 2.003 metres

C. 2.03 metres

0. 2.3 metres

E. 5 metres

PLEASE DO NOT TURN BACK TO THIS PAGE.



ITEM v: QUESTION 22 (169)

8.8 m A. 48 m?
B. 54 m2
£.9 =
C. 56 m?
Which of the following is the cleosest e 0. 63 m2
approximation to the area of the
rectangle with measurements given?
E. 72 m?

PLEASE DO NOT TURN BACK TO THIS PAGE.



ITEM  W: QUESTION

Q

o T

= 80 ;ﬁ
[}]

g

S 60 A

-~ /\’

c Lo ue

- —1" Car B

g 20 o~

s 0 T

s 1 2 3 L
8 Time in Hours

Three hours after starting, car A is how
many kilometres ahead of car B?

PLEASE DO NOT TURN BACK TO THIS PAGE.

23

10

15

20

25

(170)



ITEM X: QUESTION 24 (171)

The arithmetic mean (average) of:
1.50, 2.40, 3.75 is equal to

A 2.40
o B 2.55
c 3.75
0 7.65

3 None of these

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM Y: QUESTION 25 (172)

-

The measure of the angle shown is

nearest to
A 1ss°
B 145°
¢ so°
o o0 35°
£ 1s°

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM Z: QUESTION 26

[frx=y=2-=,

T -2 .
then =— g s equal to

A -2
S
e C 0
0 7
£ 1

PLEASE DO NOT TURN BACK TO THIS PAGE.
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ITEM AA: QUESTION 27

2 en 2 e 2 e
N N
N \
N N
N N
N\ .
A A The area in square centimetres of this
2 figure is
The rectangle shown above is cut along A 8 cm?

the dotted lines and the three parts
put together, without overlapping, to

give the figure shown below. 8 10 cm?
o C 12 en?

0 14 em?

E 16 em?

PLEASE DO _NOT TURN BACK TO THIS PAGE.
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ITEM BB: QUESTION 28 (175)

- 10 cp —

What is the area of the above parallelogram?

A 30 em?
8 36 cm?
c 48 cm?
. 0 60 am?
£ 80 cm?

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM CC:

A

A

4 0
M

NP

QUESTION 29

Suppose you start at point M(-1,-1), move
a distance of one unit to N(-1,-2), then
turn left and move one unit to the peint
P{0,-2). If you again turn left and

move one unit, you will now be at the
point with coordinates

A (1, -2)
8 (0, -3)
¢ ¢ (@, -1)
0 (-1, -2)

£ None of the above

PLEASE DO NQT_TURN BACK TO THIS PAGE .
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ITEM DD: QUESTION 30 (177)

e

0.00046 is equal to
A, 4g x_10‘3
. B. 4.6 x 1074
C. 0.46 x 103
0. 4.6 x 10"

E. 46 x 105

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM EE: QUESTION 31 (178)

If, in the given figure PQ and RS are
intersecting straight lines, then
T +»y is equal to

A 15
] 30
' c 60
0 180
13 300

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM FF: QUESTION 32 (179)

The table below compares the height
from which a ball is dropped (d)} and
the height to which it bounces (b).

d 50 80 100 150

b 25 40 50 75

Which formula describes this relation?
A b =d?
8 b=2d
s ¢ %
0 bm=d+ 25

£ b=d - 25

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM GG: QUESTION 33 (180)

The total area of the two triangles is

¢ A 6 x 8 ecm2
8 258 em
c %_Ecmz

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM HH: QUESTION 34

(181)

PQRS is a rectangle. Its image after a
transformation {s the rectangle P'Q‘R'S‘,
as shown above. The transformation used

¥ could have been
3
a & A a rotation about the origin.
e
- 2 & S < z 8 a reflection in the y-axis
'Y Q c a translation parallel to
the z-axis
]
‘ 0 a reflection in the z-axis
E a translation parallel to
the y-axis.

PLEASE DQ NQT TURN BACK TO THIS PAGE,




ITEM 1II: QUESTION 35 (182)

One of the following points can be joined
to the point (-3,4) by a line segment
which cuts NEITHER the z NOR the y axis.
Which one?

o A (-2,3)

B (2,-3)
c (2.3
D (-2,-3)
E (4,-3)

PLEASE DO NOT TURN BACK TO_ _THIS PAGE,




ITEM JJ: QUESTION 36 (183)

In a quadrilateral, two of the angles each
have measure of 1109, and the measure of a
third angle is 90°. What is the measure
of the remaining angle?

« A 50°
B 90°
C 130°
D 140°
E None of the above

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM KK: QUESTION

The symbol P M Q represents the
intersection of sets f and Q and the
symbol P U Q represents the union

of sets P and Q. Which of the follaw-
ing represents the shaded portion of
the diagram below?

PLEASE DO _NOT TURN BACK TO THIS PAGE.

37

(PNQ)UR

P U(Q NR)

Pn(QuUR)

(PnQ) AR

(Pu@lnRr

(184)



ITEM LL: QUESTION 38 (185)

There are 7,000,000 girls under the age of 21

in a country with a total population of 36,000,000.
If a circle graph were drawn showing the distri-
bution of the population, the angle in the

sector representing girls under the age of 21

would have measure

A 7°
B 20°
c 21°
* D 70°
E 72°

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM MM: QUESTION 39 (186)

[f Sz + 4 = 4 - 31, then
x is equal to

. A, =35
gB. -27
c. 3
0 27
£ 35

PLEASE DO NOT TURN BACK TO THIS PAGE.




ITEM NN:

QUESTION 40

Given v and w as shown in the figure above, what
is 55, the vector from D to B

PLEASE DO _NOT TURN BACK TO THIS PAGE.
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END OF TEST

Close your test booklet.
Do not go back to any of the questions.

Make sure you have filled in your answer sheet with your
name, sex, grade, and birth date.

Make sure that the Identification No. Box A has a 3 in it.

Turn in your test booklet and answer sheet.

THANK YOU
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