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ABSTRACT

This study investigated the effects of two types of item arrangement formats
(ascending and specified mixed order) via test scores, on the two types of test
reliability coefficients (test-retest and Kuder Richardson 20). Arepeated measures
two-group within-subject design was used, with a sample of four hundred and
eighty (480) secondary school students from three Local Government Areasin
Bayelsa Sate, South-South Nigeria. A 40-item Mathematics Achievement Test
was used to gather data, which was analyzed using the z-test and the t-formula
for testing the significance of reliability coefficients. The study finds significant
effect on test scores, with the specified mixed order format having significantly
higher scores, but found no effect on either of the reliability coefficients. It is
recommended that item arrangement be strictly considered when constructing
tests in schools and for standardized examinations.

Keywords: item arrangement, ascending order, specified mixed order, reliability
coefficient, test-retest, Kuder-Richardson 20 (K-R 20).

INTRODUCTION

Educational measurement isan essential and invaluable part of theteaching and learning
process. Theterm‘ psychometric’ refersto themeasurement of such psychological aspects
of individual sas personality, intelligence, and educational achievement (Nunnally and
Bernstein, 1994). For any measuring instrument to be adjudged as servingits purpose, it
must possessthetwo most basi ¢ psychometric propertiesof validity and reliability. Vaidity
istheability of ameasuring instrument to (actualy) measureor predict thetrait or attribute
that it was designed to measure or predict (Messick, 1989; Airasian, 1997), and is
considered to bethe singular, most important attribute that atest should possess (Anastas
and Urbina, 1996). A test isvalid only when theinferences, decisionsand conclusions
madefromitsresults, such as, whether astudent passed, should be promoted, or failed,
arecorrect, accurate and justifiable.

Rdiability, onthecother hand, isatechnicd termreferring totheability of amessuring
ingrument to give congstent or Smilar scoreswhenitisadministered to the same person(s),
at different timesand/or locations. It isan especially important criterion becauseitisa
necessary requirement for validity. When atest givesdiversely different scoreswhenitis
re-admini stered to the same group of persons, itimpliesthat scoresare varying whenthe
trait (or item) isnot; such atest cannot be validly measuring what it was designed to
measure. Soif atestisnot religble, it cannot bevalid. Hence, theabsence of scoreconsstency
limitsthevalidity of the predictionsand decisionsto be madewith thetest (Davidshoffer
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and Murphy, 1994). Rdliability reflectstest score precison and generdizability, two essentid
pre-requisitesof validity. Test scoreshave precision whenthey areconsistently exact. Test
scoresshould aso begeneralizabletored lifesituations. Oneof theunderlyingissuesin
testing is the degree to which observed test performance can match unobserved
performanceor application. It isonly when what ateacher observesinthe classcan be
trandated to aredl life scenario outsidetheclass, that conclusionsdrawn can beseen as
valid. Consistent scoresa so give confidencethat theresultsarerelated to the attribute
being measured. Inconsi stent scores, onthe other hand, work against students’ progress
by implying that astudent isstrong, or weak, inaparticular subject, when that may not be
the case, leading to among other things, wrong or unsupportabl e decisions concerning
admissions, class placement, job placement and promotion. Such candidatesmay come
under pressureto perform moreor lessthan they can. Reliability isthusafirst stepinthe
validation process.

Rdiability isobtained through Satistica correl ation, andisexpressed mathematicaly
asanumerical value called acoefficient, represented by the symbol r, and with values
ranging between +1.00t0 0.00. A value nearer to 0.00 indicateincons stent scores, while
valuesnearer to + 1.00 showsgreater scoresimilarities. Reliability dealswithtest score
consistency, thus, reliability theories were devel oped to estimate the effects of score
incons stencieson the accuracy of psychol ogical and educational measurements. One of
the main theories used to explain the concept of reliability isthe Classical Test Theory
(CTT), whose basic tenet isthat any observed scoreis made up of atrueand an error
component. Itissymbolized by thesimpleequation: X =T + E, where X isthe actual
obtained score, T isthetrue scoreand E isthe error component.

Thetrue score comprisesthe candidate’ s stable characteristics on the trait of
interest, and reflectsthe exact value of hisability [or achievement] onthat trait (Thissen,
1990), while the error score (technically called measurement error) comprises the
characterigticsof the candidate, thetest itself, and thetesting Situation, that have nothing to
dowiththetrait of interest, but which neverthel ess affect the score and causeit to vary
(McCormick and Pressley, 1997). Theseinclude student error, fatigue, stress, illness,
moativation, excitement; poor examination environment likelighting or seating; or ambiguous
test instruction and/or item. Essentialy, the CTT assumesthat the ability onatrait (or true
score) isconstant, and that it isthe random or measurement errorsresulting from these
sourcesthat cause scorevariation. So, whilethetrue score contributesto score cons stency,
the error score causesincons stencies (Guy, 2000).

Consequently, true score has been described asthe scorethat acandidate would
have gotten had the measurement been error-free (Onunkwo, 2002). Finally, the CTT
seeserror-free measurementsasatheoretical impossibility sinceal measuring tools (and
Stuations) are subject to somedegree of error (Mehrensand Lehman, 1992). Thisiswhy,
despite being theoretically desired, perfect score consistency, inform of +1.00 isoften
impracticablein test application (Salviaand Y sseldyke, 2001). The goalsof thistheory
thereforeinclude estimating measurement errors, suggesting ways of reducing them, and
consequently improving thereliability status of measurement tool sand procedures. The
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commonest techniquesfor quantifying reliability may be classified into either repeated
measuresor internal consistency techniques (Traub, 1994). Whilethesetechniquesare
conceptually based onthe CTT, they are practically based on the Parallel Test Model
(Davidshoffer and Murphy, 1994), which suggestsdevel oping two equiva ent formsof the
sametest, which should giveidentica scores; administering theseteststo the same persons,
and correlating the scoresto assess the degree to which they agree with each other.

Repeated measuresinvolve repeated or multipleadministrations of the sametest
or, of parallel forms of the sametest, to the same persons; and the correlation of the
obtained scoresto get acoefficient. Themaost commonly used repeated measurestechnique
isthetest-retest (Anastas and Urbina, 1996), whichinvolvesadministering the sametest
twiceto the same persons. The retest may be done immediately, or after a specified
interva, with two weeksbeing thewidely accepted standard (Salviaand Y ssel dyke, 2001).
Thetest-retest coefficient iscalled stability index sinceit indicates the stability, and the
extent towhichthetest scoresmay begenerdized over different timesand different occasions
(Ashworth, 1982). Itisthereforesuitablefor such sabletraitsasintelligenceand achievement
(Gronlundand Linn, 2000), and ultimately for long termor predictivesability. Unfortunately,
duetoitshaving two administrations, the use of test-retest are not feasiblein many testing
situations. Internal consistency techniques are more viable becausethey involveonly a
sngleadminigtration.

Internal consistency dealswith theinterrel atedness of aset of testitems. These
techniqueseva uatehow consigently theitemsinthetest measurethesametrait, by ng
how consistently test takersrespond or perform, correctly or incorrectly, acrossthetest
items. They areused for test itemsthat are measuring ahomogenous content, such asa
Mathematicstest. Therationalebehind their useisthat sincetheitemsin suchtestsare
similar, and/or designed to measure the samefactor or construct, the candidate should
respond the sameway, or consistently, to al theitems, or at |east alarge number of them.
Consequently, most of the responses of agood candidate, on ahomogenoustest should
correlate or agreewith each other (Cronbach, 1984).

Theobtained coefficientiscalled aninternal consistency index. By far the most
reportedindexesof internal consistency reliability arethe Cronbach Alpha, for scales, and
theKuder Richardson 20 (K-R 20) formulafor tests(Corting, 1993). TheK-R 20isused
for dichotomously-scored tests, such as multiple-choicetestsand ismore suitable for
power, rather than speeded, tests (Onunkwo, 2002). It isnot atechnique per se, but a
formula, used to correlateindividua item scoreswith thetotal item score. The procedure
involvesadministering thetest onceto thetest takers, obtaining their scores, computing the
variance of thetotal test scores, and for eachitem, determining the number of candidates
that scored it correctly (andincorrectly), and then using thisinformation to cal culate the
proportion of students that passed it (designated p) and the proportion that failed it
(designated g). Thisinformation isthen substituted intheformula. In anutshell, score
inconsistency isasaresult of random measurement errors, and therdiability statusof a
test isthe degreeto which its scores are free from these random errors, for aparticular
group of test takers. Following from this, many sources of measurement error stemfrom
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the proceduresinvolvedin devel oping and Sandardizing thetest items (Linn, 1988; Nunnaly
and Bernstein, 1994; Haladyna, 1997), and one of theseisthe order inwhich theitems
arearranged (Traub, 1994). Item arrangement isaformatting processin test devel opment.
Itistheprocedure of arranging theitemsin asequential pattern, inwhich they will appear
inthefina or published edition of thetest. A testisusualy formatted beforeitisadministered
to thenormative group to obtain therdiability and validity coefficients, and other norms.
Assuch, item placement istied to the process of test vaidation and hasthe potential for
affectingtherdiability coefficient.

ltemsarenot arranged haphazardly, but systematicaly, according to someparticular
rationale. Itemsare arranged according the type of item used (whether essay, multiple-
choice, true-false); or thelearning or instructional objectivesbeing assessed; and within
theseformats, they are usualy arranged according to their complexity or difficulty level
(Gronlund and Linn, 2000). Thedegreeof difficulty or easinessof anitemisexpressed by
anumerd, cdleditsdifficulty index (or p-value), computed duringitem analyses. p-values
range between 0.00to +1.00; easier itemshave higher valuesnearer +1.00, such as0.76,
0.89, and the more difficult ones have lower values, nearer 0.00, such as0.44 or 0.23.

The conventional strategy for positioning educational (achievement) test items
accordingtotheir difficulty isin ascending order (Anastasi and Urbina, 1996), starting
with easy itemsand ending with themost difficult ones. Therationaebehind thisisthat
when candidates encounter the easiest itemsfirst, and can successfully solvethem, it will
increasetheir confidenceand givesthem amental boost whichwill motivateand encourage
more successful solutions of the subsequently less easy items (M ehrensand L ehman,
1992). A test candidate coming acrossthe harder itemsfirst, especially in atimed tet,
might spend alot of timethereand not eventually get to the easier itemsthat were placed
at thelatter part of thetest.

Items may also be placed in arandom or specified mixed order. A particular
variant of thismethod involvesplacing difficult items (defined asitemswith p-valuesof less
than 0.50), throughout thetest at specified intervals, each followed by subsequently easier
ones. Therationaebehind thismethod isthat thetypical ascending order techniquefrustrates
the candidate when they encounter and attempt too many difficult itemsin a row.
Consequently, they end up not attempting theseitemsat all, guessing, or worse, cheating
on them, and thisneither reflectsthe candidates” ability onthat trait, nor bodeswell for
testing. The specified mixed order is particularly noteworthy becauseitisthetechnique
used by the Stanford Achievement Test, one of the oldest and foremost standardized
achievement testsin the United States (Davidson, 1985). It can also be argued that a
candidate, who can performwel| on atestin spite of the organisation of items, hasmastered
thematerial in question. Research onitem arrangement spansthelast sixty years. These
studieshaveinvolved comparison of the standard ascending order format, against either of
the descending order or therandom or mixed order formats, and have reveal ed significant
effectson test scores, and through this, on other test features. A mgjority studiesonitem
arrangement found significantly higher scoreswith theascending order formeat (Soureshjani,
2011; Carlson and Ostrosky, 1992; Amadioha, 1991; Gohman and Spector, 1989;
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Hambleton and Traub, 1974; Flaugher, Melton and Myers, 1968; Sax and Cromach,
1966). Somefound declining scoreswith theascending order (Leary and Dorans, 1985),
and higher scores with random order format (Chidomere, 1989). Some found the
differences specifictoitem typesor subject matter: Kingston and Dorans (1984), using
the Graduate Record Examination (GRE), found effectson the Analysisof Explanation
and Logical Diagram items, two item typesthat were consequently removed from the
GRE tests: while Mollenkopf (1950), using the College Entrance Examination Board
(CEEB) tedts, found higher scoreswith theascending order formeat, withtheVerba Anadysis,
but not with the Complex Mathematical items.

Ontheother hand, a few studies havefound item positioning to haveimmateria
effects(Plake, Thomson and Lowry, 1981; Aiken, 1964; MacNichol, 1956), whilesome
found resultsthat wereinconclusive, for instance, Newman, Kundert, Law and Bull (1988)
found non-significant differences, eventhoughtheir control group (ascending order), had a
higher mean; whileMonksand Stalling (1970) carried out t-testsandlyseson eleven pairs
of equivalent tests, with their itemsarranged in different positions, and found significant
effectsin only two of the analyses. Studiesthat havefocused on psychometric properties
have been few and far between. While MacFarland, Ryan and Ellis(2002) found enhanced
effects on the psychometric properties, favouring the random placement of items;
Amadioha(1991), Monks and Stalling (1970) and Flaugher, Melton and Myers (1968)
found resultsthat favoured ascending order. Sanders, Erikson and Dawis, (1988) found
no significant effects, and labelled their resultsinconclusive. However, Marso (1970) and
Kande-Bawa (2003) have argued that more empirical evidenceisneeded.

The preceding review has shown resultsthat have sometimesbeen conflicting,
depending on thesituationsor variablesinvolved. All thevariableshave beentied tothe
test scores, and severa of the studieshave shown that item arrangement affect test scores.
Since test scores determine the psychometric criteria, which are essential for any
measurement strategy, any factor that impingesontherdiability of test scoresisathrest to
precision, accuracy, objectivity, externa validity and overal validity. Item arrangement is
hypothesized as a source of measurement error. Therefore waysto assess, control and
minimizeitseffectsshould bestudied. Thestudiesthat have specified reliability coefficients
have beeninconclusive and most of thereviewed studieshave been doneoutside Nigeria
Thesewere someof thegapsthat thisstudy sought tofill. Themainthrust of thisstudy was
to analyze and comparetheeffectsof twoitem arrangement formats (ascending order and
the specified mixed order), viatest scores, ontwo test reliability coefficients (test-retest
and K-R 20). The study tested the hypotheses of no significant difference between, the
following variables (the mean test scores, thetest-retest reliability coefficient, andtheK-R
20reliability coefficient) of aMathematicsachievement test, whenitsitemswerearranged
inascending order format and when theitemswerearranged in aspecified mixed order
format.

METHOD
Theresearchwasquas experimental, using participantsfrom intact classrooms, witha
repeated measurestwo-group within-subject design, where each participant received each
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level of theindependent variable (each of themwrotethetest twice, each with thedifferent
item arrangement format). Thiseliminated the need for random assignment to experimental
groups. TheABBA counterbalancing designwasbuilt-into control for order effects(which
along with practice effects, are inevitable with the use of repeated measures.
Counterbal ancing invol ved presenting the experimental conditionsto the participantsinan
order that controlsfor any outside effects caused by the particul ar order of presentation.
Thestudy wascarried out ininthreeloca government areas (Odi, Sagbamaand Yenagoa)
of BayelsaState, Nigeria. A population of Senior Secondary School ClassOne (SSS1)
studentswas used, from which asample of four hundred and eighty (480) students(male
= 216; female=264) wasrandomly selected.

Themainsudy insrument wasaM athemati csA chievement Test (MAT) developed
and validated by the researcher, consisting of forty (40) five-optioned multiple choice
items. It was content and face validated by two psychometry expertsand four practicing
Mathematicsteachers, who critically evaluated the test format and items, in terms of
congruenceto thetest blueprint, suitability of vocabulary, clarity of figuresand graphs, font
typeand size, test length, test difficulty level andtimelimit given. Theitemswerearranged
under thetwo item placement formats and designated MAT Form A (Ascending order)
and MAT Form B (Specified Mixed order). Four testing sessionswere carried out, two
for each test format, with participants being tested and retested with each format. Testing
spanned aperiod of fivedays, whileretesting spanned fifteen days.

RESULTSAND DISCUSSION

Thefirst null hypothesisof no significant difference between the mean scoresof the MAT
when itemsare arranged in ascending order and when they are arranged in specified
mixed order, wasre ected when theresultsreveal ed asignificant difference, asshownon
Table 1. Thesecond null hypothesisof no significant difference between the obtai ned test-
retest r coefficientsof the MAT when itemsare arranged in ascending order and when
they arearranged in specified mixed order was not rejected, when theresults, asshown
ontable 2, indicate that therewasindeed no difference. Thelast null hypothesisof no
significant difference between the obtained K-R 20 coefficient of the MAT whenitems
arearrangedin ascending order and when they are arranged in specified mixed order was
alsorejected, asshown ontable 3, when no difference wasfound.

Thisstudy focused ontheeffect of item arrangement on test scoresand test riability
coefficients. Overal, thefindingsrevea ed theimpact of item arrangement on test scores
(with themixed specified format having higher scoresthan the ascending order format),
but not on test reliability. Hypothesisonerejection wasin linewith Chidomere (1989),
who found higher scoreswith the random specified order when compared against the
ascending order format. L eary and Dorans (1985) arguethat scoresof itemarrangedin
ascending order declined becausethedifficulty level built up to apoint wheretheitemsin
the latter part of the test became too difficult and had to be guessed at or answered
haphazardly. Flaugher Flaugher, Melton and Myers (1968) agree, adding also that the
scoresare affected becausethetest istimed, and the candidates do not get to the difficult
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itemsin the allotted time. Sax and Cromach (1966) assert that under more generous
timing, the difference between theformatswoul d be non-existent. Deaton, Glasnapp and
Poggio (1980) and Wu, Douglasand Monseur (2001) attribute the differential responses
brought on by different item arrangement, to the differential positioning, aswell astothe
length of thetest, and to theitemstermsbeing positively or negatively stated. Hypothesis
two, which did not reject the null hypothesis, wasin linewith Brenner (1964) and Sanders,
Erikson and Dawis (1988), though it contradicted MacFarland, Ryan and Ellis (2002)
who found that item arrangement affected psychometric properties. Overal, thisstudy
found resultssimilar to Carlson and Ostrosky (1992), Gohman and Spector (1989) and
Brenner (1964), dl who, whilefinding significant changesin test scores, found nonewith
reliability (and validity).

Table 1: Correlated z-test summary table showing the analysis of the mean test scores of the MAT
Test FormsA and B

Test Forms N Mean SD. Df zcdc zcrit  Result
A (Ascending Order ) 2134 789

480 478 +665 +196 P>.05
B (Spec. Mixed Order) 2491 893

Source: Quasi experimentation, 2013
Table 2: t-analysis of test-retest r obtained with the MAT Test Forms A and B

Test Forms N r-values t-cac z-crit Result
A (Ascending Order) T-Rr=0.84

480 +0.33 +196 P>.05
B (Spec. Mixed Order) T-Rr8=0.85

Source: Quasi experimentation, 2013
Table 3: t-analysis of K-R 20 r obtained with the MAT Test FormsA and B

Test Forms N r-values t-calc z-crit Result
A (Ascending Order) K-R20r*=0.84

480 +0.33 +196 P<.05
B (Spec. Mixed Order) K-R20re=0.85

Source: Quasi experimentation, 2013

CONCLUSIONAND RECOMMENDATIONS

Based on thefindings of thisstudy, it was concluded that item sequencing affectstest
scores (causing test-takersto perform better when Mathematical items, based on their
difficulty levels, are scattered round thetest, rather than placed in ascending order) but do
not affect them enoughto affect thereliability coefficients. Item arrangement isused by
examinersand examination bodiesto control for examination mal practice and to create
equivalent formsof tests. Kande-Bawa (2003) statesthat re-arrangement can minimize
cheating and examination mal practice. Thefact that aparticular placement format can
differentially affect scoresand other rel ated test festuresisre evant for both test construction
andfor the practice of using aternateformsof atest to control for cheating. Sinceit affects
test scores, it may follow that such re-arranged itemsmay not be compl etely equivalent.
Variousresearchershave agreed that item arrangement should betaken into consideration
when constructing tests. Hambl eton and Traub (1974) do not want item arrangement to
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be used to devel op equiva ent tests, nor to computetest-retest coefficient; Deaton, Glasnapp
and Poggio (1980) want open-ended and difficult itemsto be scattered round thetest and
not placed at the end; while Harrisand Pommerich (2003) suggest that pretesting the
itemsin different positions beforethey are selected, would mitigate the effects of item
arrangement. Item placement should thusbe done strictly and with proper understanding.
If alternatetestsare used for aparticular examination, the specified order should beused
inaway that giveseach test paper (or combination) similar averagedifficulty level.
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