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Abstract

This study investigated itemsequencing on difficulty level and students’
achievement in Mathematics test in Cape Coast Meti® of Central Region,
Ghana. An attempt was made to find out whether @#ficulty index and item
ordering of the W.A.E.C multiple choice test itdras influence on Senior High
Students achievement in Core Mathematics. The -gqux@grimental design was
adopted for the study. Purposive sampling technigae used to select six (6)
schools comprised 250 form two students from gsactrclasses in the Central
Region of Ghana. Forty Core Mathematics multipleich items were adapted
from W.A.E.C past questions. Item difficulty intk@s carried out; a one and a
two way analysis of variances were used to testfits¢ and the second
hypotheses respectively. The reliability of theérimeent was established by the
use of Kuder-Richardson formula 20 and it was (IFi8. result established
among others that the effect of change of item roae Senior High School
students’ achievement in Core Mathematics was faignit. Based on these
findings it was suggested that W.A.E.C. should idennly one format to be
used in their examinations or equivalent/parallestt and again teachers and
examination officers should be educated on thelasyetric properties of test
and the effect it has on item ordering
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Introduction

Mathematics has long been thought of as a subjeabrfly those with special talents. It is not sisipg
because Mathematics learning has been a problenany over the world, not our times only but frore th
time immemorial. This is because the difficulty Mathematics has been expressed in many forms of
learning Mathematics. For example, there is noidente in learning Mathematics, Mathematics isaor
privilege few, and Mathematics as necessary euvthSeelings or emotions associated with Mathematic
learning difficulties contribute to a large extémthe poor participation and performance in Matages at
higher levels by students with the more acute ghdri levels Otuo Serebour (2013). But across nstion
this attitude is now changing. Mathematics has baerepted to no longer be for few, but for all (
Mcllracth & Huitt, 1995)

In Ghana, it is required of a student to pass mr fcore subjects, namely; English Language, Social
Studies, Integrated Science and Core Mathematiaddition to two elective subjects to guaranteeiai@®
High School placement. Core Mathematics happet®tone of the core subjects and this has trigged th
urge of student at the Basic school level to dogheng possible to pass Mathematics. Many studfmds
Mathematics a very difficult subject and not aldeapply Mathematics ideas in situations of dailg.liThe
guestion then s, is it not possible that teachest practices could contribute to the students’
achievements? A variety of tests are used in diduchut the use of multiple choice tests is themd all
over the world. Test plays an important role iniggvfeedback to stakeholders in education on variou
aspects of our life. Therefore the quality of teas always been a hot issue since long; conseguaajja

et al., (2014) indicated that multiple-choice gimst are frequently used to assess students iareliff
educational streams for their objectivity and wrdach of coverage in less time. However, the mekip
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choice questions to be used must be of quality kvldiepends upon its difficulty index, discrimination
index and distracter efficiency. (Zaman et-al.,020 opined that item difficulty is not affected kiye
sequence of items in a test. Zaman et al., (2089¢ investigated the effect of item sequencesnde the
difficulty level of an item by investigating thedd that discouraging result on preceding item nifgct
the performance of the student on the subsequamt ithis study has concluded that there is no sffelot

on the item difficulty. This view was supported Bylison (1984) who also found no difference in
performance when items were arranged according ¢ertain order of difficulty. Soyemi (1980), also
found no significant differences between easy-tathend hard-to- easy arrangement, easy-to- hard and
random order; and hard- to- easy and random okttexever, Shepard (1994) asserted that tiny chaimges
test format (or arrangement) can make a large rdiffee in students’ performance. This view was
supported by researchers in the research dividiah.A.E.C; Lagos (1993) who discovered that differe
arrangement of items could affect performance adhgrdepending on the subject area.

A study by Moe (2011), on the topic ‘gender diffetes do not mean genetic difference: Externalizing
improvement performance in mental rotation’ fouhdtf male outperformed their female counterparia as
result of item difficulty which had to do with timallocation. Moe opined that when the time aloud is
doubled females solved more items but the sametmiasfor males. However when additional time is
provided the extra items solved are the difficules and as difficulties increase males performdtéibe
than the female. Moe therefore concluded that whakes the difference is the belief that failures or
difficulties are dependants on genetic factors.

In item analysis two approaches are widely used: amély classical Test Theory and item response
theory. The classical test theory utilizes two mstatistics — item difficulty and discriminatiorBut of
most important to this paper is the item difficulyso referred to as the p-value which is the gratage of
students who answered the item correctly . Thegasndrom 0% to 100%, the higher the value, theéeeas
the item. P-values above 0.90 are very easy iterdsraght be a concept not worth testing. P-valietevs
0.20 indicate difficult items and should be revieMfer possible confusing language or the conteetin
re-instruction. Optimum difficulty level is 0.50 fomaximum discrimination between high and low
achievers. Test constructors, including classroostructors, often begin a test with a few relagvehsy
items with the intent of minimizing the impact ofagninees' test anxiety on their performance. Ingdeesl
practice is suggested in a number of textbooks easmrement. Specifying the difficulty of the fifetv
items is a very simple approach to item sequenciiffin a test. More complete specifications might
include item sequences based on monotonically asing difficulty (easy-to-hard), monotonically
decreasing difficulty (hard-to-easy), "spiralingffidulty (random assignment) of items to positiomihin

the test. Duzel and Heinze (2002), investigatecettient to which item sequencing affects also imdoan-
mixed design of recognition memory. Duzel and Heiebncluded that, in random-mixed design, brain
activity can be affected by the sequence in whiffierént types of items are presented.

Statement of the Problem

The over dependence on the use of objective testagsroom practice has affected students leauaridg
the form of subject- matter knowledge to be acqlulvg them. Indeed, factors like well stocked litear
availability of adequate standard Mathematics bedks, students and teacher ratio, number of peod
the time table and the like have found to be cbating factor to Mathematics achievement ( Anamuah-
Mensah, 2002) .It is still imperative for reseamsh® consider the contribution of item sequenciagd
difficulty indices which are also possible contfitms to students’ low achievement in Mathematics.
However, questions have been raised regarding whetthe order of test items influences student
performances. Perhaps these arguments seem undmdiagse, it is seen in most of our secondary $£hoo
that this approach of sequencing( e.g. easy-ta)hiamot adhered to and so many do not see tleetaff
has on students’ performances. In University ofilloNigeria for instance, due to the increasingdsit
population at the undergraduate level, most ofrtb&aminations are done using Computer Based Test
(CBT) which involves the use of multiple test itenhis this, test items are arranged randomly without
sequencing either from easy-to-hard or hard —tey @ad the results from this type of examinationsed

for students’ certification. This means that iteequsencing is not a factor considered in this dageothers
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such as cheating and large student population seematter. Our limited knowledge of item sequenang
difficulty level of students’ performance is a pleim that should be addressed. Item analysis allsu®
observe the characteristics of a particular iterd @an be used to ensure that questions are of an
appropriate standard for inclusion in a test. The¥emed to be conflicting results on the positigrorm
items in a test and the impact it has on studeatsiievement in Mathematics. Though available
information suggests that there have been soménfisdon the positioning of items and their effent o
students performance, this has not been conclasitdealso not much has been done in senior highoteho

in the Central Region of Ghana. A comprehensivenkadge of the construction of a good test item and
sequencing can enable us to create more effeetbrdesides standardizing the existing tests.

Purpose of the Study
This study was aimed at investigating at itesexjuencing on difficulty level and students’ agbi@ent in
Mathematics in Cape Coast Metropolis of centraloe@f Ghana. Two hypotheses were formulated.

Hypotheses
The following null hypotheses were formulated tadguthe study;
1. Ho . There is no significant effect of the mode of saming on the difficulty level of W.A.E.C
multiple-choice test item and achievement of sttslen Core Mathematics.

2. Hq: There is no significant effect of the mode ofigencing on the difficulty level of W.A.E.C
multiple choice test item and achievement in Qdathematics of students with respect to gender

Methodology

Research Design

The quasi-experimental design was used in thisystlithis is a non-equivalence or nonrandomized
experimental research Ary et al., (2002). Accordimd\ry et al., quasi-experimental design is agglle in
situation whereby subjects cannot completely astiga group. This study adopted the design because
school authority may not allow the already groupkedses to be disrupted as they will prefer reberte
conducted on the subjects as they appeared iraetiieah form.

Population

The population of the study was made up of alllipubenior high schools students in the Cape Coast
metropolis of the Central Region of Ghana. Theeeld public senior high schools in the Metropoliescdea

up of 5 singled sex and 5 mixed schools. The aeceaag of the students in this population is 16#& /e
The target population comprised only senior higtost form two students.

Sample and Sampling Technique

Purposively sampling technique was used to selcschools two of which are girls and four boys
schools. Purposive sampling because the schoolgdhatket certain criteria such as being at the same
stage of completion as far as the coverage ofdha fwo SSCE syllabus was concerned. Secondly; thei
performances in Mathematics were checked to be silntibe same using their past Mathematics
examination records. Through random sampling tieckensix intact classes were selected consisting of
250 students.

Instrumentation

The instrument for the study was a standardiseddegeloped by WAEC which was adapted. Only the
Multiple Choice Core Mathematics paper was usedesihis the one for which the psychometric prapsrt
being studied could be obtained. To find the iteguence effect on difficulty level, this researabrikwvas
driven by the theory that good and bad items beliéferently. Classical approach was adopted dusto
simplicity. To analyze the items the difficulty (D@vel was judged using the guidelines suggested by
Courville (2004), who has given the following faguwidelines for the interpretations for D valueslfD =
0.40: no item revision necessary; 2. If D = 0.38lel to no item revision is needed; 3. If D = 0.2@m
revision is necessary; and 4. If D = 0.19: eittmer item should be completely revised or eliminafetest
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of 60 items was adapted by the researcher out adhw#0 were used for data collection based on the
difficulty analysis criteria. The researcher hasygars’ experience of teaching of Mathematics iblipu
secondary level with involvement of six other relet/teachers. Bloom taxonomy was used as framework
for test construction. Total items in the test wdfe with 10 items from knowledge domain, 10 from
comprehension and 10 each from application andysisatiomain. The content validity of the items had
been established by the examination body (WAEC)lenthe reliability of the instrument was subjected

a trial test and found to be 0.78.

Data Collection Procedure

Three forms of the Multiple- Choice items were at¢a as test formats A, B and C in order of random
arrangement, easy-to-hard and hard-to-easy iterapectively. The only treatment done was the
development of three different forms of the testfats. The three forms of items were administeridinv
the period of six weeks. Each school responded tbeathree formats to ensure uniformity. In eaufact
class, students were randomly selected to resgordifferent versions of the test formats.

Data Analysis Technique

Data was analysed by the use of a means, standaiatidn, one -way ANOVA and two-way ANOVA. A
preliminary test for homogeneity of variance was@do ensure if population variances were equat Th
post hoc test used was Scheffe since homogeneitgri@nces assumption was not met.

Results

Data collected were used in answering the two thgess. The alpha value for failing to reject and
rejecting the hypotheses were 0.01 and 0.05 footigses 2 and 1 respectively. This was becauseshe
of homogeneity of variances or the error among dbares was significant. In other words the test of
homogeneity of variances was violated.

Hypothesis 1:
There is no significant effect of the mode of semireg on the difficulty level of W.A.E.C multiplehoice
test item and achievement of students in Core Madties..

The results for the analysis of scores for studévitghematics performances are given in Table 1 2nd
Table 1 gives the descriptive statistics for thre¢hevels of the item order.

Table 1: Descriptive Statistics for Performance oftudents in Core Mathematics

Order N Mean Std. Deviation
Random (RDM) 250 65.2400 12.83281
Hard-to-Easy (HTE) 250 52.1960 12.86404
Easy-to-Hard (ETH) 250 59.7800 11.15911
Total 750 59.0720 13.40915

Table 1 represents the mean and the standard ideviat the scores for the three formats. The result
indicates a better performance of students inahdam formats, means score (65.24) followed by-gasy
—hard, mean score (59.78) and the hard-to-easyddive lowest mean score (52.20).
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Table 2 gives the results of the ANOVA analysis

Table 2: One -way Analysis of Variance for Studerst Core Mathematics Scores

Source Sum of Squares Df Mean Square F Sig.
Between Groups 21456.216 2 10728.108 70.783 .000
Within Groups 113217.896 747 151.563

Total 134674.112 749

Since the test of homogeneity was violated, a rotest of equality of means was conducted whichegav
the Welch and Brown-Forsythe to be significane( 0.000). Hence the acceptance of the ANOVA result
In Table 2, the one —way ANOVA showed a significeagults, F (2,747) = 70.78, P = 0.000.

The result of the Scheffe multiple comparison pgust tests indicated that at 0.05 level of signiitm as
presented in table 3.

Table 3: Scheffe Multiple Comparison Post —hoc test

Format type N Subset for alpha = 0.05
1 2 3
B 250 52.1960
C 250 59.7800
Scheffé A 250 65.2400
Sig. 1.000 1.000 1.000
(i There was significant difference in performancenesn”spiraling”( random) order (M= 65.24,

SD= 12.83) and monotonically increasing (easy-tatharder (M 59.78, SD= 11.16) treatments.
Which is in favour of random order treatment?

(i) There was significant difference in performancesMeein random order (M= 65.24, SD= 12.83)
and monotonically decreasing (hard-to-easy) orbler$2.20, SD= 12.86) treatments. Which is
in favour of “spiraling” (random) order treatment?

(i) There was significant difference in performancenaein monotonically decreasing (hard-to-easy)
order (M= 52.20, SD= 12.86) and monotonically iragieg (easy-to-hard) order (M 59.78, SD=
11.16) treatments. This is in favour of monotoricaicreasing (easy-to-hard) order treatment.

These results above showed that the effect of ehafigtem order on Senior High School students’
achievement in Core Mathematics was significant.

Hypothesis 2:There is no significant effect of the mode of sewurg on the difficulty level of W.A.E.C
multiple choice test item and achievement in Coeghdmatics of students with respect to gender.

The results for the analysis of scores for studeméthematics performances are given in Table 45and
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Table 4 gives the descriptive statistics in terfhgemder for the three levels of the item order.
Table 4: Descriptive statistics in terms of gendefor the three levels of the item order.

Order Gender Mean Std. Deviation N
Male 67.0076 12.86468 131
Random(RDM) Female 63.2941 12.56532 119
Total 65.2400 12.83281 250
Male 53.3969 11.06601 131
Hard-to-Easy (HTE) Femalt 50.873¢ 14.5232! 11¢
Total 52.1960 12.86404 250
Male 60.0763 11.36230 131
Easy-to-Hard (ETH) Female 59.4538 10.96972 119
Total 59.7800 11.15911 250
Male 60.1603 13.01029 393
Total Female 57.8739 13.75379 357
Total 59.072( 13.4091! 75C

Table 4 shows the descriptive statistics for thedhmain test formats with respect to gender. Males
students had a mean score in the three test foim#iis order of increment (RDM =67.0, ETH= 6047
HTE = 53.40 respectively) ; While the females hadean score in this order of increment (RDM =63.29,
ETH= 59.45 and HTE = 50.87 respectively). Thisutemdicates that males’ students had a mean daine
over the females counterparts in all the formath whe highest mean gained registered in the RDM fo
both sex.

Again the Levene’s test of equality of error vadarwas not significant (i.e p<.05), hence a managnt
significance level of 0.01 was used for the analysithe results. Therefore the main and interactio
value should be greater than 0.01. Table 5 givesdhults of a two-way ANOVA analysis. From Table 5
a two-way analysis of variance was conducted. Tikeraction effect between gender and item order was
significant, F (2,744) = 1.007, p = 0.366. Theresveastatistically significant main effect for gende~
(2,744)= 6.500, p = 0.11. These results showedgbader has role to play as far student achieveinen
Mathematics and the order of items are conceralsti indicated that male students generally perédrm
better no matter the order of items than their fersaunterpart.

Table 5: A two- way analysis of variance for Studets Core Mathematics Scores

Source Type Il Sum o Df Mean Square F Sig. Partial Eta Squared
Squares

Corrected Model 22737.218 5 4547.443 30.225 .000 .169

Intercept 2606247.340 1 2606247.340 17322.688 .000 .959

Item orde 2133L67¢ 2 10667.83 70.90¢ .00C .16C

Gender 977.884 1 977.884 6.500 .011 .009

Item order*Gender 303.114 2 151.557 1.007 .366 .003

Error 111936.89 744 150.45:

Total 2751800.000 750

Corrected Total 134674.112 749

a. R Squared = .169 (Adjusted R Squared =.163)

Discussion

The results generally disagree with the findingZafman et al., (2009), they opined that item difi is
not affected by the sequence of items in a tesdilhigaman, et al, (2009) have investigated thecefié
item sequence in test on the difficulty level ofiam by investigating the idea that discouragiesuits on
preceding item may affect the performance of theesit on the following item. Their study concludbdt
there is no such effect on the item difficulty. $hiiew was supported Allison (1984) who also foumad
difference in performance when items were arrangedording to a certain order of difficulty or
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randomness. Perhaps their finding may be differfeotn this current study because of different
environmental and also different educational levéfstead this finding agrees with the following
researchers Shepard and WAEC Research Divisions.&Jepard (1994) asserted that tiny changestin tes
format (or arrangement) can make a large differémstudents’ performance. This view was suppobed
researchers in the research division of W.A.E.(gdsa(1993) discovered that different arrangement of
items could affect performance adversely dependimghe subject area .It was also evidence thateyend
could affect students achievement in Mathemati¢enithe items are arranged in different orderssefen

in the scores of students that male students dentlis outperformed their female counterparts ia tiiree
formats of the test. This finding seems to agreth whe finding by Moe (2011), on the topic ‘gender
differences do not mean genetic difference: Exiaing improvements performance in mental rotation’
found that, male outperformed their female courgggpas results of item difficulty which has to with
time allocation. Moe opined that when the time dlidoubled, females solve more items but the same
true for males. However when additional time isvisted, the extra items solved are the difficult ®aad

as difficulties increase males performed betten tte females. Moe therefore concluded that whatesia
the difference is the belief that failures or diffities are dependant on genetic factors. Partigulehen
one looks at the performance of females in the-ea$yard formats of the test (Male, SD=10.97, Femal
SD=11.16). There was a significant main effect i prder of item but not significant main effect on
gender. This means that males and females diffecamnes in terms of the different formats of thst,tbut

not in the same order format. There was also ardntion effect of gender on the three forms df &esl
that choosing different versions of a test to bedugender should be considered.

Conclusion

The present study has indicated that there wasstitatly significant difference in the achievemenft
students when the items orders were change. Ageistudy found that on the same item format batese
performed almost the same, but found out that matesfemales students perform differently on défer
forms of the test. The results of this study shdaddseen as an indication to teachers, item wrisettgject
officers, psychometrists and examination bodied #tadents’ achievement in Mathematics could be
enhanced positively by adopting the use of randoangement, since it was seen as the best formatevh
students’ performances showed very good result@riering of format or different versions of thettéo
curtail the incidence of examination malpractice thg West African Examination Council should be
pursued with ultimate care, since some studentdwiat disadvantage.

Recommendations
Based on the conclusion drawn from this studyfollewing recommendations were made:

(i) The W.A.E.C. should consider only one format to bsed in their examinations or
equivalent/parallel test

(i) Teachers, examination officers should be educatetth® psychometric properties of tests and the
effects they have on item ordering

(ii) This finding should be adopted by stakeholders asaly solve the problem of comparability of
standard, certification or quality faced by them.

(iv) The West African Examination Council and other eketion bodies should champion a further
research into the use of different orders of mlgdtghoice test in order to finding appropriate
adjustment which will automatically adjust the irapaf the difference in achievements when
different test formats are used.
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