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ABSTRACT This study deals with the psychometric analysis of the two major examinations conducted in Nigeria by
NECO andWAEC. The objective was to compare the standard error of measurement of Biology examinations conducted
from 2000 — 2002 using the one-parameter model of ltem Respaesey (IRT). Sandard error of measurement (SEM)

is commonly used to produce confidence interval and it is an estimate of how much error there is in a test. Instrumentation
research design was used for this stiB3nue $te, Nigeria was the study ardde population for the study comprised

all year three (SSlIl) senior secondary school students who enrolled for May/June/July 2006 Biology senior secondary
school certificate examination of NECO aWAEC in the three education zones of BenteeSThe sample for the study

was one thousand eight hundred (1800) students. Multi-stage stratified sampling technique was used to get this sample.
NECO andWAEC 2000 — 2002 objective Biology questions were the instruments for the Bhedsnaximum likelihood
estimation techniques of the BILOG MG Computer Programme and the SPSS were used for data Erelyessits

showed significant diérences in the SEM of Biology examinations conducted by NECOA&EIC in 2000, 2001 and
2002.This implied that Biology examinations conducted by NECO had smaller SEM (high reliability) than those of
WAEC. It has recommended thatTlRnalysis should be employed by Nigerian Examination bodies.

INTRODUCTION testing is lagely dependent on their levels of
reliability, validity, difficulty and discrimina-
Evaluation is seen as a qualitative descriptiortion. Validity is, according to thet&ndards for
of pupil behaviour (Itsuokor 1986). Mehrens and Educational and Psychologicagsting, “the
Lehman (1981) opine that no matter hofi-ef most fundamental consideration in developing
cient the teacher is, how intelligent the studentsand evaluating tests” (cited in Hogan &aghello
are and how adequate the audio-visual equip2004).
ment, if no provision is made for the evaluation  One kind of support for the validity of the in-
of the studentgrogress, the teachindaft may  terpretation is that the test measures the psycho-
be completely invalidated. Evaluation concernslogical trait consistentlyThis is known as the
determining the quality of the curriculum, facili- reliability of the test. Reliabilitythat is, a mea-
ties and performance of pupils, using varioussure of the consistency of the application of an
tools.Test is one such tool for evaluation. instrument to a particular population at a-par
Test consists of a set of uniform questions orticular time, is a necessary condition for valid-
tasks to which a student is to respond indepenity. A reliable test may or may not be valid, but
dently and the result of which can be treated inan unreliable test can never be valid. (http://
such a way as to provide a quantitative compariwww.wordengine.jp/research/pdf/TRrelia
son of the performance in €fent students bility_and_standard_errqdf).
(Nworgu 1992)Testing is a fundamental part of ~ All these add up to the psychometric pro-
the teaching-learning process used not only as perties of a tesfThe development of achieve-
basis for ranking students at the end of the teachment, ability aptitude, interest and personality
ing —learning process but to guide teaching, andests is generally a multi-step process that can
aid in the development of curriculum, as well asfollow one of two distinct measurement frame-
in the assessment of needs, learninficdities,  works. These are usually called the Iltem Re-
level of mastery and dérences among students. sponseTheory (IRT) and ClassicalestTheory
Based on the level of performance criterion, therd CTT) measurement strategies (Macdonald and
are three types of test namelye General Men- Paunanen 2002). In education, psychometri-
tal Ability Tests, Separatdbility Test and cians apply IR in order to achieve tasks such
Achievemenfest (Nkemakolam 2003). as developing and refining examination items,
The practical relevance of these tests and theimaintaining banks of items for exams, and equ-


user
Text Box
PRINT: ISSN 0975-1122 ONLINE: 2456-6322

user
Text Box
DOI: 10.31901/24566322.2011/03.02.09


138 A.D. E. OBINNE

ating for the dificulties of successive versions as they hopefully accept and adopt Item Re-
of examination (for example, to allow compari- sponsérheory (IRI) evaluation framework.
sons between results over time).
This study sought to confirm one of the psy- Sandard Err or of Measurement (S.E.M)
chometric properties (reliability) of the test items _
in the Biology examinations of two examining  The latent trait models do not use the concept
bodies in Nigeria (\WstAfrican Examinations of reliability; what is used is the concept of stan-
Council and National Examinations Council) dard error of measurement or precision of mea-
using the Item Respon3aeory (IRT) measure- surement (Korashy 1995)téhdard error of -
ment framework. measurement, according to Biirbaum (1968), is
This study was necessitated by public com-defined as the measuremerfeefiveness of a
plaint and conception of the superiority of the test item at each level of the trait ability being
test items of one examination over the ather MeasuredWhile the reliability of a test is clearly
The IRT measurement framework was cho- important, it is probably one of the least under
sen for this study because it takes care of the limiStood concepts in testing. One of the purposes of
tations of the ClassicdestTheory (CTT)The  the reliability coeficient of a test is to give us a
major objective of the study was to determineStandard index with which to evaluate the valid-
the standard error of measurement of Biology!ty Of & test. More importantlythe reliability
examinations conducted by NECO aNAEC. coeficient provides us with a way to find the
The results of this study would help to indi- (SEM) the $andard Error of Measurement. SEM
cate the overall quality of the examinations con-&/lOWs practitioners to answer the question, “If |
ducted in Biology byVAEC and NECOA con-  91V€ this test to this student again, what score
firmation of the reliability and validity of the Would she achievexhttp://wwwwordengine.
examinations conducted WAEC and NECO jp/research/pdf/IR_reliability_and_standard_
would help to establish public confidence anderrg[s?/ccj;fg'ometricians describe theusdard Er
acceptability of results from their examinations. ;
The public needs to be convinced that the extor of measurement of a test fdifently but

b MR meaningthe same (From tigginia Department
aminations conducted by ba#AEC and NECO of Education. wwwdoe.viginia.gov/VDOE/As-
are of relatively equal standards and that no on

is of inferior quality Thus, the public will be @essment/sem.htmﬂ'}]e standard error of mea-
- g y , (N€ p ; _surement (SEM) is a statistical phenomenon and
enlightened on the interpretation of students’ re

sults from the examinations conducted by thes Is unrelated to the accuracy of ScoriAg.test

o inina bodiedh il not iust Fesults, including scores on tests and quizzes
0 examining bodies.ney will NOLJUSt aSSUME — yagjgned by classroom teachers, are subject to

high quality of either of the examining bodies. q standard error of measurement. If a student
Presentlythe performances of students in the ex-yere 1o take the same test repeatedtith no
aminations conducted by these two bodies arghange in his level of knowledge and prepa-
interpreted based on the sum of their total scoregation, it is possible that some of the resulting
which is typical of ClassicdlestTheory (CTT). aicores would be slightly higher or lower than the
The use of these scores just summed across ajtores that precisely reflect the studeattual
items to consider the performance of examineegeye| of knowledge and abilityrhe diference
hides the characteristics of both the examinee angetween a studestactual score and his high-
the test. For objective and adequate decisions tast or lowest hypothetical score is known as the
be taken on the performance of students in €xstandard error of measurement.

aminations byMAEC and NECO, the psycho-  |n the same light, SEM is described as the
metrics of the tests needs to be determined. Exstandard deviation of test scores that would
amining bodies need to consider the psychomethave been obtained from a single student had
ric properties of tests in taking decisions on thethat student been tested multiple times. It is a
observable performance of candidates in ordemeasurement of the “spread” of scores within a
to improve upon test construction, administra-student had the student been tested repeatedly
tion and analysis. In addition, from this study (www.tea.state.tx.us/student. assessment/taks/
WAEC and NECO would have a clearer under standards/s...).

standing of their performance in test construc- The most common use of the SEM is the
tion and be appropriately guided from now on production of the confidence intervéhe SEM
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is an estimate of how much error there is in a METHODOLOGY
test.The SEM can be looked at in same way as
standard deviations (wwed.Sc.edu/caw/techni- Research Designlnstrumentation research

cal/sido13.htm)The SEM can be added and sub-design was deemed appropriate for this study
tracted to a studest'score to estimate what the Instrumentation research is seen as a study which
students true score would be. aims at introducing new concepts, procedures,

Ability estimates and each item validity are technologies or instruments for educational prac-
accomplished by its standard error in the latentices (ICEE 1982).

trait model.The standard error of measurement  Area of the Sudy: The study area was Benue
is independent of the particular examinee sampl&xate, Nigeria. Benue is within the North Cen-
and it is an indication of the amount of error in tra| Zone of Nigeria. It is made up of 23 local
ability estimate at diérent points of the ability government areas with three educational zones
continuum (Lord and Norvick 1968). Eachitem (A B and C). Educational Zoreis made up of
contributes to the standard error indeper]denteight local government areas which Farka

ly of other items in the testhis is not so with  ith six (6) secondary schools, Ukum with twenty
the classical reliability estimates where the CON-20) secondary schools, Ushongo with seventeen
tribution of each item to the test reliability and (17) secondary schoo}&é:';\ndeikya with twenty-
validity depends upon what other items are ingjy (26) secondary schools, Konshisha with
the test (Wod 1980).The contribution of one twenty-one (21) secondary schools, Kwande with

item is not easily identifiedThe standard error ¢,y six (46) secondary schools and Logo with
associated with a test item or person measureg,(10) secondary schools.

ment (ability estimate) is evaluated using the Zone B has six (6) local

: . government areas
PROX procedure (Izard ahite 1980)Wrig-  \hich are: Buruku with twenty (20) secondary
ht andWainer (1980) talked about the Rasch hools, Gboko with forty-five (45) secondary

S
standard error as another measure of standaréﬁ :
: e hools, Guma with fourteen (14) secondary

grr]rr(])iaﬁgd the use of the maximum likelihood te'schools, Gwewest with eleven (I) secondary

Other methods of estimating SEM include schools and Makurdi with forty-five (45) sec-
using a reliability codicient and the tests stan- ondary schools.
dard deviation: Zone C has nine (9) local government areas
SEM =S ¢1 1 which are:Ado with six (6) secondary schools,

- = gatu with twelve (12) secondary schodipa

where s = the standard deviation for the test : -
and r = the reliability coétient for the test ith fourteen (14) secondary schools, Obi with

(web.sau.edulter streetMaryA/NEW%20 six (6) secondary schools, Ogbadibo with nine-

S o 0 teen (19) secondary schools, Ohimini with eleven
Intro%20t0%20test%z2.). (11) secondary schools, Okpokwu with fourteen
Reseach Questions (14) secondary schools, Otukpo with thirty-four

(34) secondary schools and Oju with thirteen (13)

: secondary schools.
qug;?orfgfdy answered the following research Population of the 8udy: The population of

1. What are the standard errors of measulhe study comprised all year three (SSIII) senior
rement of the test items in the Biology S€condary school students who enrolled for the
examinations conducted by NECO? May/June/July 2006 Biology Senior Secondary
rement of the test items in the Biology NECO in the three education zones of Benue

examinations conducted NYAEC? State. This population was chosen because it
was assumed they should have covered the
Hypothesis WAEC and NECO Biology syllabuse$here

were 35,000 students that sat WWAEC 2006
1. There is no significant diérence in the Biology examination and 42,193 students for
mean standard errors of measurement of th&lECO Biology examination (AEC and NECO
items in the Biology examinations conduc- sources).
ted by NECO antiVAEC from 2000 — 2002 Sample and Samplingéichnique:One thou-
based on One, parameter model of.IR sand eight hundred (1800) students formed the
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; i s Table 1: Sandard errors of measuement of biology
sample for this StUdy-he multi stage stratified examinations conducted by NECO for the years 2000,

Sarlnp”ng teCh?iqlE)e WaCS lillsed' for_lt_f;]e study 2001 and 2002 based on one-parameter model
nstrument for Dat Collection: The instru- Item SE 2000 SE 2001 SE 2002

ments for this study consisted WAEC and
NECO 2000 — 2002 objective Biology questions 1 0.31 0.21
respectivelyThe Biology objective questions for 0.34 0.25

each year are made up of 60 items for WNEC 2 8:2? 8:33 8:32
and NECO. 5 0.33 0.41 0.45
Method of Dat Collection:The instruments 6 - 0.25 0.49
were administered to the students by trained rel 0.40 0.25 0.41
. AR 0.32 0.25 0.44

search assistants and senior Biology teachers @‘ 0.41 0.23 0.45
the selected schools under the supervision of theg 0.31 0.27 0.41
researchefThe instruments were administered 11 0.32 0.24 0.43
under similar conditions as given by the exami-12 0.31 0.26 0.53
. : : ; : 1 0.44 0.25 0.79
nation bodiesThe multiple matrix sampling tech- 77, 031 0.22 055
nique was used in the data collection. 15 0.38 0.29 043
Method of Dat Analysis: The Maximum 16 0.30 0.25 0.63
Likelihood Estimation technique of the BILOG 17 0.31 0.24 0.43
MG Computer Programme was used to analyze 3 932 925 023
the data collectedlhis technique was used to g 033 033 054
answer the research question while the hypothz21 0.31 0.23 0.45
esis was tested using the two (2) independeni2 0.32 0.25 0.70
groups t-test analysis of the SPSS compute; 032 028 o-8
programme at 0.05 level of significance. 25 036 0.26 0.45
26 0.30 0.23 0.42

RESULTSAND DISCUSSION 27 0.30 0.47 0.46

28 0.30 0.29 0.45

; 29 0.31 0.25 0.43

Reseach Question One 30 0.35 0.24 0.43
31 0.29 0.25 0.56

What are the standard errors of measuremers2 0.29 0.24 0.49

of the test items of the Biology examinations 33 8-25 8-26 8-56
conducted by NECO based on one-paramete: g 033 0121 oigg
model? 36 0.40 0.23 0.42
The standard errors of measurement (S.E.Mp7 0.30 0.23 0.43

of the test items of Biology examination con- 38 0.32 0.27 0.41
ducted by NECO for the years 2000, 2001 ancf) 03 923 ool
2002 based on [Rone — parameter model are 4, 031 0.26 072
shown inTable 1.The standard errors (SE) ran- 42 0.33 0.25 0.42
ged from 0.30 of item 26 and 27 to 0.49 of item43 0.31 0.25 0.44
55 for the year 2000 he S.Es are generally low 44 0.31 0.24 0.46
th all the 100%) havina S E below 0.50 42 0.32 0.31 0.55
with all the items (100%) having S.E below 0.50, 4¢ 0.36 0.29 0.45
indicating high reliabilityFor year 2001, the stan- 47 0.28 0.24 0.65
dard errors of measurement of the items ranged8 0.34 0.24 0.45
from 0.23 to 0.40All items (100%) have S.E g‘g 8-2(2) 8-% 8-2‘2
below 0.50 (high reliability). In the year 2002, ¢ 0.49 0.27 0.40
the S.Es. of the items ranged from 0.38 to 0.79g1 0.33 0.24 0.44
85% of the items have S.E of 0.50 and below52 0.37 0.26 0.45
this also indicates high reliabilitylypically, 2431 8-22 8-%; 8-32
S.E.M of 0.50 and below is described as lowg 0.30 024 041
(high reliability), while S.E.M. above this value 57 0.30 0.25 0.45
is described as high (low reliability). 58 0.28 0.30 0.45
Table 2 shows the standard errors of measure>® 8-2(2) 8-3? 8-25

ment of the test items of Biology examinations &°
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conducted byWAEC for the years 2000, 2001 Table 2: Sandard errors of measuement of biology

- aminations conducted byWAEC for the years 2000,
and 2002 based on the one parameter model §E01 and 2002 based on one-parameter model

IRT.

The results for the year 2000 showed that théte™ SE 2000 SE 2001 SE 2002
items have their S.E. ranging from 0.01 for item1 0.23 0.23 0.87
number 4 to 0.74 for item 53. Howeyenost 2 05 05 9.2
items had the S.E. within the range of 0.20 to, 001 001 072
0.30 (54% and 43% respectively) indicating highs 0.25 0.25 0.80
reliability. 6 0.24 0.24 0.63

Biology items for the year 2001 have their g 8'%3 8'%5 8';3
S.Es. ranging from 0.22 (item 3) to 0.74 (itemg 0.26 0.26 073
53). Most items were found with S.E between 10 0.27 0.27 0.62
0.20 and 0.30 (56% and 43% respectively) indi—ié 8-23 ggg g-gg
cating high reliability _ 13 0 25 0 25 064

It was, also, found that test items for the year; 4 0.33 0.33 0.86
2002 had the S.E. range from 0.63 (item 33) tals 0.26 0.26 0.68
1.35 (item 40). Majority (65%) of the items were 16 8-%2 8-%2 8-25
however with S.E. of 0.60 (low reliability). 18 0.26 0.26 063

There is no significant dérence in the mean 19 0.30 0.30 0.7
standard errors of measurement of the items ir20 0.27 0.27 0.73
the Biology examinations conducted by NECO g% 8-%3 8-%3 8-23
andWAEC from the year 2000 — 2002 based on53 0.33 0.33 0.64
one parameter model of TR 24 0.26 0.26 0.68

To test this hypothesis, the t—test statistics25 0.29 0.29 0.71
was usedThe result for the year 2000 based on28 0.32 0.32 0.63

— del of TRs shown offable 24 0.28 0.28 0.65
one—parameter mo . .28 0.35 0.35 0.91
3 from the result, it was seen that the t-statisticog 0.23 0.23 0.61
(t-stat = 2.04) was higher than the t-critical (t- 30 0.35 0.35 0.65
critic = 1.98) at 0.05 level of significance. By 31 0.26 0.26 0.65
this, the null hypothesis of no significantfeif a5 o2 o2 o7

, th ypothesis of no significan 33 0.37 0.37 0.63
ence in the mean standard errors of measures4 0.23 0.23 0.83
ment of items in the Biology examinations con- 35 0.31 0.31 0.65
ducted by NECO anWNAEC s rejected. So, 39 03 03 008
there is a significant dérence. 38 026 026 0.69

Table 4 has the result of the t-test of the stagsg 0.23 0.23 0.65
ndard errors of NECO an®AEC for the year 40 0.31 0.31 1.35
2001 based on one-parameter model gt IR~ 41 920 9-20 967

The result in th&able shows that the t-sta- 43 0.28 0.28 0.69
tistic (t stat = 3.26) was higher than the t-critical 44 0.30 0.30 0.72
(t-critic = 1.98).This means that there is a sig- 45 0.23 0.23 0.70
nificant difference in the mean S.E. of Biology 27 8'%2 8'%2 8'??
items of NECO andVAEC of the year 2001 4g 032 032 0.64
based on the one—parameter model. 49 0.33 0.33 0.74

In Table 5 is the result of the t-test of the S.E.S0 0.36 0.36 0.71
of Biology test items administered by NECO and g% 8:22 8:2; 8:?1
WAEC for the year 2002 based on one — paramss 0.74 0.74 0.66
eter model of IR. 54 0.46 0.46 0.71

The result revealed that the t-statistic (t-stat :gg 8-2% 8-2% 82?
11.04) of the items was higher than the t-critical5; 037 037 0.66
(t-critic = 1.98) which showed that there is a sig-53 0.36 0.36 0.64
nificant difference in mean S.E. of Biology test 59 0.30 0.30 8.25

.67

items administered by NECO aWAEC. 60 0.36 0.36
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Table 3: 2000 S.E. one-parametemodel t—test: Two—

sample assuming equal variance

NECO WAEC

Variable 1 Variable 2
Mean 0.32 0.30
Variance 0.00 0.01
Observation 60 60
PooledVvar. 0.01
Hypothesiz 0
df 118
t Sat 2.04
P (T<=t) one 0.02
t Critical one 1.65
P (T<=t) two 0.04
t Critical two 1.98

Table 4: 2001 S.E. one-parametemodel t-test. Two-

sample assuming equal variances

NECO WAEC
Variable 1 Variable 2

Mean 0.23 0.30
Variance 0.02 0.01
Observation 60 60
PooledVar. 0.01
Hypothesize 0
df 118
t Sat -3.32
P (T<=t) one 0.00
t Critical one 1.66
P (T<=t) two 0.00
t Critical two 1.98

Table 5: 2002 S.E. one-parametemodel t —test: two—
sample assuming equal variances

NECO WAEC
Variable 1 Variable 2

Mean 0.47 0.70
Variance 0.02 0.01
Observation 60 60
PooledVar. 0.01
Hypothesiz 0
df 118
t Sat -11.04
P (T<=t) one 3.31
t Critical one 1.66
P (T<=t) two 0.04
t Critical two 1.98

Discussion of Reseah Questions

One andTwo

S.E. — NECO:The dificulty index of every

A.D. E. OBINNE

Based on this model, the S.E. of items for the
three years were low (high reliability) with items
for 2000 and 2001 having the lowest S.Es. How-
ever 71% of items in 2001 have S.E. of 0.20,
while 75% of items in 2002 have S.E. of 0.30.
Thus, the 2001 NECO items were the best (most
reliable).

S.E.WAEC: Research question two is on the
standard errors of items in the Biology examina-
tion conducted bWAEC. As revealed iTable
2 which is based on one—parameter model, the
items S.Es ranged from 0.01 to 0.74 for the year
2000.This range shows that the items (97%) had
low standard errors, which makes the items reli-
able. Items for 2001 had their S.Es ranging from
0.22 to 0.74These items, (99%) also, had rela-
tively low S.EsThe S.E.s for the 2002 items were
from 0.63 to 1.35. No item in this year has desir
able S.E. valuéhe S.E.s of the items in the year
2002 were relatively high, they were highest
among the three years (lowest reliability).

The various ranges of item S.Es for NECO
andWAEC for the three years reflect a good pre-
cision of the test items, and implying that the
items are sticiently reliable.These results are
supported by the findings of Gallini (1983),
Harrison (1986), Korash (1995), Nkpone (2001)
andAkindele (2003).These researchers sug-
gested that test developers should increase the
number of relevant test items in order to improve
the accuracy of estimatioithis is evident in
Table 1 as, item 6 was not included in the item
calibration for year 2000 just as items 1 and 2
for year 2002.

According to Baumgartner (2002), standard
error of measurement is an estimate of how one
should expect a test score to vary due to mea-
surement erroithat is, lack of reliabilityThere
are various sources of measurement errors. Bock
(1972) was of the view that the estimated stan-
dard error becomes exact, that is zero, as the
sample size increases, which means that sample
sizes can influence the standard error of items in
a test. Other sources of measurement errors, ac-
cording to Livingston (1988), include selection
of specific items to test a general abilifyne of
testing and the person who grades or scores the
test. Livingston (1988), also, suggested ways to
determine these influences, such as giving the

item in a test is accompanied by its standard ersame subject two dérent variants of the test
ror in latent trait analysis and the smaller the stan{alternate forms reliability), splitting the test into
dard error the better the item (Baumgartnertwo similar halves (split-half reliability), and

2002).

analyzing the data from the individual test items



A PSYCHOMETRICANALYSIS OFTWO MAJOR EXAMINATIONS IN NIGERIA 143

(internal consistency). For time influence, he RECOMMENDA TIONS

suggested that the subjects be given the test two

or more diferent times (stability) and two or more |t is recommended that the item response
graders should score the same test @rétar  theory (IRT) analysis should be adopted by all

reliability). examination bodies in Nigeridhis will enable
) the examiners place their examinees on the co-
Hypothesis One rrect ability level because the TRanalysis is

able to describe the test items and the abilities
The purpose of this hypothesis was to com-of the examineedlhe IRT analysis could take
pare the standard errors of measurement of itemgare of the issue of superiority of one examina-
of the Biology examinations conducted by NECOtjon over the other
andWAEC from 2000 — 2002 based on one pa-
rameter model of IR REFERENCES
The test of diierence in the standard errors
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