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ABSTRACT
The need for reliable instruments for measuring student performance of science process skills necessitated the conduct of this study. The main objective of the study was to construct, standardise and evaluate parallel Tests of Science Process Skills (TOPS) for secondary schools in Nigeria. Seventeen tests (5 biology tests, 4 physics tests, 4 chemistry tests and 4 general tests) comprising 23 items each, were initially developed and trial tested. A total of five hundred and seventy two students from 13 secondary schools located in Zaria and in London, took these tests. The students' scores were used for item analysis. The results of the item analysis were used for modifying the tests and redistributing the items in the different test forms.
The modified tests were administered to 830 students in thirteen secondary schools in Zaria and Kaduna Education Zones of Kaduna
State. The results of the data analysis from this trial phase showed that TOPS (Biology) I, II, and III; TOPS (Chemistry) I, II, and III; TOPS (Physics) I, II and III and TOPS (General) I and II were parallel biology,
chemistry, physics and general tests of science process skills respectively. These tests were then administered to 2200 students from 34 secondary schools in Kaduna and Zaria. Education Zones, between November and December 1996. The analysis data from the final administration showed that:
i.        TOPS (Biology) I, II and III; TOPS (Chemistry) I, II and III;
TOPS (Physics) I, II and III and TOPS (General) I and II were parallel biology, chemistry, physics and general tests of science
vi

process skills respectively.
 ii.     Girls performed better than the boys in all the tests. This
 finding led to the establishment of sex norms for TOPS. 
iii.     School location had no influence on students performance of
science process skills.
Further analysis of the results of this study suggested that science process skills were content-dependent. The results obtained showed that skills transfer were most likely when the domains of study are conceptually related, like between chemistry and physics.
The investigation into the appropriateness of the TOPS revealed among other things that:
i.	Teachers considered the TOPS assessment model to be relatively
cheaper than the practical mode of skills assessment, and schools could afford to use TOPS for the assessment of students' performance of science process skills.
ii.     Teachers would like to use TOPS for the continuous assessment of their students.
These results led to the recommendations that TOPS could be used for :
i,	the continuous assessment of students achievement of science
process skills; 
ii.     reporting students performance in specific skills; 
iii.    planning remedial instruction for students; 
iv.    improving the validity of W.A.E.C. examinations; and 
v.     assessing curricula objectives.
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The main purpose of the second trial was to determine
the extent to which the test forms can be said to be parallel, For
two or more tests to be parallel when administered to
independent samples, the differences between their means and
variances must not be statistically significant (Kulkarni, 1968;
Davis, 1875). The ANOVA statistic was used to find out if there
were statistically significant differences between the test forms.
The results suggest that there are statistically significant
differences in the performance of the subjects.

Table 10
Summary of the Analysis of Variance for the Test Forms

Test F -value p -value
TOPS (Biology) 5.02 0.0006
Tests 1 to IV
TOPS
{ Chemistry ) 1.97 0,1198
Tests [ to [V
TOPS (Physics) 2.85 0.0381
Tests [ to IV
TOPS (General) 1.36 0.1243
Tests [ to 1L

The differences between the mesns and variances of
the tests were further investigated using the " t " test, taking two

sts at a time . The purpose was to determine which peir of

means within a test set: biology, chemistry, physics and the

[=ls]
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general tests; were truly equivelent. The results obtained are

presented below.

Tahle 11
A Comparison of the Means of the Test Forms.

Test Mesn DF tvalue
Forms Diff.
TOPS (Bio.)

P and 1T 061 114 0.35
I and III 0.26 116 .18
1 and IV 4.74 1186 8.15*
Il and III a.88 112 Q.67
11 and IV 4.12 112 4.14*
111 and IV £.00 114 5.23*
TOPS (Chem)

1 and II 0.10 94 0.08

1 and HI 157 95 0.82

1 and IV 3.59 97 2.48*
Il and III 1.47 g5 Q.78
II and IV 3.48 97 2.36*
11l and IV 2.02 38 1.19
TOPS (Phys.)

T and 11 5.5 116 3.01#
1 and I 3.44 113 187

I and IV 362 120 171
Il and III 2.42 103 125
II and IV 223 116 1.00
111 and IV .19 113 0.09
TOPS (Gen )

1 and II 1.64 57 078

1 and I 4.78 80 2.06%
Il and III 312 73 2.00%

Note : * indicates stetistically significant * t ~ velues; p < 0.05.
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The results in Teble 11 show that the following test
forms mey be parallel : TOPS (Biclogy) 1, 11 and III ; TOPS
(Chemistry) Tests [, 1] and III; TOPS (Physics) Tests II, 11l and
IV; and TOPS (General} I and Il. However it is possible for a test
pair to have a significant t-ratio sssocisted with it but not
necessarily have any significant peir wise compsrisons, if the
contrast of some linear combinations of the mesns are
significently different (Sesger and Rocco, 1992), Hence the
equivalence of the test pairs or otherwise, were further

investigated using the Scheffe's test (see Table 12).

There are a nmamber of post-hoc tests that could be used
for determining which psir of means are statistically significent.
The Scheffe's " F " was however chosen because it is very robust to
violations of the assumptions sssociasted with multiple comparison
procedures like the ANDOVA etc. For instance the Scheffe's
procedure may be used when tests variances andfor when sample
sizes are not equal. Secondly the Scheffe's procedure is least
affected by population districutions that does not approximsate the
normal distribution, Table 9 on psge 86 shows thet the samnpls
sizes, means standard deviations and variances of the subjects of
this study are not the egqual, hence the decision to use the

Scheffe’s test.

The resolts in Table 12 confirmed the following test
sets a5 parallel : TOPS (Biology) 1. 1I and 1II; TOPS (Chemistry) I,
11 and III; TOPS (Physics) 11, 11l and IV; TOPS (General) 1 and IL
The eleven TOPS forms obtained as a result of the second trial
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exercise were subjected to some minor editarial. work,
reproduced and used in the final administration to determine the
psychometric qualities and the esteblishment of norms for the
TOPS. ‘

Table 12
A_ Comparizon of the TOPS Using the Scheffe’s Test,

Test Forms Meen Diff. [Critical Diff. p ~-vahe.
TOPS (Biol.)
Teand II 061 4.32 0.9856
Tand I 0.26 4.29 0.9998
1and IV 4.74 4.29 0.0210
11 and III .88 4,36 0.9832
11 and IV 4,12 77 0.0026
11 sndd IV 5.00 4.32 0.0132
TORS (Chern.)
Iand 1T 0.10 4.66 > 0.9999
Tand 111 1.67 4.83 0.8391
Tand IV 3693 3.34 0.0355
11 and 111 1.47 4.83 0.8648
1 snd 1V 3.48 3.34 0.0412
1l and IV 2.02 4.75 0,6387
TOPS { Phys.)
Tand II 5.85 5.72 0.0424
Tand 111 3.44 8.80 0.4282
1and IV 3.62 5.620 0.3504
11 and I1I 242 5.89 0.7213
i1 and IV 2.23 8.72 0.7518
I and IV 0.19 5.80 0.8988
TOPS { Gen.}
land I 1.64 4,21 0.4387
T and III 4.76 3.95 0.0246
Tand HI 312 3.0z 0.0387
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3.7 The Final Administretion

Between September and December 1996, the final
phase of the administration of the TOPS took place in the schools.
Like the other two trial phases this phase was condusted by the
researcher, with some help from a research assistant. About 2200
students from 34 schools psrticipated in this phese of the stady
(see Table 13}, l

A St dlorar . o

In order to ensure the representation of all school types
and st the same time heve a sufficiently large sample for
meaningful generalisstion of the results of the study, some of the
schools used for the pilot study had to perticipate in the final
testing phase az well. Howsever, since the testing phases took
place at different times (November, 1994; May, 1988; January,
1996 and September, 1996) using different sets of final year

students, the security of the test materials were guaranteed,

‘The major chjectives of this study are to :

i, construct short answer , parsllel Tests of Science Process
Skills { TOPS ) for secondary schools in Nigeria,

ii. pre-test the items using » sample representative of the
population under study in order to determine the
psychometric qualities of the tests,

iii, revise and edit the items based on information from the pre
test .

iv. determine the relisbility of the tests,

v. administer the tests to a larger sample and use such results
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to determine the test norms by school location and gender,
B
7. provide information on how to use the tests , and
!
vii, exsmine the scceptability of the TOPS among science
teachers as well as its appropriateness as a measure of
students’ sttainment of science process skills,

viii, investigate the transferability of science pracess skills across
the varicus science domsins. ——— O .

In discussing the instrumentstion through to the final testing, it is
apparent that the first three objectives of the study have been
schieved. Hence the results from the final phase of test
adoinistration were used for estsblishing test norms and
relisbility. These results also provided useful informetion on hew

to use the TOPS.
Reldiahility Estimates:

The equivelent form, split-half, coefficient alpha
relishility estimates and the standard error of messurement
(S.EM.) of the TOPS; for whole tests and for major norm groups
{male / female, urban frural} were calculated. The coefficient alpha
{sometimes referred to as the Cronbach's alpha) was developed by
Cronbech in 1951 for estimating the relishilities of tests Owhere
the items are not scored dichotomously {Mehrens and Lehmenn,
1984). The coefficient alpha is a usefiil ststistic thst yields sn
estimate of relisbility for tests composed of items with any
numker of response categories and however weighted {(Ferguson

and Taksne , 1989). The coefficient alphs is expressed as follows:
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n-1

where: n is the sample size,
s% is the item varisnce ,

s% is the test variance; and

0. i= the relisbility coefficient (Cronbach’s slpha).

The coefficient alpha relisbility estimates were computed for the
TOPS because most of the items in the TOPS heve sub-items, and

a student's score conld take @ range of values.

In thirteen out of the 34 schools (see Table 13), that
perticipated in this final phese of the study, sll the students took
two test forms: TOPS (Chemistry)} I and 1I. TOPS (Chemistry) 1
end III or TOPS (Cheristry) II and III as the case may be. Their
performances in both tests were then correlsted and the results
used for estimeting the equivelent form relisbility of the test

forms.

Criterion Related validity

The predictive power of the Test of Science Process
Skills (TOPS) reported in this study was determined by
correlating the subjects scores on the TOPS with their scores in
the mock practical examination conducted by the schools. Only
very few schools, perticularly the private schools had mock

practical examinatious for their students. Hence the test scores of

G4
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students whose mock practical results were availsble for

comparison were used for the exercise.

The Stmdard Error of Messurment (SEM )

The true score of an individual does not vary. However
true scores are unobserveble because many measurement devices
are subject to error. Secondly, students differ from one another
with respect to their true scores and their cbserved scores. In
measuring students’ attainment, it is important that the observed
scores approximates the true score with as little error as possible

{Mehrens and Lehmann, 1924),

A student'’s observed score may differ from his/her true
score for the following reasons. The characteristics being
measured may change across time, the pupil's health and
motivation may be poor, scoring error, timing etc. The (SEM)
estimates the extent to which a student's score approximates his
true score, The SEM is the standard deviation of scores a person
is expected to obtain on repeated testing (Mehrens and Lehmann,
1984; Ferguson and Takane, 1989). The assumption here is that
the ability of the subjects remain unchanged and is not affected by
variables such as practice, maturity, ambiguity of the items fatigue
and the like (Ferguson snd Takane, 1983: 476). The SEM has an
interpretative advantage over the reliability coefficient in that it
allows the estimation of an individual's true score from his
observed score with some degree of certainty. Thus calculating
the SEM of the test forms, will farther enhance the confidence of
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users on the relisbility and validity of the TOPS as a measure of

students attainment of the science process skills,

Establishment of the Norms For TOPS

This involved the testing of the five null hypotheses
stated for the study. The t-test for independent samples and the F
test were used for investigating the differences existing among
the wvarious norm groups. The results obtsined from the
hypotheses testing helped in establishing the need for different

norms for the sub-groups in the population.

Finally an attempt was made to determine the
acceptability of the TOPS as part of the science assessment
scheme in the secondary schools. A teacher's questionnaire was
designed for this purpose (see Appendix VI). & critique workshop
at the regular staff seminar at King's College, London was
organised for the wvalidation of the questionnaire, while the
researcher was on study fellowship. At the seminar, lecturers with
special interest in science assessment examined the statements
m the questionnaire and made suggestions for improvement.

Their suggestions were used for modifying the questions asked.

There are three parts to the questionnaire. Section &
was a Personal Data Section, where information on the teachers’
qualification and subject specialisation were sought. While

Sections B and € comprised of five statements each on the
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approprieteness of the TOPS & a measure of students'
performance of science process skills, and the status of process
skill sssessment in the secondary schools respectively. The
tescher were to rate the statements on a four-point scele (see
Appendix V1) indicating the extent to which they sgreed with the

stated opinion, ... .

The guestionnaires slong with sample questions from
the TOPS, were distributed to sll the teschers that teach science
(physics, chemistry and biology) in 85111 in the schools visited,
The teachers were to give their opinion on the suitsbility of the
TOPS as a messure of science process skill atteinment in
secondary schools in Nigeria, The ANOVA statistics and the t-test
swere used to investigate how the teachers differ in opinion with
respect to the uze of the TOPS in the secondary schools. These
results as well as those of the final administration of the Test of

Science Process Skills (TOPS) are presented in the next chapter.
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Table 13

ADmcnntumofSchmlsanlemherumedemxthat

Participated _in_the Final Testing

Schools Ownership  {Type Location | Ko of
stadents
Govt. College, Kasduns. . Faduns State Boys Urban &1
Government
*Oueen Amina Kaduona State Girls Urban 56
College, Kadns, . Giovernment. R S
*Seience Sec, Sch, Kaduna State Girls Faral 102
Scba ., - rTmtemeeste—— ) Government,
*Govt Girls See. Sch. Faduna State Givls Urban 5
Maimuvna Gwazo Government,
Tudh Wada .
*Covt, Sec, Sch, Kurmi Kadnrns State Mixed Urban 53
Mashi. Government ,
2
*Gove, Sec, Sch, Fadina Srate Mixed Ruorxal 120
Rigachulun, Government ,
*Gove Sec. Sch, Kufanas . Kadina State Mixed Raral 1138
Government .
Labayl International Private Mixed Urban 30
School. Kaduna ,
*Fadera] Gove. College, Federal Mixed Urban 53
Kaclona . Ministry of
Edncation.,
{(FME.)
Govt, See. Sch.Kawo . Kadnns State Boys Urban 47
Giovernment,
Govt. Gitls Sec. Sch. Kaduna State Girls Urben 86
Kawo, Governnrent,
*Govt. Sec. Sch. Ssbo Kachura State Mixed Raral 117
Tashe . Ciovernment .
*St, Bartholomew Frivate Mixed Urban |53
School, Zaria ,
Covt Sec, Sch, Kaduns State Mixed Faral 109
Yakawada. Government , H
Science Sec, Sch, - same - Girls PRural B
Griws . i
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Table 13 Contd.

Schools Owmnership | Type Location | No of
sindent

Govt, Sex, Sch, Jeve, Kaduna Mixed Faral 114

State

Government,
*Gowt. Sec. Sch, Kaduna State Boys Urban 53
Chindit Barracks. Government .
*Govt, Girls Sec. Sch. Kaduna State Cirls Urban 28
Chindit Barracks . Governmeut,
St. Joseph's Seminary, Private Boys Urban 22
Zana .,
*Demonstration Sec. Private Mixed Urban 75
Sch.A.B.U.Zaria .
*Federal Govt. Girls FME. Girls Urban 48
College , Zaria .
Govt. Girls Sec, Sch, Kadnna State Girls Urban 29
Samar . Goverament .
*Govt, Sec. Sch, Bomo, - same - . Boys Urban 47
Alhudahuda College, - same - . Boys Urban 67
Zaria .
*Science Sec, Sch. - same - , Boys Urban 56
Zarxia.
Govt, Sec, Sch, Zaris . - same - Boys Urban 57
Barewa College, Zaria . - same - Boys Urban 59
Nigerian Military Nigerian Army | Boys Urban 50
School, Zaria .
Govt, Girls Sec, Sch, Kadnna State Girls Urban 25
Jaria . Government ,
Govt, Girls Sec, Sch. - same - Girls Urban 29
Kofa Gays .
Govt Garls Sec. Sch. - same - Girls Urban 19
Dogon Bauchi .
*Govt, Sec. Sch. Shika. - same - Mixed Rursl 85
Govt, Sec. Sch. - same - Boys Raral 126
Hunkuyi
Govt, Sec, Sch, Iddah - Sane - Mixed Rural 116
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Chapter 4.
The Results : Anslymes and Discussion

4.1 Introduction

The purpose of this study was to develop standardized
pearallel Tests of Science Process Skills (TOPS) based on the senior
zecondary school biology. chemistry and physics curricula in uze in
Nigerian schools, A total of 17 tests were initially constructed.
Eleven of these tests were found to be parallel. The 11 parallel
tests namely | TOPS Biology I, 11 and I1I; TOPS Chemistry 1. II and
1II; TOPS Physics 1, IT and 111 (formerly TOPS Physics 11, 11T and TV
respectively; see page 90) and TOPS General I, snd II were
adrinistered to final year students in secondary schools in zavie
end Kaduna Education Zones of Kaduna State. The analyses and
discussions of the results of the final testing are presented in this
chapter. Also presented in this chapter are the relidbility and
validity estimates of the TOPS. Finally the processes for
establishing the test norms through hypotheses testing are

discussed.

42 Results and Discussion
421 The Psywhometric Gualities of the TOPS
i. Relishility of the TOPS

The consistency with which the tests measured
students sttainment of science process skill wos investigated by
calculating the split-half relishility for the TOPS. The Spearman

Brown's correction formula wes then applied to the relishility
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coefficients to obtain an unhissed relisbility for the full tast. The
split-half method assumes that the variances of the test halves are

equal (Mehrens and Lehmann, 1984). In other words the test
halves must be statistically equivalent. The split-half relishilities of
the TOPS were obtained by correlating the student’s scores on the
odd numbered items with those on the even nunbered test items;
without statistically attempting to make the test helves squivelent.
‘This necessitated further investigations of the internal donsistency

of the TOPS, using the Cronbach's alpha reliskility estimates.

The Cronbsch's alpha is a generalisation of the Kuder-
Richardson formula (K-R 20) used for estimating the internal
consistency of a test when the items are not dichotomously scored
{Mehrens and Lehmann, 1884) Like the K-R 20 reliability
estimate the Cronbasch's alpha provides the swersge correlation
that could be obtained from all possible split-half relisbility
estimates (Mehrens and Lehmann, 1984). The Cronbach's alpha
was uzed for estimating the reliability of the TOPS because most of
the iterns in the TOPS hawe sub-items, and a student’s score on any

one test itemn could have a range of velues.

All the relisbility coefficients, both the split-half and the
Cronbach’s alpha were statistically significant at the 0.05 level (see
Table 14). The reliability coefficients ranged from 0.63 (for TOPS
Biolagy I snd TOPS Physics [ rural samples) to 0.96 for TOPS
General {1, urban sample. However the Cronbach's elpha calculated
for all the test forms were slightly lower than the split-half
relisbility coefficients due to the varishility both in the skills
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measuredd and in the scoring of individual test items. The
Cronbach's slphe method for estimating the relishilities of
achievement testz heove been found to give lower bound of

relisbilities than other measures (Mehrens and Lehmeann, 1884).

Tahle 14
Reliability Estimates of TOPS

Test Forms. Urban Rural. Total.
{(n =100} {{(n = 100} {{(n = 200}
C T r « r 3 r o«
TOPS (Bio.) 1] 089 ¢ 072% § 078+ ] 0.70% | 038 | 0.7

Iy 075+ { 0.78* { 0.77% } 0.73* | 0.77* | O.76F
Wi o80r | 07t Yoa7 {083 | 074% | O.70%
TOPS {Chemy) || 08P | G795+ | 082+ | 0.73* | 085* | 0.75*
W] 0.8%+ | 0.80* | 0.86% | 077 | D&7* | 079
] 0.94% | 08 ] 052+ | 082+ | 093+ | 084*

TOPS (Physy || 094+ | 078 | 081+ | 063 | 093 | 071*
) aser 1 ore | aser [osr | agar | oger
) oz § o7 | 078 fosst | o7 f oFor

TOPS Gen) t] 093 | 083 | 091% | D8RO § 092¢ § 082
] 096 | UBs* | DBG* il ROl K s

Note : *p < 005

r is the aplit-helf reliability coefficient, while O is the
Cronbach's alpha,

Equivelent Form Relisbility

The equivalent form relishility estimates of the TOPS
were obtained by intercorrelating the results of students in the
different test forms. In 13 out of the 34 schools thet participated
in the final testing phese (zee Teble 13) two test forms: for
sxample, TOPS (chemistry} I and II, TOPS (chemistry) I and 1L, or
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TOPS (chemistry) 11 and 111 as the case may be; were administersd
to all the students that participated in the study. Their
performance in the tests were correlated to obtain the ecquivalent
form relisbility estimates of the TOPS. The results of these

intercorrelations are presented below,

Table 15
Equivelent Form_Relishility Estumates of TOPS
Test Pairs Ej,:ivnlmt Form Relﬂn.l!.y Estimates ( r )
TOPS TOPS TOPS TOPS
( Biology ) { Chemislry ) { { Physics } ( General )

Land I1 0.94* 0.79* 0.96* 0.96*
1and 111 0,79+ 0.80* 0.95*
11 snd JII 0.85*% 0.82* 0.87*

*P <0001

From the results sbove, it could be observed that the
performance of the students in the test pairs for all forms of the
TOPS correlated significantly (p < 0.001). The correlation
coefficients ranged from 0.79 to 096, thus confirming that the
test forms within each test set (biology, chemistry, physics and the
general ftest sets) were equivalent, and can be used
interchangesbly for measuring process skill ability in the different

disciplines.

ii. The Validity Coefficients of the TOPS.

In sn attempt to estimate the predictive power of the

tests, walidity coefficients were computed for the various test
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forms. The velidity coefficients for the TOPS were obtained by
correlating the respondents’ scores in the TOPS with their scores

from the mock practicel examinations conducted by the schools.
The walidity coefficients obteined ranged from 0.80 to 0.97. They
were all positive and significant at the 0.05 level (see Tsble 16).

The samples used for estimating the validity coefficients
were small (n renges from 48 to 90 for the warious tests) because
wery few schools conducted mock practical examinations for their
students due to lack of funds. Howewer the relishility coefficients
obtained were significent at the 005 level, thus indicating the
efficacy of the TOPS in predicting students attainment of the traits
measurad.

Table 16
The Criterion Related WValidity Coefficients of TOPS

e P A e e
Test Forms Test 1 Test 11 Test 11
2 jr {p jn |r Ip ju jr |p

TOPS {Biclogy) |55 Joor foos § 51 Joss fowe Jes fose foua
TOPS {Chemisy) | 0 |08 001 | 55 joss Jon a3 jos [m
TOPS { Physics) | 7 Joss Joo1 | 71 o7 Joos fee Joag |a2s
TOPS { Generaly | 5 [0 Loo | sn {ose fone

T = pearson’s prodoct moment correlation coefficient .

The issue of size for relisbility coefficients {r) is a
problem in psychological testing . The question often asked is “how
large should (r) be in order to be useful?”. In answering questions
regarding the size of relisbility coefficients, reference is often
made to the use to which the test will be put and the sample size

{Mehrens and Lehmann, 1984 ; Ferguson and Takene, 1989). One
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common use of correlation coefficients is to indicate the extent of
agreement of students scores in two forms of the same test. The
rorrelation coefficient obteined when scores from two messures of
the samne ohility are correlated. is a relishility coefficient
(Guildford, 1965), Correlstion coefficients (walidity cosfficients)
are also wsed to indicate the extent of sgreement of scores on an

aptitude test with measures of academic attainment,

Guildford {1965} cleims that in theory, for a test to
discriminate sufficiently between individuals, relisbility coefficient
of 0.8 or higher is required. But higher relishility indices are
hardly attaineble in practice. Statisticians generally are of the view
that since the purpose of testing is to make judgement shout
individuals or groups, some degree of error can be tolerated, Chese
{1578) suggested that when the decision is sbout individuals, a= in
criterion referenced testing, relishilities need not ke lower than
0.85. On the other hand, relisbility coefficients ranging from 0.70
to 0.80 may be considered sz being sufficiently large for tests that
establish group status (the noria referenced testsl, Whilst
Ferguson snd Tekane (1989) opined that if a test score is to be
used for meaking decisions shout how the individual's score
compare with a criterion or standard as is the case in criterion
referenced testing, or where the sample size is small; reliability
coefficient greater than or equal to 0.75 is required. Wheress if the
scores are to be used for making decisions about groups as in norm

referanced testing, or when a very large sample is involved, then
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(r) values need not be large and a value greater than or equal to
0.40 could be significant at the five percent level.

Similer opinions are held with regards to the size of
vahdity coeflicients. Karmel and Karmel (1978) chserved that all
validity coefficients reported in test manuals fall short of perfect
correlation, He suggested that any positive correlation signifies
that prediction from the test is better than guesses; especislly
when the correlation is high enough to be statistically significant at
the 0.05 or 0.01 level. The wvalidity coefficients between DAT
scores and grades in mathematics recorded by Bennett et al in
1966, and those reported in Jshun (1988) ranged from 0.3 to 0.1
The relisbility and validity coefficients of the TOPS can therefore
be said to be high. They are well sbove 0.30 and consistently
within the expectations for standsrdised tests (see Tebles 14, 18
and 16).

Same writers make a distinction betwsen two kinds of
criterion related wvalidity: concurrent walidity and predictive
validity. The only procedural distinction between thesze pertains to
the time or period when the criterion data was gathered. When
criterion data are collected at the same time as the test data, the
validity coefficient is concurrent validity coefficient. When they are
gathered at a later date, they are measures of predictive validity
(Mehrens and Lehmann, 1884). Many a times the distinction
between predictive and concurrent validity is based on the
inferences to be drawn from the results. For example in predictive

walidity the concern is sbout the usefulness of the test scores in
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predicting some future performance. Whilst concurrent validity is
concerned with the accuracy of the decision to substitute the test
score for some less efficient method of gathering criterion data
{Mehrens and Lahmann, 1984). However the use of the different
ypes of validity coefficients for predicting or for representing
students’ performance on a criterion, is not very clesr. Hence
Mehrens and Lehmann  (1984) argued that tests  validity
coefficients. ke they concurrent or predictive validity coefficients,

could be used for both types of inferences.

The finsl sdministration of the TOPS tock place in
Dctoker and Novernber 1396, while the mock examinations were
copducted between the months of Febroary and March 1997, The
criterion related validity coefficients reported for the TOPS are
therefore predictive walidity coefficients. In the light of these
arguments and considering the high validity coefficients obtained,
the TOPS could be used :
i, for predicting students' sbility to express the processes and

aperations of science in the context of actual practical work,
and

ii. 85 asubstitute for precticel exeminsations which st the moment
is expensive and beyond the budget of most secondary schools
in MNigeria.

Thorndike and Hagen (1877} contended that there is no
answer to the fusstion of minimum relisbility value. Rather any
decision or course of sction that hes to be teken in respect of an

individual or group. must be based on the hest inforination
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arailable, provided the relishility snd welidity coefficients are
significantly greater than zero. All the velidity and relishility
ceefficients of the TOPS are significantly higher then zero. Thus
considering the desrth of standardised achievement tests that
measure sttednment of science procvess skills awnong Nigerian
students, it conld be concluded that the TOPS is a usefal messure
of secandsry school students' ebility in the use of science process
gkills.

iii. The Standerd Error of Messwement (S.E.M.}.

Whilst  the relishility of a test refers to the
reproducibility of the scores derived from it for a particular group
of students, the standard error of messurement {(3.E.M.) estithates
the amcunt of error asgocisted with the ohserved scores of the
individuals and consequently, the acouracy of the test results {Lien,
1978). The smount of error sssociated with the chserved TOPS
scores was investigsted by examining the stendsrd error of
messurement (SEM.) of the tests. The standard errors of

measurement of the TOPS were calculated using the equation:

So = 8¢ VI- ms

Where: Sg = the Standard Error of Measurement (S EM.)
8, = stenderd deviation, and
T = relishility of the test which in this cese is the Cronbach’s
slpha (& ).

The S.EM. for the TOPS ranged from 2.88, for TOPS {Chemistry)
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{11 vrban sample to 4.35, for TOPS (Biology; 1T total sample. The
SEM for the total sample were generally larger than those of the
Fubr-saraples (ie. the urban and rurel samples) due to the amount of
ariability in the total saraple. For example, the standard deviation
of TOPS (Chemistry) 1II is 8.24 for the totel sample and SEM is
230, Whereas the SEM of the wben sample. is 2.86 and the
standard deviation is 7.85. For the rurel sample, SEM is 3.19 and
the standard deviation is 7.52. Teble 17 shows the SEM. of the
TOPS for main varisbles in this study,

Table 17.
Standard  Error of Measwement (SEM.) of TOPS.

{ Test Farms. Total Sample Urban Rural
Sample Sample

o J9D |SEM| « | SD ISEM] * {50 |SEM
Tops (Biology) I ?1 EEM24 DT R5E 47 DT0OR0OSE.34
slr7ibresprak2apas pr3peo p.as
III rD (A5 M35 PFEBRd B11 PaSE.20R77
TOPS (Chem.) 76 B.14ROTpTer4E B4R P TIF.G9 B.E4
T ROYIRTINB0[FO02PB.14PT7TEBLR.IT
III 04 B24 330 A6 [F A5 ReR O.82F 52 B.19
TOPS { Physics ) I T1RETHI3 078 KA B28 NEIRET R40
F2PBA1M20PTT 69 864 PETRST BT
I Fokrsalzaprafisp.repesk.oagas
TOPS (Geperal } 1 PE2RB4R7ENE2AIZRTE DEIROZ RIS
NE83poTR 74P B53 BT B.798.34 .28

Usually one of the sources of error in testing is the
amount of variations in the tesks incorporsted in the test or
examination. Although such tesks may be judged to be equivalent,
differences in tesk formulation or subject metter may affect

student's performances, giving rise te errors [Mehrens and
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Lehmann, 1984 268) and the 3. EM. calonlated for such tests are

often larger then those chtained for homogenous tests,

Mehrens and Lehmann claimed thet if a test has any
redisbility at all, the SE.M. should be smaller than it's standard
deviation (Mehrens and Lehinenn, 1884: 2703 The SEM. of the
TOPS are greater than zero. However, these values were all lower
than the standard deviations of the tests, The error mergins of the
TOP3 are all within the acceptsble limits for standardised
schievement tests, The Test of Process Skills (TOPS) s
heterogenecus, both with respect to the skills measured and the
range of possible scores per test item. The TOPS measure three
process skills: observation, recording snd interpretstion skills, In
addition, esch test item carries a range of scores depending on
whether or not the item has sub-items. Thus SEM. for the TOPS
are bound to be larger than those reported for homogenous tests
like the ABUMAT (Jahun, 1988: 122), However, the SEM. of the
TOPS compare favourshly with those of the DAT which ranged
froin 2.4 to 4.3; as well as with those obtained for a validation study
of the DAT in Kaduna State (Dcetuonye, 18982). Thus one can claim
with confidence that the TOPS measure the true shility of the

Individusl in the use of science process skills,

422 Esteblishment of the Test Norms.

The eleven test forms TOPS (Biclogy) I to III; TOPS

(Chemistry ) [ to III; TOPS (Physics) I to 11T and TOPS {General) 1
and 11 were administered to 2,200 final year students drawn from

tio
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23 schools in Kaduna snd Zaria Education Zones of kaduna State,
The results show the performsnce of students in the TOP3S
{particularly the subject based tests) to be generally low (see Tsble
18). The mean scores of the students ranged from 9.71 in TOPS
{Biology) I to 12.09 in TOPS {Physics) 1.

Table 18
Test Forms n Mo Mean |SD | SE | Median
Score
TOPS (Biol.) 1]200 30 971 |7.88p56) 7.00
114200 30 364 |7.71P.55 8.00
111200 30 9.79 |7.950.56 7.00
TOPS (chem ) | POO a0 1182 B.14pss) 850
11 00 30 12.02 BO9pS7T| 7.80
11106 30 11568 PB.24 .58 5.50
TOPS (Physy 1200 30 11.23 [7.67 .54 5.00
11{200 30 1209 B.11p57 9.00
111}200 30 11.85 [F.e4p55]  6.00
[TOPS (Geny 1 EODO 30 19.94 [E.B4 p.62 13.00
il poo 30 20.42 P.O7p.64 16.00

The relstionship between the test forms was
investigated through hypotheses testing. The 0.06 confidence limit
was set for evaluating the hypotheses.

Hypothesis 1. There is no significant difference between the
TOPS forms in terms of students' performance,
taking two tests at a time,

The t-test for independent sample was used for the pair-wise
comparizons of the mean scores of the students in each set

(biology, chemistry snd physics test sets) of the TOPS. The results
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obtained show no statisticelly significant differences in the
students scores. The t-value calculated for the tests forms were all
below the critical value of 1.96. The resultz of the t-test are shown

helewr,
Table 19
A Comparizson _of TOPS Mesns

Test Forms
Bi Chemistry Physics Geoneral
i Jail (IS minamiial s minan s [isninsm &l
Mean Diff. 10028 1007 1015 {010 {034 J0.44 1086 1062 10241 043

DF 395 luog {95 {a98 [a0a lovs |o9s |aes lass | u98
|_tvalue 010_{ons 1018 [035 o4t 05a [1e9 (050 o0 | nss
|_p-value a5 | .o736) sage| veol 7oe2] 7as0] 67| s197] w117 reen

texitical = 1.96

£ post-hoc comparison of the mesns also sugdested that
the tests forms sre messuring the same traits. The mean
differences for sll test forms {like their t+velues in Tsble 19) were
significantly lower than the critical values at the D.0B confidence
level i{see Table 20). Thus confirming that the test forms are
pordllel and con he used interchangesbly for messuring
performance of process skills in the different disciplines. Hence
Hypothesis 1 was sccepted.

Teble 20
& Post - Hoc Comparison of TOPS Scores
Test Pairs
Bio Chemistry Physics | General

YR NEYHEYRIE SR VRIS TRV R R
Mean Diff. 005 1007 {015 {030 [034 {044 (086 (062 (024 048

Critical Diff. (572 [560 1555 [746 |7.34 (733 1648 |628 1648 | 7463
p-value 99281 9981 9435) 9765 819a] 7199] 6391 81351 8373 9970

Hz
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The second hypothesis steted for the study concerned
the differences in the TOPS scorez of urban and rural students,
The purpose wes to investigate and establish the basis for urban
and rural norms for the TOPS.

Hypothesis 2 : Thers is no significant difference in performence
hetween urban and rurel students in each of the
TOPS.

In order to test this hypothesis, the performence of
urban and rural students in the werious forms of each test type
were compared. The t-test wes used for evaluating the differences
in the respondents’ TOPS zcorss. The results showed no
stetisticelly significant differences in the respondents’ mean
scores for all the test forins. The tealcilatsd were all less thao 1.96.
For example. tealeyleted for TOPS (Biclogy) L. 1T and I were 1.56,
1.79 and 1.28 resprctively. Similarly toadoulaied for TOPS (Physic)
L T and 111 were 0.78, 101 and 1.66: respectively (see Table 21
The hypothesis of ne difference in the performance of urban snd
rural subjects was therefore not rejected. This implied that urban

and rural norms for the TOPS were wonecessayy,

The mean scores of the wban students across the test
types (biology, chernistry, physics and general tests] ware however
higher than those of their rurel counterparts. For example, in
TOPS (Biology) 1, the mean score of the urbsn students was 10.41,
while that of the rurel students was 9.02, Similerly, in TOPY

{Chemistry) I, the mean score of the uwban sample was 12.78 and
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that of the rural students was 11.06 (see Table 22).

Teble 21
A Comparison of TOPS Scores by School Locetion
Test Forms HMean DF [t-walue | pvaluel
Diff.

TOPS (Biol.) I'| 1381 185 1.56 |0.28%
1] 163 ¢ 188 1.79 | 0.18%0

HIf 114 | 188 1.28 | 02758

TOPS (Bicl Allf .94 | 598 1.60 | 06195
TOPS (Chem.) 1§ 172 | 188 1.63 | 01974
11] 0.83 § 198 0.83 { 0.4V78

HIf 0.36 § 198 0,34 | 08983

TOPS {(Chem.) &1} 075 | 598 1.27 }joamg
TOPS (Phys.) I} 073 188 0.76 joa71e
11§ 191§ 198 1.91 {00875

1} 066 ] 198 166 01259

TOPS (Phy=s) All | 0.85 | Sog 156 {08518
TOPS (Gen.) 1§ 044 lag 0.34 | 08983
11} 1,191 198 .80 } 05898

TOPS (Gen.} al | 074 | BoB 1.02 {09346

teritical = 1.96

The results of this study contradicts the reports of
earlier studies where school location hes been found to affect
science schievement, Ualike in the schievement tests where urban
children hsve been shown to be consistently superior (Jegede,
1981; Daramola, 1983) it would appear that school locstion had no
influence on the students attainment in the process skills tests.
Although the mean scores of the urban subjects were higher than
those of their rurel counterpsrts, the differences were not large

encugh to reach statistical significance (see Tables 21 and 22}
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Table 22
Summary of TOPS Scores by School Location

, ‘est Forms Urban (» = 100} Rural {(n=100)
[ SDISE | 52 |Mean] SD | SE | g2
|
|

TOPS {Bio) 1 |1041 J656 |066 4306 |9.02 |6.09 |054 3706
1111045 16,29 043 13955 |882 660 |066 14353
1T 11036 [6.34 063 [40.25 |922 [620 062 |3840
OPS (Bio j All |1043 733 |042 |5378 [919 700 |0.40 ]49.13

TOPS { Chern.) 1 {1278 |748 [075 |5598 {1106 |7.39 074 5456
1 1245 |702 070 (4932 |1155 |661 |0.66 [a364
HI 1176|765 |077 |5846 |1140 752 [0.75 5647
oPS (Chem) ANl 11245 |750 (043 |56.25 |11.67 |746 [043 |55.79

TOPS ( Phys. ) 1 [1159 {699 [0.70 [48.35 |1088 |657 066 |43.12
1111305 |759 |076 |57.64 j11.14 657 066 4316
III [1248 |716 |0.72 {5128 |1152 {703 |007 |a941

OPS (Phys) Al 11143 |681 |039 |d4641 |1078 |655 1038 |42

TOPS (Gen. ) 1 |2006 [943 [091 |s340 (1972 (893 |089 |7e78
1 2102 (953 |0.95 |on72 1982 {934 |093 |87.23
1OPS (Gen.) Alj2o54 J921 |053 )saze |1980 |845 |050 7aze

However, these results are expected. Researches have
shown that most secondary schools in Nigeria lack science rooms
and equipment (Abdullshi, 1980; Ah, 1983; Madusbum, 1983).
Teachers subsequently resort to the lecture as the dominant
raethod of teaching in the secondary schools to the neglect of the
wclence process skills. The skills tested in the TOPS are best
practised through class practical activities. It is therefore not
surprising that the students scores in the tests did not differ

irrespactive of differences in school location.
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The influence of gender on the acquisition of science

process skills wes investigated by testing the following hypothesis :

is 3: There is no significant difference between boys

and girls in terms of performance in each of the
TOPS

The mean scores, standard devistion and veriances of the male and

female subjects are summarised below.

Table 23
Summary Statistics for TOPS by Gender.

Test Male Female
Forms

n |Mean] 0 | 5E | 52 | o [Mean| 5D jsE | 52

ToPS(Bicy 1] 92 {251 |ss1 lose1 |es7s) 1081102804 o7 J4sas
1) a0 {350 |585 |nse |s425] 110|1068] 754 {073 [eess
] 94 |79z 547 |ogs |s954] 108 |1185] 708 Joss |43as
altl27e |e7e fe41 Joar farasf ezafrraal7a1 boad eose
TOPS (Chem)
1

121 J1087)e6s Joer Jda.74] 79 J1846] 738 Jos0 ez
uf 125l assf7ris |usee {aces) 71 hisarlson f1o7 lsoos
i} 188 541 {056 |4104] 67 {1807) 781 jose sros
ail] sea 726 {057 {sas0f 217 {1s26)ses loeo {7300
TOPS (Phys
I

1841 984 |16 |053 |8797] 66 |1283)17563 093 5655
nlizeqice29fes 053 j4755| 62 [12.89|862 |105 [69.28
oIy 124 {1070} 705 |063 145,711 76 |1299)762 1087 |53.07
All} 395 | 10591704 |0.85 |4963] 204 | 1272|796 056 |sa.ae

TOFPS (Gen, )
1

116 f18.21]853 |0.80 |78.70] 84 J215b8]11.05{1.20 f181.7
IIf 121 j15.10§9.14 |0.88 8352} 73 |22.74(1156§1.530 {1836
All] 287 | 18.18] &.87 §058 ]76.69] 168 [2226f11.81¢0.83 L2793

The results in Table 23 suggest thst there are gender
differences in the performance of the students ecross the various

test forms, The mesn scores of the female subjects in all the test
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forms were consistently higher than those of the males. For
exampie, the mean score of the female students in TOPS Biology 1
was 11.12 while the mean of the male students in the same test
was 8,31, Similarly, in TOPS Physics 1, the mesn scores of the
male and female students were 9.64 and 12.83 resprectively. While
in TOPS Chemistry I, the mesn scores were 10.37 and 13.46 for

the meles and females respectively.

The significance or otherwise of the differences in the
mean scores of the subjects were investigated using the t-test, The
mean scores of the mals and femals subjects were compared
against the different test forms in esch test set (eg. TOPS Biclogy
1, Il and 111}, The t-walues cbtained were significant at the 0.05
confidence level (see Table 24 below).

Tshle 24
A Comperizon of TOPS Scores by Gender

Tesr Forms Mean or t-wvalne
INH.
TOPS{Rio.) i 2381 188 ad1
I 209 198 2.20
131 372 138 4.5
All 255 598 4.39
TOPS({Chem.) 1 .10 195 =285
1 218 198 2.00
m 298 198 2,70
All 287 538 3.95
TOPS (Phy.y 1 a.l1a 8z 293 [aREls =2
1 36D 158 2.98 0.0040
juud 280 135 2,18 0854
All 2,14 562 324 0.0001
TOPS {Gen.} 1 & 198 Z.26 0.0293
1 B sz 2.86 00054
All 4.12 2393 .90 0.0001
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The ohserved differences were in favour of the girls. For
example in TOPS (Physics) 1, the mean scores for boys and girls
were 864 and 12.83, (t = 2,99, P = 0.0024) respectively. Whilst in
TOPS {Chemistry) 1. the mesn scores for boys and girls were 10,37
and 13.46, (t = 285 P = 0.0048) respectively. The third
hypothesis waz therefore rejected indicating a need for male and

femsle norms for the TOPS, e —— et .

Turning attention to the relstive performance of boys
and girls in urban and rurel schools, again it wes observed that the
scores for the boys in the rural schools failed to match those for

the girls across the test forms.

Table 25
A Comparison of the Performences of Boys
and Girle by School Locatipn
Test Orban Sample Faral Sample
Foxms
Mean or 4 P Mean n¥ t P
TOPS (Bio) I} 0.94 085 {07545 | 4.64 98 482 }0.0002
Iz 177 0.1976 | 2.0% 9 1.97 0.0543
I  o.72 b 0.86 08758 | 6.7% o] 547 0.0001
All] 1.31 2 1.85 02681 { 4.2 298 {548 < 0001
TOFS {chem)
1 {oor 005 0,9966 | 6.08 a8 .65 0.0041
I § 001 0.01 03337 | 5.27 ag 334 0.0023
poeq ks o082 0,6235 | 5.04 g 289 0.0057

TOPS {Fhy) 1§ 1.05 06719 08243 J630 25 392 (0032
It

195 i 0Sm7 {52} 9% a1 50041
ur fo52 0.36 08%0 | 4.8 98 283 00051
AT 1.18 06769 {5.02 2% 495 <= 0001

95
ag
as
298
a3
98
)
All§ 054 235 }aae 0.3339 | 5.44 298 | 4.76 <0001
%
%
B
2%
9%
95

TOFPS {Gen) 1§ 0.14 007 0.9492 §16.40 9% 32 0.801%
I §03) 039 03946 {847 9% 4.20 40004
AL 050 198 §0.32 G512 24 196 §5.12 <0001
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The mean scores of the boys were significantly below that of girls
in the rural schools, while the performance of boys and girls in the
urban schools were sbout equal. For example, in TOPS Biology |
tealenlated for the urban sample was 0.85 (p = 0.7545) and that of
the rural sample was 4.82 (p = 0.0003). In TOPS Chemstry I,
tealeniateafor the urben sample was 0.05 ( p = 0.9986) while that of
the rural sample in the same test was 3.65 {p = 0.0041); to site a
fewr,

An analysis of the performances of the students in each
skill area also showed that the girls excelled in all the thres
process skills tested in the TOPS. The mean scores for the girls
were significantly higher than those of the boys. For example in
TOPS (Biology) 1. toajenlsred of 4.04, 3.40, and 2.98, for the skills of
observing, interpreting and recording respectively, were all higher
than teritical ot 0.05 confidence level. Similsrly in TOPS
{Chemistry) I, teaioulatea for observing, recording and interpreting
were 3,12, 3,16 and 4.79 respectively (see Table 26).

The superiority in performsnce of the girls over the boys
observed in this study is not entirely unexpected. There are a
number of studies in which girls are found to do better than boys.
For example, Ikeotionye (1986) found that the urban girls were
superior to the boys in verbal reasoning and abstract ressoning in
messured science and mathematical aptitudes. Jahun (1988) elso
found girls’ performances in the ABUMAT to be significantly better
than those of bays. Broadridge (1887) showed that girls in special

institutions demonstrated more favoursble attitude towards
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science  and  consequently performed better than their

counterparts in other schoaols.

Table 26
A parison_of the Performance of Boys and Girls
in the Skills Tested (DF = 198 )

TOPS (Biclogy)| TOPS TOPS (Physics) | TOPS
(Chemistry) (General)

F)su’n:‘ I JIIjm 1 I i 1 11 {1 1 |1
tean 1.75| 2,18 | 2.27 | 246 | 2.99 | 275 | 1.89 | 2.7 | 2.08 | 369 | 352

’:

{giris)

2501266 1356 |3.05 | 8671352 |1.85 [8.81 |28] |[428 1478

{tdsan

{ Ditference 075|048 1119053 068 |0.77 | 046 1094 {0,723 |053 ) 1.26

tsralue 4.04 |2 5991312 {2.04 | 3.95 | 2.72 18,50 | 2.84 | 2.22 | 8.0

Dwalus 0005 § 0417 § oen1 | 0035 § 0547 | 0008 | 0134 | 0022 | 0189 § 0283 | 0008

aterpreting] 1 ) 1T (HI 1 11 |1 1 11 |1 I ju
i Msan 254 5 371 §8.53 |2.07 |2.25 |203 |6.52 | 649
(bays)
Mean 317|296 | 276|454 14.15 14.26 |3.66 12,77 | 260 | 7401 7.00
L girls)
{Meon DEZJGSE 1066]1.01 |044 1093 058 052 |057 048|051

[Ulﬂexence
1f-v‘h|s 3240)2.54 4.79 12,02 457 256 |2.02 | 258 |2.08 | 205
| Pvalue 0025 ) 0237 | 0031] 0002 | 0543 § 0005 | 0147 | 0478 | 0163 | 0447 | 0469

)
1

(secording | T J NI JHI0E 3 T J 00 JUOY 1 {mjor Il

Mean 4.02 | 4.06 | 3.49)4.38 |4.238 | 4.01 |5.18 | 567 | 560 | 7.70 | 2.09
(bays )

Mean 545 |5.06 | 6.88|5.87 | 5.50 | 5.29 | 7.86 | 781 | 758 [9.91 | 1096
girls) i

ean

Y — 143100124 14911081128 (12,16 |2.14 {098 {221 [ 287

tulue 2398206 |5.95]13.16 |2.19|2.77 |4.28 |53.54 |2.03 | 4.16 [ 4.34
D -=alue 0029{ 0449 § 0003 0107 | 0483 | 0139 | 0007 § 0013 | 0328 | 0005 { 0001
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The performance gap in favour of the girls in the rural
schools could be attributed to the fact that a large proportion of
the female subjects were drawn from the science secondary school
in Soba. Science secondary school Soka is a "model” school in
Korduna State, with facilities for the promotion of "good” science
tesching and lesrning. The performance differences in the present
study must therefore be attributsble at least in part to curriculum
influences. Besides performance of science process skills have

Leen found to be gender relsted. R

Shusibu and Ameh {1882} were the first to demonstrate
the superiority of Nigerien girls over the boys in the use of science
process skills. In their study, the girls excelled in the processes of
okserving, inferring, predicting, hypothesising, spaceftime
relationship, communicating, meking operational definitions,
formulating models and interpreting data. The boys on the other
hand, were better than the givls in the use of numbers,
experimenting, measuring and controlling verisbles, Shuaibu and
Ameh (1982) attributed the differences in performence to sex
roles in the formstive years of the children, They opined that girls
were severely limited in experiences requiring menipulative
(experimental} and mathematical skills. In Migeria, girls swve
expected to wse their eyes and ears, not their mouths, They are

hardly resvarded for adventurs and non conformity,

The Test of Sciznce Process Skills (TOPS) presented in

this report measures a student's sbility to meke observations

record their cbservations and interpret data, These skills,
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according to Shuaibu and Ameh (1982) are more intuitive and
dependent on some level of internalisation of cbserved dsts, hence
girls are bound to excel in them. The results of this study
therefore give sufficient justification for sex norms, the near equal
performance of urban boys and girls not withstanding. Hence sex
norms as well as norms for the total sample are stated in this
report. A summary of the scores of the male and female subjects by

school location is presented below,

Table 27
A Summary of the Mean Scores and Standard
Deviation of the Norm Groups

Male Female

Test Forms | Urban Rural Urban Rural

s66{4s |11.9{586]62
60656 | 58560054
f.st.sq 3 |128{e73]| 70

6.27 1.2*3;.!3 186

TOPS(Bio ) 1]19.94]5.86]54 |6.70)3.76| 38

| {909 5.54{ 44 |7.79) 4.40) 46
| 9.93| s.05)eq |5.85)3.60|20
Al ]2 72]s.29] 182] 7.08) 554 ) 11411,

TOPS(Chem.) | | 12.7} £.80 6.27)52 |12.8] 7.02] 37 | 14.1]9.87| 42
]

12.916.77 546163 | 129169730 §14.20 7.25)41
W j113)2.19 659166 |12.213.87]83 | 12.9]9.01 64
Allj12z2lass 7.09)1838) 12.6] 8631 100§ 14.1} 10.9} 117

TOPS{Phys.] 1J11.1]671] 66 |768]5.14168 |12.117.16134 |13.5]8.89]82
Hjleayre2|v 8531553168 |18.918.85(80 |18.7]8.05]82
mj119)643)60 343|568 64 |12.5]7.42)40 | 136§7.78] 36
All]11.7)7.46] 196 ) 2541 6,77 | 2004 12.8] 8,16 104} 18,64 2,92 ] 100,

TOPS(Gen) | §20.1§8,74{70 {16518.21146 §2021901|50 {2258 11.2]154
I J20.6]9.29]69 |156{8.34|52 |21.4]|964]3]1 [24.1]11.4}48
All|20.4) 3791 139| 16.1) 8,831 98 120.3] 10361 1234 11.1]102
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4.23 Skewness and Kurtosis of the TOPS

The Skewness and kurtosis of the TOPS describes the
distribution of the respondents scores relative to the normal
distribution. The skewness and kurtosis of the norms are shown

below,

i

{ TOPS(Bio.) 1] 1548 1.449 1687 2,524 - 1212 2.708
I | 0242 1.574 1.285 0.044 0.860 1.198

] I | 0.743 0.208 0514 0.281 1.212 1.011

{ TOPS(Chem.) 1| 0604 0652 0,642 - 0487 D.B4E 0.598
i 11 | 0293 0.848 0.550 1.174 - 0.9%2 1.028
urj 1817 0,988 1.167 -063¢4 |-075¢ |-0.104

{ ToPS(Phys.y 1| 065 |o0750 | 1089 | osss |-o0318 | os7a
nf|osss {osss |osey |oses |-0717 | osm
m | o3sc Jozor Josz4 | 1177 |-1488 | 1.281

OPS{Gen.) 1] 0170 -0.813 1.394 1.377 0.891 1.687
11| o2s2 -0.622 0295 0871 0.063 0663

e

Usually, for the normal {symmetric) distribution, the
test scores are evenly spread out and the mean (aversge) snd the
median (middle) scores coincide (Ssger and Rocco, 1992), In
other words, the number of students whose test scores are higher
than the mean would be equal to those whose test scores are lower
than the mesn. A normal {symmetric) distribution has a skewness

and kurtosis value of zero (Ferguson, 1981). Dewistions from
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symmetry are reflected in changes in skewness. A positively
skewed distribution is obtained when the nwmber of students with
low test scores is greater than those with higher test scores. In
which case, the number of extreme values smaller thaa the mesn
is more then the nwmber of extreme values larger than the mean
(Seger and Rocco, 1892). In the oppasite case, when students with
low test scores are fewer, the distribution is skewed to the left or
negatively skewed. Thus the skewness value of a test distribution is

also an index of the relative difficulty of the test.

The results of this stady show the distribution of the
aorms for all the test forms to be positively skewed {ses Table 28)
except that of TOPS (General} Tests [ and I for the female sample,
which were negatively skewed, For comperison purposes the
frequency graphs of the results in Tekle 28 above are shown in
Figures la to lk. Also shown on the histogram are the expected
frequency curve for a normal distribution with the ssame mean and

standard deviation as the test scores.
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Figure 1 a
The Distribution of Scores in TOPS ( Biology ) L
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Figure 1 ¢
Toe Distnioution of Scores in TOPS { Biology ) 1L
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Figure 11
The Distribution of Scores in TOPS (_Physics ) 1L

0
i | =
| ‘
L
LEE RN -
B |
AT L—
A
i

- %3 -




image146.jpeg
Wigure 1
The Listobution of Scores in TOPS ( General ) L

T

COUNT
———— e ——

FEMALE





image12.png
Ik,

HL

for TOPS { General ) [

Percentile Ranks and Normalised Scores

far TOPS ( General } II

A Typicel Skill Assesstnent Form for

Secondary Schonls in Nigeria

The Tast of Science Process Skills

Marking Schemes for TOPS

Teachers Questionnaire

®vi

196

198

275

300




image147.png
The results of this study suggest that the tests were
difficult for the sample under study. It should be noted that the
Test of Process Skills {TOPS) is expected to be used by teschers
for ssseszing the level of skill development in students. By
implication, the TOPS must be sble to efficiently discriminste
between the good and poor students with respect to skill
development. The difficulty level of the TOPS, might turn cut to be
an appropriate index for discriminating between the good from

the not so good students hesed on their performances in the test,

Regarding the spread of the scores, a wide dispersion in
the range of scores obtained by the female subjects could ke
observed. The distribution of the test scores for the female
subjects, in six out of the sleven test forms, were platykurtic, The
kurtosis values for all the test forms except for TOPS ( Biology } 11
asnd III, TOPS ( Chemistry } [ and TOPS (Genersl) | snd I were
negative., With the involvement of girls from schools like the
Federal Government Colleges, and the Science Secondary School
{Grls) Soba , in the study ; the wide dispersion in the range of the
femele test scores relative to those of the males is expected.
However, looking at the total sample, the curves for most of the
test forms except for TOPS Chemistry [11 are leptokurtic (positive)
indicating that the test scores are concentrated in the middle of

the distribution.
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4.24. Teschers' Opinion of the TOPS.

The study also sought the opinion of the subject
teachers { Biology, chemistry and physics teachers ) on:

i, the sppropriateness of the TOPS as a mesns of assessing the

skill components of zchool science, and.
.y

i, the status of skill sssessment in secondary schools,

& cuestionnaire designed to elicit the extent of agreement
(Strongly agree; figree; Disagree snd Strongly disagree) of teachers
with the stated opinion shout the approprietenass of the TOPS was
used for collecting data for this purpose {see Appendix V1), & mean
reting was calculated for each stetement in the questionnsire. The
mean rating of 1.00 to 2.00 indicated the disagreement of the
teachers with a particnler staternent, while the meen rating of 3.0
to 4.0 showsd that the teachers agreed with the opinion stated.

The teachers' opinion were examnined by testing hypotheses 4 and

5.

Hypothesis  4: The teachers' discipline will not influence their

opinicn of the appropriasteness of the TOPS.

In order to evaluste Hypothesis 4, the differences in
teschers' opinion besed on the subjects taught ( biclogy, chemisiry
or physics ) were exemined vsing the t-test . The results cbisined
showed no statistically significant differences. The t-values
obtained which remged from 0.0G to 1.63. were all below the
critical value of 1.67 { ses Tebles 20 and 30 ). The hypothesis of no
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difference in the opinion of the teachers based on the subjects

tanght was accepted,

Table 29
Differences in Teachers' Opinion of the
_Appropriateness of TOPS
{n=150)
Toachars' Opinion Catogory Moen t B
Diff.
1 The iterna in the TOPS Bio Tr=& Chem Trs. | 0.14 093 | 4635

messurs the procses skills |
spscified in the teble of fio. Trs, & Phy. Trs. | 014 el
apscification. Chem Trs & Phy. Trs{  0.01 006 |.9842

4 WAEL, should incorporete Bio Trs& Chem Trs.| 004 023 | 8639
gueations similar to thoss in

the TOPS into their sciencs Pio. Trs. & Phy. Trs 633 Los Jiaver

egsagsment schemns. “hem. Trs & Phy. Tes] 037 163 | .03%0
d acience teachera woold like Pio. Trs & Chem Trs 0.14 cEes |.1281

touse the TOPS to essses | n

0. Trs 2 Phy. Trs n0s 056 £9Z:

studenta attainmsnt of [0 1P (il g2

acience process skills, fhem. Trs & Phy. Trs]  0.22 1.04 | .3057
4 The TOPS modsl ia Bio. Trs & Chem Trs. |  0.18 083 | 5194

relatively cheaper then the by 5o gpry 1 | 022 154 | o708

practicel mode of assassing

acience process akills. Chem. Trs & Phy. Trs] 006 0.34 5200

B Teachers will like touss thefio. is&ChemTrs. | 0,07 057 |.1220

TOPE in the continuoa Bio. Trs. & Phy. Trs 020 129 5488
szsasgment of alall

dewslopment of thair fhen Trs& Phy. Tis 0,13 077 | 4274
atudenta,

Neither did the teachers differ in their opinion of the status of skill
assessment in secondeary schools as shown in Table 30 below. They
were unanimous in their opinion sbout the TOPS irrespective of

their subject specialisation (biology, chemistry or physics).
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Table 30

Differences in Teachers' Opinion of the Status
ill_Assessment in Schoaols

n =1
| Teechers' Opinion Category Mean t P
Daff
1 Scisnce exsminetions ahouldBio. Trs & Chem Trs. | 0.02 0.14 9168
meepura process skills ea  Bio. Trs & Phy. Trs. { 0.13 0.55 5669
wall 83 acience knowledge. hem. Trs & Phy Trs 0.11 0.92 5426
3 Schools cen afford the uas offio. Trs & Chem Trs | 011 1164 | 2206
the TIPS for asosesing "
studppta echievement of the [o- 1.8 Phy. Trs. ] 0.00 a.00 100
proceas skills, Ehem. Trs & Phy. Trsf 0.11 07 3242
d WAE.LC's precticel Bio. Trs & Chem Trs. | 0,04 0.25 8654
axaminationa should be Bic. Trs & Phy. Trs. { 0.00 0.00 1.000
acrepped. [hean. Trs & Py Trs| D.04 0.22 8638
4 WAECs practical Pio. Trs & Chem Trs. | 0,08 048 7851
. exarpinstion should be bio .2 Py Tr=. | 6,05 028 2292
| replsced with s pencil and
peper test of procses skills Them Trs & Phy Tref 5,03 06,17 2160
such ea the TOPS,
|7 Taachers will contipue to o, Trs & Chem Trs. | .08 053 0213
do prectiosls with the pio. Trs. & Py Ti=. 007|030 |a7es
studenta if WAEC's
prectical exeminetions is  Fhem. Trs & Phy. Trs) 0,09 0.17 4535

scrapped,

The teschers' were generally of the view that:

the items in the TOPS measure the process skill specified
in the Tsble of specification in Chapter 3,

WAEC. should incorporate questions similar to those in
the TOPS in the science exarnination schemes,

they would like to use the TOPS for sssessing their

students’ skill achievement,
the TOPS assessment model is relatively cheaper than
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the practical mode of assessing science process skills,

e. science exsminations should messure process skills as
well 85 knowledge in science,

f.  teachers would like to use the TOPS for the continuous
sssassment of skill development in students; and

2. schools can afford the use of the TOPS for assessing
students’ echieverent in the skill components of the
syilsbus,

The teachers' opinion of the TOPS are summarised in Tables

and 32,

Table 31
A Summary of Teschers Opinian_of the

Appropristeness of TONS

31

Teachers' Opinion C@e&g ean| 3D |SE |2
1 The items in tha TORS Bio. Tra. 318 |o47 1S 0.22
mesasure the process skills {Chem. Tra, 1205 082 014 [0385
spacified in the tdols of DBhys. Tre. 1305 {062 1009 029
spacificetian., Al Tes 31 |0E6 D05 (043

34 WAEL. should incorporats |Bio. Trs. 234 |0487 jo11 Jos
guestions suniler to thoss in)Chem. Tes, §338 |058 j009 1035
the TOPE into their sciencs {Fhya, Tra, §3.01 |1.17 (018 128
esgeasment schams, All Tra 32 078 |oos 062

3 scionce teachers woald liks {Hio, Tys. 202 |07 009 (055
to use the TOPS to assess Chem. Tra. {317 |1.20 {018 |145

students atteinment of Bhys. Tra. §2405 {071 J011 [0S0
soiencs process skills, 8 Tra 300 (090 007 081
4 The TOPS madsl is Bio, Tre. 233 (083 foto {069

roletively cheaper than the {Chem. Tra. {217 (097 (015 005
practicel mode of sssaseing {Phys. Tre. {311 {063 {010 {040

aciopcs procesa pkilla. i1 Tra 214 {081 007 (066

7 Teachers will like toues thefBio, Tra. 341 {08s foatz {082
TOPS in the continuos Chera, Trs, {234 |096 {014 1093
aggassment of skill Bhys, Tra. 1321 |052 jJ008 |0.29
Adevelnpmant of thair Al Tra 322 1083 jo0y 1077
atuclantg.
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The teachers however dissgreed with any idea of
scrapping the WAEC's practical examinations as well as a
suggestion of replacing the WAE.C.'s practical examinations with a
pencil and paper test of science process skills. It was the opinion
of the teachers that scrapping the practical examinations could
result in the neglect of science practicals in schools. The mean
ratings of the items eliciting the teachers opinion on the shove
(see Table 32, statements 3, 4 and 5) were consistently below
2.00.

Table 32 .

Mdmma@@t
. {n=150).

TmDpnim Cdﬂgmyum@ﬂisz

1 Science examinetions Hic. Tra. 350 jog2 jon 0.4
should raessure process {Chem, Tra. [252 (060 009 {036
alills eawell as acience |Phya. Trs. |363 |049 [002 (025
knowlsdge. All Tra 25 (072 (006 052

2 Bchoola cen efford the use|Bio. Tra, 2.00 044 0.0s 0.19
of the TOPS for eseasaing |Chem. Tra. | 311 026 004 |007
astudents echievement of PE{S. Tra, 300 067 01 045

1

the process skilla, Trs 200 100 009 §1.18
3 WAEC's precticel Hic. Tra. 147 |07 (009 (058
evaminetions should be  {Chem, Tre. {143  |0.81 012|066
scrapped. PBhys, Tea. {147 (084 (012 JOH

All Tre 1.46 77 |008 .60

4 WAEL's prectical Bio. Trs. 194 089 012 Joog
expmination should be Chem. Tra. }176 023 J013 0680
replacad with a pencil Phys. Tra. }179 073 jo12 062
and peper teat of process | All Tra 181 nge joo7 joze
skills such ss the TOPS.

5 Taachers will continus to |Bic, Trs. 1.67 132 016 1.73
do precticals with the Chem. Tra. [1.75 {054 |002 (029
students if WAE.C.'s Phys, Tra. |184 (006 J015 002
prectical exeminetions is | Al Tra 175 1im nos 1.03
scrapped.
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Finally the opinion of the teachers were analysed based

on their educational qualification.

Hypothesis §. There is no significent difference in the opinion
of gracuate and N.C.E. teachers on the sppropristeness
of TOPS for measuring students’ performeance of
science process skills .

The t-test was used for evaluating the hypothesis. From the results

generally, the opinion of the N.CE, and graduate teachers did not

differ. The t-ratio cbtained were not statistically significant st the

0,08 confidence level { see Table 33 and 34 ).

Table 33
inion oo the of TOPS Teacher
Qualification { 2= 150 )
Teachers’ Opinion Degree | RCE. | Mean t P
— __ Diff.
3 ES
1 The itsma in the TOPS 328 1306 gzz 143 [.2667

messurs the process okills 1054 §{058)
spacified in the tdole of
apecificetion.

WAE.LC. shonld incarporete {322 1326 004  lois | ao6d
guestions similer o thoss in, .
the TOPE into their science (081 (081
agaasament achemns,

(5]

d acisnoce teachers would liks |3 13 301 .12 Gob 4235
tonse the TOPE to eoasaa 1080 106D
students ettainment of
acience process skilla,

4 The TOPS madsl is 386 1233 152 {801 ].0001
relatively cheeper then the 08 {123
precticel mode of espassing
sciencs process skilla,

B Teax:'ll":)s;; wx‘]l}lliks tovas 339 1330 009 046 ) 3o00
the in the continuca | . o] &
egaasament of alall {094y 1050
development of their
students,

Note: Standard deviations sre indicated in brackets.
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HAoout the possible effect of scrapping WAE.C.'s practical
examination, the opinion of the graduate teschers differed
sigaificantly from that of the N.CE. teschers (tcaimviatea = 271, P =
(.0440), However both droups dissgreed that the teachers will
continue to do practicals with students when WAELCs practicsl
examinations are scrapped, The mean rating for hoth groups of

teachers on item 5 (Table 34) wes below 2.00.

Teble 34.
QOpinion on _the Status of Skill dssessment by Teacher
Qualification { a = 150 )

Teachers' Opinion Degres | R.CE. | Mean t P
_ _ Diff

X X

1 Boienos sxeminetions should 361 3bz 009 056 7119
neepura process skille sa {0.79) {060
well a8 science knowledde.

2 Schools can afford theuwsa  §306 {315 {009 Q49 5390
of the TODS for exvesaing {1.16) §{05%
stuclents achisrament of
the procsses okille.

9 WAEL.s practicel 144 (144 |00D 000 100
exerninations should be @79 07D
soreppett.

4 WAE.C.'s practicel 178 s loes  Jor (s
examinekian should ba {0A7) {(094)

replaced with a psacil end
paper tast of procses gkilla
guch es the TOPE,

4§ Teechers will sonkisve to §2.17  |161  [056 271 440
do practicels with the 0689 1119
students if WAEC's
practical examinations io
gorapbetl

Note: Standard deviations are indicated in brackets.
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On the issue of the relative cost of using the TOPS as
ageinst the cost of running a practical examinations for students in
schools, there were significant differences in the teachers'
opinion. While the graduate teachers sgreed that the TOPS maodel
is relatively cheaper than the practical mode of assessment, the
N.CE. teschers disagreed (toalentared = 8.01, P = 0.0001). The issue
of cost here is a tricky one. The use of the TOPS as an sssessment
instrument make huge demand on paper which can be expensive.
The practical examinations cannot however be cheaper in the
sensze that apart from the demand it makes on paper its use also
involve the spending of huge sums of money on chemicalz, When
these two conditions for running practical examinations are put
into consideration, the overall cost of running such assessment 1s
likely to exceed that for the TOPS assessment scheme. It should
be stressed at this point that this study does not in any way suggest
the replacement of science practical examinations with the TOPS
on the grounds of cost, Rather what is being suggested is that the
TOPS should be incorporated into schools assessment schemes.
Such a step would not only cut down on the cost of assessing
science process skills, but also enhance the wvalidity of science

assessment in the schools.

Lastly, when asked to comment freely on the
appropriateness and wse of the TOPS, the teachers’ comments
inchuded the following:

i.  TOPS should be used along with practical test to assess
students’ ability in the skills of science ( 23.8% ).
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ii. Questions should be designed to cover other process
skills { 23.8% ).

i, WAEL. practical shonld be retained otherwise teachers
will completely neglect the skills in the syllsbog {23.2%).

iv. Teachers lack skill in writing gquestions of this tygs so
workshops should ke organised for teachers on how to
use the TOPS formst ( 14.3% ).

v.  The sdministration and scoring of TOPS is easy to follow
{5.8%).

w1, TOPS format wall allow the assessment of a wide range of
skills in one examination. { 4.3% ).

vii, W.AE.C.'s practical if phesed out will result in stadents
handling science spperetus only in higher institutions
(2.4%).

viii. TOPS should be used slong with practicsl exeminstions
becsise familiarity with natural events through practical
investigations are very important in learning science
(2.4%).

Locking at the teschers’ comments it s=n be concluded
that school teachers desire the uwse of the TOPS along with the
practical examinations to  effectively assess their student's
attainment and progress in science process skills. The teachers
aowsver need guidance in using the TOPS in schools. The TOPS
menuals ere specifically designed for this purpose. The suggested
vses of the TOPS as well as how to interpret the TOPS scores are

presented in the next chapter.

425 Transferabili of _Science Process Sidlls .

A common assumption skout science process skills is
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ABBREVIATIONS, DEFINITIONS, GLOSSARIES AND SYMBOLS

In the course of this study, some words have been abbrevisted
becase of their frequent use, and terms have been used in special woys.
The abbreviated words and specially defined terms are listed below,

ABBREVIATIONS :

GLSE. -~ The General Certificate for Secondary
Education. This certificate is swarded to
candidates in the United Kingdom, who
hawe completed secondary education and

have passed the prescribed examination,

NLE. -~ The Nigeria Certificate in Education. The
l certificate is awarded to candidates on
successful completion of a three ysar
tescher education course in & College of

Educstion or Advanced Teachers' College.

S5C. —-  Senior Secondary Certificate. The
certificate is swarded to candidates who
have corupleted six years of secondery
education in Nigeria, and have passed the
prescribed examination by the West

African Examinations Council.

SSCE. - Senior Secondary Certificate Examinatio
This is an examination taken by students
}ngzi %\Iigen‘a at the end of & six year
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that process skills ere content free encuiry skills practised oy
every one. and transfershle across disciplines. The content-
independent nature or otherwise of science process skills wes
investigated using the ANOVA test. The results obtained tend to
suggest thet process skills are not content free as often assumed,
The ANOVA results showed statisticelly significant differences (F =
48,42; P < 0.0001) between the means scores of the subject based

test and the genersl test a2 shown below,

Teble 35
ANQVA _Tsble for the Test of Process Skills { TOPS)
Soorces of yarianoce | DF Sam of Mean Square | ¥ P
Squayes
Betwman componsnt |y | yge 166 1859217 28 Lam
Within component {2169 84504 631 35604
Total. 2193 103196.797

Similarly, the pair-wise comparison of the test means showed
highly significant differences (P = 0.0001) between the mems of
the subject specific tests and the general tests ss shown baow,

Table 36

A Comparison of the Sdubject based Tesls
Apd the Geperal Test

tubject Based Testsi TOPS (General) Tem: ¥ TOPS (Generay Testii
1sf, t P [Mean Difff © E

TOPS(Bio.y [} 10229 TW2I6] D007 T W77 12806 0061
1 1o30e {1z420) 00014 0783 (128094 000

- i § 10516 J12078] 0000 § 0634 112463 | 0063
TOPS (Chem) ! B0 9446 | 8007 8504 19871 | 0001
I 7922 9.346 | 0001 5400 | 9783|000l

I} 5.063 q754 | .0ooi 8841 202 ] oo

TOPRS { Phy.y ) 8713 |Dbh27| O} 9197 109447 0001
il 7850 3252 | 0001 2326 94680 | 0001

{300 0485 | 0001 G569 410117 { 06dl
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A& cpmparison within the subject based test also show
statistically significant differences. The ANOVA results was
statistically sighificant (F = 10.032 : P = 0.0001), The ANOVA
results are presented below,

Taole 37
ANOVA Tahle for the Subject based Tests

Sources  of DF Sum  of Meon | F i
variance Squares Square
Betweern 3 2943.952 367994 pa03  looool
coraponent.
Within component {1791 J656%7 451 36652

Total, 1799 |edad1 A05

Further confirmation of the content-dependent nature of science
process skills wes sought by compering the mesns of the subject

besed test.

The remits ohtained are presented in Table 38. It could
be observed from the results in Teble 38 thet the means of the
biclogy tests were significantly different from those of the physics
and chemistry tests. While the pair-wise comperison of physics
and chemistry test forms wers not statistically significent. The
comparisons between chemistry and biology tests as well ss those
between the physics and biology tests, showed statisticelly
significent differences except for the pair: TOPS (Biology) 11 and
TOPS (Physics) I, which was not statisticelly significant {t = 1.847;
P =0.0619).
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2751
2.889
2314
1.980
2.976
2.722
2,875
3.014
2.433
2.069
3.102
2.848
2,648
2.785
2.214
1.847
2871
2.616
0.869
0.217
0.081
1.003
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D0.439
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0.0051
0.0044
0.0368
0.0548
0.0037
0.0084
0.0047
0.0018
0.0143
0.0460
0.0013
0.0054
0.0108
0.0074
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0.0619
0.0049
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0.8975
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05785
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The transferability of science process skills has been
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challenged by a number of people. According to Colling (1835) the
transferability of science process skills connotes the notion thet
acience process skills are linked by & set of rules and procedures
into methodz which will guide scientists as to how to tackle a new
problem or how to reach agreement on what a set of experimental
results mean. He argued that decisions sbout what to cbserve, in
selecting which chservetions to pey attention to, in interpreting
and drawing inference, in drawing conclusions from experimental
data, even in replicating experiments, cannot be pinned down by a
set of rules; they cannot even be seen sfter the event az having

been guided by intuitive possession of zets of riles in the head.

Millar (1983) argued that skills like ohsermtion,
classifying, inferring etc. have no special association with science
but are general cognitive skills routinely employed by all in every
day endeavourz, He made a distinction between observing,
classifiing, inferring etc, in a genersl sense on one hand and
scientific observation, clessification. inference etc. on the other.
using several ansalogies to illustrate his claim he concluded that
scientific  observetions, classification, inference etc, are
inextricebly linked to a basis of knowledge and purpose , Similerly,
Hirkham (1989) opined that the processes of observation,
classifying, inference, interpretation etc. are not in themselves
scientific but the context in which the objects material and things
are set determine whether the chservation, classification etc. is
scientific. On the other hand Wellington (1982) while recognising

the inconclusive nature of the argument on  transferability
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concluded that skill transfer is most likely when the domaing in
which skill iz required sre closely related . Conceptually physics
can be said to be more closely associated with chemistry then it iz

sith hiclogy.

The disciplines of physics and chermistry essentially
study ebstractions and non - living processes in nature, and offer
explanstions for themn, Wheress biology concerns iteslf with living
system and consequently is less abstrect. Thus, skill transfer
between physics and chemistry is most likely than it is between
biology and physics or between chernistry and biology as shown by
the results of this study. Although the results of this study tend to

support Kirkham's view, the nature and mode of skill transfer

across the science disciplines need further probing before definite

generalisations could be made .
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Chapter 5

This chepter contains the summary of the procedure
and  findings of the stody. The limitetions end problems
encountered during the conduct of the study are discussed. Also
recommendations are made on how to use the Test of Science
Process Skills (TOPS) in the secondary schoals as well as how to

interpret student performences in the tests.

5.1 Swnmary

This study wes an attempt to develop psrallel Test of
Science Process Skills (TOPS) for senior secondary schoolz in
Nigeria, The study slso investigated the scoeptability and
appropriateness of the TORS as a messure of students'
performence of the science process skills, The developiment of the
TOPS follows a model of test construction consisting of the
following steps:
i,  preparstion of the test plan,
i, writing the test items.
iil, content validation,
iv. pre-testing the test items,
v eollecting relishility and walidity evidences,
w1, developing teat norms and interpretative msterisls; and

vii, writing the test manual,
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A total of 3,602 final year students and 150 science
teachers, participated in the different phsses of the study as
follows:

1. test validation phase, involving 572 students from thirteen
secondary schools (ses Table 7, p. 751

il. determination of equivalence and relisbility of the test
forms (830 students); and

iii. the final administration of the test (2,200 students)
which involved the testing of hypotheses and the

establishment of the test norms, and

iv. the evaluation of the acceptsbility and appropriateness of the
TOPS as a measure of students’ performance of the science
process skills.

Phases 1 and ii described sbove constituted the pilot study,

The results of the pilot study showed that of the four
biology tests, TOPS (Biology) I, Il and Il were parallel, Whilst
TOPS (Chemistry) LII and III; TOPS (Physics) I, II and I and
TOPS (General) I and Il were parsllel chemistry, physics and
general tests of science process skills respectively. These tests
were used in the final testing phase for the collection of data,

The hypotheses stated for the study are :

1. There is no significant difference between the TOPS forms in

terms of students' performance teking two tests at a time,

2. There is no significant difference in performance betwesn
urban and rural students in each of the TOPS,
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3. There is no significant difference between boys and girls in

terms of performance in each of the TOPS.

4, The teachers’ discipline will not influence their opinion of
the appropriateness of the TOPS for messuring students’

performance of science process skills.

5. There is no significant difference in the opimon of graduate
and NCE teachers on the appropriateness of the TOPS for

measuring performence of science process skills.

The t-tests were used for evaluating these hypotheses. A
confidence limit of 0.05 was set for accepting or rejecting the

hypotheses.

The results obtained confirmed that: TOPS (Biology) I, 11
and I1I; TOPS (Chemistry) LIl and III; TOPS (Physics) I, IT and III
and TOPS (General) I and [l were parallel biology, chemistry,
physics snd general tests of science process skills respectively,
The t-caicularea for these tests were not significant at the 0.08
level. In addition, the equivalent form reliability estimates for
these tests were highly significant (P < 0.001}, The " r " values
ranged from (.79 to 0.96, confirming further that the tests forms
were equivalent.

The results of this study also show the TOPS to be a
rehiable and walid measure of the performance of the science
process skills. The reliability coefficients, both the split-half and
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the Cronbech’s alpha are high and significant at the 0.05 level.
Similarly, the criterion related validity coefficients of the TOPS
were high and significant at the (.05 l=vel. The validity coefficients
of the TOPS ranged from 0.080 to 0.97. The stendard errors of
measurement, sithough greater than zero, were within the
expected limits for standardised achievement test. However the
distribution of TOPS scares wss asymmetrical, Generally, the tests
scores were positively skewed relative to the normal distribution,
The skewmess and kurtosis values of the TOPS are all shove zero,
but low. The distribution of scorss {shown in figures Ia to 1k} for
most of the test norms closely approximated the norwal

distribution.

As regards the establishment of norms for the TOPS, the
results ohtained showed no sigoificant differences in  the
performances of rurdl snd urban subjects, thereby suggesting that
stoting urben and rural norms for the TOPS was unnecessary.
Rather the results suggested a need for estsblishing sex norms for
the TOPS. The performances of the girls scross the test forms
were superior to those of the boys. The resilts of the t-fests were
significant at the 0.05 level, for all the tests forms: TOPS Biology,
teslmlatea (8ll) = 4.39, P < .0001; TOPS Chemistry, tealcularea {8ll) =
3.85, P = 0.0001; TOPS Physics . tealenlated {all)= 3.24, P = 0.0001;
and TOPS General. teajeulated (8ll) = 3.90, P = .0001.

However using school location, as = factor for analysing
gender differences, the perfurmence of the male snd female

students from the urban schools were sbout equal, wheress the
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performance of boys from the mral schools failed to match those of

their female counterperts { see Teble 25).

Finally on the appropristeness of the TOPS as & means

for assessing students' performance of science process skills, the

teachers were of the view that :

1,

iii.

iv,

i,

the items in the TOPS measure the skills specified in the
Teble of Specification,

WAELC, should incorporate questions similar to those in the

TOPS in the science exsmination schemes,

teachers will like to use the TOPS for assessing skill

achievement among their students,

the TOPS sssassment model is relstively chesper than the

practical mode of assessing science process skills,

science examinations should messure process skills as well as

knowledde in science,

teachers would like to use the TOPS for the continuous

assessment of skill development in their students, and

schools can afford the use of TOPS for assessing skill

achievement anong students.

They dissgreed with any idea of scrapping the WAEC.'s

practical examinstions, or the s replscement of the WAEC's

practical exemination with & pencil and paper test of science

process skills . The teachers suggested that :

i

TOPS should be used along with the prectical exarninations to
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S.T.A.N. -

TOPS. -—

WAEC, -

DEFINITIONS :

Achievement Test .

secondary education. It is prepared and
conducted by the West African

Examinstions council,

The Science Teschers Association of
Nigeria, This is a professional association
committed to the improvement of science
tesching in Nigeria. Mlembership of
S.T.AN. is apen to all science teachers

in primary, secondary and post secondary

institutions in Nigeria.

Test of Science Process Skills, A test
designed to measure students
performance of science pracess skills,
The skills measwred in TOPS are:
chseyvation, recording and interpretation,

The West African Examinations Council
is a body charged with the drawing of
syllabuses for the Senior Secondary
Schools in Nigeria ss well s the conduct

of the SSC examinations,

-—  Atestused for assessing the
academic progress of individuals or group.

Stendardised Achievement Test,-— An achievement test which

Rviil
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i,

ili.

iv,

aszess the students ability in the skills of science (23.8%) ,
questions should be designed to cover other process skill
(23.8%) ,

W.AEC's practical examinations should be retsined

otherwise, teachers will completely neglect the skill

components of the syllsbuses { 23.2% ),

teschers lack skill in writing questions like the ones in the
TOPS and so workshops should ke organised for teachers on

how to use the TOPS { 14.5% ),

the administration and scoring of the TOPS iz essy to follow

(5.8%) ,

WAEC's Fractical examninations, if phased out wenld result
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i,

iii.

iv

wil

assess the sthdents shility in the skills of science {(23.8%) ,

questions should be designed to cover other process skill
(23.8%)

W.A.E.C.'s practical examinations should be retsined
otherwise, teachers will completely neglect the skill

components of the syllsbuses ( 23.2% ),

teachers lack skill in writing questions like the ones in the
TOPS and s0 workshops should be organised for teachers on
how to use the TOPS ( 14.5% ),

the administration and scoring of the TOPS is easy to follow
(5.8%) ,

WAEC.'s practical exeminations, if phased out would result
in the stadents only handling apparatus in higher institutions
(2.4%) , and

TOPS should be used along with practicsl examinations
because familiarity with natoral events through practical

inwestigations are very importsat in lesrning ( 2.4% ).

The findings of this study alzo indicated thst skill trensfer is most

likely when the domains of stedy are related like between physics

and chemistry .

8.2 Limitations of the study

In the conduct of this study, & number of problems

particularly those associated with the data collection were noted.
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First. the sample uzed for estimating the validity coefficients for
the TOPS is small compared to the total sample because only very
few schools conductsd mock practical exeminationz for their
studsnts dus to lack of funds, Thus cantion must be exercised in

deneralising the findings of this study.

Secondly the development snd validation of the test
items took place in two steges, Whilst the items for the general
t=ats were written, assessed and validated in Nigeria, the writing
and validaticn of the sulyject besed tests took place at the King's
College, London; during the one year study fellowship swarded the
researcher by the world bank in 1995, The award was to enabls
sxperts in essessment make velusble inpui into the research.
Consequently, the pre-testing of the general test involyed final year
students prepering for the 3SCE, in secondeary Schools in Zaria
Whereas in pre-testing the subject based tests, secondary school
students preparing for the GCSE in London schools were used.
The use of different groups of students for validating the test items
could possibly sffect the results of study, Schools in London, unlike
Nigerian scheocols are known to be well equipped, with stimulating
learning environment that fevour the development of science
process skills. Hence process skills tasks that sppear to be suitable
to the London students might be quite difficult for their Nigerian
students.

Finally. only three out of the six process skills identified
in the senior secondary science syllabuses are mesasured in the

TOPS. Thess are: observaticn, recording sind interpretation. Hence
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the findings of this study could not be generalised to other process
zkills,

5.3 Generalisations _and _conclusions

Within the limitetions of this stody, the following

generalisations could be made :

i.  The follewing: TOPS (Biology} I, 11, and I11; TOPS (Chemistry)
L Il and 1II; TOPS (Physics) I, 11 and III sund TOPS (General) 1 and
1I; are parallsl iclogy, chemistry, physics snd general Tests of

Science Process Skills respectively.

i,  These test forms for a discipline can be used interchangsshly
within the disciplines to agsess students' sttainment of the process

skills in the syllabus,

ii. TOPS (General) I snd II can be used for assessing students’

performance of process skill in any of the basic sciences,

1w, The 11 test furms developed in this study are reliskle and
valid measures of the sttainment of the skill components of the

senior secondary science syllsbuses .

v. The TOPS is a valid predictor of achievement in the skill

component of the science syllabuses |

vi. TOPS scores are appropriate indices for discriminating
hetween students who heve or have not atteined the skill

measured.

7ii. School location {Urban frural) does not affect students

performances in the TOPS,
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vili. There are gender differences in the performence of the

science process skills tested in the TOPS .

ix. Teschers are willing to use the TOPS along with practical
examinations to sssess process skill development and attainment

in their students.
x. TOPS is a relatively cheaper assessment mode compared to
the practical mode snd is affordsble by schools in Nigeria.
54  Recommendations
5.4.1 How to use the TOPS

The Test of Science Process Skills (TOPS) messures
process skill attainment among secondary school students. The

TOPS consists of 11 test forms subdivided into four groups of
parallel tests as follows:

+  TOPS (Biology} I, 1T and III;
»  TOPS (Chemistry) I, Il snd 1IL;
«  TOPS {(Physics) [, Il and 1II; and
« TGOPS (General) [ and L

The first three groups are suhject specific tests
measuring skill achievement in the dizciplines specified. While
those in the fourth group {TOPS General 1T and 1) messure skills
generally without reference to sny specific discipline, The TOPS §,

1T and I for sach discipline, can be administered o the students

interchangesbly, For instsnce . if the purpose is to assess skill
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development in chemistry any or all of these : TOPS (Chemistry) T,
[l or I, can be administered to students.

Three major skill areas are assessed in the TOPS | These
are: observation, recording, and interpretation (see Table 6 in
Chapter 2 for details of these skills and sub-skills). The TOPS can
be used for assessing student's ability with respect to these three
skills, Specifically, the Test of Science Process Skills (TOPS) can
be used for the following purposes:

i The continuous assessment of students achievement: The

Wational Policy on Education demesnds the functional use of
continuous assessment in the school system. There are many
problems with the implementation of the continuous assessment

scheme in the schools. One of such problems is the comparshility
of standards within and across the schools. Jahun (1988)
suggested the use of standardised sachievement tests in
overcoming this problem. The TOPS can therefore be used in
ensuring standard in skill achievement across the schools . The
individual's performance relative to the total population of final
y=ar student; or by gender (using the sex norms) can then be

reported.,

Usually the grading system of science examination allots
30 marks to the practical (skill assessment) aspects of science and
70 marks for the theoretical knowledge of science concepts and
principles. The meximum obtainsble scores in the TOPS iz 30

marks. Thus the TOPS scores could easily be incorporated into the
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science assessment scheme of schools. This will give a much more

complete picture of the students' ahility in the subjects.

ii. Reporting performance in specific slrills: Presently the mode

for reporting stadents' performance in the skill components of the
curriculum is too generalised and vague (se= a copy of the form
ased for skill assessment in schools in Zeria in Appendix II1). The
practice is to checle (V) a number of performance criteria many of
which have no relationship with the processes and skills of
science using a five point scele. This siteation could be attributed
to the sbsence of a velid messure of the scieore orocess skills .
The TOPS scores would rectify this wroblemn. Rather than hasing
students ability in science process ski'ls oa cn arbitrary criterix
such as those shown in Appendix III; the TOPS permits the
reporting of actua! performence =f Uiz students in tasks involving

the use of specific science process skills,

iii. Plagning remedial instruction for students: The students'

performance in the TOPS will enshie the teacher to identify the
strengths and weeknesses of the student in using these science
yprocess skills, The results of such aszessment could then be vsed

in planning remedial treatments for the students.

iv. Improving the validity of the WAEC.'s exeminstions: Currently

the WAEC.'s practical exsminations which last three hours anly
assesses 8 limited range of skills at & fime, The West African
Examinations Council (WAEC) could complement the Senior

Secondary Certificate (S.5.C.) skill examiaction with the use of the
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TOPS and limit ectual practical testing to those skills thet do not
lend themselves to pencil snd paper messurement procedures.
Such a move will not only ensure the testing of a wider range of
skills thereby enhancing the velidity of the science examination,
but will reduce the duraticn of the practical examinations as well
as encourage teachers to tesch and assess science as content and

process, 7 : i Sasaate

s, Assessing currvicular ohjectives: 4 ¢

~f science projects

in Nigeria lay hesvy emphasis on the skills of science {the process
skillz), For instance the recently introduced N, C, E, Douhle Major
Integrated Science in the Colleges of Edac ticz ia Wigeria through
the N.IS.TEP. project, emphasises the activity approach to
science teaching with the scle purposs of encoursging the
aceisition of science process skills by students. In order to assess
the extent to which curricula chjectives hes been atteined a wvalid
messure of science process skills must be avsilable for researchers

use . The TOPS would readily serve this need,

vi. Agsessing science skills where resqurces for practicsl testicg

gre limited: More often than not, Nigerisn secondary schools suffer
the depletion of science egquipment and materials for performance
leboratory testing, TOPS utilizes very few, chesp and locally
available equipment and materials for testing students’ attainment
of the science process skills, Thus ensbling science teschers to
assess process skills in sitvations where science equipment ars

not availsble or difficult to come by,
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5.42 Interpretation_of the Test Scores
i Percentile_ Ranks

Any of the TOPS csn be used to asseas process skill
development fattainment in the students, The students’ responses
in the TOP3 should be scored using the marking scheme provided
(zee Appendix IV) . The teacherfuser then decides on the norms
to use for referencing the students’ scores. When a decision is
taken the teacherfiser then compares the student’s score with
the raw scores in the appropriate norm group, He mey decide to
report students’ performence as percentils renks or norrnalised
scores. Eleven tebles presenting the rsw scores saod the
corresponding percentile ranks es well as the normeslised scores,

are provided in Appendix 1] of this report.

If the decision is to use the perceantile ranks, the
students score should be traced to the PR (percentile rank)
column in the appropriate norm table to indicate how well the
stdent hes performed relative to the norm group. Let us take a
hypothetical cess of a male student who scored 18 marks in TOPS
{Chemistry} I His percentile rank among his fellow rnales is 95.5;
but among the entire final yesr students his rank iz 93.0 . This
means that the student performed better than 95.5% male
students . But hiz score wez only better than those of 93% final

year students {see Appendix 1Id).
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ii Normsalised Standard Seores: The T-Score and Z-Scaore

On the other hand if the decision is to use the
normalised standard scores, the same student with a score of 18
when traced to the colvmn of Z-scores in Appendix IId iz 1.7
standard devietion above the mean of the scores of the mals
students in test, This corresponds to a T-score of 687, Wherees this
student iz 1.5 standerd deviation shove the mesn scorez of the
whole final year students who reacted to TOPS {Cheimnistry) I and
haz a Tscore of 65. It should be stressed st this point that a Z-
score of 1.5 iz the same a5 a T-score of 56, They both indicate that
the student’s score is 1.5 standard deviations sbove the mesn of

the distribution of the partionlar norm scores.

6.43 Recommendations for further studies

The result of this study point to a need for further

research es follows ¢

i. The items in the TOPS messure only thres process skills.
These are: cbservetion, recording and interpretation. There is
therafore an urgent need to design snd standardise test items in

the other three major skill aress (messurement, classification snd

experimenting).

4. This stady could be replicated and expanded to other ztates in
the Federation. Such stndies wouold firther estsblish  the
anthenticity of the TOPS in meeasuring process skills development

in students across the nation.
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Equivalent Tests.

contains fixed set of items that are
carefully and systematically prepared with
uniform directions for administration

and scoring besed on norms that are

clearly defined.

-—  These are two or more forms of a
test that ere measures of the smne latent
attribute and that can both be expected
to measure it with the same precision
(Thorndike, 1990). Usually, the same
table of specifications is followed for
building the test forms. Also the items
should be of similar difficulty and of the
same format; and the administrative
instructions should be the same for all test
forms (Mehrens snd Lehmeann, 1884).
Thus the term equivalent tests connotes
similarity of content and are sometimes
known as paralle] test (Mehrens and

Lehmann, 1984).

---  These are specific intellectusl or
manipulative sctivities, like chservation,
measurement, interpretation of data
prediction etc. that aid successful

conduct of scientific work.
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iti. School besed norms can be estsblished to facilitate detail
comperison of students performances in the TOPRS, as well as
investigate the influence of school type varisble on the scquisition

of science process skills,

iv. The TOPS iz designed for the senior secondery schools or its
equivalent, Similar studies cen be conductad for messuring skill

attainment in junior secondary school students.

v. Finally the findings of this study seem to suggest a lack of
dbility on the part of the studentz in wsing the process skills
measured. Further survey of this tendency is therefore neceszary

with a view to eliciting the nature of the problem snd possible
reascns for the poor schievement in the skill components of

science,
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1.1 Introduction

The current enthusiasm in scientific enquiry and
process skills transcends national boundaries. Teachers and
Science Advisers in the United Kingdom for example talk of
playing down the role of content in favour of enquiry and 'process
based' work and activities in the classroom (Millar, 1989). In the
United States ;:f America, sclence curricula emphasis is on the
development of thinking “skills (process skills) with the
presumption that pll students can acquire these skills (Shaw,
1997). Science education debate in Nigeria has also favoured
enquiry and the development of a wide range of £!lls in learners.
One of the early arguments in favour of a process-led science
curriculum for Nigerian schools was made by the Science
Teachers' Association of Nigeria (STAN) in a position paper in
1970 that " science work in the junior secondary schools should

introduce students to what science is and how scientists work ".

Scientiic enquiry refers to the activities In which
people engage when they do sclence (Germann, Haskins and Auls;
1996). These writers argue that scientists begin their quest for
knowledge with the belief that the universe is knowable and
understandable and has an underlying order that is not capricious,
Armed with this belief, scientists utilise their knowledge of

scientific concepts, principles theories, and laws together with a
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variety of sclence processes; to construct new explanations
concerning natural objects and events ‘that reflect thelr
understanding of the universe's underlying order (Rutherford and

Ahlgren, 1990 Germann, Haskins and Auls; 1096,

Scientific processes include observing, classifying,
inferring, conducting inquiries, formulating hypotheses, designing
experiments, interpreting data and re-evaluating hypotheses and
theorles (Kuhn, Amsel and O'Loughlin, 1988 Trowbridge and
Bybee, 1990). These processes are variously described as ways of
knowing, habits of the mind, science process skills, habits of
scientific thought, thinking skills, and methods of enquiry
rl‘rowbridge and Bybee; 1990).

In Nigeria, science activities in the Senlor Secondary

.~.Schools are expected among other things to help students acquire

" essential scientific skills and attitudes as a preparation for living a

better and fuller life in the society (C.E.S5.A.C.,1981). Through the
inclusion of problem solving activities in the curriculum and the
use of the discovery teaching approaéh, the student is involved in
the practice and acquisition of ' habits of} sclentific thought ' such

as:

1. observing cavefully and thoroughly things m}g_;g‘
environment, ’

1. reporting completely and accurately what is observed,

1it.  organising iformation acquired by the above process,

iv.  generalising on the basis of acquired information,
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in Nigeria.

(Culied from A Handbook on Continuous Assessment F.MEST 1985)
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ATTEMPTALLGUESTIOINGS.
ALLANDWEKS MUS L Be WIUTTENONTHE QUESTION PArER.

DONOTSTARTUNTIL YOU AxE TGLD TO DO 50.
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L The drawings below show the lower Jaws of two prilales.
Look at them careluliy.

2 The animals below were collected in a school garden.
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They were groupcd Ldu Lwo groups by sludents as shown

below.
Giroup A Gioup L
Housc 1y, Clothes motly, Beelle. A, Silver fish

List tirce ditiesences you cadi sec belween these animal

groupa.
i
ii
iiL
3. Below is a record ol the number of Nowers fouad on pride of
uart)‘éxaos plants growing in two different sitcs, A and B.
Site A, Site 8.
Sunny and dry. Shady and danin.
Number of flowers. Rumbier of fiowess.
7 12 9 5 9 7w 36 M 7 4 3 6
78 3 07 104 S 4 2 4 3 6 %
9 7 6 9 5 ¢ 86 4 3 1 o 2 4
8 13 4 8 7 W B 5 9 4 %5 4 7 3
9 72 8 W i3 9 9 W3 8 4 /7 3 %
a Complete the tatic below 1o show how the plant o ihe

daffcocat siles Howered.

Nwmberoillowers
Siie, 0 -3 4 -7 8 - 1i 12 - 15
A
]
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o

The mosl [requent number of Howers on 4 plant in

site Bis

The percentage of plants with more than three flowers in site A

io
State the ef ect of ile on the capacity of flowers 1o pioduce
flowers.
Plot u suiluble graph of your results below.
G TR T T HH T S
I . H b H H
i sl cs
HEEFFHH TR HH T HHH i
i amanw H H T
! T H ] R T
Bissuasmuns HHH FH HHHHH H H Freren :
I ] H T 11 :
i TR A =
i HF P HHH Pt HHH
1 “_ T H :7L i
s EEFEHHEE b HHHH HHHH
£asdcds i :
B
i 1 !
4 }i } } j

asisiniaaaRicaneastntal: i





image216.png
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4. Read Liia paaaags v ddully

Tne average soil G N0 CLLLaM CU0LgE 01 SLiad of lae cuucnual
natricnts to provide ciluc ahcaliby crop or a salisiuciody icld For this
reason, 301 reserves mus be suppicimented Lo mect the full demands of '
the crup. This lo Copociolly tibporiant at a time when plant Drecders hiave
produced acw vuliclics wiide o sauch higher yield joweitinl So wmore
nulrients are necded iu e sl i this potential is 1o be achieved. Three
major cleweals needed g ihe woil are, Ritrogea, phospliorous and

pulassium

Nilrogen encoucages vap: - growlh since it is the coseatial clementin
prolein and 1o thic chlosoptiyll which butlds up carbobydiaic. Uik a1
shortsupply, plants w ¢ stuntedwith small pale leaves, aad crop yiclds are
tow Phuspnorous is mvolnd mall the vitad processes in the plunt's cell,
andisessentiallor the gr owm ol roots und stem, cspvuully s carly life. A
shortage leads Lo sinadl roots siewms and discolouredleaves. Polassiuis
involved in many eazyme sysicims and in the contrui of cavdon dioxide
intaxe whicn is needed for photosynthesis amd ine production ot
carbohydrute.

List the functions of the cicmenis stated in the passuge.

Present your unswers in 8 lubular form.
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v. predicting as a result of these generalisations,

designing experiments, including controls where
necessary to check predictions,

vii. using models to explain phenomena where appropriate, and

viil. continuing the process of enquiry when new data do not
conform to predictions.
(S.T.AN. 1970).

These 'habits of scientific thought' are emphasised throughout the
Nigerian Integrated Science Project (N.L.S.P.) developed by the

association. . -

>

o
The emphasis on scientific enquiry and process skills is

also endorsed by rhe Department of Education and Science (D.E.S.)
of the United Kingdom. In a policy statement, the D.E.S. asserts
that " the essential characteristics of education in science is that it
introduces pupils to the methods of science " (D.E.S. 1985a). The
D.E.S. went on to outline this method as a series of steps beginning
with observation, leading via classification to the drawing of

inferences and the formulation of hypotheses and culminating in

experimental testing.

Similariy the National Committee on Science Education
and Assessment of the United States of America in 1993
recommended that laboratory activities be written in a manner so

that students will use the following categories of skills: (a)

.. formulate usable questions, (b) plan experiments, (¢) conduct

systematic ‘observations (d) interpret and analyse data, (¢) draw

conclusions, (f} communicate, and (g} co-ordinate and implement

»

'3
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Global warniing 18 s«id to be caused by the relcase of certain
gases into the atmosphere. These gases ure often referred o
us greenbuuse gases. The fable Lelow gives some information
aboutgreenhouse gascs.

% influcnccon
Namc Soucce greenhouse
effect.
+ burningorests,
Caurbordiozide = burningfossiifuel, 56
« cementproduction.
= reirigerators,
CFC. - airconditioningsystems, 23
chivrofivore = acrosojpropellant
carbon.
- rottingvegctation,
Methane + waste gases from animals, e.g. 14
N cows, sheep etc.
Nitrousoxide - bicak down of organic and 7
inorganiécriilisers.

a

Compiete ihe grapn beiow o show the influence of the
following gases: methance, chloroiluoro-carbon and nitrous oxide;

ongreenbouse elfeci.
%
20 30 40 50 60

"
=
=

T

i

GEIE= N
Eg

T

i,
| pp—

CFCs | F B

— _ = 1 i
il ke

— — i

methane " }‘ he

- - = aas ;i
5

nitrous oxide





image218.png
b. Which of the gireenhouse gases in not a product of natural
processes ? Answer. —

8. it is the responsibility of water authoritics to make sure that
the waler we drink is safe. Oflen this is done by testing
waler sanupics Ior various harmful substances and bacteria. The
diaprams hclow show the resuits of a walter authority’s tests un
samples of waler from three rivers.

Ceiilerm
ol
acona

© Crrer bacteria

Sample 1 Sample 2 Sample 3

X

If coliform bacteria are ten percent or more of the total
bacteria count, the water may be dangerous to drink. Which of
the sunples tested is dungerous (o drink ? Answer,

7. The resuits prescnted below are taken from a study of the
growth of chicken in a poullry farm.

Ageoflchicken 1 301 50 |75 ]100 [125 | 175 | 225 [300
in days.

Massofchicken |50 [300 |575 1150 1900 | 2300 { 2900 ] 3000 3000
(g)

Ageofchicken 180 days.
axuaturily.

a The finud adult mass of a chicken is

b. if ubout %/3 of the mass of a chicken is lost when dressed

- 204 -
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for cooking, whal in ihe live mass of a chicken whose dressed
for cooking mass is 1350 Kg.?  Answer

8. A group of sludenis noticed that the winged sycamore fruits
P
T

r2

o il ground wt dilicrent distances from a large sycamore
tree. They wunted to find if the size of structure X affccted
the distance avelled by the fruit. They recorded how far
cach fruit had traveiled from the tree and measured the arca
of X. Their resuiis are shown below.

7

= 61

Area of 5
structure X

incm? 4

34

24

14

T
10 »_;0 30 40 50

Distance travelled from tree in metres

What do these resulis show ?

9. Lack of fibre in the diet is said to be responsible for certain
aigestive disorders like pile, constipation, and cancer of the
colon . Experts recommend thal a person should eat about 30g
of Iibre a day. Bread contains a ot of fibre. The fibre content
of different types of bread is shown below .

BreadType ; Whaoie meal Brown bread Whiie bread
FibreContent | 9 5 3
% |
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The tnead wilh ihe woal Dbre s

The bucad with Ui ivant wlae s

The amount ol Libie in a shee of wnile bread os

ul

M a wlice of bicad weipha aboul GO How y obae
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ATTEMPTALLQUESTIONS.
ALLANSWERS MUST B WRITTER UN THE QUESTION Padb ik
DO KOT STAKT UNTIL YOU ARE TOLDTO DO SO.
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i The diagrams below show the structure of two human hearts,
that of an adull A and tha! of an unborn baby U.

A u

State two differences between the adult heart and that of the
unborn baby.

3§ Louk carefully at the diggrams of the two flowers below, and
rompleie Lhe table to show how the flowers are dificrent

I sy 2\/7 large yellow
; é petal
\ J*Z,anlhcr stigma

4

( stigma

anther

Actual style

size @)

Thrum-eyed primrose flower Pin-eyed primrose flower
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L
3 In an experimicol, o student mixed; flour, sugar, waler and

yeust inlo a doupte Tne douph was divided 1nto five equal
pasts, placed i mcasinning cylinders and ket ot diticrent
lesiperatures for 20 atiaies. The level i douga’in L

cybinders was recuided every 5 minutes. The resulio are shown

betow.
l’l “"‘. Level of dough ( cw® )
(i),
A ‘ B C v} I E
Start 25 2 25 2 | 25
5 25 30 41 bl 2L
10 2 45 53 . 97 38
ih 30 59 84 162 29
pUv) l 3t 7 1138 iYL | Su
|

a. Chionge il voiuiae ol dougn an C between band 1hanule:

L The dougi rise inoal aa experiment _

¢ Suggest o possibie reason tor e very little dough tise in

cxperimenl E.
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A diagram of the under surface of a lily leal is shown below .
11 shows the number und position of three types of animals

living there.

o Ramshom snail
& Pond snail
\A Midge larva

Count ine nuwber of cach anital found on the leal. Record

your answer in the table below.

Animal l Rams porn Pond snail Midge larva
snait

Number.

b Draw a suitable graph of your resulls on Lhe grid below.

B T SESEIRiEtaasEstansa g mea

:
i
an
i
=
T
:
!
:
;
f
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otting mea

A group of studeuts investigating the number and type of
animals in 4 school gurden set several pit-fall traps like the
one ubove, in the gurden.

The bar-chiart below shows the number of animals caught
between 8.00 am and 6.00 pm that daw

04

Number
of M

animals
caught
inwap 20

e

10

Animals caught between the times of 0% (0 and 18 00 are shown as |

Animals caught between the times of 18.(0 and 08.00 are shown as

Spider Slug Earthworm  Snail Beetle

7

Wondlanes

The iraps were lefl overnight Gl 5.00 am e OUOWING day .
The number of animals caught is shown below.

Animals. Spider| Slug | Earth | Snail |Beetle | Ant |Wood
worm lonse
Number 2 2 3 4 20 30 36

Add the information in the table to the charl.

PER
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full tnvestigation.

The views of sclence processes expressed by the
Department of Education and Sclence (D.E.S.) -aud the Sclence
Teachers' Association of Nigeria (S.T.A.N.} presents the image of
the method of science as a hierarchy of skills. This is essentially an
inductive view. Criticlsms of Induction as an account of how
scientific enquiry proceeds abound in the lterature of the
Philosophy of Science (Popper, 1954: Hempel, 1966; Chalmers,
1982).

In an educational context, the inductive approach, what
1s often referred to as discovery learning, has also become largely
discredited. The practical difficulties which it poses for the

teacher as puplils fall to discover what was intended, have been

-extensively documented {Atkinson and Delamont, 1977; Solomon,

1980; Harris and Taylor, 1983). These authors argue that given the
nature and soplistication of classroom experimentation and
equipment, established sclentific theorles cannot be seriously
tested. Fuller accounts of these arguments are readily avallable in
the literature (Lakatos and Musgrave, 1970; Newton-Smith, 1981;
Chalmers, 1982; Hodson, 1982). Thus among historians,
philosophers and sociologists of science, there sgem to be no
agreement on the existence of such a thing as the 'science
method'. Indeed, the message 1s that of caution in assuming that

there is such a thing as a 'method of science'.
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6. Plants respice uoughoul the 24 hours of cach day wind
produce carbon diexide as waste products. Plants need light
and asupply of carbon dioxide ia vcder to pholosynthesise. A
proup of S.5.3 studenis invesugated the uptake and reicase of
carbon dioxide by a plant. Their results are shown on the
Sruph below.

carbon
dioxide
uptake/
arbitrary
units

time GMT

carbon
dioxide
release/
arbitrary
unils

a Which part of the curve A, B, or C, shows that the plunt was
respiring only 7 Answer

[} Which past of the curve A, B, or C shows that the plant was
respiring and phictosynthesising? Answer

[ At what time did the plant start receiving sunlight ?
Answer

d When were photosynihicsis and respiration rates equal ?

Answer

Give reason for your answer.
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7. The resulls presented below are collected from a study of the

growth of chickens in a pouliry farm

Ageofchicken | 1 130 |50 |75 100 125 |175 |225 |300
indays.

t

Massofchicken |50 1360 |575 | 1150 | 1900 | 2300 | 2900 | 3000 | 3000
(8)

Ageoichicken 160 days.
atmaturity.

a Plot a graph of the above resulls.
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i

T
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R H ] H H
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T 1 H - Hpey t
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h From your graph, find :
i The mass of chicken when ( first reached malurity .
Answer

il Tiec mass of & six week oid chicken.
Answer

n
Y
i
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Six bettles of sterile nuiricnt broth were inoculated with
bacterium A. Equul ameunt of the broth was placed on cach
of several agar plates and incubated at different temperatures
for 36 hours. The procedure was repeated with bacterium B.
The diagrams below show the agar plates after incubation.

Count the number of colonies of each Lype of bacterium at
each temperature Present your result in a suitabie way in the

spacs below.
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| The diagrams below show sections through two microbes; a
bacterium and a virus.

' 0,001 mm

Bacterium Virus

Siate twe differences between the microbes.

2 A snail is a molusc . Kehinde collected 50 spails and

measured the length of their shells. Her resulls are shown below .

16 18 25 19 20 15 25 2019 17 23 30 12 26 29
22 G0 18 14 24 1423072411 15 17 24 31 23
22 23 22 18 28 23 26 13 26 27 20 8 10 23 16
20111319 2

Complete the table below (o show the number of snails with
different sheil iengilis.

Sneil
leogtn  [8-11 |i%-1% [i6-19 [20-23 [24-27 |28-31
(mm)

Number
of
Snails. i
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3. Look carefully al ihe specimen of & stem on the microscope .
Draw and label the structure of the stem, in the space below.

4. Thé diagram below show the population of two countries A
and B.
‘m_m
group.

men women men women

h

an

|

il ﬂlﬂH

LS S o .
Population size (millans) Population size (millions)
Country A Country B

a. The number of women aged 85 to 39 years in country A is
b. The number of children aged O Lo 4 years in couniry Bis

=217 =
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5.

In & study of the growth rale of mice the following duta was
coiiccted . Thie dula snows the increase in body mass of 12
mice over a period of 19 days from birth.

Age Mean mass of mice

{days) mass

Mcan

—~
-3
P

oM M IV VY v VIV IX X IXT P XTE) g
]

3

1i

i9 ©318.9]90(9.1]16.2{80{4.8{8.1{65(85|83]8.8

7.4
15 |80|8618.017.717.2|73|46]|74|63](7.2|7.2}{79

o
©

3.7{3.713.713.0;53}12935{33(3.7}36{3.3|3.47
55148 48(48144|38148|48,49]48(45|473

[
©w

73]73(69]1.5168[4.4]7.0]65|6.516.5]6.1;6.63

Tue mice ibat gained Lhe most weight during the period are

Mice . “and

The mouse that gained the least weight during the period

i3

What conclusions cun you draw from these results?
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The caution in talking of a 'method' of science
notwithstanding, the movement for the process of science has
continued to flourish. The view of the scientific method as a set of
discrete process skills underpins several recent science
curriculum packages. The introduction to the Warwick Process
Sclence (Screen, 1986) lists the skills made explicit in the course
as: observing, classifying, predicting controlling variables and
hypothesising. Science In Process (I.LL.E.A., 1987) draws attention
to the following 'process skills: applyl_ng, lntefpretmg. classifying,
investigating, evaluating, obsérving, experimenting, predicting,
hypothesising, raising questions and inferring. Similarly, the
Nuffield Science 11 - 13 (1986) outlined the skills to be developed
as: handling equipment, observing, communicating, designing
lnvesugailons and meuatal modelling, It is important to mention at
this point that science process skills are not regarded simply as
organising elements or categories in these curriculum projects,

but constitute major components of what is to be taught.

The major objective of skill oriented programmes is to
develop an understanding of the methods and processes by which
sclentific knowledge evolves (Livermore, 1964). During sclence
lessons, children learn to utilise the process skills to deal
effectively with everyday problems facing them and their society
(Dietz and Barufaldi, 1875). The rationale for process-led science
education rests on the nature of science. Arguing in support of
enquiry in ‘sclence teaching and process skills, Awodi (1984) aptly
pointed out that:
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ATTEMPT ALL guEsTIOGNS.
ALL ANSWEKS wmiUST B WRITTEN ON THE GouSTiON PAPLEK.
DO NOT STAKYT UnTin YOU Akl TOLD 10 LO Lo,
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1L The diagram shows the structure of sodium and chlorine

alowms
@ = an electon
Sodium Chlorine
a State Lhree similarities between the structure of the atoms.
i
ii
il S S
h State two differences between the structure of the atoms.
i B
it
2 The table shows some properties of elements in the second and

third periods oftihe periodic Tabie.

224 o
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3 While investigating the effect of tcmperature on reaction rates,
a student obtained the following results.

Experiment | Massoizinc | Temperature| Timetaken |StateofZinc
todissolvein
(8) (oC) HCI
(s)
A 2 5 400 Zinc foil
B 20 15 200 -do-
C 20 z5 100 -do-
D 20 35 50 -do-
E 20 45 25 -do-
r 20 15 5 Zinc powder
a In which experiment was the reaction rate fastest ? Ans.

b. If 28 of zinc foil lock 40 seconds to dissolve completely in
the acid, what is the temperature of the reaction?

Answer
c. In onc sendence, state the effect of temperature on the
reaction of zinc and HCi.
4, In an investipatien intoe the reaction of lithium with water, 2
student oblained the following results :
Reaclion time (s} [y} iG] 203 30§ 40 50§ 60
Volumeafhydrogen 0} 24] 39 481 53| 55 |55
{em3)
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1.

2

Draw and label the model of ethylenc before you

Look Carclully al the experimental set-up and write down two
changes you sce at the clectrodes.

The struclural formula of sulphur (Sg) is given by:

S
/ S—0V__ S/ "
> Fis o
: 535 @
o433, J’ &

edl| Soai s s e
lI
1]

Which of the models beiow correclly represent the struclure

osuiphuAnswer_

o7,
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4. In the tuble, A, B, C, D and E arc meials. The metals were

placed into solutions of mctal salts the resulls are as shown:

NMetals CunO3 K Feauq MgSOq4 |Pb(NO3)2 | ZnSO4
A ¥ X X X X
B ¥ ¥ X v v
c v v X ¥ X
D X X X X X
£ v X X v X

Noie: ( ¥ ) reaclion took piace; and ( X ) no reaction
The most reactive metal is __ «

5. The bar chart below shows the production of aluminium by
the major world producers for the year 1988. Weslern
Europe's production was 3.8 million tonnes.Add this
informalion to the chart

5p-

Production
(million tonnes)

NN
N
NN
A
North Asia South  Oceania  Westem
America America Europe

RRTH AT AR SRS

N
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6. Sulphur dioxide is one of lhe gases emilled into the
atmosphere by industries. Below is a graph which shows how
the annual cwissions of sulphur dioxide into the atmosphere
nas varied since 1880.

it 1l Hif] 1 !
AR
6.0 1 1 Lﬂ Hi A }
sulphur t H f i
dionido H
nnillml‘ls, of it H {1 H !
toes
4.0 - HH H
i S
i i
L HHHHEH M
2.0 "i ‘
HHHHH # |
H H il
H .'i Fi
o ! ,# it i
1880 1800 1620 1940 1960 1980
a The amount of sulphur dioxide emilted into the atmosphere in
1950 is
h in which year was most sulphur dioxide emittcd? Answer

7. The appuratus in the diagram was used for investigaling the
effect of heat on a weial carbonaie. 0.31g of the metal
carbonate is healed uniil there was no further change in
volumic. The gus liberated was collected in a 100 cm3 syringe.

SR ) ) ) 1 T

'}// wludig bl

Ceramic wool cm
Metal carbonate Gas syringe
t
Heat
20 40] 60 80[[ 100
il bl bbb
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When the apparalus was coo), the lest-tube and the black solid
it contained was weighed as shown below.

i The mass of the test-tube and black solid is -

ii.  If the mass of the test-lube alone is 2141g, then the mass of
the black solid is

8. W, X, Y and Z are clements. Their characteristics are shown
below.
Eicments Reuction | Reaction Appearance | Actionofa
with air withoxygen sotutionof
productin
waterwith
litmus
w burnswitha { burnswitha | white turnsred.
paleycilow | brightyellow | pawder.
Tlame. flume.
X burnswithA | burnswitha | paleyellow | turnsblue.
paleyellow ] brightyellow] powder.
flumc. flame.
Y buraswitha | burnswilha } white turnsblue
red flume. brightred powder.
flame.
z burnswiiha | burnswitha | colourless | lurnsred
bluctlame. rillianblue | chokinggas.
ftame.

The clemenis were pat into two groups A and B like this:

Group Elements
A WX Y.
B Z
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a State lwy Charucieristics common to the elements in group A
i
ii
b Slate lwg differences beiween the clements in group A.
i
if
9. The solubility of a subslance in water is defined as the
number of grams of the substance which will dissoive in 100g
of waier at a specified temperature. The solubility of copper 11
suiphaie is shown in the following table:
Solubiiitly (g/100g water) 17 {21 |29 [40 |55 |75
Temperatuie { 6C) 10 120 |40 | 60 | 8O 11060
a  Plot a graph o ve resylis.
T i
' H
S HIH I .
i L e
1y
ti 114 L
H T
| il
- 11 i L
| B HHH 1 234
L L Lil





image22.png
B
Science is not a conglomération of a

set of immutable and infallible truths.
Rather, scientific theories are flexible
tentative and revisionary. . ., the true
nature of science is that which éo}ﬁ'ays
science as an enterprise in which results
are based on empirical data. As more
accurate information unveil the data
change and so does the interpretation.

Thus In Awodi's view, sclence process skills are integral

components of the discipline.

According to the Nationai Committee on Science
Education Standards and Assessment (1993) enquiry is " a means
of promoting and supporting students curiosity and questioning

spirit in the classroom.” It serves four essential functions:

. to assist in the development of an
understanding of scientific concepts,

- ® to develop an understanding of the nature
.of sclentific enquiry,

° to develop skills ( the process skills )
and the disposition to use them

necessary to become independent
enquirers about the natural world,

L4 ac a model of how we know in science. (p. 55)

The committee argue that scientific enquhy and puucess skills.are
" critical components of science at all levels” and in every domain
of science. Through enquiry, students acquire knowledge in a
more meaningful way. The practice of process skills in science

classrooms improves the students' thinking ability and provide
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2 50 of calcium carbonate were reacted with excess of dilute

hydrochioric acid. The mass of gus given off is shown on the
graph.

Time/minutes

a  The mass of carbon dioxide gas produced after 2 minutes is .

h The total mass of carbon dioxide gas produced at the end of

the reaction is

20 cm3 of copper I chioride solution and 80 cm3 of water
are placed in a beaker. The temperature of the solution is 20
°C.Some magnesium is added and (he temperature rise was
measured. The experiment was repeated using the same mass
of mugnesium but different concentrations of copper li
chioride solutions. For each experiment, the starting
temperature was 20 9C.

- 238
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The table below shows the relative abundance of some

clements on the earth.

Abundance

24

255

26

0.4

1.1

Elements.

Potassium

Silicon

Sodium

Titanium

Others

Abundance

7.4
3.4

0.9
4.7

19
48.5

nis.

Eleme:

Aluminium

Calcium

Hydrogen

Iron

Magnesium
Oxygen

The three most abundant clements are:

a.

iii

ii

b.

Plot a bar graph of the above resuits.

- oug -
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e

Draw a circuit diagram of the above, using the proper symbols.

A stone of mass 400g is totally immersed in 150 cm3 of
water in a measuring cylinder as shown in the diagram.

The volume of the stone is
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b If density = wass of slone
Volume of stone.
Then the deasily of the stone is

@ Q
®

A series of readings was taken from the ammeter A and
voltmeler V in the above circuit as the resistance was
changed. A graph of the results is presented below.

From the graph, the value of the resistance is

_gyg_
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5. 2
1 /\
0 . .
1{1234W1o111213 4 15 16 17 A8 cm
/

(cm)2
a The wavelength of the wave in the above diagram is

h If the wave were travelling at 0.45 m/s, then its frequency is

.
, String
. Sonometer clamped to bench
Weights
The string on the sonculeter above was tuned to the different
notes produced by a series of tuning forks by altering the
gmeunt of weight. The readings obtained are shown in the
tuble
| Frequency (Hz) Weight (N) ’ Tension |
i i |
256 14 ; l
i 288 55 | [
! 320 ' 68 | |
341 ‘ 18 ! |
382 99 | |
i 427 | 123 ‘& f
| 450 157 | |
| 512 178 I f
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Complele the table by writing in the values of the tension in

the string for the varying weights.

o

bewween the frequency at which the

State ihe reiationship

[

string vibrates and the tension in the string.

A student has been investigating how the resistance of a

7.

copper wire changes wilh temperature . She measured the
current (1) flowing through the wire and the voltage (V)

across 1t ul different temperatures. A graph of her results is

shown below.

120

we

The resistance of the wirc al 80 %Cis.

- o
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8.

Dilfcrent loads were placed on @ spring and the length of the
spring is recorded for cach load.

Load(N) o lo2 o4 los o8 |10 {12(14 |16 1.8 |20

Spring length

{Cm) 5 162 (7.4 186 (9.8 |11.0]12.2113.1 14.7{17.31220

Spring
extension

(Cm)
a Complete the table by filling in the values for spring

extension.
b Plot a suilable graph of the resultss
H L Moty

c From the grapn the:
i spring exiension for a load of 0.45N is
il load needed to give a spring extension of 5.1 Cm is
iii. elastic limil of the spring is

. A48 .
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opportunity for more cognitive involvement (Trowbridge and

Bybee, 1990).

The concern for the lack of appeal of content dominated

sclence lessons in schools to a large majority of pupils provided

+.. further impetus for process skills in science education. For

instance Simpson (1987) reported that students are poorly
motivated, uninterested and in extreme cases totally 'put off by
content-domindted science lessons. Shayer (1986) claimed that
school sclence can be made. more ‘accessible to a much wider

;
ability range if it becomes less content-laden and less abstract.

In the United States of America, the National Science
Teachers Assoctation (1992) calls for sclence icarning for.all
studenté which is interesting, relevant, challenging and personally
rewarding." Such an inclusive vision is similarly shared by the
American Assoclation for the Advancement of Sclence ( [AAAS],
1989, 1993 ) anc the National Research Council { [NRC], 1996 ).
The widening of appeal (science for all students} can be achieved
by emphasising the science process skills (Jenkins, 1989).

) Screen (1986) argued that unlike the content-led
curriculum, the process alternative focuses on those qualities of
sclence education ( the science process skills ) which will be of
value when the facts are out-dated or forgotten. In Screen's
S opinion, process skills constitute a substantial proportion of the

qualities young children need to succeed in life; and that any
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140 z
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-

801
Temperature
°C

60

40

204

0

Time

The ubove graph shows huw the temperature of a substance
changes as it is heated in an open container. The heat is

removedat point Z.

a. Draw three lines J, K, and L from point Z on the above

graph, where:
J shows how the graph coniinues when heat was remaved;

K shows how the grapn continues when heat is removed and
the container is lagged;

and L shows how the graph continues if heating continued.
b. The temperature uat the start of the experiment is

<. Describe the stale of the substance between peints X and Y.
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4.

The graph below shows the velocity of an object over a period
of 10 seconds.

10 B

Velocity (m/s)

10 Time (s)

The.acceicraiion ol the object in the first 4 seconds is

The total disiance traveiled in the 10 seconds is
For how lung wus the velocity of the object constant? Ans.

The diagram below shows a small truck loaded with a mass

m] being pulied along as another mass mg falls Lo the ground.

1 1M b
0 0-=0

m,

The truck is altached toa tape in a licker-tape machine. As it
wwves, the ticker-tupe machine makes a mark on the {upe
everv 1/10 secoad as shown below.

. 14 . . .

- == Moton e ——
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Predict the effect on the acceleration of the truck if:

thc mass ) was incrcascd?

the mass mg was inercased.

Draw two lupes A and B in the space below.

<

On tape B, wiark a paliern of dots made when the truck was

decelerating.

The mass mgy was replaced by a motor and the tape shown

below was obtained.

n A, mark a pailern of dois made when the truck was

~<———— Motion
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Use the informalion on the tape (o construct a suitable table
in the space below.

A small weight was ticd to a lenglh of string as shown above
and this was used as a pendulum. The distance from where
the string is fixed to the weight is L and the time it takes

to swing from X through Y to Z and back to X is the period T

a Coniplete the vutues for T2,

_ e
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1

i

i

in front of you are:

aspringwithaloadattached. and aballion aslope.

Both of these can be wmuge to move.

* Start the spring moving and watch,

* Start the ball moving and waich.

You inay do this as many times as you like.

Weite down three thar aore

erent obout how the spring and the

The diggram below shews a:a object O in {ront of a mirror M .

.
o c
, ol M.

+ L)
A D
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iL

&

i

Yelocity ( m/s )

Winch of these, & 1 €, or D gives the position of the image?
On the diagran, draw and label clearly ©

the incident ray.

wne refiected ray.

Use the diagram to estimate the magnificanon.

A graph of the observations of a car in motion is shown below.

A e I
LT T 0
ilfiu MM iRt
: i fuase 1
4 ]" f l'f" A b
!'1 A+ |
i T
1 b
141’ ! ! H
fifitt | Ik
LG J.I} REREEASERANRRERARRSARAE:
5 ’ Time ( s) ." - 5

State two things cancerning the motion of the car that are shown on
the graph
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preparation of these children for later life must pay attention to

the development of these skills.

Concurrent with the swing from content to process in
sclence education is the imposition of the task of assésslng skills
on teachers. In the United Kingdom, teachers are now faced with
the responsibility of assessing all of their pupils scientific skills as
part of the G.C.S.E. examination (Wellington, 1989). The National
Policy on Education {N.P.E.) strongly emphasises the use of
continuous assessment method for evaluating pupils' learning
progress. The document views evaluation in the teaching-learning
process in the following words :

The existing practice in most of our

instit ztions of learning of basing the
assessment of students' work on one

final exsmination and on one type is no
longer tenable. Continuous assessment
based on a variety of evaluation techniques
should henceforth be adopted. and there
sho\'xld be some means for ensuring national
standards both in the areas of public
examinations as well as in the internal ones.

{N.P.E. Revised, 1985).

This advocacy for continuous assessment at all levels of education
increases the invo,vement of the teacher in the overall assessment
of pupils (F.M.E.G.T, 1985 ).

The available approaches for the continuous assessment

of science process skills include :
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4. The graph below represents how the velocity of a motor car changes
wirh rime,

20

18

14

12

Velocity (m/{s)

0 2 a 8 8 10 12 14 Time(s)

a8 Describe the motion between @
i XandY

ii YandZ

b The velocity of the car after 1.5 seconds is

<. The acceleruiion of the car over the fiist three seconds is

- 289 -
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d How long will il take the car to come to rest if at Z the car

decelerates at a sleady rate of 6 m/s=2 —_

¢

A class investigated the eifect of going into a cold roum on a
persons skin temperature. Skin temperature was measured

every minule for five minules, using a thermocouple. The
results Lre shiown helow.
AT START Pointer AFTER ONE MINUTE

AFTER TWO MINUTES AFTER THREE MINUTES

AFTER FOUR MINUTES AFTER FIVE MINUTES

3
0 3

Kecord these results in u suname wole below.
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The table below shows how the velocity of a bicycle changes

over a period of 12 scconds.

.

7‘ 8
lasiao
i

|
|

T

]
i
|
T

5

43|40

1
t
1

4.

|
|
|

4
6

3
4.1

2 i

|
i
|
T
|

il
8132

0
ol

|

Time
(s}
mj/s
Velocity |

Cvelocity
/

|

X
i

|
|

ity changed

Complete the table to show how the average veloc

with time.

a

Plot a graph of the above results.

b

At what time was the acccleration greatest?

.
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ATTEWPT ALL QUESTIVNG .
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L the diggrums below shows ten single celled organisms . They

belooy Lo thie group called protozoa,

the animals Have Leen grouped inlo iwa groups A and B as
shown Deiow .

Group . Prolozoa Number.
A 1, 5, 8.
5] 2, 3, 4.6, 7,
9. 10.
a. state three difference between the animals in groups A and B.
i e S = Gk A
ii [ -
il e e
b. State two leature common [0 the groups.
i =
ii.
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2. The table below shows forest types (rain forest and deciduous

forest ) in three conlinents and the proportion lost cach year

between 1981 - 1985 due to bush burning .

Coatineni . Arca of rain Arca lost each
anddeciduous year.
forest, 1986 (1981-1985)
(aaillion
hectares)
Adricad . 216 3.7 %
Asia. 3i7 20%
Central and €50 6.0 %
South Awncrica.

a The conlinent that lost the lurgest forest area is
b. The arca of forest Afiica has lost in million hectares for the
five years 1981- 1985 is .
3. Alhaji Nura buiit his home using the following amount of '
materials:
Cement 2 tontics
wood 0.25 tonnes
Sand 3 tonnes
Steed red Z tonnes
Gluss G.1 tonne.

These information are shown on the bar chart below. Add the

detuils of wood, sumil, stcel rod and glass to the chart.
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The pre chart below siwwws the world's distribution of (ropical
rain forest.

25%

33%

M Brazil
Zaire

E] Rest of Africa

Indonesia

[

o Rest of south east
o of Asia

Rest of Central and
South Americae

E O

(=

E0
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The amount of rain forest(million tonnes) in Centru! and

South America is

5. The eggs of & birds drawn half the size and the number of
days il takes the c¢ggs Lo hatch are shown below.

widOuck | Robin | atwckond | Goken Esgle Ceom
Vst cumboss
ofdaytiohach| 30 " " o »

A cattie Kgret's egg is this size.

O

a How' long does a Robin's egg take to hatch ? Answer

b. State ihe relationship between the size of egg and the time it

takes to hatch.

6. The chart below shows the daily opening of stomata in the

feaves of two plants; Maize and Potato.

=8
==

o

il
o

L2 90 VY 2%

T 0
ganetnonotonaon

a)a 617 8 )9lwofn
Pight AM M

2003

XY s/ dukness | stomaclosed | stoma open
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% of plot under cultivation

Present the snivimadon ia the labie in tabular form.

Dams are built in tne norihern part of Nigeria to provide
water and help the femmers in food production. Farmers in
northern Nigeria have become sKilled in making the best use
of waler. Tne furuers plant crops which neced waler mosi on
plots whicn fiood most casily. The graph below shows the
Gluge of piots plunied with rice, guinea corn and millet ,

and lue numoer of days ine fanuiand is flooded in a year.

40

30

o Miet

Rice

20

ZE

0 days 1-2days 3.7 days 8 - 28 days 20 + days

No of days the land is flooded

which of ilic crops has the grealest need for water to grow ?

Answer, .

The two crops that ace least afiected by flooding are
und .

The crop that require the least water is

Guinea Carn
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L. the systematic observation of students while performing
practical tasks,

i. the evaluation of students laboratory experlences from the
reports they make,

iii. individual student’s projects based on practical skills,

. iv. paper and pencil tests of laboratory experiences and
laboratory - related issues, and

v. practical examinations. {Tamir, 1990).

These approaches were also recommended by ‘the Federal Ministry
of Education, S.vience and -Technalogy { FM.E.S.T ) for the
continuous assessment of learning outcomes, particularly in the

sciences.

% There are many problems associated with the
lmpleméntation of the continuous assessment scheme in Nigeria.
First, there is the issue of comparability of standards within and
across schools. Under a continuous assessment situation, such
comparisons could be difficult. The difficulty arises from two main
sources: the differences in the quality of tests and other
continuous assesusment instruments used in the different schools;
and in the differences in the procedures for scoring and grading
the various assessment instruments in the various schools

(F.M.E.S.T, 1985).

Jahun (1988) suggested that in order to make for the
-"*required standards across schools, teachers would have to use

their own tests 1n conjunction with commercially produced tests
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8. Pemi wanted to knew which drinks children like best.She
asked her classisales to tick (V) their lavourile drinks . Here
are her results.

Nauwmes Funia Coke Sprite Pepsi Mirinda
Olu b ;
Audu v
Sholu v
Binia v
Nike v
John v
Anne v
Paul
Ayo
Yemi A
Linda v
Kabiru v
Chike v
Donaid * v
Femi v
Bisi v
tdake a oar chart to show how many children chese each of
the drinks as their favourite.
i HHHHH f H :i, rl
R
: T
HEHHHIEE
I
| i i
HE R
§ k;;iff I“.'IMH HH
b. Thie childrea's favouriic drink is -
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TEST OF SCIENCE PROCESS SKILLS (TOPS).
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ATTEMPT ALL QUESTIONS.
ALL ANSWERS MUST BE WRITTEN ON THE QUESTION PAPER.
DO NOT START UNTIL YOU ARE TOLD TO DO SO.
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1. Look at the things on the card. They have been grouped into
two. Write down two things that the two groups have in

cominion .

Group 1

Group 2

1
| e

ii

2 There are eight substances in the test tubes labelled A to H.

Group the substances inio three groups using their appearance.

N

#nter your resulls in the table below.

Groups.

Chemicals .

Anpearance .

I
1]
it
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3.

The tabl> tbetow snows figures of food use and growth in

cattle and rabbits.

1 Cow. |300Rabbits
Quantity of grass 1 tonne 1 tonne
Totul budy weight 590 Kg. 540 Kg.
Duration of | tonne of grass 120 days. [ 30 days.
Daily body acad loss 83.7 Kj. 335 Kj.
Daily gain in bady weight 09 Kg. 3.6 Kg.
Gaia froma 1 tonne of grass. 108 Kg. 108 Kg.

The animai which will produce a given amount of meat mosi

quicklyis,
The amount of weight a cow will gain in 30 days is
<

Given that ! tonne = 1000 Kg. The mass of grass which is
not converted into rubbit or cow meat for each tonne of grass
catenis

Tie number of rabbils that have the same body weight as 1

cowis — —

Mnimata is a town on the bay of Japan. Towards the end of
1952 a mystery illness struck the people of Minimata and
their pets. The chart beiow shows e number of people who
died from the iness before and after 1956.

b ;
w6 P
g 40 '
3
= .
3 alitle fishing
g allowed
s .
3 204 L L
€ S
H
—

1952'71953 1954 1955 ' 1956 ' 1957 1958 ' 1959 1960 ' 1961
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5.

nter the number of prople whe died of the iliness each year
inio the lable below.

~
<)
g

Number of people Killed.

In 2956 scientists who investigated the mystery iliness
problcm said no one could fish from the bay anymore. This
was because they ussociated the death to the poisoned f{ish in
the bay us & resuli of some chemical from a factory. This ban
on fishing worked. State fwo observations from the chart that
supports this claim.

The diagram below shows some temperature readings of a
room nuide at different times on a Wednesday.
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ruct suitable graph of the results using ihe information

a8

The average reaction tine for the cluss i

in{u).

Con
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5
(i.e.. standardised achievement tests) where available, for assessing
pupils learning progress. Yoloye (1984) had earller suggested the
same sgolution to the problem of comparability of standards when
he recommended that from time to time, standardised
achievement tests should be administered in all schools to get an

idea of the relative performances of students.

Secondly, there is a problem of incompetence on the
part of teachers in developing appropriate and reliable tests for
assessing science learning outcomes. Many studies reveal that
teacher made tests are loaded with items that require mere recall
of science information; and that higher levels of cognition and
science process skills are seldom tested (Billeh, 1974 ; Babalola,
1980; Maru 1981; Willams and Buseri, 1986; Abdu gt al, 1997).

Lastly, there is the problem of ensuring uniformity in
the kinds of records kept, in the format of these records, and in
the continuity, K of records. For continuous assessment to be
meaningful, there has to bg meticulous keeping of accurate
records on each pupil (F.M.E.5.T, 1985). This is an enormous task
for the already overburdened and poorly qualified science teachers

(Inyang, 1988).
—ig

Government however is aware of the problems that the
continuous assessment scheme poses on the educational system in
Nigeria; and on the teachers in particular. The National Policy on
Education.(N.P.E.) in paragraph 15 sectlon 8 advocates rigorous
training programimes, both the pre-service and in-service training

10
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d 10.20 1

Reason : "

7a.  graph { 7 marks )
Marks arc distributed as follows :
i choice of graph -line graph 1 mark
no score for any other choice.
ii. Azes correct with labelling -2 marks.
Axes correct but no label — 1 .
incosrect axes o
iii. All point correctly plotted — 2 *
some of the point cormrect — 1 %

All the points wrongly plotted 0 "

iv.  rcasonable scale ) B

v. best straight line |

bi 2150g. 1 mark.
il. 500g )

8. Total score = 4 nuiiks; distributed thus :

i Table headings complete and correct 2 marks
Table bcading some correct [
Table heading ull wirong o»

ii.  Table values ali correct 2
Soine correct H

None correct 0
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1. Any Two differences 2 marks
2 Toial score = 2 marks, distribuied thus:
Got all eniries right 2 marks
Got svme entrics right. )
All angwers are wrong . 1]
! Stien l | | { |
llength 18-11 12-15 (16-19 [20-23 | 24-27 |28-31 |
{ (mm)_ S ] [ i |
Numbe b7 12 ] 18 10 a |
| of | i [ l
saails. i S !
3. Total score = 3 marks distribuied as follows:
Correct representation of what 2 marks
is seen under {he microscope.
*Correct Jabeiling . 1"
4a. 4.5 million 1 mark
b. 16 million 1"
5a Iland V 2"
b Vi 1
[ Any meuningful conclusion based on 1
ihe data in the table.
6. Total Score = 4 marks aiiviributed thus:
i Table headings complete and correct 2 marks

TOPS ( Biology) Il Marking Scheme.

Headings are: Activity, Time spent, Energy.
Parily compiete / correct heading. | O

wrong heading [

- 282
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4a.

TOPS.( Chemistry) | Marking Scheme

Any three similarities 8 marks
Any two differences ’ 2"
i Atomicradius decreases )

froin left to right
i meliing point increases from 1™

Li to B and then decreases.

iii.  boiling point increases from )

LitoB andthe decreases .

radius increases down ine group |
decreases from Lito Cand start to increase 1
demfeases from Li to C and then increases ™
F 1"
Any figurebetween 36 9C and 39 °C 1
The higher the lcmbcratun: the I i

fuster the reaction rate.

graph ( 7 marks )

Marks are distributed as follows :

i

ii.

iii. -

choice of graph-line graph 1 mark
no score for any other choice.

Axes correct with labelling -2 marks.
Axes correct but no label — 1 "
incorrect axes o "
All point correctly plotied — 2 *

some of the point correct ~—~1 *

.28 -




image294.jpeg
iv.

Sa.

ii.

il

iv.

All the poinls wrongly plotted 0O

reasonable scale

Best straight line
48 Cm3

53 Cm3

Liguid

graph

Marks are distributed as foliows :

choice of graph - bar graph

Axes corcect with lubelling -2 wmarks.

1
1

1 mark

Axes correct but no label — 1

incorrect akes

All point correctly plotled — 2

0

soiae of the point correct — 1

All the puints wrongly plotted O

reasonable scale

Bars are scparated

or besl straight in the
case of a line graph.

bars are joined

125 oC

1
1
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7i.

ik

8a

ii.

Axcs correct but no label — 1 %

TOPS ( Chemintry ). I Marking Scheme.

Total score = 4 marks distributed thus :

Cosrect representation of experiniental set-up 2 marks
correct and complete lubeling 2"
Any two changes uat the electrodes 2"
I, 3"
B i
Point cosrrecily plotted on the graph ™
4.0 million tonnes 1
1568 1*
21.7¢. 1
0.29g. -
They are all solids; They are all in powdery form 2"
i W.X burn with ycllow flame while 1

Y burn wit red flame.
i X and Y are basic to litmus 1"

while Y is acidic to litmus .
graph { 7 murks )

Marks are distributed as (ollows :

choice of graph-line graph 1 mark

no score forany other choice.

Axes correct with labeling —2 marks.
“

incorrecl axes o “

ole T~
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iii. All peint corrcctly plotted — 2

some of the point correct -1

All the points wrongly plotted 0

iv. reasonable scale 1 =
v. curve y =
b. 32 per 100 Cm3 of water 1 mark.

or 31g per 100 CmS of water.
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for teachers who in the final analysis have to implement the policy

on continuous assessment.

Another solution to these problems and perhaps that
which provides immediate help for teachers, is the provision of

' standardised achievement tests that would reliably measure

learning outcomes of both the process skills and content of

science (Obanya, 1979; Bajah, 1983; Soyibo and Fasunloye, 1984;

Turton, 1984). The presgnt work is a{z_ned at p}ovidmg such a help

to the teachers. 5

1.2 Statement of the Problem.

. Since the adoption of the continuous assessment
system, 'a number of standardised tests of science achlevement has
been developed locally (Oyebanji, 1978; Adamns, 1981; Jegede,
1981; Falade, 1982; Edet, 1984; Inomiesa, 1985; Inyang, 1988).
These tests all measure students' understanding of sclence
knowledge, consistently neglecting the assessment of process
skills. This study Is designed to evolve standardised tests of
science process skills, which could be used for assessing process

skills achievement among secondary school students in Nigeria.

Generally, achlevement tests are of two types: the norm-

referenced and the criterion.referenced tests (Bloom et gl, 1971;

i - Robinson, 1979; Gronlund, 1982). In norm referenced testing the

grading of a student s based on a comparison between that

student's performance and those of all other students in the norm
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APPENDIX VI,
A _Questionnaire On Teachers' Opinion Of The TOPS.

Department of Education
Ahmadu Bello University
Zaria.
Date :

Dear colleagues,

As part of my PhD. work, I am currently developing a pencil and
paper Test of Science Process Skills (TOPS) for Nigerian secondary
schools. A specimen copy of the test is attached for you to examine.
The TOPS contains items that are designed to test the process skills
of observation, recording and interpretation. 1 would be grateful if
you could spend a little time lo give me your prolessional opinion
on the quality and purposc of the items in the test.

Pleuse read cach item carcfully, and complete the questionnaire
helow to express your opinion on the suitability of the TOPS for
assessing science skills in the senior secondary classes.

Thank You.

Yours sincerely,

C.A. Ajagun(Mrs.)

20
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Scction A: Personul Duta

1 Your qualification(pleasc state the highest.)

2 Subjects taught ( you may slate more than one )

Pleusc indicale the extent to which you agree with the statements
in sections B and C by ticking {¥) an appropriate box as follows :
SA. ( Strongly Agree ) ; A ( Agree ) ; D ( Disagree ) and S D ( Strongly
Disugree)

SECTION B: APPROPRIATENESS OF THE TOPS:
SA A D S.D.

1 The itciﬁs in the TOPS D D D D

wmeasure the process skills
specified in the Tuble of Specification.

2 WAE.C. should incorporate questions E] D D D
similar to those in the TOPS into
their assessment scheme .

3 Science tcachcrsi will like to use D D D D

_ the TOPS lo assess siudents’
attainment of science process skills.

4 The TOPS model is relatively cheaper D D D D
than the practical mode of assessing
scicnce process skills.

5 Teachers will like to usc the TOPS D D D D
for the continuous asscssment of skill
devefopment of their pupils.
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SECTION C OPINION ON PROCESS SKILLS ASSESSMENT IN
NIGERIAN SCHOOLS .

S.AA A D 8D

1 Science examinations should measure D D D D
process skills as well as knowledge.

2 Schools can afford the use of the TOP D D D D

ior asnessing vkiil achievement
among students .

3 WAE.C's practical examinations D D D D
should be scrapped.

4 WAEC's praciical examinations D D D D

should be replaced with a
pencil and paper test of science
process skills such as the TOPS.

% Teachers will continue to do D D D D

practicals with students if WA.E.C's
practical examinations arc scrapped.

SECTION D:
Please write down any other comment you may have on the usability
of the TOPS in the secondary schools.
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group (Fairbrother, 1994). Criterion reference tests on the other
hand, interprets a students score by comparing it with a well
defined standard or domain of behaviour (Berk, 1980, Fairbrother,
1994). The focus of criterion referenced measurements therefore
s on what a student can or cannot do, in other words mastery or
non mastery states (Black, Fairbrother and Gill, 1995). Often in
criterion referenc:d testing, the minimum level of achievement is
established prior to test administration (Inyang, 1988; Berk, 1990;
Fairbrother, 1994).

The test items developed in this study are based on well
defined set of skills and sub-skills stated in the Table of
Specification. The performances of final year students in the
senior sécondary schools will be used for the establishment of

‘norms for the Test of Process Skills (TOPS).

1.3 The Objectives of the Study.

The specific objectives of this study are to :
1. construct parallel tests to measure process skill attainment in
secondary school students in Nigeria,

fi. pre-test the items using a sample represeniaﬂve of the
population under study with a view to determining the
psychometric qualities of the tests, i

iil. revise and edit the test items based on information from the
pre-testing exercise,

tv. determine the reliability coefficients of the tests,

v. administer the test to a larger sample for the purpose of
establishing the test norms,

12
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vii.

viil.

1.4.

provide information on how to use the tests, and

investigate the acceptability or otherwise of the TOPS by
school teachers as a measure of attainment of the skill
components of the curriculum .

investigate the extent to which science process skills can be
said to be content free .

Research  Questions.

In this study answers to the following questions were to

be answered:

i

1if.

iv.

vii.

1.5

call

Are the test forms presented in the study equivalent with
respect to the process skills measured?

Does school location (urban versus rural) influence students
acquisition of science process skills?

Are there gender differences in process skill attainment?

Will teachers be willing to use the TOPS for assessing their
students' skill attainment ?

Will teachers' discipline influence their opinion on the
appropriateness of TOPS ?

Are there differences in the opinion of graduate and N.C.E.
teachers on the appropriateness of TOPS ?

Are science process skills transferable across the various
science domains ?

Research Hypotheses.

The process of finding answers to the above questions

for a logical testing of hypotheses in the study. The null

hypotheses stated for the study are:

13
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There is no significant difference between the TOPS forms in
terms of studznts’ performance taking two tests at a time .

There is no significant difference in performance between
urban and rural students in each of the TOPS .

There 1s no significant difference between toys and girls in
terms of performance in each of the TOPS .,

The teachers' discipline will not influence their opinion of the
appropriateness of the TOPS for measuring students’
performance of sclence process skills .

There is no significant difference in the opinion of graduate
and N.C.E. teachers on the appropriateness of the TOPS for
measuring students' performance of science process skills .

The 0.05 confidence level was set as the limit for accepting or

rejecting. these hypotheses.

"i'1.6 The Study Assumptions,

{ii.

tv,

The study is rooted in the assumptions that :

there are a’common set of skills across the science disciplines
to be developed in Nigerian studénts as they experlence the
contents of the science curriculum fur the secondary schools,

the acquisition of theses skills are desirable and important for
students’ success in science .

final year students ( $.5.3. students ) In the sentor secondary
schools have bezn exposed to all the science process skills
entrenched in the curriculum prior to their reacting to the
TOPS,

the subjects of this study are representative of the population
of Nigerlan secondary school students , and

sclence is taught in accordance with the stated aims and

14
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teaching method that encourages the acquisition of process skills.
The rationale behind the N.I.S.T.E.P. method is that the education
of teachers musi as much as possible resemble the task these

teachers will face in the classroom.

In spite of the em;;hasls on process skills in science
education, very little attention has been paid to the assessment of
students' performance levels relative to these skills. A number of
studies have shown that science examinations iua Nigeria, and
teacher-made tests seldom assess process skills (Babalola, 1980;
Mani, 1981; Willlams and Buseri, 1986; Antere gt al, 1991; Abdu
et al, 1997) . Similarly the standardised science achievement tests
developed for seccndary schools in Nigeria so far measure only the
knowledge of scientific concepts. principles and laws (Oyebanji,
1978; Adams, 1981; Falade, 1982; Edet, 1984; Inomiesa, 1985;
Inyang, 1988).

The cost of running practical examinations for very large
classes such as those common to the Nigerian school system is
often given as an excuse for excluding process skills tests in
schools assessment schemes. Another and perhaps the most
important reason why teachers' assessment in Nigerian schools is
completely devoid of items that measure the attalnment of process
skills is their la'ck of knowledge of alternative \v;rays of assessing the
skills of science besides pracu‘cal examinations or tests (Antere et
al, 1991). In the present study, the Test of Science Process Skills
(TOPS) was developed to meet the needs of teachers for this

16
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purpose. The TOPS is intended to serve, not as a replacement for
the hands-on practical measures of skill attainment, but as a pencil
and paper alternative for teachers to use in monitoring process
skill development and attainment in students. TOPS utilises cheap
and locally available equipment and materials for testing students’
attainment of the science process skills, TOPS could however be
used where money for procuring chemicals and other expensive

sclence equipment is difficult to come by.

A recent study of the Senior Secondary Certificate
(S.S.C.) practical examinations has shown these examinations to
focus on a few skills at a time (Abdu et al, 1997). This could be due
to the problem of time required for assessing a large number of
skills via that approach. The West African Examination Council
(W.A.E.C.) could complement t.t;e S.S.C. practical examinations with
items from the TOPS and limit actual practical testing to those
science skills that do not lend themselves to pencil and paper
measurement procedures, thereby reducing the duration of the
practical examinations. The TOPS items could be incorporated
into the other examination papers such as the short-answer
sections of the essay examinations, and even the objective papers.
Such a move will enhance the validity of the S.S.C. examinations,
since all the science process skills would be assessed in a single

examination.

A very important effect of tests is the influence

(backwash effect) they have on the learning and teaching that
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{~takes place in the classroom. High stake testing has been found to
" dominate classroom work and so distort classroom leamning to the
extent that teaching is limited to what iIs likely to be assessed in
the examinations (Becher, 1990; Lundeberg and Fox, 1991; Black,
1993; Popham, 1993). Fairbrother (1694) argued that if a test or
examination measures everything whlc/h i3 wanted, then the
‘backwash' effect is good and desirable. Howlever if the test can
only measure a limited number of what the students are supposed
to learn, then the teaching and learning will be conflned to t'he
restricted amount of the course objectives which the tests cover

and the 'backwash’ effect is bad.

. Usually the results of the W.A.E.C. examinations are used
to judge-iaow well schools are doing. Such judgements often put
pressure on teacheré to get as many students as possible into the
higher grade levels ( grades A] to Cg ). Consequently teachers
teach to the examination. A situation whereby the only measure of
the attainment of the skill component of the curriculum is in ftself
unable to assess all the skills in the curriculum does not augur well

i for the development of these process skills in children.

" ‘Complementing the W.AE.C. practical examinations with Items
from the TOPS would therefore go a long way to ensuring that

teachers also teach and assess sclence as content and process.

Science process skﬂfs have been shown to facilitate the
understanding of scientific knowledge and promote further
academic work in sclence (Harlen, 1983; Awodi, 1984). Yet
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teachers lack the proficiency and means for assessing and
monitoring progress in this area. The provision of standardised
achievement tests like the TOPS would go a long way to ensuring
that teachers reliably measure students' performance levels with
respect to these skills, The TOPS materials would also serve as
useful sources of ideas for teachers in preparing their own

assessment instruments.

It is almost axiomatic that teaching and learning involve
the assessment of pupils. In principle it makes sense that the
assessment of pupils should come from some kind of combination
of teacher assessments and a national test such as the S.S.C.
examination. The nature of the continuous assessment scheme
operational in the Nigerian school system demands that teachers'
assessment constitute 40 percent of the total examination score
for a candidate in the S.S.C. examinations. This calls to mind the
problem of comparability of standards across schools mentioned
earlier in this report. The use of the TOPS by teachers could go a

long way to solving this problem.

Lastly, the success of N.I.S.T.E.P. will probably be judged
mainly on its ability to improve students proficiency In sclence
process skills. Researchers as well as teachers would therefore
require a valid and reliable measure of sclence process skills for
monitoring the attainment of the N.I.S.T.E.P. objectives. Thus the
Test of Science Process skills (TOPS) presented in this report

could lend itself to a variety of usage as follows:
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- teaching method that encourages the acquisition of process skills,

"~ The rationale behind the N.I.S.T.E.P. method is that the education

~-.:'schogls assessment schemes. Another and perhaps the most

of teachers must as much as possible resemble the task these

teachers will face in the classroom.

In spite of the em;;hasls on »rocess skills in science
education, very little attention has been paid to the assessment of
students' performance levels relative to these skills. A number of
studies have shown that science examinations irf Nigeria, and
teacher-made tests seldom assess process skills (Babalola, 1980;
Mani, 1981; Williams and Buseri, 1986; Antere et al. 1991; Abdu
et al, 1997) . Similarly the standardised sclence achievement tests
developed for secc ndary schools in Nigeria so far measure only the
knowledée of scientific concepts. principles and laws (Oyebanji,
1978; Adams, 1981; Falade, 1982; Edet, 1984; Inomiesa, 1985;
Inyang, 1988).

The cost of running practical examinations for very large
classes such as those common to the Nigerian school system is

often given as an excuse for excluding process skills tests in

important reason why teachers' assessment in Nigerian schools is
completely devoid of items that measure the attainment of process
skills is thelr !at':k of knowledge of altgrnative \;rays of assessing the
skills of science besides pract{cal examinations or tests {Antere ef
al, 1991). In the present study, the Test of Science Process Skills
(TOPS) was developed to meet the needs of teachers for this
—
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Chapter 2
Review of Related Literature,

'

The purpose of this chapter is to examine the origin of
process skills in science education. Also highlighted are the
established expectations of standardised achievement tests in
terms of their psychometric qualities, and how these are related to
the present study. The literature survey is organised into toplcs
considered pertinent to this study thus: ’

1. Science process skills: a historical perspective.

ii. Meanings and purposes of assessment.

iii. Sclence asse§sment and the goals of sclence education.
iv. Problems in the assessment of science process skills.
v. 'I‘he: design and evaluation of standardised tests..

vi. Studies on test construction in science education.

vii. Factors affecting science achievement.

2.1 Science Process Skills: A Historical Perspective,

The language and rhetoric of science processes could be
traced to Herschel's Preliminary Discourse on the Study of Natural
Philosophy of !831. Herschel's book concentrated almost
exclusively on the scientific method. Published at a time when the
fragmentation and professionalizatioh of the scientific community
was on the increase, the book spurred and nurtured a rapidly

growing interest in the nature of the scientific method and
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ultimately led to the revolution in the study of the history and
philosophy of science (Laudan, 1968).

In particular, the establishment of specialist learned

~.socleties like the Geological Society in 1807, the Astronomical
" Soclety in 1820, and the Chemical Society In 1841; threatened the

central ideology of the British Assoclation for the Advancement of
Science (B.A.A.S.) and public support for ‘science In general
(Jenkins, 1989). Leading members“ of B.A.A.S, like Reverend
Vernon Harcourt (founder) and Wﬂllan; thwell (secretary of
B.A.A.S. in 1833) articulated a belief in the unity of knowledge, and
an assumption that specialisation and fragmentation would lmpt_’.de
the progress of science itself. Harcourt (1833) quoted in Jenkins
(1989) warned of the danger of detaching science from the central
body. He stated:

. .. first , one fragment falls off, and then

another, colony after colony disseveres itself

from the declining empire, and by degrees,

the commonwealth of science is dissalved.
(Jenkins, 1989)

Jenkins (1989} reported Somerville (1836) as saying that as far as
sclence ls concerned, there existed such a 'bond of union’ that

proficiency cannot be attained in any one science without a

. knowledge of others.

The crave for spectalisation and its attendant success in

scientific development notwithstanding, the idea of unity among

td
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the sciences remained important, not in the least for its political
purposes (Jenkins, 1989). Such unity was to be nurtured by a
consensus on the commonality of the method of sclénce. Thus the
scientific methoc, (Herschel's philosophy of success) came to
define the scientific enterprise, The scientific method also served
as a focus for the scientific community, when distinguishing
between reputable science (methodical science) and the bogus and
suspect; where necessary it was used to defend science from
critics (Yeo, 1981). Later in the century, similar arguments were
used to justify the inclusion of science in the curriculum of public
schools in the United Kingdom (McLure, 1985). The Clarendon
Commissioners report of 1864 reported in McLure (1985) also
claimed that the study of science quickens and cultivates the
faculty ) of observation, the power of accurate and rapid

generalisations, and the habit of method and management.

The B.A.A.S. parllamentary report of 1867 (in Layton,
1981) though recognised the importance of pupils learning both
sclence content and method, s’lressed that "the principal benefit
of a scientific education is the inculcation of the scientific habits of
thought". This report described process skills as being of
incalculable value whatever the pursuits of later life (Layton, 1981).

Armstrong's campaign to reform school science along
heuristic lines strergthened the B.A.A.S.'s position even further.

Armstrong -viewed school science as 'systematised knowledge' and
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the sclentific method as a 'game' whose rules could be thought
(Brock, 1978; Jenkins, 1979). The chief function of sclence
teachers was to teach the scientific method (Jenkins, 1979}). The
B.A.A.S. parliamentary report of 1867 also drew a distinction
+ between ‘content' and ‘process’; and the relative tmportance
ascribed to the two aspects of science provided a useful framework
for the discussior: of the practices and rationale of school sclence

teaching down to the present day (Jenkins, 1979).

o

Armstrong was by no means alone in the claims he made
about the benefits which would accrue from a wider application of
the scientific method. Pearson In 1892 (reported in Jenkins
1989) cfaimcd that the materials of science are co-extensive with
the whole life, physical and mental, and with the universe; but
warned against the supposition that the 'scientific frame of mind’
(the scientific method) was a peculiarity of professional scientists.
Similarly, Huxley (1854} in Jenkins (1989} observed that the
scientific method involves no mental processes other than those
which are practised by everyone, The view of process expressed by
Huxley and Pearsons permitted no distinction between science
and other disciplines on the ground of method. The scientific
method was associated with 'common sense experlence.' Thus the
- future of science teaching was firmly cast in an instrumental and
pre-professional role, its purpose, that of advancing science itself

(Layton, 1981). -

» -
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The prime end of sclentific education changed once again from
that of conveying factual information to making student "good at
doing science”, with the ability to perform scientific investigations
(Woolnough, 1989).

It would be wrong to assume that 'being a scientist' was
the only curricu'um emphasis during this era. Roberts (1991)
identified seven different curriculum emphasis that influenced
science education, particularly in Britain and North America.
These were: everyday coping, structure of science, technology and
decisions, scientific skill development, correct explanation, self as
explanation and solid foundation. In conclusion, the views of
science as knowledge or method changes with time depending
upon economic, cultural and nationalistic factors; what Hodson
(1985) called "fashion come and go". However, guiding and binding

all these efforts was the desire to make learners 'good' at science.

Being Good at Science !

The Seconda.ry Science (:tumculﬁm Review (S.S.C.R,
1984) identified skills as being separate from processes. A skill is
seen as a "specific activity which students can be trained to do";
while a process is “a rational activity involving the application of a
wide range of skills". According to the S.8.C.R activities that
qualify as skills include measuring, transferring liquids from one
container to another, correct handling of apparatus etc. Whilst
activities ’ like drawing conclusions, thinking through an

experimental procedure, inferrluy, predicting etc. are processes,
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The 8.S.C.R's distinction between skills and processes is based on
whether or not a specified activity embraces broad or specific
actions. Falrbrother (1989) argued that the classification of
scientific activities into those requiring specific or broad actions is
relative and could vary from person to person. Sclence involves
. _both kinds of actions; specific’ ones (micro-skills) and broad
: .actlons (macro-skills). Rather than entering into the controversy of

terminology, process skills are described in the present study, to
include the spegific activities like measuring (micro-skills ) as well

as the broad rational actions l!ke interpretation of data, predicting

(macro-skills) capable of a person who is ‘good’ at science.

: According to Woolnough (1989) ‘bélng good at science'
involves KNOWING and DOING. The discipline of science is
concerned with the quest for knowledge about events in .the
natural environment as well as the knowledge generated by the
quest (Okebukola, 1985). This represents the process (doing) and
product (knowing) dimenslons of science respectively. The
products of sclence include the facts, theortes, principles, laws
and all that make up the content of sclence textbooks. On the
other hand, science process skills refer to the methods of
collecting, analysing and acting upon information used in solving
problems (Molitor and George, 197€).

Suffice to mention at this point that sclence process
. skills alone is not sclence, just like the knowledge of scientific

laws, principles, theories, alone cannot account for everything :
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sclence entails. Woolnough expressed the same views when he
wrote :

. « . the knowing of science cannot be limited
to explicit knowledge; the tacit knowledge
« » « bullt up through personal experience is also
of vital, perhaps pre-eminent in importance in the
work of a practising scientist
{(Woolnough, 1989 : 117).

The tacit knowledge which scientists utilise in their work are the
skills of observation, of manipulating apparatus, recording and
interpreting data, and of communicating with others (Woolnough
and Alsop, 1985). The assessment of these skills is the focus of
this study. 'Being good at sclence’ therefore means being good at
dolng sclence the way professtonal scientists do it; and that is
essentially as a problem-solving activity involving the integration of
knowledge and process skills in sclence (Woolnough, 1989).

However Woolnough's conception transcends the
current view of sclence process skills. Presently, most sclence
projects in secandary schools, for example the Warwick Process

Sclence (Screen, 1986), the Nuffield Science 11 - 13 (1986),
Science In Process (ILEA, 1987) to mendon a few, present as the
frame work for teaching and content organisation, a hierarchy of °
skills beginning with observation and leading on via classification
to inference and hypotheses (Millar, 198§). This view of science
processes as a lierarchy of skills, though heavily criticised in

literature on the philosophy of science, seems to be accepted by
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sclence educators as a great improvement on previous practice,

and therefore a welcome development.

The sclence curricula in use In secondary schools in
Nigeria also seemn to recognise a hierarchy of process skills,
beginning from the basic science process skills like observation,
_classiﬂcatlon and recording to the higher order skills of

: interpretation and experimenting. In this study, test items
measuring students' ability to use two basic science process skills
{observation and recording) and one of the. higher order skills

(interpretation) are developed and standardised.

2.2 MMW

*
Fairbrother (1995) described assessment as " any

method, whether a formal examination or an informal observation,

of obtaining information about pupils' performance”. The
information is oiten in the form of grades or scores obtained
through the use of classroom lests, homework, project, essays,
exercises and examinations. These constitute the basis for taking
important decisions with regard to pupils' educational growth and
/ or teaching methods. Thus assessment connotes some form of

measurement of students' behaviour using a variety of instruments.

Desforges (1989) argued that since assessment play a
major role in determining how students and teachers spend thelr

time, In other words, what 18 taught and learned, it must focus on

7 observable students' behaviour. The behavioural attributes often
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measured by teachers tnclude: achievement, (both knowledge and
skills) in spectﬁed_ subject area;.s. the intensity of an emotion and
the developmex{t of an appreciation (S.T.A.N, 1970). The
information obtained from such measurements is compared with a
standard, or criterion before decisions are made {Flarlen, 1983),
In this study assessment is viewed as the process of determining

the degree of development and learning attained by students.

A major purpose of assessment In educatlon is to
provide information to help teachers, parents, employers and
researchers make appropriate decisions and give accurate
judgements. Kempa (1986) listed the functions of assessment as:

1. to evaluate diagnostically students' academic progress and
learning difflculties; .
#i. to assess students' attainment at the end of a course of study;

iii. to estimate students aptitude possibly for the purpose of
assigning them to different courses or teaching sets and

tv. to evaluate the effectiveness of a curriculum or course
contents,

The above funcuons of assessment have certain implications for
teaching and learning, First, the educational outcomes must be
evaluated in terms of the stated goal§ and objectives of the
curriculum. Edvcational goals and objecﬂves are expressed
statements of what to achieve as a result of teaching and learning

(Woolnough, 1989). ok

Conceptions of the goals of sclence education and the

concomitant link between the nature of sclence and how students
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learn, have changed over the past two decades Presently, the
purpose of science education is "to help students acquire both
scientific knowledge of the world and the scientific habits of the
mind” (AAAS, 1989). The National Science Education Standards
(1996) of the United States of America provides what constitute
scientific knowledge and habits of the mind. According to the
document, the development of scientific knowledge involves
"knowing" "doing" and "talking" about science. Whilst the scientific
habits of mind iuvolves the desire to understand how the world
works, by means of describing, explaining, predicting and
controlling natural phenomena; that differs from other ways of
knowing, such as personal beliefs, myths, religious values and

K supernatural forces.

Knowing science involves making meaning of the body of
scientific knowlédge and vocabulary. As a way of knowing, students
engage in doing science or scientific enquiry by manipulating
materials, describing objects and evenés. making explanations,
verifying evidence; and constructing and orgax;xlsmg ideas. Through
talking, students clarify thoughts, present ideas, share views, and
inform one another using a specialised language of sclence or. its
way of talking (NRC, 1996). The process of learning on the other
hand, involves the cultivation of scientific habits of mind which are
characterised by the values and attitudes shared and practised in
the science corrmunity, such as empirical criteria, logical

argumentation, questioning and scepticism (Lee, 1997).
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Assessment is an important part of education. If
properly used, assessment could enhance science learning (Kyle,
1997). As an integral part of science education, assessment ought
to assist students and teachers as they accomplish their goals. The
process skills tested in this study were derived from the stated

objectives and content of the science courses (biology, chemistry
and physics) for secondary schools in Nigeria. The skills and sub-
skills that guided the development of the ftems in the Test of
Science Process Skills (TQPS) are expressed in terms of
observable students' behaviour (see the Table of Specification in
Chapter 3). It is }‘xoped that TOPS would assist science teachers in
Nigeria assess their students ability in doing science.

Secondly, assessment in education must be continuous if
it must effectively help the teacher to diagnose and remedy
students' learning difficulties. The results of assessment are used
by teachers to adapt teaching to the needs of pupils as their
learning progresses (Fairbrother, Black and Gill, 1994). This
requires that the teacher be in possession of or have access to
batteries of standard tests he can administer to pupils from time
to time as laid down by the appropriate authority of the school
(F.M.E.S.T, 1985: 10 - 11).

Teacher made tests is another tool that could be used
for the continuous assessment purposes (F.M.E.S.T, 1985).

However, teacher made tests have been criticised for their lack of
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standard reference and the presence of ambiguity (Mehrens and
Lehmann, 1984). The use of standardised achlevement tests have
been recommended for comparing standard within and across
schools (Jahun, 1985). The TOPS hopefully, would not only ens;:re
the comparability of teachers continuous assessments but also
serve as a model for sclence teachers in Nigeria when developing

their own assessment instruments.

2.3. Science Assessment and the Goals of Science Education

The exent to which science process skills should be
emphasised relative to the development of cognitive abilitles
during science lessons has generated the so much talked about

process-content debate in the last two decades. Though opinion on
this differ widely, there is considerable consensus among science

educators as regards what purposes school science should serve,

The Macdonald Education (1972) published a list of one
hundred and seventy statements of objectives for Science 5-13
which clustered into seven catggories of goals for science teaching
thus:

i. The development of interests, atiitude and aesthetic
awareness in children.

il. Developing basic concepts and logical thinking,

ili. Observing, exploring and ordering observations.

iv. Posing questions and devising experiments or investigations
to answer them.

v. Communicating patterns and relationships.

35




image50.png
vi. [Interpreting findings critically.

vii. Acquiring knowledge and learning skills.

These objectives are similar to those stated by Klopfer {1971) and
Sund and Trowbridge (1973); and guldes teaching and evaluation

. in science.

Harlen {1983) on his part contended that assessment in
science must be subservient to the dictates of teaching and
learning. Using a typical science lesson on weather, he showed
that when children learn science in the classroom, specifically the
following are acquired: Y
1. Knowledge: in this case, specific knowledée such as:
knowledge about the expansion of liquids, size and varlation In
temperature, amount of rainfall at different times of the yéar.

knowledge of the point on the compass on a weather vane etc.

2. General ideiis of relationships between different weather
features, of speed and its measurement; and of measurement using

different instruments,

3. Engquiry gkills such as: the making of careful observations;
proposing and testing hypotheses; looking for patterns and
relationships in data; reading scales; drawing and interpretation of
charts, graphs and tables etc,

. 4. Attitude of seeking and using evidence for making
- judgements; of xercising patience and perseverance in the

collection of data and of co-operating with others.

>
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The above behaviéurs cut across the varlous domalns of learning
(cognitive, skill and attitude} identified by Bloom and co-workers
(1956). Sclence .assessment therefore must qu}er both the
development of sclentific knowledge and cc;r;crepts and the

acquisition of sclence process skills.

Hofstein and Lunetta (1982) argued that assessment
evidences gulde and directs teaching and learning. They identified
the lack of sustained assessment of practical skills as a major cause
of the neglect of practical laboratory work in school science
between 1960 and 1970. Kellington and Lock (1987: 162 and 163}

share the same view when commenting that:

. There is a need to assess practical sclence

" skills ( process skills ) in order to retain
and enhance the place of practical work in
science . . . Aspect of the curriculum which
are not assessed acquire a low status as a
consequence of a society which is oriented to
examination performance in the way ours is.

The test ltemsvpresented in this report are specifically for the
assessment of sclence process skills development in secondary
school students,

24. Problems with the Assessment of Science Process Skilla

As menticned earlier in this report, the assessment of
process skills has not recelved the attention it deserves. One of
the reasons given for not assessing process skills was the lack of

consensus on the definition of these skills (Fairbrother, 1989).
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Only in the last iwo decades has light been cast on what
constituted sclence process skills and the sub-skills therein.
Hofstein et al, (1976 ) suggested three domains of process skills:

i, direct routine laboratory work.

if. ability to make observations, and

h lil. problem solving ability.

While Pen-ziv et al (1977) saw succgssful practical work

as involving four phases of scientific work, namely:

1. planning and designing of investigatiuns,
il. performance of experiments,
iii. abservation of particular phenomena and - ﬂ

iv. analysing and appreciation of explanations.

In their view, these phases are not only sequential but also
hierarchical. In practice, not all of these phases are involved in
every practical activity. However the specification of these phases
can make the purpose of assessment clear to students as well as

ensure its reliability and validity (Klannin, 1988).

The four phases of sclentific work identtfied by Ben-ziv
and his co-workers are essentially the components of Hofstein gt
al's third domain of skills. Process skills were similarly described

.i. by Kempa (1986) as involving the following:
i.  The recognition and formulation of problems,

i. Designing and planning of experimental procedure,

s
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iil, Setting-up and execution of experunéntal work ( manipulative
skills ). .

iv. Observational and measurement skills; including the
recording of data and observations. 1

v. Interpretatior: and evaluation of experimental data and
observations.

Of the five skills lisied by Kempa (1986) only skills 1ii and iv are
genuinely practical {n nature, requiring the manipulation of
apparatus and materials. The others have strong theoretical
orlentation involving the use of relevant cognitive structures and

operations.

The process skills outlined by Kempa (1986) are more
of broad:_ categories of skills rather than speciflc qualities that
could be adequately assessed in an examination or test. These can
.. be elaborated to yield more precise qualities for use in the
assessment of process skills. A good example is given by Eglen and
Kempa's (in Kempa, 1990) analysis of the performance features of
the skill of ‘setting up and execution of experimental work' shown
in Table 1. Similar breakdowan, yiefding operational assessment
criteria are also possible for the other sl;lll areas. Kempa's list of
skills are now widely recognised as forming a Q'alld and satisfactory
framework within which practical skills are to l_Je _developed and

assessed.

Looking closely at Kempa's breakdown of skills it is clear
that process skills are not merely psychomotor skills, but cover all
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actlvities (cognitive and manipulative) that form part of a genuine
investigative process; from the conception of the problem to its
solution by practllcal means. Also implied is the use of different
assessment stra':egles (practical examinations and paper and
pencil tests of process skills etc.) for the measurement of students
performance levels in these skills. TOPS represent one of the
strategies (the paper and pencil mode) available for assessing

students' performance of the science process skills,

1. Methodical . Correct sequencing of tasks
Working forming part of an overall operation.
. . Effective and purposeful utilisation
of equipment.

. Efficient use of working time.

. Ability to develop an acceptable
working procedure on the basis of
limited instruction.

4. Experimental ] Correct handling of apparatus and
Techniques mateclals,

. Safe execution of experimental
procedure,

. Taking of adequate precautions to
ensure reliable observation and

results.
1if. Manual Dexterity. . Swift and confident manner of
execulion of practical tasks.

. Successful completion of an
operation or its constituent part

tasks,

tv. Orderliness. . Good utilisation of available
working (laboratory / bench )
space.

. Organisation in the placing of
equipment and materials used.

. Tidiness of the working area.
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Techniques that ha“/e been usad for the assessment of
process skills range from paper and pencil objective tests of
process skills, paper and pencil tests of practical laboratory skills,
to laboratory performance tests utilising observatidnal schedules
and checklists (Tamir, 1990). Of all these assessment techniques
the paper and pencil objective test of sclence process skills has

been heavily criticised in educational circles.

Hanson (1982) maintained that paper and pencil
objective tests can only assess knowledge of pracess skills, not the
actual performance of these skills, Tamir (1975) provides
empirical evidence collected from a number of studies including
the study by the International Association for the Evaluation of
Educatlol'nal Achievement, which support the distinction between
the possession of knowledge of process skills and the expression

: of these skills in the context of actual practical work.

Three kinds of tests were administered within the
frame work of -the international study mentioned above. These
were: the paper and pencil tesfs dealing with theoretical
materials, paper and pencil objective tests of practical laboratory
materials and practical laboratory tests. High correlation (r = 0.75)
were obtalned between the first two tests (the paper and pencil
tests of theoretical materials and the paper and pencﬂ objective
tests of practical laboratory materials). On the other hand, the
correlatiorr between the practical laboratory tests and the paper
and pencil tests dealing with theoretical materlals; and between
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the practical laboratory test and the paper and pencil objecttve
tests of practical laboratory materials weré low(r=024andr =

0.45 respectively). The International study therefore concluded
that practical laboratory tests measure some attributes quite
distinct from those measured by written examinations of the

- objective type.

Also following the trials of different test items, the
Assessment of Pecformance Unit (1978) reported that:

Trials . . . revealed how Important it is to go to

the trouble of assessing the actaal performance

of investigations . . . Pupils were frequently found

to be able to produce a reasonable plan on paper, but

. quite unable to do In practice anything of \yhat was
. planned. 4 .

Similar conclustons were drawn in several other studies regarding
the limitations of paper and pencil objective tests as measures of
achievement of manipulative components of science process skills
(Shavelson, Baxter and Pine, 1991; Resncik and Resnick, 1992;
Wolf, Bixby, Glenn and Gardner, 1992; Stiggins, 1994).

The evidences from these studies tend to favour the use
of practical laboratory performance tests for measuring students'
attalnment of science process skills. In practice the realities of the
sltuation facing the person making the measurement determines
the particular method used. When assessment involves a very large

B population.of students {as it is often the case in Nigerian schools)
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the paper and pencil test of process skills seem to be most
appropriate (Turton, 1992). '

Science process skills, according to Kempa (1986)
consists of both cognitive and manipulative comp;nents. Hence
the researcher, like Kempa supports the use of both the paper and
pencil tests as well as the laboratory performance tests of science
process skills for measuring attainment in this area. Besides the
exigencies of the Nigerlan school system such as, very large classes
and the lack of science equipment and materials; very often do not
permit the use’ of performance laboratory tests (practical
examinations) for monitoring students' acquisition of science
process skills, A good number of evaluation exercises in Nigerfan
schnols,-‘partlcul;irly the continuous assessment exercises use
written tests and examinations completely devoid of skill items

~{Abdu gt al, 1997).

This study presents the procedure for, and the results of
the development and standardisation of the Tests of Science
Process Skills (TOPS) for use in Nigerian secondary schools, The
TOPS consists of paper and pencil short’answer test items which
could be used with other laboratory performance measures of
science process skills for assessing process skill acquisition in
students. The short answer format would “ensure easy
administration of the test items in very large classes typical of the
Nigerlan school system as well as objectivity in scoring the tests.
TOPS utllises very few, cheap and locally available equipment and
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materials for testing students' attainment of the sclence process
skills. Thus enabling science teachers to assess process skills in

situations where science equipment are not readily available.

2.5. The Design and Evaluation of Standardised Tests

The Dictionary of Education (Good, 1945) describes
standardised test as a test for which content have been selected
and checked empirically; for which norms hav_e been established;
for which unlfo.rm methods of administration and scoring have
been developed: and which rhay be scored with relatively high
degree of objectivity. Cronbach (1970) defined it as one in which
the procedure apparatus and scoring have been fixed so that
precisely the same testing procedure can be follewed at different
times aﬁd places by different testers and examinees. Such tests
more often than not are accompanied by norm tables, where
scores obtained from a representative sample are described by age,
race, grade, gender, or any other characteristics of the examinee.

Jahun (1988) contended that the most distinctive
characteristic of standardised tests is the possibility of making
meaningful comparison of an individual's test scores with those of
others within a well defined group or criteria. He defined
standardised test as a test which contains a 'fixed set of items' that
are carefully and systematically prepared with 'uniform directives'
for adminl;stratmn and scoring, based on norms that are clearly
defined as the reference group. The 'fixed set of items' is the

content under consideration and the 'uniform directives' provide
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for uniformity in the administration and scorlng‘of the test.
Standardisation therefore refers to the process of gathering data
which allow for nieaningful interpretation of scorcs by comparing
the performance of an individual with clearly defined referent
(Wiliam, 1994).

Depending an the ability tested, the procedure for
standardisation vary from test to test. Brown (1976) reported a
general procedure for the construction and standardisation of
achievement tests suggested by the Educational Testing Services
(E.T.5.} in 1965. His report shows six sequence of events that
characterise the standardisation process thus :

1. Planning the test. Here the target group is identifled an
defined: and the test contents and distribution of items are
described and mapped in a test blue-print otherwise known
as the Table of Specification.

il. Writing and reviewing of the test items using the Table of
Specification.

il pre—testmg'the test items to determine tt'u: psychometric
qualities of the test. . )

tv. Preparing the final test form. ’ i

v. Collecting reliability and validity evidences; and . -

vi. Developing normative and interpretative materials. .

The 'assessment referent' is established in the planning stage,

while steps i1 to vi are concerned with issues of dependability

(validity and reliability) and the interpretation of test results. The

six-step procedure for 'standardisation suggested by the E.T.S. was
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adopted for the standardisation of the Test of process skills
(TOPS) presented in this report.

Validity: The tra-litional definition is that an assessment is valid if
it measures what it purports to measure. Validity refers to the
extent to which a test or examination samples the content and
objectives of the course (Kempa, 1990). Often in test
standardisation, two kinds of validity measures are common. These

are content and criterfon-related validity measures.

Content validity, This lnvolves' the direct scrutiny of test content by
experts (Chase, 1978); and ensures the inclusion of appropriate
and necessary content (i.e. all the skills necessary for good
performance) or all the aspects of the subject taught (Gipps,
1994). ‘Content validity addresses two very cruclal aspects of
assessment which are: coverage and balance. While coverage
involves the inclusion of 'appropriate and necessary content',
balance on the other hand is concerned with the relative
importance the test gives to the different contents. It is expected
that a test should contain more items on the important topics and
fewer items on ‘he less important topics (Fairbrother, 1994).
Often, the relative importance of topics or content is deduced
from either the time spent on teaching the topic or the weighting
of the objectives for the topic.

Criterion validity measures the relationship between the scores on
a test and achievement on some other criterion such as the results

of another test of the same trait / skill (Gipps, 1994). For example
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the criterfon validity of a written test of practical skills may be
determined by comparing scores on the test with ratings of actual

performance in science practicals.

_=3
Messick (1980) argued that the valldity of an assessment
depends on the use to which the assessment results are put. He
suggested that the definition of validity be extended to include
what happens as a consequence of the inferences made from test
results. In Messick's formulation, the process of validation must
include considerations of:

i.  the values attached by various test users to the assessment
results,

il. the relevance of the construct being assessed to the use that
ts made of the results, and

i1i. the soclal consequence of the proposed assessment and the
use of the results.

Wit_hin this framework, the consequences of the use of assessment -
outcomes on the subsequent behaviour of students and teachers is
also part of the 'v: lidation process. This according to Wiliam (1994)
is termed 'backwash' validity. ‘For exlimple. the social pressure to
get as many students as possible to pass ;;he W.A.E.C. examination
with A] to Cg grades often lead teachers t;: teach towards the
examination. Ultimately, validity measures the accord between
what an assessment is actually measuring, and what some per.son
thinks an assessment with that name or put to a particular use,

ought to bs measuring.
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The methodology of this study (see Chapter 3) ensures
both coverage and balance with respect to the demands of the
process skills measured. It is expected that teachers would use the
TOPS along with the laboratory performance tests to assess
students’ attainmnnt of science process skills. Such combination of
assessment strategies would go along way to enhance the validity of

school based assessment schemes.

Reliability. This is the degree of consistency between two
;ixeasures of the same trait (Mehrens and Lehman, 1984}, It
describes the consistency of the measure of a pupil's performance
{Fairbrother, 1994). The reliability of a test therefore refers to the
- reproducibility of the scores derived from it for a particular
student. or group of students. The methods found to be most
effective for dete:mining reliability with respect to standardised
achievement tests are : )

i, the parallel or equivalent forms rl;uabmty,

#i. split-half reliability measures, and ’

iil. measures of internal consistency, notably the Kuder
Richardson formula 20 / 21 and the Cronbach's glpha ().

Parallel form rei‘ability implies the existence of more than one
form of the test. Usually two forms of the test are administered to

the same group ol students on the same day. The results are then
correlated to obtain the parallel form reliability estimate (Mehrens
and Lehmann, 1984,
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The gplit-half reliability on the other hand, requires two test
halves to be formed. This can be done by matching or by separating

odd-even numbered questions. The reliability coefficients are then
computed from the scores of the test halves using the Pearson's
product momment correlation formula. The correlation coefficient
s0 obtained 1s an estimate of the reliability of a test only half as
long as the original test (Kempa, 1986). The reliability of the
whole test is obtained by applying the Spearman-Brown prophecy
formula: '

Where: TI'x = the estimated reliability for the whole test; and’

r'2 = the reliability of the half test ( Mehrens and
Lehmann, 1984 ).

Internal consistency reliabilities are indices of the homogeneity of
the test (Mehrens and Lehmann, 1984). Measures of internal
consistency include the Kuder-Richardson formula 20 (KR20) and
21 (KR21); and the Cronbach's alpha. The Kuder-Ricardson
formula averages all the correlation between two sub-tests over all
possible splits (Wiliam, 1994).
The Kuder-Richardson formulae are given below:
KR20 :
x = @ $% - Zpi

n-1 S2x
Where: n = number of items in the test,

p = propoition of students who answered an item correctly
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(item difficulty ),
q = proportion of students who got an item wrong, and
825 = variance of the test. V
while the KR21 is obtained using the formula :

rx = n 1- X(n-X)

n-1 ns2y

Where X is Mean of the test, and all other factors are as defined
in the KR20 formula.

A precoandition for using the KR20 or KR21 reliability
measures is that the test must be scored dichotomously (Kempa,
1986). Where a student's score on each test item could take a
range of values, the Cronbach's alpha is most appropriate. The
Cronbach's alpha is given by the formula:

o = n 1 - 282'1

n- 1 " 8%

v

Where: n = number of items in the test,

82y = variance of the total test, and

s2; = variance of the a single test item ( Ferguson and
Takane, 1989 ), '

o = Cronbach's alpha

The equivalent form reliability as well as two measures of Internal
consisteney (the split-half reliability and the Cronbach's alpha)
were used to determine the stability and precision with which the
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TOPS measure process skill attalnment of the subjects of the
present study. The Cronbach's alpha 1s most appropriate for
estimating the internal consistency of the TOPS because most of
. the items in the TOPS have sub-items and a students score could

take a range of values.
2.6.0 Studies on Test Construction in Science Education,

There is substantfal diversity among standardised
achievement tests In sclence education. They include specialised
instruments to érovide a profile of attainment or to aid in
diagnosing learning difficulties in specific subject areas such as
test batteries designed for general use wlth—gcilool children,
college placement tests and instruments used in regional national
or international testing programmes (Haertel, 1990). In addition
to the above, standardised sclence achievement tests could also
differ in terms cf the aspects of science ( ‘content’ or 'processes’ )’
that is being assessed. Studies of standardised achievement tests
reviewed in this section cover both the studies conducted in
Nigeria as well as those outside Nigeria. The purpose 1s to establish
the focus of these tests in terms of the aspects of sclence

measured, and how they are related to the present study.

.. 2.6.1 Studies in Nigeria.

Since the introduction of the continuous assessment

scheme in Nigeria, a number of standardised achievement tests

»
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have been developed to ald sclence teachers implement the
scheme in their various disciplines. Oyebanji (19/8) developed a
Model Test for the Nigerian Integrated Science Project. His
purpose was to provide a model test development procedure. His
study involved: (1) the construction of a test to measure the
cognitive objectives of a unit on motion in the Nigerian Integrated
Science Project (N.I.S.P.); (i) evaluation of the test; and (iii)
preparation of a manual describing the test characteristics to serve

as a guide for users.

On the basis of the behavioural objectives stated for the
unit Motion, a test blue-print was developed and 85 test items
written. The test items were submitted to a panel of four judges
for valldation and then administered to 200 Form II students
(eight grade) drawvn from schools in Kwara State of Nigeria. Based
on the statistical analysis of scores obtained from the pre-test, 30
of the test itcmsl were selected for t.he_ ﬂhal tes.t.

The final test was administered to 1000 students from
urban and rural schools. The test had a reliability (KR20) of 0.59
and a standard error of 2.5. Oyebanji's study seems rather limited
in scope and the number of items were small leading to a low
reliability coefficient of 0.59. A larger number of items would
probably have resulted in a higher reliability coefficient. Reliability
of tests Increases with the length of the test (Ferguson and

Takane, 1989; Fairbrother, 1994). Oyebanji's study however,
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ﬁrovlded the basic principles for test standardisation which were
found useful in th: present study.

Ameh ( 1980 ) revalidated a 30 item test derived from

..Wldeen's Science Process Measure for Teachers (S.P.M.T.}. The
study focused on possible sex differences in the performance of
science process skills. The processes involved are the 13 science
processes of the American Association for the Advancement of
Science (A.A.A.S.; used in Scle:nce - A Process Approach (S.A.P.A)
project. These processes are divided broadly into two classes
namely: the basir processes of observing, classifying, measuring,
communicating, juantifying, space/time relationship, inferring
and predicting; and the integrative processes like, making
operational definitions, formulating hypotheses, controlling

variables, interpreting data and experimenting.

The original S.P.M.T. which was develoi)ed by Wideen
(1971) in the United States, and consisted of 40 items had a Hoyt
reliability co-efficient of 0.88. The first 27 items were designed to
test the basic processes, while the remalning 27 tested the
integrative pl‘OCbﬁSéS. A pilot testing of the original S.P.M.T.
suggested that 10 out of the 40 items were wordy and could

present a problem tn Nigerian students. These items (7 basic and

© 3 Integrative processes ltems) were left out of the modified
version of the S.P.M.T. The modified S.P.M.T. which had a
calculated. reliability of 0.84 was administered to 323 final year
students in the &:condary schools in Zaria and Kaduna.

- .

]
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The results of the study showed a superiority in the
performances of the female subjects over their male counterparts.
The females excelled in the processes of communicating,
observing, inferring, predicting, space/time relatlonship,
formulating models, hypothesising, making operatio.nal definitions
and interpreting data. While the boys were superior in the
‘processes of us.ng numbers, experimenting, measuring and
controlling variables. Although the girls were better than the boys
in both the basic and integrative processes when clustered, the
superiority of the girls was more pronounced in the integrative
processes. An analysis of the differences between the mean scores
of the two groups (male and female) gave a t-value of 4.90 for the

basic processes; and 8.99 for the integrative processes.

Ameh' attributed the differences in the performance of

sclence processes to sex roles In the formative years of the

: children. She opiued that girls are severely lmited in experiences
requiring manipulative {experimentall} and mathematical skills.
They are expected to use their eyes and ears, not their mouths:
and as such girls are hardly rewarded for adventures or non
conformity. Similarly, the processes of predicting, hypothesising,
formulating models and Inferring are more Intuitive and
dependent on some level of internalisation qf observed data, hence
girls are bound tu excel in them. In this study, sex differences in
the TOPS scores are investigated with a view to establishing sex

norms for the tesrs.
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Jegede (1981) developed the Nigerian Integrated
Science Project Achievement Test (N.I.S.P.A.T.) as one of the
instruments he used in a study on the evaluation of the Nigerlan
Integrated Science Project (N.LS.P.). Jegede constructed 102
multiple choice test items based on the 18 units in the N.1.S.P,
These were validated by 10 assessors drawn from experienced
L»lntegratel:l science teachers, university lecturers and science
educators, who were famillar with the N.L.S.P. Iitems with 80 .
percent or higher agreement rating by the validators were

accepted for incluston in the final instruments.

The validated items (50 items) were administered to
100 Form 11 students from Baptist Academy, Lagos (50 students)
and the;Federal Government College, Kaduna (50 gtudents). The
analysis of the results ylelded a mean item dlfﬁcdltyJ of 0.53 and a
rellability coefficient (Spearman-Brown Split-half ) of 0.9. From
these results it was concluded that the items in N.L.S.P.A.T. were
sultable far the level of pupils for which they were planned.

Adams (1981) developed and validated an achievement
test to measure the recall, comprehension and application
objectives of the Nigerian Integrated Science Project (N.LS.P.),
The test, made up of 40 items was adminlstered to 358 Form 1
© students in flve secondary schools In Ibadan municipality. An

analysis of the test results ylelded an average discrimination index
o of 0.46 and a rellability co-efficient (KR20) of 0.63. A comparison
of the pupils' performances in the test showed that the pupils have
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achieved mastery in the recall of scjence concepts. However the
students appeared not to have any nnderstanding of these

concepts nor could they apply their knowledge in new situations.

It should be mentioned at this point that Adams study
was limited to urban schools and that the study samﬁle was smail.
These limitations could affect the generalisability of the result of
the study. However, a reliability of 0.63 obtained for the test
appears to be witldn acceptable range for standardised tests.

In another study, Falade (1982) developed and validated
a model Formative Achievement Test on a chemistry topic:
'Chemical Formulae'. The ftems were validated against the
objectivgs and contents of the unit. The resulting instrument made
up of 40 test items, was administered on 351 Form III students
from five secondary schools in Ibadan and lle-Ife in Oyo State.

A reliability co-efficient of 0.74 was obtained for the test.
From further analysis of the test results, Falade concluded that
gender and type of school attended had no effect on the
performances o‘f the puplils in the tegt. Howev-er. the performances
of the pupils in relation to 'cognitive levels showed significant
differences. The students performed better In questions
demanding recall than in questions requiring comprehension and

application of the concepts.
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Inomiesa (1985) constructed and standardised
instruments for the continuous assessment of puplls in primary
schools in Nigeria. An initial pool of 200 test items based on the
content and objectives of primary six science was validated and
trial-tested. The results of the pre-test was used for selecting 90
items for the final instrument. The 90 items conststed of 40 recall
items, 40 comprehension and 10 application items. The final test
was then administered on 3,009 randomly selected pupils from
primary schools in Anambra, Benue and Bendel states. The results
of Inomeisa's study led to the following conclusions that:

1. the test is reliable and valid,

ii. pupils mastery of the content of the science syllabus for
primary six was low,

1il. areas of weakness for individual puplls and for the group cut
across knowledge, comprehension and application. The
greatest weakness was found to be at the application level,

iv. gender and school location had no influence on the
achievement of the subjects.

Inomiesa's study served as a useful guide for the present study,
especially with respect to the sampling procedure employed in the
study.

Inyang (1988) developed and validated an Integrated
Science Achievement Test (I.S.A.T.) for three levels of the junior
secondary school. A total of 1,290 four optioned multiple choice
test items were constructed to cover all six levels of Bloom's

taxonomy in the cognitive domain. The tests were based on the
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objectives and content of the Core-Curriculum for Integrated

Science in the junior secondary schools (J.S.S.).

After the validation and pre-testing exercises, 548
satisfactory items were selected. Of the 548 satisfactory items, 398
were compiled into test forms namely: 1.S.A.T.1.2, .S.A.T. 2.2 and
L.S.A.T. 3.2; for vse in the continuous assessment of pupils. The
remaining 150 items constituted the Integrated Science
Achievement Tests (I.S.A.T. 1.1, L.S.AT. 2.1 and 1.S.A.T. 3.1)
consisting of 50 items each for J.S.S.1, 2 and 3 respectively. The
tests, .S.A.T. 1.1, 2.1 and 3.1 were found to be highly reliable. The
reliability co-efficients (mo)»obtalx;ed for the three tests were:
0.81, 0.71 and 0.73 for I.S.A.T. 1.1, 2.1 and 3.1 respectively. It was
therefore recommended that 1.S.A.T. 1.1, 2.1 ‘and 3.1 be used for
the summative evaluation of pupils in integrated 9clence at the

specified levels.

It is important to note that most of the studies on test
construction conducted in Nigeria, so far measure only the
achievement of science knowledge. The measurement of process
skill attainment has been neglected. This situation is not peculiar
to Nigeria. Even outside Nigeria, only very few studies have paid
attention to the assessment of students' performance level in the
process component of sclence programmes compared to the
assessment of students knowledge of sclence principles, theorles

and laws.
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2.6.2 Studies Outside Nigerla.

-

Tanner baum (1971) developed a pencll and paper
multiple choice test of process skills for seventh, eighth and ninth
grade children in the United States of America. The processes
tested were: observation, classifylng, quantifying, measuring,
experimenting, inferring and predicting. The test was
administered on 3,763 pupils from schools in Bronx, New York
and Rockland County. All ability groups and socio-economic
backgrounds werc represented in the sample. The results obtained
were used to create norms for the total score and each of the eight

sub-scores.

. The test has the following characteristics:
1. It conststs of 96 multiple choice (five optioned) items.

it. It requires a total testing time of 73 minutes or less for
completion.

The test booklet was printed tn black and white. 33mm
colour slides were also used for the 12 questions that
required colour.

tv. Scoring the instrument yields a total score reliability (KR20)
of 0.91 and eight sub-scores, one for each process skill with
reliability coefficients ranging from 0.30 to 0.80.
P

A small investigation was undertaken to determine the
criterion validity of the test. The criterion measure was the

teachers' rating of students' abilities in the use of science process
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skills, Though the results of this investigation was unequivocal, it
did give some indication of the degree of criterion validity of the

test.

Tannenbaum's study is of great educational significance.

The very existence of an instrument of this nature demonstrates to

:sclence educators the feasibility of using the multiple choice

" format (or any other paper and pencil format) for making reliable

assessment of process skilt attainment among students.

Englen and Kempa (1974) developed a practical test for
the sixth form chemistry ct;urse in England. The operations
measured covered four categories of proeess skills namely:
experimental technique, sequence of procedure, manual dexterity
and ord;arllness. “These skills were broken into sub-skills which
constitute the performance t'(;.ature in each skill category. Englen
and Kempa's pioneering work provided educators, curriculum
developers and teéachers in England with detailed information on
individual skills as well as offer a basis for developing definite
strategies that encouraged the learning and assessment of these
skills,

Recently, the Assessment of Performance Unit (A.P.U.)

. of the Department of Education and Science (D.E.S.) conducted a

survey of sclentific skills performance at ages 11, 13 and 15. The
survey which was conducted in 1980 involved 16.301 pupils in

*- more than 500 randomly selected schools in England, Wales and

Northern Ireland. The purpose of the survey was to give a profile of

. N
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performance of pupils at those ages on a range of sclentific
activities. R T

E

A total of 20 different written fest packages and 5
practical tests. each designed to take about one hoﬁr testing tlmé.
were used for the study. The tests were based on the assessment
framework published in the Science Progress Report by the
Department of Education and Science (D.E.S.) in 1978. The
assessment framework covered six categories of sclentific
activities which encompass both the general methods of scientific
enquiry (the sclence process skills) and the application of a body
of knowledge and concepts relating to the natural world ( D.E.S,
1982). The framework of categories and sub-categories used by the

APU sclence monitoring team for the survey is presented Tablle 2.

The construction of items for the TOPS was also based

oL

on carefully valldated assessment criteria derived from the stated

objectives for the senior secondary school physics, chemistry and
biology courses (F.M.E.S.T, 1985) and the objectives of the
integrated sclence course for the” Junior secondary schools
(S.T.A.N, 1970). Some of the skills presented In the APU

assessment framework are tested in TOPS.

3
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i. Using apparatus
and measuring

nstruments. . Following instructions for practical
work.
1il. Using . Using a branching key.
observation. ¢ observing similarities and differences.
W - . Interpreting observations.
v. Interpretation’ *  Describing and using patterns in
and application. information.
. Judging the applicability of a given
generalisation.
. Distingulshing degrees of inference.
. Making sense of information using
science concepts,
Generating alternative hypotheses.
v. Designof
Identifying / proposing testable
fvextigations; statements.
. Assessing experimental procedures.
. Devising and describing
vi. Perfo investigations,
investigations.

Reading information from graphs,
tables and charts.

Expressing information as graphs,
tables and charts.

Using scientific symbols and
conventions,

Using measuring instruments,
Estimating quantities,

2.7 Factors Affecting Science Achievement.

Studies of students achievement have attributed the

existence of performance differences in science examinations to

several variables. In particular, differences in the performances of
boys and girls have been widely reported (Lentz, 1929; Douglas,
1937; Ogunyemi, 1975; Fakuade, 1979; Jegede,
1981; Russel, 1982; Shuaibu and Ameh, 1982; A.P.U, 1988). The

verdict from these studles is that of superiority of the boys over

1973; Graybil,
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the girls in scl;:nce tasks requiring pmblen; solving skills and
manlpulation. The differential’ performances of boys and girls in
science tasks are often attributed to cultural, educational and
attitudinal factors. For Instance Broadridge (1987) showed that
girls from single sex schools have favo;n'able attitede towards the
discipline of science and consequently perform better than their
counterparts in co-educational schools. Another variable that has

been found to affect sclence achilevement is that of school location.

Jegede (1981) showed that students from schools
located in urban centres performed significantly better than their
counterparts from schools in rural areas. Other studies in Nigeria
as well as outside that presented a similar picture include those of
Jones (l\954): Anastasi (1958); Vernon (1965), and Daramola
(1983). In this study, the influence of gender and school location
on the acquisition of three process skills (observation, recording
- and Interpretation) were investigated with a view to establishing

norms for these sub-groups.

2.8. Summary,

The literature survey presented in this chapter
examined the origin and meaning of- sclence process skills.
Specifically, the historical developments in science and sclence
education that led to the current emphasis on the processes of
science as oppcsed to science knowledge is presented in the
chapter. The goals of science education, the purposes sclence

assessment are expected to serve vis-a-vis the reallsation of these
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CHAPTER 3
The Research Design And Procedure

3.1. Introduction

The main purpose of this study is to construct and
standsrdise test items for messuring the attainment of science
process skills among secondery school students in Nigeria. The
possible acceptebility of the Test of Science Process Skills (TOPS)
by science teachers was also investigated. The opinion of the
teachers were sought on the appropriatensss of the TOPS as a

messure of students’ performance of science process skills,

A typical s=quence for test construction  end
stendardization suggested by the Educational Testing Services
(E.TS.) in 1955 was adopted for the development of the TOPS.
The procedure as it affects the present study is described and
discussed in this chapter. &lso presented in the chepter are
descriptions of the population, sample, data collection procedure,

as well a5 procedure for deta analysis.

3.2. The Population

The target populetion to which the results of the TOPI
can be generalised is ail final year secondary school (S.S.I11)
students, Science teaching in Migeria stresses both science
knowledge o5 well as scisnce process skills. 4= stidents learn the
materials presented in the classroom over the yesrs, thay acquire

differentially the knowledge and skills inherent in the curricula, It
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is assumed that S.S.1II students would hawe covered the entire
content of the Senior Secondery Science curricule in biology,
chemistry and physice. Consequently they are expected to have
zequired the skills tested in the Test of Science Procezs SBkills
{TOPS).

Secondary schools in Nigeria can be categorised into

three major groups besed on ownership, These are ;

i’ Private schools: These are owned and mancgec. ;- individuals,
srivate organisation, or corporate bodies. Schools like the
Migerian Military School, owned and managed by the Nigerian
Army; the Demonstraticn Secondary Schonl of the Ahmadu Bello
University, aind Saint Joseph Seminary, are cirsmnlan oF srhenls jo

this catedory.

il, Government Secondary Schools: These are owned and

managed by state Ministries of Education; and

ii, Federal Gowernment College:: owned and cnsnaded by the

Federal Ministry of Education ( FME. ),

The subjects of this study were drewa from all the thres

categories of schools shove.

2.3. The Semple

The educsation zones selected for study were Zavia and
aduna Education Zones . These zounes were sslected for study

because they are the only two education zones in Kaduna State

a7
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Toble 4.
The Skill Requirements of The Senior Secandary
School Science Curricalum

PG. University School

students Lecturers Teachers.
Observation 2.0 2.0 2.0
Messurement 2.0 2.0 2.0
Classification 2.0 2.0 2.0
Drawing and lsbelling 2.0 2.0 2.0
Quantifying 1.5 2.0 2.0
Predicting 18 16 20
Inferring 2D 2.0 2.0
Recording 2.0 2.0 20
Making operational definition 1.D 1.0 1.0
Interpreting data 2.0 2.0 2.0
Formulating models 1.0 1.2 1.8
Formulating hypotheses 1.0 1.2 1.0
Recognising patterns 2.0 2.0 2.0
Generalising 18 2.0 2.0
Experimenting 15 1.0 1.0
Identifying varisbles 16 1e 1e
Controlling varisbles 1.6 1.8 1.8
Following instructions 2.0 2.0 20

Generally, there are two categories of process skills
namely: the basic process skills comprising of observation,
measurement, classification, quentitying, inferring, space/time
relationship, predicting, and recording; and the integrative
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processes, making operational definition, interpreting data,
formulating models, formulating hypotheses, recognising
patterns, generalising, identifying varisbles, controlling varisbles

and experimenting.

The Assessment of performance Upit (APU.) had
showm that some of the skills listed above are related and could be
considered as sub-skills under certain masjor skill areas (D.E.3,
1982). For example, process skills such as prediction,
generalising, recognising éattems and making inference are
closely associated with the interpretation skill and as such were
considered as sub-skills under it, While experimentation skill can
be sad to comprise of sub-skills like controlling variasbles,

identifying varisbles, and following instructions to perform a task.

The categorisation adopted for this study was such that
related skills were merged together. Thus the number of process
skills inherent in the senior secondary school science curricula
(shown in Tshle 4) were compressed into six major skill areas of
observation, recording, classification, measurement,
interpretation and experimenting; with all the other process
skills listed as sub-skills under these major process skills as
shown in Table 5.
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Table 5
A _Teble Showing The Major Skill Areas And Their Sub-skills

Obhservation. + List } Identify obserrable
characteristics ox changes in
an event.

+ State / Identify sivailarities
‘between two or more objects /
things .

» Stats/Identifythe differsnces
between two or Jaore ohjects /
things .

Classifiention +use observable characteristics
to sortthings invo groups ,

« use a keyto identify objects
or a systemn of cbjects .

= Given a set of objects remove
4« specified nomber of
members from the original
setto form two or more sets
which are Zrouped onthe
‘basis of one or more
similaritien;differences,

|

Recognise and supply correct
waits for makiag
messurements .

select { use measuring
instruments { metre ruls,
balance measuring cylinder
stop watch ete.to give value
to e measured quantity .
Recognise anduse sesle
diagramsto give valuatoan
object or & system of objects
Take appropriate stepsto
minimise error in thense of
measuring instrements .

-

-

.

Plo ke entries of observed
things / events.

Ilake s drawingof objects,
things, experimental set up
ate,

+ Addgiven informstionto
charts, tables ete.

Drawbar-charts, line graphs,
tables ste. given date. in fornm
of related quantities .

Recording

*
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Tahle 5 Contd.

Major skill Areas

Sub-skalls

# Read/ describe information
presented in form of graphs;
charts and disgrams;
histograms, tables, ete,

* Describetrend [/ patternin
dats

+ Uszetyend/psttern in dats
to malke predictions .

* Generalise onthebasis of
observedtrend fpattern in
dsta.

» Draw conclusion from available
data,

+Choose andassemble apparatus
for experiments corrvectly .

* Follow instroctionsto
complete atask,

+ Identify f control variablesto
allow logical conciusions with
raspectto the primary
variables,

« Pecogaisetheneedto collect
data a sufficient number of
times andundsr sufficiently
varying conditions to improre
the reliability of results ,

* Select j plan appropriste
procedaretotest f rezolve
propesition .

The categorisation in Tekle 8§ yields four besic
processes; observetion classification, measurement and recording.
and two integrative processes: interpretation end Experimenting.

‘The skills of observation, recording and interpretation were used

to construet a table of specification tor the study.
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Teble 6
A Tible of Specification for the TOPS

Skills and sub-gkills Namber of items
+ List / Identify cbservable 5 [ 5

characteristics / changes in

an event .

+ State ¢ Identify similarities [ g <1 5]
between two or more objects
/ things .

« State/ldentify the differences {8 5 [} <1
between two or more ohjects
! thingi
Total 15 116 15 {in
» Make entries of chserved 5 5 5 5
things / eveats,
» Make adrawing of objects, 5 5 g 5
things, experimental set up
etc,
« Add given information to 10 119 1o 1o
charts, tebles stc.
+ Draw bar-charts, line graphs, |25 |26 [28 |28
tables etc. given data in form
of related guantities .
Total 45|45 |45 4%
Interpretation Bio | Che Gen
« Read / Describe information {25 |25 ;? 25
presented in graphs, charts,
diagrams, histograms, tebles,
etc.,
« Describe trend / patternin |5 <1 g g
data.
» Use trend / pettern in data 5 8 85 g
to make predictions,
« Qenerslize on the basis of 5 5 5
observed trend / pattern in
data.
« Drew conclusion from g 5 g 5
availeble data.
Total 45 145 48 345
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Shayer and Adey {1989) showed that less than 30
percent of a genuinely mixed sbility class in secondary schools
were capsble of formal thinking. The integrative processes involve
the application of a wide renge of skills (Fairbrother, 1989) which
stretches the students' sbility to handle abstractions and many
variable problems. The ability to handle sbstractions and many
varisble problems is a characteristic of formal operational thinking
(Shayer and Adey, 1989).

Among the two integrative processes listed in Table 5,
only the interpretation skill was tested. This was to ensure that
he items in the TOPS were not too difficult for the majority of
secondary school students. Besides, the interpretation skill wes
rated by the assessors as crucial to the understanding of the
content of the senior secondary science curricula. It had a mean

rating of 2.0 (see Table 4).
Other practical considerstions that influenced the
choice of skills to study were:

1. the length of the test and the practicability of administering
it to students without boredom or fatigue ;

i, the amount of paper work and materials for practical work
involved ;

11 time for carrying out the test vis-avis the school calendar ;

v, ensuring the co-operation of teachers when testing time has
to exceed one lesson period ; and

the time available for the completion of the study.
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All the items in the TOPS were written by the
researcher, Test items were written for physics, chemistry and
biology tests as well as general test items; to cover the three
skills (observation , recording and interpretation). Altogether 1085
items were planned for each of the biology, chemistry physics and
general tests as follows : observation, 15 items; recording, 48
items; and interpretation, 45 items (see Table of Specifications).
This was to ensure a maximum number of items for the validation
process. The Table of Specifications on page 74 was used as a
guide while constructing the items for the TOPS. The test items
were written on strips of paper with the skills stated above each
item, This was to fecilitate storsge of the items as well as
arrangement for validation and compilation of items for pre-test
(Hills , 1976).

Tamir (1975) showed that students attainment of
science process (inquiry) skills could be expressed in three ways:
in the sbility phrase in his own words, the interpretation of
scientific operations and processes; in the sbility to follow,
understand and judge the soundness of scientific operstions and
processes: end in the expression of these operations and
processes in the context of actual practical work. While the
multiple choice test formst permits adequate assessment of the
first two attributes only, the three attributes can be adequastely
assessed using the short answer or completion test formats, TOPS
is designed to measure all three performance attributes identified
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by Tamir (1970). Hence the short snzwer and completion
formats, which required that students perform ectivities and
record their results in the blank spaces provided, was adopted for

the construction of the items in the TOPS,
i, Test validation

Green (1963} identified two basic approaches to the
wslidation of standardised tests as follows:

The eurricula spproach {ie. content validity) which calls for the

comparizon of items with course objectives and contents by
subject experts ; and

The statistical approach (ie. criterion validity) which involves
comparing the test results with class work or performance on a
standard measure of the ability being tested.

Both spproaches to test validation were used in determining the

ralidity of the TOPS.

Content  Validity

By December 1383 all the items for the deneral test
were written and compiled along with the test blue-print (i.e. the
Teble of Specifications) and sent to assessors for vaelidstion. The
writing snd validation of items for the subject based tests
{physics, chemistry and biology) took place at the King's College,
London: during the resesrcher's one yesr study fellowship
spensared by the World Bank in 1995, The awerd wes to enchle
experts in process skill sssessment to make valusble input into

*he research.
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The assessors for the TOPS comprised of secondary
school teachers and lecturers at both Ahmedu Bello University and
the King's College, London; some of whom were experts in
aogessment. The sssessors were to determine whether or not:

i, an item measures the process skill for which it wes designed,

ty categorising the test items using the process skills in the tshle
of specifications;

i, the language is simple and comprehensible .

Usefil miggestions from the experts for the modification of the

tazt iterns were also sought,

The comments of the assessors were compiled for
awvary item. These were used for editing items for clarity. & few
items were dropped on the advice of the validators. Items that
were judged as appropriate {381 test items altogether) by at least
80 percent of the sssessors were selected and proportionately but
randomly distributed into test forms. This procedure ensured
balance between the test forms with respect to the skills and sub-
zkills measured (Noll et. al, 1978).

Criterion  Validity

In Migeris, standardised achievement tests of process
skills are hard to come by, and probshly non existent, Hence the
criterion validity of the test was determined by correlating the
subject’s scores in the TOPS with their performances in the mock
practical examinations conducted by the schools shortly before

the Senior Secondary Certificate examinations in May 1987. Due
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to shortsge of funds, not every school conducted & mock practical
test for their students. Consequently only the scores of those

students who took mock practical examinations were used for this

purpose .

iv. The Test Forms

There were 17 sub-tests altogether: four physics test,
TOPS (Physics) Test 1 to IV: four chemistry tests, TOPS
{Chemistry) Test I to IV; five biclogy testz TOPS (Biology) Test I to
V;and four general tests, TOPS {General) Test | to IV. The nature
of each test form was such that it demended some action by the
students. Hence every test form consists of 23 items. This was
considered appropriste until the pilot testing exercise proved
atherwise. Questions in the test forms covered all the three skills

and sub skills measured.

250 The pilot study

35.1 The Firzt Trial

The pilot study of the test was conducted in two phases
osing studentswho were preparing for either the Senior
Secondary Certificate (S.8.C.) or the General Certificate for
Secondary Education (G.C3.E.) examinations, Part 1 invobved the
pre-testing of the geners] tests in November 1994, While part 11
which involved the pre-testing of the subject besed tests, TOPS
{Physics) Test I to IV; TOPS (Chemistry) Test 1 to IV; TOP3
{Biology? Test 1 to V, took place in May 1895 in London schools.
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The initielly focus of the study wes to investigate
students’ attainment of the science process skills using a general
test of process skills. But on getting to King's College London,
further suggestions extended the focus of the research to include
the investigation of students’ ability in the use of these processes
using the subject based (biclogy, chemistry and physics) tests as
well as the general test of process skills, This was to determine
the extent to which the science process skills were content free.
The subject based tests were developed in London under the
duidance of assessment experts at King's College, and

consaquently pretested in the London schoals,

The Sempie

The subjects were dresvm from 12 schools representing
the target population (see Teable 7). The subjects wers «ll final
vear students preparing for either the Senior Secondary
Certificate examination {S. S. C. E.) or the General Certificate for
Secondary Educstion examination (3. C. 5. E.) as in the case of the
wipjects  from  London  schools.  Altogether 572 astudents

sarticipated in this phese of the study.

Procedure For Test Adwministration

Simple balloting wes used for deciding which of the test
farms a student would react to. The names of the various test
forms were written on strips of paper. These were thoroughly
mmixed wp with in a small basket. The students were told to pick

only cne piece of paper from the basket. Each shudent wes given a
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test form correspondiag (o the test name written on the strip of
paper he/she picked. All answers to the test items were written
on the question paper. This helped in ensuring the security of the
tests,

The problem of not having sufficiently large number of
students in the London schools forced the researcher to subject
=very student that participated in the study to the task of reacting
to three test forms, one in each subjects area (biology , chemistry
and physics) at different times. The subject teachers were very
co-operative. Testing in a particular subject area in the London
schools was done during the continuos assessment time slots for

that subject.

There wes no time limit for the completion of the test.
Rather the students were allowed enough time to respond to all
the items in the test to enable proper assessment of the students’
ability. At the end of every testing, all test papers were collected
from the students for scoring. All test papers were scored by the
researcher using a detailed merking scheme. Data from this trial
vhase was vsed for item analysis and for selecting items for the
second trial phase,
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Table 7

A List of Schools snd Number of Stndents that

porticipated in The First Trial

T Ownership | 1 Tocation | Wo. of
Schools o ype
Federal Gavt. girls Federal Girls, | Urban 41
college, Zaria, Ministry of
Education
(FME ).
Demonstration Sec, Private Mixed { Urban 70
Sch. ABU. Zana.
Govt, Sec. Sch. Kaduna Bays Rural 63
Hunkuyi. State
{ Government
Science Sec. Sch., - same - Boys Urban 63
Zaria.
Barewa College, - same - Boys Urban Bl
Zaria.
Govt. Girls Secondary - same - | Girls Urban 12
School D/Banchi
Science Sec. Sch. - same - | Girls Urban 45
Soba ,
South Fields School. London Mixed | Urban 37
Education.
Anthority
Hounslow High - same - | Mixed | Urban 46
School.
St, Martins in the - same - | Girls Urban 40
Fields,
Riddlesdown School. - same - | Mixed | Urban 35
Rockingham School. - same - | Mixed | Urban 35
Salisbury School, - same - | Mixed | Urban 24
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3.5.2 The Second Trial

In Januery 1996 , on return from study fellowship the
second phase of pre-test was conducted. Here the subject based
tests were further validated using subjects from Nigerian schools,
This phese provided data for essessing the equivelence and

relishility of the test forms.

The Semple

The subjects weré drawn from 13 schools in Zaria and
Kaduna Education Zones, The subjects were all final year students
preparing for the Senior Secondary Certificate examination (S. 3.
C. E). About 830 students participated in this trial phese (see
Table 8).

Procedure  For Test Administration

Two visits were made to every participating school. The
first visit was to consult with principsls and teachers and arrange
dates and time for testing the students. while actual testing took
place during the second visit. Just like in the first and second
trial phases, simple balloting was used for choosing subjects for
the study. The names of the varicus test forms were written on
strips of paper. These were thoroughly mixed up with some blank
strips of paper in a small basket. The students were told to pick
only one piece of paper from the basket. Students that picked
klank strips of paper were excluded from the study. Each student
was given a test form corresponding to the test narne written on

the strip of paper he/she picked.
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All answers to the test items were written on the

question paper. This helped in ensuring the security of the tests.

Most of the students used shout one hour to complete the tests.

The observed time helped to determine the time for the next and

final testing phsse in which the test forms had fewer items.

Tahle 8

A List of Schools And _The Number of Students That

Participated In The Second Trial Phaze

Schools Owmership | Type {Locatien | Mo of
student

Govt Bec Sch. Chindit Kedune Stete Bows Urben 70

Harrecks Government

Gavt Girls Sec. Bch. Keduna Stete €irle | Urben B4

Chindit Bexracha. Qorernrnent

Alhudehude College, Kaduna State Boys Urben B&

Zeria, Covernrnent.

Gort. Girla Sec. Sch. Hoadune Stere Girla Urben 37

Semexru., Governumsnt,

Higorian Militery Nigerian Army Boys | Urben 67

Schoel, Zaris.

Qort. Soc, Sch. Keduna State Mixed [Rurael 70

Yakewedla Qovernment,

Gart. See. Sch. Shike . Keduna Stete Mixed |[Urben 64
Goveramsnt.

St. Bartholoresr Brivete. Mixed [Urbea 72

Bcheol.

Qovt, Sec, Sch, Kewo | Kadina Stete w Boys Urben 76
Gorernment,

Govt. Qirle Sec, Sch. Kedune State | Girle Urben 70

Hewa . CGovernment.

Qovt, Ssc. Sch. Kadune Stete Mixsd }Hurel 24

Rigechuhun, Government,

Leboyl Internetionel Privete Mixed jUrban 86

Sckool.

First Baptist High Sch. Drivete Mixed §Urben £2
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36 Results of The Pilot_ Study

The purpose of the pilot study was to find cut how the
items would behave in terms of the difficulty level and the
discriminating power of the items. Dats from 13 schocls were
ased for this purpose (see Table 7). The subjects’ performance
were scored and coded for enalysis by the researcher; and sent to
the computer centre at King's College London for the computation
of itern difficulty and discrimination indices. Items with difficulty

lewel ranging from (.3 to 0.6 weres selected for the final pre-test.

Items with difficulty and discrimination indices that are
lower then 0.3 or higher than 0.6 were compiled and sent to
secondary school teschers for comnrments regarding the relevance
of the skills such items sre meassuring. This wes to svoid the
danger of excluding some vital skills students were yet to scquire
mersly becsuse the items hed low discrimination indices
(Fairbrother, 1994). Conzequently, there are some items in the
TOPS with facility indices of 1.0; while still there are others with
digcrimination indices of zero, The difficulty and discriminating
indices of each of the items, and the corresponding items
selected for the second trial phese are presented in Appendices
Ia to Id. The selected test items per zkill and swbskill were
randomly but proportionately distributed into test formsfor the
second tryout. The outcome were: three general tests, TOPS
{General} Test 1 to 111; four biclogy tests. TOPS (Biology) Tests I to
IV; four chemistry tests, TOPS (Chemistry) Tests I to IV: and four
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yphysics tests, TOPS (Physics) Tests I to IV, The srrangement of
iterne in each form of the TOPS wes in order of incressing
difficulty. This was to motivate the subjects to attempt all the
items in the test. Thirteen schools {see Table B} in Zaria
Educstion Zone of Kaduns State participated in the second trist
rhase,

The first consideration in the second tryout was the
computation of the mesns and standard deviations of sach test
form. The StatView programme, a statistical packege, for
Macintosh computers availsble at the Institute of Education,
Ahmedu Bello University, Zaria wes used for anslysing the data
from this trisl phase. The means sud standard deviations aof the

teat forms are shown in Table 49 below.,

Tsble 9
4 Table of Meons And Standsrd Devistions Of TOPS
Test Foros n | Mesn | Std. Std. Variance
Dev. ¥rror
TOPS (Biol) { {B0 | 7.16 11.20 1458 126,45
it |56 | 6.35 7.21 0.96 51.93
Wiss | 7.41 6.88 0498 47,48
W 184 { 4.00 7.04 0.38 49.49
TOPS(Chem) {148 | 798 8.25 1.19 87.98
It {45 { 7.58 8.52 1.23 72.62
{49 | 841 10.40 1.49 108.18
¥ 151 § 4.39 505 0.85 36.60
TOPS (Phys) 1 {61 | 664 10.28 1.31 105.00
57 | 12.49 10. 91 1.51 118.04
{54 } 10.07 9.34 127 27.24
W |52 | 10.26 10.36 1.67 107.33
TOPS (Genl) I J40 | 560 8.07 1.43 82.25
W33 | 7.24 8.84 1.54 78.19
1j42 § 10.36 4.26 0.665 18.14





