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Abstract
. . Resumen
The study constructed and tested a ten-variable model for providing a causal explana- ) , 3 ) ) )
studio construyd y prob6é un modelo de diez variables para proporcionar una

tion of senior secondary students’ academic achievement in physics in terms oftef>"""" o ; 8 L
variables are: physics learning resources, students gender, school type, school pﬁﬁphcacmn de logros académicos de los estudiantes de la escuela secundaria en fisica.

cipal area of specialization, physics teacher's qualification, problem solving skills" muestreo al azar estratificado fue utilizado para seleccionar a 22 escuelas, 22
practical skills, student's attitude towards physics, physics general aptitude aflljectores d(_e escuelaya?22 profesores c’le_ fisica. La técnica de muestreo fue empleada
achievement in physics (the dependent variable). The study is of the ex-post factorﬁ%ﬁ@ seleccionar a 15 estudiantes de fisica de un total de 330 (167 varones y 163
that utilized a multi-stage stratified sampling technique consisting of two stagesTilI€res). La coleccion de datos implic el uso de ocho instrumentos validos y confiables
stratified random sampling was used to select 22 schools, 22 school principals and!38 Pruebas y los cuestionarios) con un indice de confiabilidad que se extiende entre
physics teachers. Purposive sampling technique was employed to select 15 ph{sps Y 0-90. Los datos fueron sujetos al procedimiento del analisis de la regresion
students from each school totalling up to 330 (167 males and 163 females). dgfgnpleyde la trayectoria para estmar_el coeficiente de ecuaciones e§trugtur§!es Fiel
collection involved the use of eight valid and reliable instruments (Tests and QuestiB20€10 propuesto. Los resultados indican que el modelo causal mas significativo
naires) whose reliability indices range between 0.53 and 0.90. The data were sBBI€"9i0 con cuatro directos y ocho caminos significativos indirectos. Las variables
jected to multiple regression and path analysis procedure in order to estimate {fRirelacionan positivamente con la variable dependiente (R = 0.541). Se encontr6 que
coefficient of structural equations of the proposed model. The results indicate that th@rden relativa de importancia con respecto a su influencia en los logros en fisica (de
most meaningful causal model emerged with four (4) direct and eight (8) indirdB@YOr @ menor importancia) es: aptitud general de la fisica, el género del estudiante,
significant pathways. The predictor variables correlate positively with the dependdi® de escuela, habilidades précticas de la fisica, calificacion del profesor de fisica,
variable (R = 0.541) The nine-predictor variables account for 27,2% of the variabilifj2Pilidad al solucionar problemas y area de especializacion de directivos de la
in the criterion (p < 0.05). The relative order of importance of the predictor variablggScUela. Las implicaciones de estos resultados para proceso docente se discuten.
with respect to their influence on physics achievement (from the most to the IRalabras clavehabilidades, escuela, estudiantes, modelo causal, fisica.

important) are physics general aptitude, student’s gender, student’s attitude, school

type, physics practical skills, physics teacher’s qualification, problem solving skill and

school principa_l’s area of specializ_ation._The implications Qf these findings QN TRODUCTION

parents, practicing teachers, education policy makers and curriculum developers areThe scientific and technological revolutions of the seventeenth and
discussed. eighteenth centuries, have brought many profound social, economic, and
Key wordsskills, school factors, student factors, causal modeling, physics. cultural changes in society @ep, 1985; RocTer 2005). Science and
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technology have brought immense benefits to humanity in the form bfethodology

raising standards of living and expansion of mental horizoredB

2006). In addition, industrial and agricultural productions in nation
have owed more and more to knowledge made available by science
Nigeria, the role of science in the development of technology has b

stressed (Eovon, 1985). This concern arises from the increasing awar(%%%eria that has the Federal, State and Privately owned school type repre-

ness that Nigeria cannot develop as rapidly as she aspires to, with
creating an adequate pool of scientific and technical manpower at
levels of its working population (fro, 1977). It was as a result of the

@

Sample
The study is of the ex-post-facto type, utilizing a multi-stage stratified
pling technique consisting of two stages. A stratified random sampling
s used to select 22 schools from two educational zones in Oyo state,

ted. Twenty-two (22) School Principals (21 Males and 1 Female) and
enty-two (22) physics teachers from the participating schools were se-

s . X SN .~ lected. Purposive sampling technique was employed to select 15 physics
recognition given to the subject (physics) in the development of indjz : _
viduals and the nation, that its teaching is accorded a prominent positmt fjeir)]ts from each school, totaling up to 330 students (males and fe

at the senior secondary level of education as contained in the Nigeria
National Policy of Education (Federal Republic of Nigeria, 2004). Th@) Instrumentation

importance of physics cannot be overemphasized. The day-to-day modData collection involved the use of eight valid and reliable instruments.
ern lighting system, cooling system, heating system and convenienceslbey are:

life can be traced to the contribution of physics technology. Even in osq) A Physics Attitude Scale Questionnaire, Cronbach alpha value = 0.63;
whic
Il

classrooms and homes we see physics phenomena and products . . ) .
; . : ; Physics Practical Skills Observational Instrument (PPSOI), Scott
attend to human conveniences and securityv@ 2006). As important Di inter-rater reliability value = 0.53;

as physics is, secondary education in Nigeria is associated with unfavgr:- . .
Py y J Physics Achievement Test (PAT), Test-retest value = 0.78;

able performance of students in physics. Evidence abounds from p@ \ ! A ¢
studies carried out in Nigeria that secondary school students often sH#) Problem Solving Skills Questionnaire (PSSQ), Test-retest value =

negative attitude to physics and this negative attitude has been found to  0.79;
reduce students interest towards physics enrolment and poor perf(r}  Physics General Aptitude Test (PGAT), Kuder Richardson formular
mance in the Senior Certificate Examinationsoflcay, 1998; GrexkaN 21 value = 0.90;

1993). This situation is not peculiar to Nigeria alone; other researc
outside the country have also reported poor performance and low en@h
ment among secondary school students in such subjects as physics(gﬁf?
chemistry (RrRMER, 1990; Kempa, 1991; MEESTER & MAskeLL, 1995;
CouTtinHO & SanTos, 2001). The issue of secondary school students low

and under performance in physics is a cause for worry. DATA COLLECTION AND ANALYSIS

School is regarded as crucial in the academic upbringing of a child. The investigator and two research assistants were involved in the pro-
School performance depends upon the effect of school inputs, studegisss of data collection, which lasted for seven weeks after due permission
characteristics and the effect of a change in combination of these inpyjgd been sought from the school principals.
Prominent among the factors that have been identified to be responsiblq’he data were ana|ysed using a Confirmatory causal mode”ng tech-
for poor learning outcomes in physics include the following: impropeique, which involved multiple regression (backward solution), and path
exposure to laboratory activities {#n, 1986; BEacHA-JONATHAN, 1986),  anpalysis. Thus, the investigators had to (i) build a hypothesized causal
poor science background at the Junior secondary scheoldB1985),  model involving school and students factors and students’ achievement in
lack of problem solving abilities (@vioowokiT, 1989), failure to read physics at the senior secondary school level (Figure 1) on the basis of
and understand questions before rushing to answer (West African |f@;‘mporal order, research findings and theoretical grounds as suggested by
aminations Council, 1994), students’ poor attitude and self esteeme(D  Keruncer & PepHazur (1973); (i) identify the paths of the model through
1993), gender stereotyping k@A & OnocHa, 1986), nature of physics eight structural equations (not shown); (iii) trim the paths of the model
perceived as difficult (Ainwumi, 1986; EBucarA, 1993; QkpaLA &  (based on statistical significance and meaningfulness); and (iv) validate the
OnocHa, 1988; Dckson, 1995), incoherent science curriculumnew model by reproducing the zero order correlation matrix of the vari-

(PartanavaH, 2003), dearth of qualified teachers, lack of teaching faciliables from a set of normal equations (not shown) using the path coeffi-
ties, poor teaching-learning processes, lack of equipped laboratorigignts in the new model.

inadequate coverage of syllabus, and population explosiean{@,
1982; Apbeveceg, 1991; Mocie, 1993; Nvana, 1994; Siami, 1994; Qry,
1998; BLesanmi-AwobeRy, 2000; O'GNoR, 2001, Lenca, 2001 &
WENNING, 2004). It is thus explicable that some Nigerian educatol
(IBEAGHA-JONATHAN, 1986; GxpaLa and QuocHa, 1988; kRoecsu, 1998)

had directed their research studies towards improving the students’ a
demic performance in physics at the senior secondary school level in
country. However, these studies, despite their scope and perhaps de
only focus on availability of physics laboratory equipment, utilization o
laboratory equipment, teacher’s qualification, classroom interaction p&
terns of teacher trainees, and students’ problem solving skills. None:;
the studies provided any information on skills needed for students’ sL¥
cess in physics practical problem solving and other factors that influen
their achievement in physics in relation to the present study. Furthe
more, none of the previous studies have combined the nine factors in -
present study to provide a causal explanation for students’ achievem
in physics. The available literature thus reveals that much is yet to
done by way of research, to explore all the school and students’ fact
that could maximize students’ academic performance in physics at {
senior secondary school level. It is against this background that t
investigators designed the present study.

Problem Figure 1. Hypothesized recursive path model (37 paths) of a - ten -

The study sought to construct and test a ten-variable model for det&ffiable system.
mining the extent to which some student and school factors (practidéty
skills, problem solving skills, gender, physics aptitude, students’ attitude, = School type
towards physics, school types, school principal’'s area of specializatic)n2 = Gender
learning resources and teacher’s qualifications) provide a causal explara—= Teacher’s qualification
tion on students’ academic achievement in physics amongst senior secoul= Pprincipal’s area of specializatio

ary three (SS 3) students in Oyo state of Nigeria. X Learning resources
5

Physics Teacher Questionnaire (PTQ);
Principal Area of Specialization Questionnaire (PAOSQ); and

Physics Learning Resources Questionnaire (PLRQ), Cronbach
coefficient value = 0.74.

T 10, 055)
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RESULTS DISCUSSION
The most meaningful causal model involving nine predictor variables
and students’ achievement in physics is shown in figure 2, based on %g

nificance and meaningfulness. X | .
; o0 - . counted for by all the nine-predictor variables when taken together. The
To verify the tenability of the new model (figure 2) the original correla ntribution of all the nine-predictor variables to achievement in physics

tion was reproduced using the new path model. This correlation is prer. -
sented in table 1. (%i]en taken together consists of 21,33% (absolute value) and 48,50%

direct and indirect components respectively. Also, since the magnitude of
. beta weights is assumed to be directly proportional to the degree of the
effects of the influencing variable, it could be seen from Table 2 that four

out of the nine variables, that is: Physics general aptitude (var. 9); Student
gender (var. 2); Student attitude (var 6); and School Type (var.1), have
direct causal influence on the students’ achievement in physics.

More specifically, Physics general aptitude (var. 9) has the most causal
influence on the Students’ achievement in physics. As shown in Table 2,
var. 9 has a path coefficient of 0.432, significant (p<0.05), and accounts
for 50,87% of the total effect of the nine-predictor variables (46,86% and
4,00% indirect) on the criterion variable — achievement in physics. It thus
seems that students’ physics general aptitude score influenced their achieve-
ment in physics.

Student’s gender (var. 2) is the next important variable that has direct
causal influence on students’ achievement. It has a path coefficient of (-
0.251) and accounts for 30,14% (absolute value) of the total effect. This
empirical finding is not unexpected considering the fact that other re-

x- searchers in the region KisosHo, 1992; Msano, 1997; O’Gunor, 2001;
Figure 2. The new path model (12 paths) of a ten-variable system. Lenca, 2001) have shown that gender had a significant effect on students’
achievement in physics. It thus follows that teachers, guidance counsel-
lors, parents and guardians should endeavour to encourage girls to study

The discrepancies between the original and the reproduced correlatiefence. Presently, male students outnumber their female counterparts in
are considered very minimal (since the discrepancies are less than 0.pBysics enrolment, as the investigator had observed from the field of
Thus, the pattern of correlation in the data is considered tenable with gfady. The government could motivate females by providing scholarship
new model (figure 2). In consequence, figure 2 is considered to be @rants for those of them who desire to offer physics or related courses at
most meaningful causal model. the tertiary level.

The direction of the causal paths of variables in the model is shown inThe third most important cause of variation in Students’ achievement in
the pathways, which are (i) significant, (ii) meaningful, and (iii) have a linkhysics is Students attitude towards physics (var. 6). As shown in Table
with the criterion variable- achievement in physics. The paths are twent6, var. 6 has a path coefficient of (-0.224) and accounted for 26,38%
four (24). The beta weights of the paths (path coefficients) that give tfgbsolute value) of the total effect. This finding supports thosexeL®
estimate of the strengths of causation are shown in Figure 2 as the {4f885), Assabiuno (1992), Wroinvane (1999), Quarowokan & OkPALA
coefficient from the new model. From these weights, the actual values (@999). The result supports the reported effects of attitude on achievement.
the indirect paths were obtained simply by multiplying the componeifior instance, &ina (1986) submitted that attitude towards a subject seems
single paths. to be the very basis of cognitive development in the subject as well as other

Out of a total of the 24 significant and meaningful pathways througbpsitive correlates of achievement in the subject.
which the predictors cause variation in the criterion, only 4 are direct paths,The fourth most important cause of variation in achievement in physics
while 20 are indirect. The four direct paths are associated with school typeSchool type (var.1). It has a path coefficient of (-0.065) and accounts for
(var. 1), student gender (var. 2), student attitude (var. 6), and physi65% (absolute value) of the students’ achievement in physics. According
general aptitude (var. 9). The total effects (direct plus indirect) of all tiie the findings of this study, School type has causal direct effect on the
seven predictor variables are shown in table 2 below. students’ achievement. This finding is in line with the findings rofidsHo

From the available data of this study, it is evident that 27,2% of the
riability of Nigerian Students’ achievement in physics (var. 10) is ac-

Table 1 Table 2
Correlation matrix for the model Proportion of total effects of the predictors that are direct and
indirect
Varahbly Al L1k il fid L] ki LT} 7] hL] pA | ]
i ; p ; 3 z o CRITTREH | FRILACTOE | TLILAL TIHECT SATHRICT
T 1 i =y TARIAHLE VARIABLES | ERFELCT] FFECT FFELT
T ' — - - - L1 il L]} i - 1] L
= - = ; = ..- = : AT T ii [ ] TN 3 | 511
= - - — - - [ ] 1 W ET NI ] o]
:!' :' = - '_' - q :I.l': -|.'= I-ll [E L |-:-,.. : -
] ; ] — } ; . W | oM . _ R - o R || =2
T 1 | | e | oeds z = i — - el LI
« Note: Entries above the diagonal are original correlation coefficients while entriés J [ T I DT DO D e | TeTil
below are reproduced correlation coefficients. Tal .

o T 1 71 i | = 1 1412 4 [CAILS
X, = School type X = Gender + NOTE (C) = (AIT,) X 27,2% (D) =(BIT,) X 27,2% (E) = (A-B/T,) X 27,2%
Xs =  Teacher'squalification X = Principal's area (F)=(CIT) X 100 _ N

of specialization Total effect = Original correlation coefficient.
Xs =  Learning resources & =  Student attitude Direct effect = Path coefficient.
X, = Practical skill % = Problem solving Indirect effect = Total effect — Direct effect.
Xo = Physics General aptitude X = Achievementin Note: Absolute values of the total effect and direct effects are used for

physics computation.
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(1992), Arivo (1995), and bbku (1999) whose results documented stu-  least importance) are; physics general aptitude > gender > attitude>
dents’ differences in performance based on school type. This suggests inschool type > physics practical skill > physics learning resources >
general that nature of school type has influence on students’ achievementteacher’s qualification > problem solving skill > school principal’'s

in physics. Students from schools that are privately owned enjoy the moni- area of specialization.

toring services of their founders or board of trustees, unlike the schools . . .
that are owned by the State Government or by the Federal Governmen Conclusively, these results should be communicated to teachers during

where monitoring services are weak. The result is an eye opener to ffglinars and workshops so that they encourage and help their students to
needs of monitoring services in all Nigerian schools, especially at tR§VEIOP positive attitudes towards physics by their teaching methodology
senior secondary level, which is a pivot to tertiary education. This al@§id refationship. The results of this study might be an eye opener to
calls for accountability in the education sector whereby justice deman@gders for the sake of comparison in different regions and as a pivot for
that teachers should deliver the goods they are paid for. methodological approaches to similar problems.

However, variables: Teacher's Qualification (var.3), School Principallg|g| |lOGRAPHY
area of specialization (var.4), Leaming Resources (var.5), Practical sk I§EYEGBE, S.0. The Senior Secondary School Science curricula and candidates Per-

(var.7), and Problem Solving Skills (var.8) show only indirect effect on the . : : '
criterion variable (var.10). In other words, in the presence of the potent formance: An Appra|§a| of the first Cycle of operation. A paper presented at the
WAEC monthly seminar, Lagos, 1991.

factors, the direct effect of variables 3,4,5,7and 8 would be low and not o o ) )

statistically significant and meaningful. Anmep, R. Scientific and technology education in developing countfies.interna-
Findings of this study thus reveal that physics general aptitude has the tional encyclopaedia of education research and studie®, Oxford Permamm

highest causal influence on senior secondary school students’ physics Press, 1985.

achievement. This is in line with previous research findings, wherebyaaen, L. R. (1988) Psychological testing and assessmétit ed. Boston: Allyn and

positive link had already been establishedd@unp, 1981; Axen, 1988; Bacon, Inc.

THorNDIKE and HhGeN, 1969; GGNe & Brices, 1979). The major find- Ay ywum T.0. Proving the thinking and reasoning pattern of physics studeits

ing of this study is that four out of the nine predictor variables (Physics Teachers' Association of Nigeria Annual Conf Proce@dialiti
general aptitude, Student gender, Student attitude and School type) had igg%_ eachers' Association of Nigeria Annual Conference Proce@dhegiition,

both direct and indirect effects on students’ achievement in physics, . ) ) ) L
while the remaining five (Teacher’s Qualification (var.3), Schoof\kPan, E.U.U. Factors aﬁectlng students choice of science subjects in Nigerian sec-
principal’s area of specialization (var.4), Learning resources (var.5), Prac- ©ndary schoolsResearch in Science and Technology Educatio(t), 99-109,
tical skills (var.7), and Problem solving skills (var.8)) only had indirect 1986
effect. The result documents the relative order of importance of the vakkrivo, A.O. School and student factors as determinants of students’ achievement in
ables as follows: physics at the senior secondary school level in oyo state, Nigarianpublished
PhD Thesis, University of Ibadan, Ibad&006.
X9 > X2 > X6 > Xl > X7 > X5 > X3 > X8 > X4- BeLLo. O.0. Effects of Problem —Solving Instructional strategies on student’s learning

The main contributions of this study reveal that physics general apti- outcomes in Chemistrinpublished PhD thesidJniversity of Ibadan, Nigeria,
tude, Student gender, Student attitude and School type variables are 1985.
good predictors of students’ achievement in physics. The implication jg
tha_t parents Shou_ld encourage their chlldren_to de_velop_ ph_y_S|cs genera High School Student’ Achievement in some Ecological Concept3he:Ethio-
aptitude by not discouraging them from playing with scientific gadgets ian Journal of EducatioXX (2): 908-110, 2000
such as radios, fans, personal computers and handsets, among others” ' T ) )
Physics Teachers should be gender sensitive in their teaching metho#8KTNHo, M & Santos H.S. (2001)Images of science and the influence of science
ogy and learning style. The result should also be communicated to the studies. Classes: beneficial or detriment&@trieved from http://www.leads.ac.uk/
policy makers and stakeholders to accommodate individual learning dif- educol/documents/00001823.htm
ferences that are gender associated as a key policy issue. Positive Btueeg, D. (2006).Society, Religion and Technology Projector — Looking at the ethics
dents’ attitude towards physics can also be encouraged by school princi- of technology for a new millenniurRetrieved from http://www.strp.org.uk.
pals at the senior secondary school level by motivating and rewardigye,, H.J. Student Attitudes and Academic background as predictors of Achieve-
students’ achievement in physics periodically. The Evaluation unit of " ent in college mathematica. paper presented at the annual meeting of the
Federal Ministry of Education in the region could yearly compare and yjizgis Association for Institutional Researc@akbrook Terrace, IL, 1993.

ublish physics students’ senior certificate achievement in physics gn ) ) . I
gchool t)?pg basis for the purpose of ranking and competition? 'this m%&;KlNSON, V.L. Beating the_ system: Confronting student behaviours that inhibit
help to close the gaps that are presently existing within the different conceptual understanding of Introductory Phydfeper presented at the annual

ssanmi — Awoperu. A Casual Model of Nigeria Teacher Characteristic and their

school types in the region. meeti_ng of the National Association for Research in Science Teachamy
Francisco, CA, USA, 1995.
CONCLUS'QNS . . EeBucara, J.0. Effects of three level of an Advance organizer on Achievement of some
The main findings of this study are summarized as follows: Nigerian Secondary school Physics Studedtsoublished PhD Thesi&niver-

« All the nine predictor variables; school type, gender, physics general sity of Ibadan, Ibadan, 1993.
aptitude, physics practical skill, physics problem skills, student attEmovon, E.U. “Sciencing — The Nigerian Experience”, Keynote addi2&sSTAN
tude towards physics, teacher’s qualification, school principal's area Annual conference Proceedings 7-10. Examinees, parents. Teachers examiners
of specialization and physics learning resources are effective in pre- and examination agencigseynote address at 27th Annual Conference of STAN
dicting achievement in physics. . . . at Owerri, 19-25 August. 1985.

* A Eewl motd%l (t?e m%St tmgantln’gfulhgausal mtodel)t]anQIVIng .thgl list tINOSHO, S.Y. Performance levels in Physics for Students in single-sex and Co-
tsvc\:/elovoeShSZ;J s?gn?fiﬁgntsp:tﬁvr\}:ysa% 4I?j\ill?en;$rz]ingl g i)rq?jlﬁzc\;)a”v?asef)r\évj educational Secondary Schools in NigeStudies in Educational Evaluatiph8,
duced. The pattern of correlation in the observed data was found to be 247-252, 1992. ) ) )
consistent with the new model. FarMER, M.H. Assessing the preparedness and achievement of students enrolled in a

« Out of the nine predictor variables, hypothesized to exert causal influ- first year physica}l science course: preliminary report South California, U.S.:
ence on achievement in physics, four variables: school type, student Greenville Technical College, 1990.
gender, student attitude to physics and physics general aptitude Sigderal Government of Nigeriblational Policy on EducatiarLagos: NERC Press.
nificantly exert such causal influence directly and indirectly while five  2004.

(teacher's qualification, principal area of specialization, learning res,ne, R.M.; Brices, L.J. Principles of Instructional DesignNew York: Holt,
sources, practical skills and problem solving skill) only indirectly ex- Rinehart and Winston, 1979.
ert causal influence on physics achievement. . . . .

«  Out of the total effects of 27,2% exerted by the nine — predictor VaﬁE_RONLUNI?, NE Measurement and evaluation teaching. New York: Macmillan
ables on achievement in physics, 21,33% (absolute value) are direct PUPlishing Co. 1981. . S _
while 48,50% are indirect. Ibeagha-Jonathan. Instructional strategies of University trained physics teacher as corre-

« The relative order of importance of the nine predictor variables with late of learning outcomes in secondary school phy#insunpublished PhD
respect to their influence on the criterion variable (from the most to the dissertation University of Ibadan, Ibadan, 1986.
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