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Abstract

For nearly three decades of predominantly teacher-centred mode of
teaching, the performance of students at WAEC and NECO Senior
Secondary physics has been adjudged totally unacceptable. In the light of
global best practices in curriculum delivery that calls for self-development,
continuous learning and ICT skills, there is a compelling need to reengineer
the methodology of teaching physics. Reengineering is basically a
significant modification of the internal mechanisms or functionality of an
existing process of teaching, inorder to reconstitute, or repackage it with a
new functional features, often taking advantage of a newly emerged
technological capacities. This paper discusses the changing role of students
and teachers as inquiry method, lecture, demonstration and project methods
are being reengineered in the direction of students’ empowerment. It
recommends consistent and extensive school management support in the
reengineering efforts of the physics teacher.

With unprecedented stubbornness, the problem of falling standard of education in Nigeria has
meandered through the three major types of government (the military, semi-military and democracy),
spanning over two decades, and by the entitled opinion, and candid observation of the vast majority of
ordinary Nigerians, the falling standard is deeply entrenched (like tradition), far from reversal and is
pandemic. From English language and general mathematics (which have been the compulsory
subjects) to biology, chemistry and physics (which are still the core sciences), the story over the
decades, has been ditto: student’s achievement profile is very low, being in the neigbourhood of the
25™ percentile. Of these poorly performed school subjects, the case of senior secondary physics is the
most worrisome. Here is the reason.

A thorough examination of the translation of the different school subjects to the various
aspect of national development — mechanized agriculture, health-care delivery, transportation,
communication, industrialization, etcetera — would reveal that there is virtually no facet of national
development that goes without having recourse to the application of physics concepts, principles
and/or laws. Infact, physics is everywhere (Scinivasan, 1998). Consider the principal areas of physics
as given by Institute of Physics ( 10P, 1998):

Astronomy/space Physic, Acoustics, Atmospheric Physics, Biophysics,
Chemical Engineering, Chemical Physics/Physical Chemistry, Civil
Engineering,  Colloid  Physics, = Combustion/Explosion  Physics,
Communication, Cosmology, Crystallography, Carbon Physics, Dielectrics,
Digital Electronics, Electrical Engineering, Electronic System, Electronic
Components, Electronic Materials, Electromagnetism, Environmental
Physics, Ferroelectric, Fluid Mechanics, Fracture, Genetic Engineering,
Agric Engineering, Geophysics, Gas Phase Physics, Gravitational Physics,
High Energy Physics, lonization Physics, Image Processing/Analysis,
Instrumentation, Lazer Physics, Low Temperature Physics, Mechanical
Engineering, Medical Physics, Magnetism, Meon Physic, Newtron Physics,
Nuclear Engineering, Nuclear Physics, Nuclear Spectroscopy, Nanoscale
Physics Neutron Scattering/X-Ray and Synchrotron Studies, Oceanography,
General/Applied Optics, Opto Electronics, Physics Education, Plasma
Physics, Polymer Physics, Power Generation, Quantum Electronics,
Quantum Mechanics/Physics, Signal Processing, Software Engineering,
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Radiation Physics, Semi-Conductor Physics, System Design, Solid State
Physics, Thermodynamics, Transducers/Sensors, Tribology,
Theoretical/Computational Physics And Vacuum Physics.

From the aforegoing, it is quite clear that “physics provides a fundamental understanding of
the world and everything we make in it, which means that physicists can apply their understanding to
any area” (Peters, 2000). Thus, given the crucial nature of physics for effective living in this modern
age of science and technology, every student should strive to internalize physics concepts, principles
and laws. Beyond this, excellence in teaching/learning should be the watchword as this is the pre-
requisite to the internalization and sustained benefits of science and technology.

Unfortunately, in Nigeria, there is a generally acknowledged unacceptable achievement level
in senior secondary physics. Ezeife (1996) believed that there are increasing conditions for students
underachievement and slow learning, portraying possible failure of previous efforts of physics
teachers in improving the learning situation. Ali (1998), Ogunleye (1999), Ivowi (1999), Okebukola
(2002) and Wasagu (2008) identified major problem areas of physics teaching and learning to include:
problem of acquisition and supply of instructional materials and laboratory equipments, inadequate
financing, paucity of professionally trained physics teachers, poor motivation and low morale of the
operators of the system, problem arising from improper teaching of abstract physics concepts. To
Peace and Roux (2006), the decline in physics achievement is below the conceptual threshold and is
indicative of lack of problem solving ability. Thus, senior secondary physics education delivery is in
crisis, begging for a major surgical operation, a substantial overhaul, the so-called reengineering.

What is Re-engineering?

The objective of reengineering is to enhance both the effectiveness and the efficiency of the
various educational activities. At the level of curriculum delivery, reengineering is a systematic
starting over and reinventing of the process of teaching and learning. It may be conceived as a
fundamental rethinking and radical redesign of the methodology of teaching and learning to achieve a
dramatic improvement. It is basically a modification of the internal mechanisms or functionality of an
existing process of teaching, in order to reconstitute, or repackage it with a new functional features,
often taking advantage of a newly emerged technological capabilities. It requires the development of
positive user attitude towards new technologies.

A fundamental ingredient of “reengineering” is “motivation”. The nitty-gritty of
reengineering approach is that learning needs to be customized rather than standardized. By constrast,
the former is motivation-packed; the latter is motivation-void. Infact, a customized learning allows
students to develop their own unique potentials and creativity so as to promote initiative and enhance
enduring success. On the other hand, a standardized learning promotes conformity and compliance,
twarting creativity and frustrating enduring success.

Entities to be Re-engineered

In the school system, the entity to be reengineered can be the entire school system, a process,
a product or a combination thereof. However, Eshiet (1993) pin-pointed the critical entity to be
reengineered (in the school system) when he alleged that the success of a good science teaching
depends on the method of teaching. This is essentially the view of National Teachers Institute (NTI,
2000a) that the method adopted by the teacher may promote or hinder learning depending on the
teachers’ competence in his/her teaching assignment; which in turn is the impression of Aina (2006)
that in actual fact, if appropriate method is adopted, knowledge acquired can be accelerated. Thus,
teaching method is very important in the impartation of knowledge in the teaching-learning process
and the type adopted determines to a great extent what the students assimilate. Hence, in the school
system, the entity to be reengineered first must be the teaching method.
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Re-engineering Teaching Method
A reengineered educational activity, such as teaching and learning, uses process (inquiry)

approach, contemporary technology, appropriately developed learning materials, media, references,
resources that can be used for individual study or as a tool for facilitating learning. This is, probably,
the view of Egwu (2009) when he set the tone for methodological reengineering of the teaching of
senior secondary physics as a prerequisite for achieving physics curriculum objectives. Whereas, he
strongly recommended the student-activity-based and inquiry oriented mode of teaching, the
traditional, expository method of teaching was, implicitly, considered ineffective. In his words:

The guided-discovery method of teaching has been recommended, all in an

effort to achieve the objectives of the curriculum. Inorder to stimulate

creativity and develop process skills and correct attitudes in students, the

course is student-activity oriented with emphasis on experimentation,

questioning, discussion and problem-solving. The introduction of the theme:

Physics in technology provides an opportunity for the construction and

operation of workable devices as well as acquintance with some products of

modern technology.

Egwu’s (2009) tone-setting notwithstanding, successful reengineering of teaching and
learning, at the senior secondary level, requires the realization that the putative dichotomy between
inquiry and traditional methods of teaching must be relaxed. Reengineering will require the use of
traditional as well as inquiry modes, the latter building on, and extending, the former modes of
teaching and learning. Infact, at the senior secondary school level, a typical reengineered educational
activity is a significant modification of a more classical activity such as the lecture or note-taking
classroom setting. Nonetheless, whatever modification is necessary, it has to be inquiry-oriented,;
physics itself being an act of inquiry. A reengineered teaching method is in the direction of learner-
empowerment.

Re-engineering Inquiry Method

Inquiry teaching represents an open-ended approach to science teaching in which the learners
are given the opportunity to search for meaning in a more meaningful way about events, phenomena
and scientific ideas (NTI, 2000a). In an inquiry (reengineered) classroom.

. The atmosphere in which learning is taking place should be free and democratic; discipline is
relaxed but not lacking.
. Sufficient variety of instructional materials are available.

Reengineering requires a rethinking of teaching and learning that can profoundly affect the
roles and responsibilities of the students and teachers. NT1 (200a) clearly defined these roles.

The Role of Students

For successful reengineering of learning, students should work independently most of the
times, either singly or in groups. There should be considerable student-student interaction, adequate
opportunity for student-material interaction, considerable questioning going on in the class; and
considerable use of process skills of science by the students.

The Role of the Teacher

The reengineering teacher, in an inquiry class should be able to

. Create a free and open classroom climate for the students.

Guide the learning of the students.

Interact continuously amongst the students and give individual attention.

Provide help where necessary inorder to enable learners get out of difficulties.

Be a resource person to the students; lead students to the solution of their problems,
encouraging them to tap from their store of knowledge
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Ask thought-provoking questions.

Assess students progress continually through observation, questioning, etc.
Motivate and stimulate students to pursue their learning.

Generally stay in the background when students are gainfully occupied.

Re-engineering Lecture Method

The lecture approach involves verbal presentation of ideas, concepts, facts and generalizations
by the teacher. The major aim of the teacher is to furnish the students with as much facts as possible.
The teacher does most of the activities while the students remain passive or only slightly involved.
This method has appropriate use in economical presentation of new knowledge. Incidentally, the
lecture method, according to National Teachers Institute (NTI, 2007) is not effective in the teaching of
science and technology. However, the method can be reengineered by building into it an interactive
method such as the inquiry method. To achieve this, the following steps (NTI, 2000a) should be taken
by the motivating teacher.

. Make the objectives of the lesson clearer and start the lecture with a question or with a
problem.

. Pause at intervals during the course of the lecture to ask high level questions that will make
students think and ponder over issues.

. Allow students to reflect well over questions before answers are given.

. Allow students to ask questions. Their questions should be directed to lead to further inquiry.
Teachers should seldom give answers to students questions.

. Use data, graphs, etcetera, where necessary to highlight the lesson and allow learners to

interpret, analyze, write down certain deductions or generalizations. Opportunity should be
given to students to think beyond mere recall of facts.
. The reengineering teacher must note that

Within a subject area, there is an epitome, an overarching, organizing
concept. This is the first concept to teach, and then what follows is
elaboration of the epitome. Each component of the elaboration also has it’s
own epitome and sub-concepts. The elaboration of an epitome could include
concepts (which answer the question ‘what?’, procedures (which answer the
question, ‘How?’) and theories (which answer the question, ‘Why?’)
(Hoffman, 1997).

Re-engineering Demonstration Method

Demonstration involves manipulating scientific equipment inorder to present or illustrate
scientific concepts or principles in a way that the students are directly involved in the teaching-
learning process. This may simply involve the technique of using and manipulating equipment,
illustration of certain scientific processes, experimental verification of a law (e.g. Ohm’s law).
Clearly, there are certain ways things can be shown. In one way, it could be teacher-centred where
most of the talking and actions is done by the teacher while the learners are passive listeners.

We can redesign (reengineer) demonstration approach by integrating inquiry into
demonstration. In an inquiry oriented demonstration class (the reengineered setting), the teacher
involves the learners greatly and teach inductively. That is, the teacher begins the demonstration with
questions to highlight the aim of the demonstration, the nature of the demonstration and the choice of
equipment. Students are allowed to ask questions and also be asked high-level thinking questions
during the process. Such questions should enable him identify problems, identify problems, identify
procedures, make hypotheses, predict result, analyze result, make generalization, etcetera (NTI,
2000a).
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Re-engineering Project Method

The project method is a process of learning or a study carried out by learners in real life
situation. In this approach, a central theme or problem (theoretical or practical) is selected by the
teacher, the students or both.

The Role of the Students

The students are encouraged to investigate, collect and analyse data and construct things on
their own. The students can work individually or in groups. A project could last for a few weeks, a
school term or year, depending on the vastness of such topic. The overall aim of the project is to
encourage students to develop some basic scientific attitudes or skills, through their own activities.
Passionate reengineering advocates a project that is jointly selected by both the teacher and the
students. This is based on the philosophy that motivation to work will be high since it centres on the
natural interest of students, offering opportunity for creative ability, especially for the talented
students.

The Role of the Teacher

The teacher is not expected to teach as such. His main role is to guide, or facilitate the
activities going on in the class through discussion, advice, counseling, conference, or instruction, be it
in written or oral form (NTI, 2000b). The teacher should actually give a framework of what the
project should look like after completion. For instance the write-up, according to NT1 (2000c) should
contain

. The topic

. Obijective(s) of work

. Method adopted

. Data collected and probable re-organization
. Data analysis and probable deductions.

For successful reengineering effort, the teacher should

Plan well ahead of time and have good classroom management and control.

Ensure sufficient time to discuss thoroughly all the problems and observations that should
have been recorded.

. Occasionally use it alongside other approach (discussion, guided-discovery etc) to maximize
gain.

. Ensure that activities planned for the project sustains the students interest, in addition to
providing useful results.

. Ensure that results are in line with syllabus requirements which may involve original creation,

or improvisation, by the students.

Re-engineering through Improvisation

Gross-inadequacy of laboratory facilities occasioned by paucity of funds is an influential
factor limiting the advancement of students’ hands-on comprehension in physics education. To cut
cost and at the same time increase productivity, we turn to improvisation.

Improvisation is the act of using alternative materials and resources, due to
lack or insufficiency of some specific first-hand teaching aids, to facilitate
instruction. Improvisation capitalizes on the use of local resources to
minimize cost of scientific equipments and materials. It enhances creativity
and productivity and at the same time contributes meaningfully to science
teaching (Otuka, 2000a).

In the Nigerian setting, improvisation is essential for reengineering of physics education.
Acknowledging this fact, Odor and Azeke (1986) and Maduabum (1989) averred that improvisation;
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. Provides opportunity to develop necessary science process skills, altitudinal and practical
skills needed to function effectively in the society as professional scientist technologies or
generalist.

Promotes creativity and self-reliance.

. Fills the vacuum created by the lack or shortage of science by providing a frame of reference
on which students can key-in their attention during class discussion or activity.

. Provides a cognitive bridge that leads students from abstraction created by absence of

equipments to activity resulting from improvised equipments.

Reengineering requires that learners become ‘users-designers’. Teaching/learning is
successfully reengineered to the extent that the learners are involved in the act of improvisation,
ceteris paribus.

Re-engineering through ICT Utilization

Ability to choose effective teaching method appropriate to required instructional materials can
be a challenging task even to the most skillful teacher. This difficulty sustains the classical teacher-
centred paradigm of senior secondary education. “The removal of teacher centredness require
adoption of new teaching technologies that will be used with existing teaching methods and teaching
aids” (Olasupo, 2011). This advocacy is simply an adoption of Ashutoh’s (2009) mindset that
“computer is the catalyst to bring about a paradigm shift in education from teacher-centred pedagogy
to learner-centred”. But is this advocacy valid?

For the first time in academic history, the world has become a universal laboratory/classroom
for the benefit of the students through the use of interactive telecommunications such as the internet.
Extensive availability of digital technology for interactive information management and retrieval,
access to resources on world wide basis, data logging, stimulations, etcetera, constitute the stimulus
for reengineering “Group or individualized instruction can be downloaded through internet browsing
which can be printed, saved on PC, copied to CD or flash Drive for later usage” (Olasupo, 2011).

The teacher’s role, as described by Sheffer and Logan (1999) should be to work in
collaboration with students as knowledge is applied to authentic situations. Teaching no longer
centres around the transfer of content from teacher to students. Instead, learning comes from students
inquiry, critical thinking and problem-solving, based on information accessed from a variety of
sources.

Embedding ICT into the teaching and learning of senior secondary physics can help revitalize
teachers and students. For successful revitalization, or reengineering efforts,

. ICT classrooms should be equipped with computers, printers, instructional softwares,
electronic references, video players, overhead projectors and TV (Gulbahar & Guven, 2008).
. Technology use must be matched to curriculum’s philosophy and theory of learning; adequate

number of computers must be conveniently located within the classroom (Al-Bataineh &
Brooks, 2003) so that each student is provided with access to ICT equipment and information
sources.

. Teachers must receive adequate ICT training. Consistent support and extensive training is
necessary inorder for them to consider themselves able to integrate ICT in their teaching
methodologies (Demetriadis et al, 2003).

. There should be a computer to student’s ratio of 1:2 and every physics teacher should be
provided with a laptop computer.
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Summary, Conclusion and Recommendations

The seemingly hopeless performance of our students in WAEC and NECO senior secondary
physics examinations in nearly three decades of predominantly teacher-centred, classical teaching
begs for a substantial overhaul or reengineering of curriculum delivery method of physics teachers.
The aim of pedagogical reengineering is to bring about a sustained paradigm shift from teacher
centred to student centred pedagogy with its corresponding paradigm shift from standardized (non-
productive) to customized (productive) learning; and this proactive approach will require adoption of
new teaching technologies that will be used concurrently with modified versions of existing teaching
methods and instructional materials.

For successful reengineering, teachers must receive extensive ICT training to be able to
integrate ICT in their teaching methodologies, in addition to consistent school management supports.
Reengineering effort is proned to failure in the face of lack of support (in the form of resources and
democratic leadership) from the school authority. Nonetheless, in the presence of transparency in
school management support, reengineering effort is bound to strive, productivity will increase, ceteris
paribus.
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