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In the past, the singular goal of 

teaching and learning was knowledge 
acquisition. Teaching, especially in 
technical area such as science was 
considered by most people to be 
synonymous with telling. The best teachers 
were usually those with the most skill in 
providing descriptions and analogies. In 
this setting, the best students were those 
who hear, read, remember and   repeat 
most accurately. Although an excellent 
teacher today should still strive to be 
knowledgeable and fluent in discussing the 
subject at hand, using analogies to help 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 make a point, these skills are no longer 
sufficient, Penick (2006). 

Until the mid to late 1960s, this 
situation was usually considered normal 
and even desirable for selecting the best 
academic students. Then our goals for 
students began changing due to the 
recognition and appreciation of science 
and technology. 

Bowyer (2006) remarked that by 
1990, “Science for all” not just the elite” 
has become a common slogan around the 
world. And with science for all came a 
new vision of the successful and informed 
teacher. Sanders (2002) notes that if each 
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individual student learns and makes 
incremental progress each year, each will 
in no time show notable progress. 
According to Goodlad (2000), although 
many teachers view themselves as coaches 
of their students, as people who motivate, 
educate and push their students in science 
and mathematics classes, numerous studies 
have revealed that many teachers tend to 
coach only the elite natural-born-winners. 
This has led to the rest of the class fending 
for themselves. And possibly ending up by, 
labeling themselves losers in the game 
called school.  
 
Objectives of Teaching Science and 
Mathematics 
Penick and Bonnstetter (1993) identified a 
set of broad goals for teaching science and 
mathematics. 
They generalized these goals saying that 
after an effective precollege science 
education, students should do the 
following: 
i. Have positive attitude toward 

science and mathematics. 
ii. Use their knowledge in identifying 

and solving problems 
iii. Be more creative 
iv. Communicate science effectively 
v. Take action based on evidence and 

knowledge 
vi. Appreciate the nature of science 

and mathematics 
vii. Know how to learn science and 

mathematics. 
 

A research-based rationale for 
teaching, science and mathematics 
includes a carefully stated set of goals for 

students, a thorough description of the 
roles of students and teacher, and a plan 
for assessment and evaluation that 
corresponds, goal to goal with the 
rationale, Penick (2006). 
 
Mathematics Learning for the Nigerian 
Child 

According to Ogumeyo and 
Emagbetere (2006), Sir Isaac Newton was 
occupied with the problem of motion and 
its manifestation in form of velocity, 
acceleration and momentum. Through 
mathematical knowledge, Newton was 
able to deduce the law of motion, and that 
if an object is thrown into the air with a 
speed less than 24,000km/h, it would 
always return to the earth. But if the speed 
is between 24,000km/h and 40,000km/h it 
will escape from the effect of gravity. 
Adetula (2002), argued that Newton had 
enabled us to determine the extent to 
which we understand the laws of nature 
(sciences coded in mathematics formula), 
the extent to which the understanding can 
be put into use (engineering), by devising 
the appropriate tools (technology) 
required. In this case, if a technology can 
produce a tool that can travel more than 
24,000km/h, then a successful voyage to 
outer planet is mathematically guaranteed. 
Mathematics learning for the maturing 
Nigerian child as published by Ogulu 
(2003) states: 
a) Being based on deductive logic, 

mathematics develops man’s 
capacity for independent deductive 
logical thinking, a necessity in any 
democracy. 
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b) Being concerned with the abstracts 
properties of number and quantity, 
mathematics enhances the 
development of numeracy, an 
everyday necessity in every 
society. 

c) Being highly symbolic and model 
dependent, mathematics enhances 
communication ability in a world 
held together by communication. 
Examples are the GSM networks. 

d) Being concerned with the 
properties of space (position, 
direction, shape, etc) mathematics 
equip man for making himself a 
beautiful environment. 

 
Role of Instructional Materials in 

Teaching and Learning of 
Science and Mathematics 

Knut (2000) stated the following as the 
roles of instructional materials in our 
educational system: 
i. Instructional materials help the 

teacher to make a realistic approach 
to his teaching. 

ii. Instructional materials help the 
student to comprehend the lesson 
being taught. 

iii. They help to simplify and give vivid 
explanation thereby saving the 
teacher’s time and effort during 
teaching/learning process. 

iv. Instructional materials facilitate the 
rate of retention of what is being 
taught. 

i. The technology based instructional 
materials such as internets computers, 
televisions etc. help to broaden the 
curriculum in  

ii. mathematics and other 
subjects being taught in our 
schools.  

 
Learners and Learning Conditions 

Penick (2006) presented a list of 
research supported statements about 
learners and learning conditions. 
According to Penick (2006), the list is 
intended to aid the classroom teacher in 
achieving his goals of teaching and 
learning. 
 
Research Supported Implications Statement 

 
 

1. The human being is 
characterized by a 
tendency towards 
learning. (Rogers, 
1969). 

Human being is 
teachable, and 
curious.  

2. The child’s own “need 
to know” was found 
insatiable and was 
continually forcing the 
child to rearrange his 
ideas into patterns 
which made more sense 
to him.  
(Kagan 1971). 

Discovering better 
ways of doing 
things. 

3. People progress through 
stages characterized by 
increasing facility with 
abstractions and the 
order of these stages is 
the same in all societies 
and ethnic groups. 
(Piaget, 1964). 

Use of teaching 
aids increases the 
level of 
achievement in 
teaching/learning 
process  

4. The chronological ages 
associated with states of 
cognitive development 
varied from one child to 
another. (Piaget, 1964). 

Age is a factor 
which affects 
cognitive 
development. 
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5. Interpretation of the 
environment and 
problem solving 
associated with this 
interpretation are 
limited by the stage of 
cognitive development 
of the individual.  
(Piaget, 1964). 

The stage of 
cognitive 
development of an 
individual 
determines his 
ability to interpret 
his environment 
and to solve 
problems. 

6. Students copy their 
teacher’s behavior 
patterns. If the teacher 
tries to dominate 
students, then students 
try to dominate each 
other. If the teacher 
accepts students, then 
students are accepting 
of each other. 
(Anderson and 
Brewer, 1946). 

Students learn by 
imitation.  

7. Directive teacher 
behaviors produce 
anxieties in students 
and reduce the 
learning of new 
concepts. 
(Flanders, 1951, 
Cogan, 1956).  

Teacher’s negative 
attitude hinders 
learning process 

8. Constraint (directions, 
praise, rejection) 
teacher behaviors 
produce a high level of 
dependency of 
students on their 
teachers. (Lewin, 
1935). 

Motivation 
(reward) and 
punishment 
enhance trust. 

9. Knowing an object 
requires acting on the 
object-modifying it, 
transforming it. 
Learning results from 
what one does to 
objects and the doing 
has to be both physical 
and mental. (Piaget, 
1964). 

Carrying out an 
experiment is 
essential in 
knowledge 
acquisition.  

10. Logical thinking 
does not derive just 
from verbal 
learning but, rather, 
from a total 
coordination of 
actions on objects. 
(Piaget, 1964). 

Observation, 
experiment, and 
research bring about 
logical thinking.  

11. To direct a child to 
engage in 
manipulative or 
verbal operations 
which he can not 
engage in mentally 
tends to erect 
knowledge 
superstructures 
which crumble 
under the slightest 
cognitive stress. 
(Almy, 1969). 

Child lesson content 
should be structure 
to match their age 
grade. 

12. Long-term learning 
is characterized by 
personal 
involvement, self-
initiation, a sense 
of discovery, 
pervasiveness, self-
evaluation, and 
meaningfulness.  
(Rogers, 1969). 

Personal 
involvement, self 
initiative a sense of 
discovery etc. 
promote and sustain 
learners interest. 

13. Direct teacher-
oriented instruction 
is effective, but 
only to the extent 
that basic skill 
mastery is the 
primary goal. 
(Brophy, 1979). 

Relevant teaching 
aid should be used 
to backup 
explanation of 
concepts.  
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Science/Technology/Society 

Penick (2006) remarked that 
exceptions are those classrooms in which 
teachers consciously attempt to teach 
science and technology by focusing on 
societal issues, most of which have a 
science or technology aspect. Called the 
STS (science/technology/society) 
approach, in these situations students as 
well as teachers begin by identifying issues 
and related problems of personal interest. 

In the true STS classroom, students always 
move beyond mere learning and take 
action on their ideas and findings. In the 
process, STS students use a variety of 
resources, especially, adults in their 
communities, and usually decide for 
themselves how the investigation shall take 
place. STS classes approach learning from 
a very multidisciplinary and student-
centered perspective, as students use 
analytical, communication, and 
investigative skills. 

Several major goal clusters 
characterize the STS classroom, regardless 
of the central subject matter under 
discussion: 
1. Knowledge for meeting personal 

needs. Education should prepare 
individuals to use knowledge for 
improving lives and for coping 
with an increasingly technological 
world. 

2. Knowledge for resolving current 
social issues. Education should 
produce informed citizens 
prepared to deal responsibly with 
science-related social issues. 

3. Knowledge for assisting with 
career choices. Education should 
give all students an awareness of 
the nature and wide variety of 
subject-related careers open to 
citizens of varying aptitudes and 
interests.  

STS means focusing on 
the personal needs of students, 
weaving concepts, skills, and 
processes into their daily lives. 
Experienced teachers have found 
that beginning with issues allows 

14. Praise reduces rather 
than increases 
motivation when the 
person has previously 
been performing the 
behavior in questions 
for its intrinsic value.  
(Deci, 1975). 

Praise should not be 
use indiscriminately 
as a  
motivational factor. 

15. Praise correlates 
sometimes positively, 
sometimes 
negatively, but 
usually not at all with 
learning…praise is 
generally over-rated. 
(Brophy, 1979). 

Praises should be 
used when 
necessary to 
motivate students. 

16. Many teachers wait 
less than one second 
after asking a 
question before they 
answer or rephrase 
the question. 
Extending this to 
three to five seconds 
causes student: A) 
responses to increase 
in length and number, 
B) confidence to 
increase, C) 
speculative thinking, 
questioning, and 
comparison to 
increase.  
(Rowe, 1974).   

Speculative 
thinking,  
questioning cause, 
comparison to 
increase. 
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students a chance to start with 
broad perspective and narrow their 
focus as they become more adept 
and knowledgeable. 
 

Qualities of Scientifically and 
Technologically Literate Persons 
According to Penick (2006)  
 Uses concepts of mathematics, 

science, technology and ethical 
values in solving everyday 
problems and making responsible 
decisions in everyday life. 
Including work and leisure. 

 Engages in responsible personal 
and civic actions after weighing the 
possible consequences of 
alternative options. 

 Defends decisions and actions using 
rational arguments based on 
evidence. 

 Engages in science and technology 
for the excitement and the 
explanations they provide. 

 Display’s curiosity about and 
appreciation of the natural and 
human-made world. 

 Applies skepticism, careful 
methods, logical reasoning, and 
creativity in investigating the 
observable universe. 

 Values scientific research and 
technological problem solving. 

 Locates, collects, analyzes, and 
evaluates sources of scientific and 
technological information and uses 
these sources in solving problems, 
making decisions, and taking 
actions.  

 Distinguishes between scientific/ 
technological evidence and personal 
opinion and between reliable and 
unreliable information. 

 Remains open to new evidence and 
the tentativeness of 
scientific/technological knowledge. 

 Recognizes that science and 
technology are human endeavors. 

 Weighs benefits and burdens of 
scientific and technological 
development. 

 Recognizes the strengths and 
limitations of science and 
technology for advancing human 
welfare. 

 Analyzes interactions among 
science, technology, and society. 

 Connects science and technology to 
other human endeavors (for 
example, history, mathematics, the 
arts, and the humanities). 

 Considers the political, economic, 
moral, and ethical aspects of 
science and technology as they 
relate to personal and global issues. 

 Offers explanations of natural 
phenomena that may be tested for 
their validity.     

       
Capabilities of the Scientifically 
Literate High School Graduate 
 Poses a question that can be addressed 

by the scientific method (for example, 
states a hypothesis). 

 Provides a scientific explanation for a 
natural process (for example, 
photosynthesis, digestion, 
combustion). 
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 Assesses the appropriateness of the 
methodology of an experiment. 

 Reads and understands articles on 
science in the newspaper. 

 Reads and interprets graphs displaying 
scientific information. 

 Believes that scientific knowledge is 
worth pursuing even if it never yields 
practical benefits. 

 Defines basic scientific terms (for 
example, DNA, molecule, electricity). 

 Designs an experiment that is a valid 
test of a hypothesis. 

 Engages in a scientifically informed 
discussion of a contemporary issue (for 
example, should a child with AIDS be 
allowed to attend public school?). 

 Assesses the accuracy of scientific 
statements (for example, the seasons 
change with the distance of the earth 
from the sun). 

 Gives an instance of how a scientific 
discovery or idea has affected society 
(for example, the term theory of 
disease), 

 Is inclined to challenge authority on 
evidence that supports scientific 
statements. 

 Describes natural phenomena (for 
example, the phases of the moon). 

 Applies scientific information in 
personal decision making (for 
example, ozone depletion and the use 
of aerosols). 

 Locates valid scientific information 
when needed. 

 
 
 

Evaluation 
Evaluation of students should be 

conducted as an integral part of the 
teaching and learning process. In this 
sense, evaluation allows the student and 
teacher to know where they are and, 
perhaps, how and when to move on. 
Evaluation of students would allow for and 
encourage self-evaluation, often with 
evaluation imbedded in the curriculum. In 
essence, evaluation would be an essential 
part of the learning process, not the end of 
it. Evaluation would include all the goals 
for students, not just the discipline-
centered ones. Students would see 
evaluation as useful and desirable, not 
threatening. Evaluation of teachers would 
be consistent with the stated roles of 
teachers, not directly based on student 
outcomes. Teachers would be expected to 
self-evaluate prior to any evaluation by 
others. And, all evaluation would be 
consistent with an established rationale for 
teaching. Much as with students, 
evaluation would be continuous and 
ongoing, an essential and integral 
component of the teaching process. 
Teachers of mathematics and science 
subjects must evaluate and change as they 
teach rather than wait until the students are 
long gone to initiate changes.   
 
The Desired Classroom Climate for 
Teaching and Learning 

Penick (2006) remarked that many 
teachers, trying to squelch undesired 
behavior, remove or severely limit all 
classroom freedoms. In doing so, teachers 
often inhibit intellectual freedom as well. 
A conducive classroom climate for 
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learning science and mathematics is the 
type that allow intellectual freedom to 
stimulate critical thinking, creativity and 
communication. Dresman (1982) pointed 
out that when students form a new class 
they initially act as individuals and also 
perceive the environment individually. 
Through interaction, common experiences 
and time the individual students eventually 
become a group. This encourages students 
to share their experiences with each other. 
According to Penick (2006), this element 
of the cognitive representation shared by 
the class members is called classroom 
climate. Classroom climate is a useful 
construct in predicting achievement for 
students. Knowing the goals and roles of 
students, all a teacher need do is establish a 
climate where learning proceeds in the 
desired direction. Penick (2006) opined 
that every class has a climate and every 
teacher creates one. 
 
Conclusion 

Teaching and learning of 
mathematics and science in order to 
advance technology in our nation Nigeria 
requires, that: 

Curriculum developers should 
make mathematics and science subjects 
compulsory at the primary and secondary 
school levels. This is otherwise known as 
the principle of equity which demands that 
high expectations for mathematics and 
science learning be communicated in 
words and deeds to all students irrespective 
of their social-cultural background. The 
teaching of mathematics and science 
should be geared toward application rather 

than mere theory, to encourage 
technological advancement. 

Mathematics and science teachers 
should strive to create conducive 
classroom climate for teaching and 
learning mathematics and science. 
Teachers should create intellectual 
environment where meaningful learning 
can take place.  
 
Recommendation 
(a) Government and relevant 

stakeholders should equip. 
mathematics and science 
laboratories in school with 
adequate instructional materials. 

(b) Competent and professional 
teachers should be employed to 
teach science and mathematics in 
our schools. 

(c) Workshops and 
seminars/conferences should be 
organized for teachers in order to 
update their knowledge from time 
to time. 

(d) Teachers should explore the 
internet in order to get the latest 
development in science, 
mathematics and technology. 
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