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ABSTRACT

Problems and prospects <l(teac/ ing che11;is/1y in seconda,y schools o/Gusa/I mclropolis
Zmnfcira ,,la/e were invesligate(/ in this s;,1dv. ihe populaliu/1 of the study covers the 73

senior secondwy schools (50 p, vale a/10 23 publicly owned). The sample ,ms 111ade up
of 15 senior seconda1y schools. 15 che11u·;t1yteachers and 150 chemislly s111denls using
simple random and cluster sam¡ 'ing pnu 1 ·dures. Teachers' and students' q11estíon11aires
\l'e;·e used to collect i11/im1wti, 11 ji'o111 ;lw affécted schools. The data collected were

anulyzed 11si11g simple descrip11 ·e statisf!cs that is, Ji·equency counts and percentages.
71;<' majo,· findings cif· the st11d1 we1·e: ,, Ten/y one point one-one percent (7 l. J 1%) of
chonistr_J' teachets in sccondw , school-. (?l Guscw metropolis Zamjára .'.fate (tre not

prr,/essio11,1//y !rained tel/chers, forty Ji,,• ¡Jercenl (45%) of the laborntories 11·ere not

well-organized, demonstration wthod 1:·as predominantly used by the tenchers while
01/11._T rec1-1mme11dcdmethods iv, re 1:ery : ate or not used, most of the sch! 10/s /Jave in-

suf/iciml rnpply <l/'ins/ructional 11wteria!J1eachi11g aids. The s/udy recommendedamong
01/icrs thm, Government and pn •1rie/ors ,/Jou/d provide we/I-organized /abnratories and
Sl!/iicient instructional material or tea, fling aids for effective teaching ond learning,
professio11alizalio11 of teaching ,, Nigeri, 1 is very essential in order to ensure t/Jat only
pro(essionally qualified teaclm i s/wu/,i he employed for teaching, Government and
proprietors should spomor tech ·,ers to ,;:/end seminars and workshops in order for the
reache rs to be 1q, ro date, Gover -men/ a,1. I proprietors should create conducive teaching-
lcarníng environment.
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=nAPTIR ONE

I \fTROJl I i(TION

Background or the Study

c:mistry frnm till!. ancient Egypt :m wor(I "'Khcmia" mcaníng "blackness'", lhcrd'ore

.:hemy is the bill ck art.

hemistry aL'l'órding to Oxford En lish Dit:1 ionary is the iransmutation or earl h? is the

,denci.:: of muller at tbc atomic to mol ·cular sc;de, dealing primarily with collections of atoms

such :is mokculcs, crystals and me tis. It's "ilC 01· the pure branches science deals 1\Íth

composition; properties of matter ii probes ;,,10 the principles govern the changes matter

undergoes. It is practical subject whi, , equip ,,r,«lcnts with concepts, and skills that me useful

in solving da, to day problems of Ji:,. Amas,· (2018), the study of chemistry as a pracl ical

subject in account of lhe matter is a ,Joi for, .. plating and probing the unknown around the

environment t()r the benefit or indivil Jal, fam i I
e and community in general.

Chemistry as wcl I as other field of sc :nee has , leveloped through a series of discoveries, how

do sci1.?ntists 1nakc their discoveries':' Scientist arc very alert and inqu¡sitive they Lise !heir

sense to obsetve whal is happening round t!wm from a given set of observation; lhcy ,ilso

sec certain péittern they put toward a reaso;ublc explanation or hypothesis and can use

appropriate e':perimcnts to test it the I carefu 11,, record the observation and the result or lhe

experiment.

According to Erinosho (2008}, the se ,ior seco, 1dary school science curricular are designed to

build on the iutcgrated science progrn rnnc, wit:, aim lo providing advancement in knowlcJge

and deeper understanding of the COil ept ofinlcgrated science that are learned, Emphasis ís



on th•c specialization of the subject ith over,ill goal of stimnlating the interest in science

amon:, student and proting scicnli e liten,, for fünctional living in the society, the

intcgrnled science contents arc orga1 ized arcwnd major unif)li11g themes that are (augh1 in

first three yems of secondary school, l1ich incli ,de Physics, Chemistry and Chemistry.

The Oxford Advnncc Learner Die, onnry Y· Edition (2005), put teaching as sbowing

sornrhlldy hflw tu do something st· thut tlw will be able to do it themse-lves to gives

somebody inli.irnwlion about a partil dar subj( d to help somebody learn somclhi.11.?. Farrell

and Oliveira
( 1993) posit that tcachi1

•?
can be ·icen as the logical and strategic acts donating

internl"lion between the teacher ands :.1dents tic.; lhcy operates on some kind of subjed mnt.ter.

Teaching involves imparting verifiab ? facts iw,I bcliefa; it encourages students' partjcipation

and C:\prcssion of their views.

Effective teaching results in cffcctiv, learnin¡? ,rnd as quite expected a negative renderi11g of

this claim is also true. Détecting te: :hing re,,,Jt in defect learning thus, a good chemistry

teacher posses good teaching qual :ty, expertise proper management ability <.1nd g1Jod

interactive skills. The student learnir l styles c111d academic achievement in chemistry is not

suppo::ed to Lie neglected. So to ascl Lain the 1·0111petence of a chemistry teacher1 nne could

need lo look at the all co111petenc of .his ,tudent and their performance in ,:henfr,try

examination and ability to stand oul :1 or cop,· with advanced a1·ea in their pursuit uffrnthcr

studies in chemistry or other field rel; led lo it.

A probe into the problems and pers ,ective 01· leaching chemistry is right step in the right

direction. According to Nwachukwu (1999), ,,ome challenges/problems encountered in the

teaching and learning chemistry in 'l"igeria i11cludes in adequate numbers of well trained

chemistry teachers, poorly equipped I 1boratorics, in adequate provision of chemistr) leaching

aids, poor understanding of the tech11 ·cal terms (languages) in chemistry text books poor/low



socio-economic status of chemistry students parents, student environmental condition,examination malpractice among others. These also contribute immensely to the problems of
teaching chemistry in the Gusau Metropolis, Zamfara State.

Omoifor (2012), indicate poor enrolment in science and technology education, the question isnow, why is there high rate of poor performance in chemistry, why do student have low rateof interest in chemistry? A look through science education literature in the past two decadesand summarizers of examiners report of the results by externals examination councils,example West African Examination Council (WAEC) indicate that all is not well in the
teaching and learning process of chemistry, poor performance of student in chemistry as a
subject is on the rise, on an average scale, more than 40% of student who sit for chemistryexamination fail poor performance as recorded by (W AEC) is also collaborated by resultfrom (NECO) National Examination Council.

(Omoifor, 2012) shown that poor performance of student in chemistry it a clear indicationthat there is great problems of lack of interest for that fact that chemistry principles are use inour day-to-day human activities and its peculiarity in the field of science student ought to behigh, but over the years enrolment in the subject chemistry has been indicating that the levelof interest has significantly dropped therefore, is an attempt to in co-operate local practice
( chemistry at home) in the teaching of chemistry at school.

1.2 Statement Of The Study

In view of diverse applications of chemistry in human endeavours, the problem of teaching
chemistry ín secondary schools, as demonstrated in the performance of students in chemistry
examinations and advanced studies in life science is a serious concern to stakeholders and
threat to the future of the subject in Nigeria, and calls for urgent attention. This study



therefore investigates the problems and prospects of teaching chemistry in secondary schools
in Gusau Metropolis, Local Government of Zamfara State Nigeria.

1.3 Objective Of The Study

The main objectives of this study are to:

i. Identify the problems of teaching chemistry in secondary schools in Gusau

metropolis.

ii. Determine if the problems are similar between public and private schools.
iii. Determine whether the problems are similar as perceived by teachers and students.
iv. Investigate whether the problems are similar as perceived by male and female

students.

1.4 Research Questions

The following research questions were formulated to guide the study;

i. What arc the problems of teaching chemistry in secondary schools of Gusau
metropolis?

ii. Does the problems of teaching chemistry manifest in both public and private
schools?

iii. Are the problems of teaching chemistry similar as perceived by teachers and the
students?

iv. Are the problems of teaching chemistry similar as perceived by male and female
students?

1.5 Significance Of The Study

Findings of this study will be useful to teachers of chemistry, students, education authorities

and government as:

4



i. It will help chemistry teachers to identify the problems of teaching the subject at

secondary school level and also how to overcome the problems.
ii. It will enable students to be aware of the pN,blems affecting their performance in

chemistry and also have solution to these problems.

iii. It will help to awaken education authorities school proprietors and government to

employ qualified chemistry teachers, motivate them by increment of salaries and

wages, encouraging them to seek out professional courses or workshops,

providing the teachers instructional materials required to facilitate teaching &

learning. And by providing them the opportunities to take breaks, make them good

human resource policies to appreciate and encourage the teachers, supervise the

adherence of teachers to map out policies and recommended teaching methods

and techniques to provide laboratories, laboratory equipments and infrastructural

facilities. This work will also serve as a reference point for further research in this

direction

1.6 Scope And Delimitation Of The Study

The study was restricted to the problems and prospects of teaching chemistry in secondary
schools in Gusau metropolis of Zamfara State, Nigeria. From the seventy three (73)
secondary schools in the metropolis, fifty three (53) were private schools while the other

twenty (20) were public schools, Only fifteen (15) schools were randomly selected. The

researchers will visit both private and public schools in the metropolis to collect data. Ten

(10) of the schools to be visited will be owned by private individuals that have senior classes

J-3 and the other five (5) schools will be owned by government that also have senior classes

1-3.

¡.



1.7 Definition Of Terms

CHEMISTRY: is the scientific discipline involved with compounds composed of atoms,
i.e. elements, and molecules, i.e. combinations of atoms: their composition. structure,

properties, behavior and the changes they undergo during a reaction with other compounds.

LABORATORY: A laboratory is a facility that provides controlled conditions in which
scientific or technological research, experiments, and measurement may be performed.

TEACHING:ls the profession of those who give instruction, especially in an elementary or

a secondary school or in a university.

METHOD:Is a procedure or process for attaining an object: such as. How to use method in

a sentence. Synonym Discussion of method.

TECHNIQUE: Is a way of carrying out a particular task, especially the execution or

performance of an artistic work or a scientific procedure.

PROSPECT, Prospect is from the Latin word prospectus which means a "view or outlook."
A prospect is still a way of looking ahead and expecting good things. It's like potential in that
it's something that might be but isn't yet.

6



CHAPTER TWO

REVIEWOF RELATEDLITERATURE

2.0 Introduction

The views of scholars who had worked on this subject are the concern of this chapter, and

have been organized according to the following:

1. Nature and importance of Chemistry

2. Importance oflaboratories in Chemistry education

3. Method and technique use in teaching Chemistry

4. Chemistry teacher in secondary school

5. Student altitude toward Chemistry

2.1 Nature and Importance Of Chemistry

Chemistry the science that deals with the properties, composition, and structure of substances

(defined as elements and compounds), the transformations they undergo, and the energy that'

is released or absorbed during these processes. Every substance, whether naturally occurring

or artificially produced, consists of one or more of the hundred-odd species of atoms that

have been identified as elements. Although these atoms, in turn, are composed of more

elementary particles, they are the basic building blocks of chemical substances; there is no

quantity of oxygen, mercury, or gold, for example, smaller than an atom of that substance.

Chemistry, therefore, is concerned not with the subatomic domain but with the properties of

atoms and the laws governing their combinations and how the knowledge of these properties

can be used to achieve specific purposes.

7



The great challenge in chemistry is the development of a coherent explanation of the complex

behaviour of materials, why they appear as they do, what gives them their enduring

properties, and how interactions among different substances can bring about the formation of

new substances and the destruction of old ones. From the earliest attempts to understand the

material world in rational terms, chemists have struggled to develop theories of matter that

satisfactorily explain both permanence and change. The ordered assembly of indestructible

atoms into small and large molecules, or extended networks of intermingled atoms, is

generally accepted as the basis of permanence, while the reorganization of atoms or

molecules into different arrangements lies behind theories of change. Thus chemistry

involves the study of the atomic composition and structural architecture of substances, as well

as the varied interactions among substances that can lead to sudden, often violent reactions.

Chemistry also is concerned with the utilization of natural substances and the creation of

artificial ones. Cooking, fermentation, glass making, and metallurgy are all chemical

processes that date from the beginnings of civilization. Today, vinyl,

Teflon, liquid crystals, semiconductors, and superconductors represent the fruits of chemical

technology. The 20th century has seen dramatic advances in the comprehension of the

marvelous and complex chemistry of living organisms, and a molecular interpretation of

health and disease holds great promise. Modern chemistry, aided by increasingly

sophisticated instruments, studies materials as small as single atoms and as large and complex

as DNA(deoxyribonucleic acid), which contains millions of atoms. New substances can even

be designed to bear desired characteristics and then synthesized. The rate at which chemical

knowledge continues to accumulate is remarkable. Over time more than 8,000,000 different

chemical substances, both natural and artificial, have been characterized and produced. The

number was less than 500,000 as recently as 1965.



Intimately interconnected with the intellectual challenges of chemistry are those associated

with industry. In the mid-19th century the German chemist Liebig commented that the wealth

of a nation could be gauged by the amount of sulfuric acid it produced. This acid, essential

too many manufacturing processes, remains today the leading chemical product of

industrialized countries. As Liebig recognized, a country that produces large amounts of

sulfuric acid is one with a strong chemical industry and a strong economy as a whole. The

production, distribution, and utilization of a wide range of chemical products is common to

all highly developed nations. In fact, one can say that the "iron age" of civilization is being

replaced by a "polymer age," for in some countries the total volume of polymers now

produced exceeds that of iron.

The Scope of Chemistry

The days are long past when one person could hope to have a detailed knowledge of all areas

of chemistry. Those pursuing their interests into specific areas of chemistry communicate

with others who share the same interests. Over time a group of chemists with specialized

research interests become the founding members of an area of specialization. The areas of

specialization that emerged early in the history of chemistry, such as organic,

inorganic, physical, analytical, and industrial chemistry, along with biochemistry, remain of

greatest general interest. There has been, however, much growth in the areas of polymer,

environmental, and medicinal chemistry during the 20th century. Moreover, new specialities

continue to appear, as, for example, pesticide, forensic, and computer chemistry.

Organic chemistry

Organic compounds are based on the chemistry of carbon. Carbon is unique in the variety and

extent of structures that can result from the three-dimensional connections of its atoms. The

process of photosynthesis converts carbon dioxide and water to oxygen and compounds

9



known as carbohydrates. Both cellulose, the substance that gives structural rigidity to plants,

and starch, the energy storage product of plants, are polymeric carbohydrates. Simple

carbohydrates produced by photosynthesis form the raw material for the myriad organic

compounds found in the plant and animal kingdoms. When combined with variable amounts

of hydrogen, oxygen, nitrogen, sulfur, phosphorus, and other elements, the structural

possibilities of carbon compounds become limitless, and their number far exceeds the total of

all nonorganic compounds. A major focus of organic chemistry is the isolation, purification,

and structural study of these naturally occurring substances. Many natural products are

simple molecules. Examples include formic acid (HCOili) in ants, ethyl alcohol (C2H,OH) in

fermenting fruit, and oxalic acid (C2H,04) in rhubarb leaves. Other natural products, such as

penicillin, vitamin B12, proteins, and nucleic acids, are exceedingly complex. The isolation of

pure natural products from their host organism is made difficult by the low concentrations in

which they may be present. Once they are isolated in pure form, however, modem

instrumental techniques can reveal structural details for amounts weighing as little as one-

millionth of a gram. The correlation of the physical and chemical properties of compounds

with their structural features is the domain of physical organic chemistry. Once the properties

endowed upon a substance by specific structural units termed functional groups are known, it

becomes possible to design novel molecules that may exhibit desired properties. The

preparation, under controlled laboratory conditions, of specific compounds is known

as synthetic chemistry. Some products are easier to synthesize than to collect and purify from

their natural sources. Tons ofvitamin C, for example, are synthesized annually. Many

synthetic substances have novel prc>perties that make them especially useful. Plastics are a

prime example, as are many drugs and agricultural chemicals. A continuing challenge for

synthetic chemists is the structural complexity of most organic substances. To synthesize a

desired substance, the atoms must be pieced together in the correct order and with the proper

10



three-dimensional relationships. Just as a given pile of lumber and bricks can be assembled in

many ways to build houses of several different designs, so too can a f,xed number of atoms

be connected together in various ways to give different molecules. Only one structural

arrangement out of the many possibilities will be identical with a naturally

occurring molecule. The antibiotic erythromycin, for example, contains 37 carbon, 67

hydrogen, and 13 oxygen atoms, along with one nitrogen atom. Even when joined together in

the proper order, these l 18 atoms can give rise to 262, I 44 different structures, only one of

which has the characteristics of natural erythromycin. The great abundance of organic

compounds, their fundamental role in the chemistry of life, and their structural diversity have

made their study especially challenging and exciting. Organic chemistry is the largest area of

specialization among the various fields of chemistry.

Inorganic chemistry

Modern chemistry, which dates more or less from the acceptance of the law of

conservation of mass in the late 18th century, focused initially on those substances that were

not associated with living organisms. Study of such substances, which normally have little or

no carbon, constitutes the discipline of inorganic chemistry. Early work sought to identify the

simple substances namely, the elements that are the constituents of all more complex

substances. Some elements, such as gold and carbon, have been known since antiquity, and

many others were discovered and studied throughout the 19th and early 20th centuries.

Today, more than 100 are known. The study of such simple inorganic compounds as sodium

chloride (common salt) has led to some of the fundamental concepts of modern chemistry,

the proportions providing one notable example. This law states that for most pure chemical

substances the constituent elements are always present in fixed proportions by mass

(e.g., every 100 grams of salt contains 39.3 grams of sodium and 60.7 grams of chlorine). The

11



crystalline form of salt, known as halite, consists of intermingled sodium and chlorine atoms,
one sodium atom for each one of chlorine. Such a compound, formed solely by the

combination of two elements, is known as a binary compound. Binary compounds are very

common in inorganic chemistry, and they exhibit little structural variety. For this reason, the

number of inorganic compounds is limited in spite of the large number of elements that may

react with each other. If three or more elements are combined in a substance, the structural

possibilities become greater.

After a period of quiescence in the early part of the 20th century, inorganic chemistry has

again become an exciting area of research. Compounds of boron and hydrogen, known

as boranes, have unique structural features that forced a change in thinking about the

architecture of inorganic molecules. Some inorganic substances have structural features long

believed to occur only in carbon compounds, and a few inorganic polymers have even been

produced. Ceramics are materials composed of inorganic elements combined with oxygen.

For centuries ceramic objects have been made by strongly heating a vessel formed from a

paste of powdered minerals. Although ceramics are quite hard and stable at very high

temperatures, they are usually brittle. Currently, new ceramics strong enough to be used as

turbine blades in jet engines are being manufactured. There is hope that ceramics will one day

replace steel in components of internal-combustion engines. In 1987 a ceramic

containing yttrium, barium, copper, and oxygen, with the approximate fonnula YBa2Cu307,

was found to be a superconductor at a temperature of about 100 K. A superconductor offers

no resistance to the passage of an electrical current, and this new type of ceramic could very

well find wide use in electrical and magnetic applications. A superconducting ceramic is so

simple to make that it can be prepared in a high school laboratory. Its discovery illustrates the

unpredictability of chemistry, for fundamental discoveries can still be made with simple

equipment and inexpensive materials.

12



:Many oí"the n\nsl interesting clevdopmentrl r11 inorga1üc cheñtisrty bridge the g11p with other

d'i'?c.iplincs. Or'gnilorneto!lic cheú'l.fatfy· i'nve·siigates' 'co'mp:oúhds that contain ino(ganic

>d(Í,mcnls combined with c,frbü,i'rith núíts-. Many organometallic compound,; play an

ih:fpor!;:i.nt role in induslrinl che·mi'.?l:i'y as Catalysts, which a'i'é suhstanc:es that cifL" uhle to

tit"Cckn1tc the frite or a reaction evc'n when present ín ot1ly very small a'n1nunts. '.:;0111,· success

hns bl'L:ll achicVi.:!d in the 11sc of s\lch catalysts for converting nat\1ral gas to rd,tkd hut more

usef'ul t.:llcmic'al substnm:es. Chernisls also have cr'enlcd lr1rge inorgani? rnoh.-cuks Iha\

cnntnin u enrc or metal 11toms,·sHch ffs ¡110:tihlim, surrounded by a shell of UiftCn:::nt chemici:11

U1lits. Some of tlwse compounds, refe'trcd to as metal ch.1sters, have-chatac1erislic.é; of metals,

while olhers react in ways simifor to hiologic systems. Trace amounts of metal? io hiol,ogic

systems .ire essential for processes such as respiration, nervç function, anel cdl n1tUbolisrn.

Prnc?s::ies of füis kind tónn lhe object ,of stud.y of bfoinorganic chemístty. Althüugh urganic

molecules were 011cc tbought to be the distinguishing chemical featlll'e of living n,·11tures, it

is now known lhat inorgnnic ch¢mistry plnys a vital role as well.

Biochemistry

;\s undcrstrmding of irn111imate chemistry grew during the 10lh century, atternpb tn i11lerpn;j

the physiologicnl processes oflivi11g organisms in terms of molecular stntcturc a11tl rcaclivity

gave rise lo the discipline oi' biochemistry. Biochemists employ the techniques n11d 11,cories

of chemistry l'o probe lhe molecular basis of lile. An organisrri is inv,·sii¡•,:iled· 011

the pi·cmise tliat its physiological p'rocesses are the' consequence_ of ma'ny 1i¡n11s,111c1k /)f

cl?cmical _reactio1ú;,' occurring -Íi;1 a highly integrated manner. Diochelnist? lrnve -L?stnhlishec(l,

,
.

.
I'

I

.

'

.

. ,

miiong. other things, lhe principles that underlie energy trans fer in cells, ·,1,,, ch<:rnjcal

structure ofcêll mernhrn11cs,d1e coding anel trans111ission of hereditary ínforma1irn1, n11i,;c·ular

?nd nerve fnnction,and biosynthetic palhway.1. Jn fact, reíated biomolecules hav,, hn·11 found
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to lilliill similar r,,h-, in ,1r¡::mis111s ns different as bacteria and human beings. Tl1c •;iudy uf

biomolel·uh..?s,h1.mn,·r. j'n'st'l\1.s muny diniculties. Such molecules are often ver_\ l:trge rind

exhibit grL'al ;-;.lrnl·Hir,1! 1'l1mpk:-;i1y; n10r?ú\cr, lhe chemical reactions they w1d"-?rgo are

usual\) l'\ll'1.'dingl? !':t'il. l'lit:· Sl'j)a'ratirn1 of' the l\Vo S1rnndS úfDNA, frir in'sl.anLT, Ln:1:11\·s in

o·ne-millionth L'f n Sl't',,nd. Such rtlpid r"a'tes of tcnc.üon ai"c possible only 1\in_JL1¡;h th·0

intert11l'.di.lry ?h..-tinn lll' hinmukcnks called el'1zymcs. Enzyrn'es arc proteins 1fo1t owe their

remnrkahk ra1e-al'LL'IL'ra1ing ¡¡hili1ics •to their thrce_-dirnens'ional chemical stnictln\?. Not

snrprbingly, hiOcliemkal disLovcrics have had r1 great impact olí the Lmdersl;11Hling and

treatment or diseast.·. l\lany ailments dl1e to inborn errors of metabolism have bcc"n trac.ed lo

spedtic genetic dcf'ects. Otl1er disenses re'sult from disruptions in normal L1icKlll':1?1ic.ol

patlm:iys.

Frequently, symptoms can be allevinled by drugs) and the discove:rY>
mode. oi" nctíon,

and degrndation of tl11.?r,q1?Hlic agents is m1otber of the major areas of study in l.>it'wht-1nistry.

Bacterial infections can be ll'ealcd ,vilh sulfónamides, penicíllins, and tciracyclines, .and

resenrch inlo vir'nl infections has revealed the effectiveness pfacye-lovir against 1·1iG hcrpç;s

virus. There is. much current interest in the detai"ls o'[ carcinogenesis a1HI canc.?r

chemotherapy. rt is k.nmvn) fqr exm'np1e, that cancer can result ,vhen cam:L?r-L'.'nnsing

molecules, or carcinogens as lhey ar·c called, react wilh nucleic add? and pr'nlt.;ins and

i11lcrfrre with their nnnrnd mmles of action. Researchers ]rnve developed te:,tc: 1hat '.can

idcnliry ,rnole,cul?f likely to
l;e cnrçi(10genic. The hope, of course, is that pn,i¡¡r,

.. ,:; i11 ti,?
'

I

'
I

rrcventinn·, and frca11l1ent nf Cancer w.iJl!'hcc.elerate once füe biothernical basis Pf tl1é d-i,.scaSe is

I

'

1

' I••• 1 ,,;,,1·· ,'

'
I ,

more /\illy 111,c¡crstimd.'
I

The q1olccllliu basis of ,biologic, ('1roCe·?ses is -rm essential foüture of Ih-.:? tl1..,1 r.1mving

disciplines of molecular chemistry a1Jd biotechnology. Chemistry h¡ts dcvcluped 1m·1h,1ds t,>1
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rnpidly and ac·curately determinrng lhe structure of proteins ai1d DNA. ln addi1ioi1. c:i1Jcie111

Jabon.l!ory methoüs for lhe synlhe·si's oí genes me being dévise·d. Ultiniately, the t.,,rl'l.'L.:!ion or

gcnelk di senses by reph1ccment of defec:üVc genes wil'h norn1a1 Diles may become fl(\?;:;ih!ç?

Physical chemistry

Many chemic,11 disciplines, such us those alrêad)'. dü,tussed, foci.rs on ccrlni11 clnsses of

11111teriuls lh(il shnrn wrnn,on stiüct11ral anel chemical fontnres. Other specialti,,,·. n1ny be

c°t.!1llrcd nol nil a Gluss or substnnc?cs hui talher ·on their interactions and rnrnSfnrn1111 icms. ;!lie

oldest or these 11elds is physical chemistry, which seeks to 111e;1sure, correlate, and e ,phiin the

q11antit11tive aspects of chemical 1itocesses. The :Anglo-Irish chemisÍ. Robed lí<1yk, for

example, discovered in the 17th cenlmy that at room te111peratmethe volume ,,1 a lixed

• qunntily or gris decreases proportionally as the pressure on it ü1crcases. Thus, Ji ii- ,1 gas at

constn11l lempernture, the producl of its. volunle V and pressure P equa1s a consU1r11 1111mber

i.e" J'/''..c_ constrmt. Such a simple arilhmelic relationship is valid for ntArly all g.:1s1.':J at. roorn

tcmptríillll'C and at pressures equUI to or less than one .atmosphere. Subsequent v/ork has

shown that the relationship loses its validity at higher pressun:s, but more c:nrnplicated

expressions that more ncc11rntelym1Heh experimental results.1 can by cie"rived. TlH> tl¡scnvery

and investigation of st1ch chemical regularities, often called laws-of nature, Ii,, ll'ithi11 lhe

realm ui' physic?I chcmislry. For moch of the I Sih cenll1ry the sourêe or llliill1c,rn11l icrd

rcgulurily in chetnkíll systems \vffs as,?umedto he: the continuum of forces i1nd líejds thal

st1rro111\d the atoms making up chemicfii ?lcmenls bnd CQ111po11nds. n'cveloprnerits 'i,1 ,he 20th
', I'

I
,-

cenlliry, however, have ' :sho1\11 t!rnt chemical behqviour 'i? hest i11lerprc:1c·d by

a quantum 111echn11ical n?odel
of atomi? and 1i1olec11lar structure

..
The brnnch , >I physical

chemistry that-is largely devoted to this sn?ject is theoretical chemistry. Thporc!ic¡¡I ,:hcmists
I

I

I
,·

I
:

! I' I

'

'
'

make extensive f1se of compulets !o: help them ?plve complicat.cd mathematic,¡! equations.
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Olher hranchc,s or physical cheniistty include chemical thermodynamics, which ,h-,ii:s with

lhe relationship beL,v??n heat an'cl other forms o:fchemicnl energy, and tl1cn1i1_:.,1I kirwl¡C?;

which seeks to 111casure únd · nnde-rstàml the rateB or 1'ht:mical

reactions. Elec:ltoc.hemisiry investigates the interrelationship úfde'Cltic c11rtent and 1.'l1t?niic.HI

change. The passage ni· an clcçtric turrcnt through a chemical soh1tióil eauses eh:in::,·c: in the

Constilm:nt suhsfmH.:?.s tlial are often rcvcr'siblc i.e.·, únder cjiffen?nl cundidons 1111'. ttltertd

suhstrnu.:cs thel'nselves will yield nil electtic cur'rcnt. éom'nmn batlcries conlni11 l·ht.·micnl

s11hs!w1ces that, \vhen plnc?d in GO'l1't:ncL with each other by closing an electdcal ci1 cuí{, \viii

deliver current ni a co11stm1t vol'tage üntil tire st1bstan·ccs arc coi1s11med. At pre"''ll 1here is

much inlerest in dcvices'thnt can use the el1ergy in sunlight to ddve chemical rer1c·.1í1t11?? w·liose

products nre capable n¡· storing tbe energy. The discovery of such devices \V1ndd make

possible the widespread ulil iza lion of solar energy.

There ?ire. many other disciplines wijhin physical chemistry that nre conccrlled morL? wi1h the

genernl properties of substances nnrl the interactions among substances thnn with ·!he

substances themselves. PhulOchemistry is a specialty that: investigates the intcrac_tion

of ligh1 with matter. Chemical reactions initiated by the absorption o[ light ea11 l,e very

different from 1hosc lhat occm by other means. Vitamin D, for example, i,; lurn,cd in

the human bo?ly when the steroid ergosterol absorbs solm radiation; crgL)sternl dol;.c; \,ot

chnnge to vitamin I) in the dnrk.

A rapidly developing sub-discipli;1e or physic,,! chemistty. is-surface chem isl ry. I_I
,,.,:,11-11 ¡'nes

·1,

.
'

the prnperlies of chemic'al surfaces, rel)'ing heavily on :insfrurnents' ·lhat can pt·1,vide a
'

'

chemical profile of such surli1ces. Whertev'cr a solid is exposed to a liquid or a ga,;," reuclío11·

occurs_ initially on the surfocf of,the solid, and its properties can change 'drnrnatícally as n

result. i\luminpm is a case in point: it is resistant to CO!TOSion ¡iecisely becmrne lhe c:111foce oí'
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the pun.: metal rCa'ds with oxygen to fonn a layer-ofalnminütn oxíde, whith servL'.?; ¡,, prmtTl

the in{erinr nr the rne1íll from fürthe'r oxida'tion._Numerous reaction cafalys1s pGrfr,1m 1lic:ir

fllncliun by providing n reactive· sur'fác.e on which substa:n·ces can rcacl.

Analylic:ol chcmish'y

Most nl'the rnatefials thut occur nn Earth, such' as wood? co·al, J?ineral·s, or air, arc nlÍ.\IUres üf

many di ll?rent t111'd distinc;t i.::hemi'cal s\.1b:;rnnce·s. Each pure Chemical substance (e._\;., o.'>-ygpn,

irrm, nr wnter) h?1s a L'harnderistic set ofprüpcrties that gives it Hs chemical identily. Jrun, fix

e'xnmpk·, is n common silver-white Jn((tal that melts at l,535u C? is \1ery rn;illc:·.11hh::, and

readily com hines with qxygcn to fo1'm the common substances he ma tile ::iml mag11e-J it-..:. Tile

dctccli(ln ur iron in a mixture of metals, or in a compound such flS magnetite, is ii ln:11H.:h of

analytic,il chemistry called qualitative analysis. lvlcasurement of the actual f\ff1olmf of a

ccrl.ain s11bstílnce in a compound or mixtl!re is termed quantita!ive Hlltdysis.

Quantit?llivc nnalytic measurement hns delennined, for instance; that iron mak(:S up 72.3

percent, by mass, of magnetite, the mineral commonly seen as bla'Clc sand along beaches and

stremn lrn.nks. Over the years, chemists have discovered chernical n??ctions t-lrn.t indicntc the

presence of s1.1ch elemenla l substances ?y the production nf easily visible and ide-ni ífiah'le

product'-i. Jron cnn be dclrcted by chemical means if it is present in a sarnpll: lo an ·fl1nuunt or

I part per million or greater. Some very simple q1rnlítative tests reveal the prc?;?nn? of

specific chemical elen,ents in even smaller amounts, The yellow colour imparted tu" llame

by sodi11m is visible i( the samplwbcing ignited has as littk as onc-billio11th ,,¡·" !'''"II_ c,f

sodium. Such, analyt:ic tcsls h?1\1e. n!lowcd cherrlists to identify 1hc types tind rn11rnml'; or

impurit:i?s in' VQri?ms
. subsl¡inces nnd

·

to· determine the ,properties qf very, p11re Jn.dL-riafs.
'

.
'

,

Substa;1.ces used in common 16boratory experiments generally•have impurity levels ,,¡ less

than O. I p?rc?n[; r9'.','sp?cial applicaticms, omi can purchase chemicals thal have Ílllp¡1rities

¡I
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tolulling less thnn (l.00 I percent. The identification of p11te sübstarrces and lhe ,,11,ily.',is or

chemical míxtur'es errnhle all oth'et chern'ioal disdplines to 11dur'i.sh.

lhe in1¡rnrtunc·c of annlylical chemistry lras never been great.er than it is today. 'Jh,; 1krnand \n

modern sucitlics rot· a vi,rict:y Of sare foods, affo'rdable cm1slliner gooçls, ahrnhhtrd energy,

and l:ihuur-savii,g tecl11rnlogies places fi grcnl burden on füe cnvircrmnenL l\11 ,·hemical

nrn11ulücturing ¡1roduüt:S waste prodlrcts in addition to lhe desired SL?bstrinecs,
n11d \'vasle

dispnsnl hns nut ulw.1ys he?n cn'fri'ed oüt cnrcfülly. Disrurlion of the t;nvinmi11tn\ has

nccll!TL'd since Ole dawn ur civilizaiiün} an'tl pollution problems have increased \Villi the

growlh nr glnbul populatinn. The techni4nes of m1nlylica] chcmislry arc n.Jic:d un hc:rvily to

mai11li!Í!l a benign environment. 'íl1e llndesitable substances in waler, air, ?oil, llml k1ud mllst

he identified, their point of origin fixed, anel snfe) econurnical methods fbr t!Jt:ir tl?Jnt)Val or

ne11trn!ization developed. ()nee the mnount of a pollutant deemed to be hazardous has been

nsses?ed, it becomes importnnt to detect harmful substances at concentrations wcl I !1tjlow the

danger level. Analylicnl chemists seek to develop increasingly accurntc and sensitive

ieclmiques and instn1111enls.

The I III pnrtaucc A111I A pplicatinu o\· Chcmistt-y

Everylhing is made of d1emicals. Tvfnny of the changes we observe in the \Vorld ;_1nJ11ml we

see that caused hy chemicnl reactions. Chemistry is very important bcc.nuse ii 11,·lps us to

know 1he composilinn, structure& drnnges of matter. All the mallers nrc 1n:1lk: up of

chemistry. fn our every day, like various chemical are being used in vari?1t1s li·u1n, ·so1ne o[

those are being u?cd as food, some of those üsed clanging etc,

I' I

l8

'1'

I:'
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J,:tcm,·111 in the llunrnu
ll111ly0

Body is made \l(' of chemical compoün·-ds, which are comhinati61?s of elemerJL:;. l"robably

kru>w h,,dy is mostly water, which is h'ydtogc/1 ami oxyge-n,

llcallh Care nn<I llcanty

'l'he lliagnostic 1t:sls c11rried ntll ill fobürat.ories, the p'r'ognostic estimólior1::, ff1nlii:::al

prest.:rí¡11inns, ¡1ills, the vucc.ines1 the mltihi-otics play v?ry vhal role in healrh n1unitoring,

control urdisc:ascs and in ul!cvialin'g the sufferings o[the hnmrmity. Right l'rorn bidh cunlrol

in enhancement of lile expectancy- all have been made possible using Ifie 1111n¡nívocal

services ofChemislry. l·'rom simple stcriHzation surgical instruments with anliscptic .•;o!t1tiun

to Clll'rnotherapy and Genome sequencing are all nothing bnl applications uf C!iL:rnistry.

Injecting cO\.VS) buffaloes, goat and sheep ,:vith bovine sqme to,-vropelnc.n:use?: milk-

production but it is indiscrimi1rntely heing used by sporlspersülls to un-ethically enhance

performance. Aging- n chernical change can only he checked chemically, !Vlusl be[luly

proJucl? are pruduced through chen_,icnl sy1ithesiS 'to_ clean, nurture and prnfL'?·I sldns.

However !heir certain ingredients are \iazardons to our health in lhe long run.

flllluslrics :uul Transport

From cloth mills, hither foctories, pctro-chemical industries and ri;;fineries to nic11d iwlt1stries-

all use numerous fuels for pow?r _generation and chemic.rd products for proc??--;?:ir1g !heir

producl and im¡?rove lhe equality and simultaneously prodirce pollnlion. Nnw-,1-days

chemic,d ef'lluent treatment plants use chemicals to control or neutralist he lmzarclow, ;'mpacl

oí pollutants pr?.c.luccd
b)'.

the'
in1düStries.

Aviation
;and shipping incllistries1 ge1Jcn1l? póv,•e?-

·

1 •.

,
throug!1 'power plants which burn fuels., P?trol m¡d diese) enüt. out green h<>'"" gases

dangerous for the survival on earth w,1ich
· damage the' ozone lay?:- !.hat ipr?teclB u•, Ii, un UV

'
I

'
' I

' I

rays. As a result global wnrminghas taken place which is· a d?stroyer of the planüt c;irlh: ,fürt

a1¡ain C11\emisfry pave; the w;y'ritli bio-ft1els. .

.
.

) I
1
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f-9 i

I
I

¡'
I

···1



Food Security and Agricnllnr-e:

The ll1111011s green revolulinn to increffse agricultural ¡1roduce so as tú e1rsurc Ji,r1d
',c,·1,1J'iry

was triggered by lhe mlvent of i11orgnnic fertilizers. Sinc·e then fortilizers are exte11s,iwly used

by limners to re·store lhe /crlilily of soil in the fields. Pesticides am usNI to pn.ilr-..l iht '-"ºP

during lcll'lning and prçstrvc lhe grains írúm pests, rats ami m'ice during storage. Ci,,11dirnlly

111ndil1cd seeds which ,11·c 11.s,,il 1'0 cnht11rce prnd11c1im1 ami eliltl p'rMi!s lhrough C-'f""r n(Ji,ncl

grnins .11'1: ng;dc·11ll11rnl npplic111i•?;,s ofHiocchemislry. WhereRs tefrigerntion sy•;fo11, li.r cold

s1orng1.· or vcgetriblcs mid raw meat uses Poly Urethanes Foam (PUF) and lhe d1?mical

properlies of gases, the preservatives in ¡oackageil food products are known 1o l,.ivc adverse

impact on nur body.

ScienL·e and Tcehnology

(
?'

];_

The deslructive eflí.:els o/' Atnm ílnmbs dtopped on Hiroshima and Nagasnki? Gcneratio,is· ÍÍl
1

Japan have suffered the devuslaUon·and {here ha?-been no solace. The threat of w?,1pons of

mass-destruction (WfVIDs) like the Nuclear, Chemical anel Biological weapons 11>1,rns l?rge
on the I fumanity. Terrorists are using ROX anel other explosives to nm curre111, of liar down

I¡°'

lhe spines across the globe. N11c1enr reactors which are güing to sêrve llie future gl?nerütfons

through power gcnernfion leave us with the problem of Nuclear Waste 1Vl.1ri:1geme111.

\Vherens the destrudive power is generated through chains ·of chemical reactions, 1n: remain
assured I hat Chc1:1istry has focilitatcd the chain of counter measures too, in lhe form uf safrty
s1iiles ,ind N'ílC,resistanl bunkers. Fore11sic science-, the cornprehciisiv? scichti11c analysis pf

!,

, -
-

,

- '
-

:'

-
,

I
material

fvidence
in the con(exl,of lhe lijW uses principles of chemistry lo foci!ll.ile crime

invesl igJlion, Tele-cnmm,niicatlpns; Information Teclmology,an,dSpa?? Mis?io11.s- all 1pnk,'
I I, I

:,

I
'

Of/. t'he ch,emjSr(v bfsemi-cond1.ltt6r
Sf1?d riano?ti.thes.'

',,
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t. Chemistry mui Mcilicine

Most drugs are made of organic .
.

mutenals, which is wh
I

.
•

•

.

.
-

-

y ned1c1nei llnd?r::\(,,:.,d as ·1study area, 1s dos<:ly related k .
.

·
'

' º' gan,c chemistry. Anlil ·
.

.
11ot1cs, cancer ntL·dicatinn

analgcsu;s and anesthesia arc sn,ne r
1

. .
. .

'

o
t ie med1cmcs made fro1n organic mui tc-r.

2. Chemistry a111I F1101I

F,iod is lllil<lt: oi rnrlion, nhjcct of' •;Ludy of organic chemistry. Ciirhohydrat,·•; ar? the
most obvious cxampk 111' lhe chemical curnrosiLion of food. The lenn ib:tl tcads une

Ill think ni' e,1rh, "1 and hydrogen (in fact, carbohydrates are compi,sed of''""' rnuleculc
nf cnrho11, one or hydrogen, plus one of oxygen - CHO); Proteins (N'r12 .. ci t-COOJIJ
ami fats (Cl I-Ct >O-Cl I) ,dso contílin carbon, even vitamins nre organic malle,.

Through chemistry, you can study lhe amount of carbohydrates, pru1ciw,, hits and

vitamiils that lhe human body needs under different comlitions. !'or c:xa111t,k,during

pregnancy, lhe Cnns11mptinn of vitamins (Such as íiilic acid); While, ir iii,, desired to

lone the body, a I ligh protein diet.
=

i
•

i
Iii
1-
!
I,
i1
¦ 4. Chcmisfr\' :11111 Econlllllics,
!!

I
!

• '

;-.. 11 'L

• ·111d l'l'lr.,k11111 ,'\re
I '',r:llll l] j

-¦-,
,

I
such ns diamon, ' e

Man
·

¡· ti carbon conipouill s, ·

•

t
, nthér

!_ ·..

I

• ir1·0. lC
,

. .
. ·• trnrv carbon ,1·J1 t IH

.... \ I
I

'

'

I
I gt"lphlk ¡\[L

.
,

, ¡I., . . . Dlan·10nc a/ll ,

i,.·
..

'

1_,
,coiisidered of great value.

;

.
I·., il·ohighlyrt1,il_1.?· ,-i,-l· L

' '\.
• r

-.?• nm ,Ill, I
s

fi ..'.ft'·¡¡ .. ,:
·. ', . . ;

. wide var1ely o uses

,.,1fí:tr .' eJemen't insicle nnd both have ª
;1

II
'¡

3. Chemistry anil St?rilizing Agents

I l fornrnldchyde are composed,,¡· ,·.,rbon, an

Most sterilizing agents, such as phcno anc ' '

Tlitse c:i1h111J-hi1scd

l.
'e chemistry (ns discussed above).

clement studbl ·,y organ1 .

•.
I acteri·i wd other microbes.

sterilants are erfix:livc: nt rc,rnwrng 1' ' '

I,

I

i 11
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FOi its part, oil is one of th,; m ,

Ust
vahaahlc r , ,

.
. ("111rú•\ in th. one of the most
1nfl11cntj,1¡ Tl. e ?,,,rid '"l<ItS r

•

lJS tan he..• .. .

' (,,, I •l¡,
•IHJi,1111)';tr,,n?il1?rtn ·

It
· ·

·• tt
lftr11u?Jprocesses

o give rtsc to other
res<¡urces th· t

l

. ' '""' .. ,.
1,,:.,lÍqd.

.,1

n1ni.111, n1irh1
tireS, ainong others. llr..'.i,\l, ';Ih h -1',

•;i:,11li11;:.l

In this sense, lhe rherriistry is verv, li';eful in th'-' .,¡¡
.

111\i
11:,lry. ·?¡,¡_:

science ¡;an tkvelup pr11,cs,,c, ih¡¡t allow ln lransfr,rru the i¡j[ ünd f:ll._,_. ?;;

the maximum.

s. Chemistry and Af.!ri1·11ltnrc

fertilizers arc urgank nr inorganic chemicals that are addc:d- tu Fl,i,,r, , ..
1., .. j,Jc the

necessary nutric:nts 1;,r them to be proJuni, c. Sürnc studies in tht lid d,-.¡.,_, :,u!ture

show that the use or commercial fertiiiurs can increase agrkuliural pr,,.J,._-,: n up to

?-?. This is \\ hy agriculture is ll(1\\' depcfllic'.'IH ,-:,n '.-scientific ai_fr¡ii1Cê-:_ ,1 ... ;1,i _ Íli tl11:

area of chemistr), since they a//011 rruduéti; ,11 '" r-: ,,ptimi?eJ.

fertilizers, both "rga11ic and inorganic. mx,imi2c a?riculturnl pr,"1":rl
·

-1 in

lhe right amounts. I Jowever, the organic ,,nci rrc,,_:-/1! ?Tc:ikr

chemical neces,ary li,r lhe grnwth of the pl.trlh.

6. Chemistry mui Chemistry

I
l

,. u.1( k'.\d.
I

- f "lli'll...:llJr(·:,i: ;1[ I h.'. Ii n,, __ ._

. inthc:-iWt)I'
Chemistry coincides wilh clwnnslry

1

. c:11, ,,re

ln L·dl Cl1t1ni.s1ry )tC111·.,·
.

.

·tr\' ·H,' useful
. Similarly, the principles ni chcnus ·

'

,·1i,•r11ical pr,,cc',',c-,
1.,L

·

pl.,,;,;

. ' iirnc. rnrrltipk
IÍlade up 'li' cl1emicals. Al lhe sarne

,
.

· ,/,rd·. :dil'JH?'
l'lr,11"::)lllhcsi,,

in
I

.

• hrc¡¡t/li11g.,;
1

digcs11,H1,·:

',

·w1U,in an organism, sue I ns

l
._,

I
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I
ln this sc·nse, to undersrand Che1TI-'istry, it _is neces•Sâry to u11derstài1d tlit: basts or

cheinislty, just as to t1ndetsbncl-chemish-y is· ne:ces?ary. lo. know about: t'hi::misLry.

rrom the inleractíon berwetr1 .. C}1ernisl'ry and chemisrty, severnl 'intenlisciplinl's arise,

nmn1Yg'\vhich 1.he chcin'icnl ee,Olügy, b·io'cl1c'niistry ánd biotechnology stand fiúL

7, ChCH/ish'J' and Biotechnnlngy

1!1 simple \'von\?, bioteclmolog'y is technology based on Chemistry. 8iotechni1h1gy is a

!wont I tltscipl ine in which í'.ithc·r· sciences such as chemistry, microCl1cmis( r), rl?ntti?s,

and others interac.L

The object of biolechnology is lhe development of new technologies 1lmrngh Ih?

study of híolngical ,anel chemical pwicess¡;si organisms and cells t111d their

curnponen\s. Biotechnology prüclucts are useful in· a varítly of fields, i11chuJing

ngriculture, industry :ind rnedicine. Biotechnology is cli\1ided .into three 1ffe1'.::i:

• Red biotechnology

• Green hiolechnology

• White hiolechnology

Red hioteclmology incl11des the uses of this science in relation to mcdk .. i1h· ?1u:h ns

tilt development oi' vaccines rtnd anlibiolics.

Green bioiechn,1logy rcfe1's to the application of biological techniques in ¡,lu11ts, to

in\prove 6crlain aspects of
ll,iese;

Genetically 'modified,' (Gtyl) ,crop?
are a11· c\:11nple of

¡¡reen biotechn'ology,
1

!' '.

,'



¡irdpn.st?-. tlw lhv Pl ,;dt-.: ,1th.I 1\t'}!imk suhstan('.i:s 10 sy11thcsi?.e and clegr?1dt certain
111attri:1b, insk.id ._il' u?inr ¡'l'i'ih ,,,h?·1111i..';1ls.

2.2 I utportnnl't.' ( H l ahonUürk? ln Cht.•mistr_v Edul'ation

LnhlW;itory ilL'tiviti1..·s h:1\ i...· l'-11\g had
c1 di:-:.1illl·1ivc and rcnrral role in the science (::11rrk'.11lum

and Sl'iL·ni...·e t'dlll';.llpr? hcl\1.' suggl'S.l\'.J th,H in;my h?nefi1s accrue from engaging .:-,indents in

scienú: labor,tt1Jry a1..'tl, iti-::-; lPid\.l-ring, p)?O: Jlt1fs1cin & Lunetta, J981¡ Garnet d :1I., 1995;
Lunelt;1, I 'l')8; fohi11, I '1'1(1: I lot:Stdn & L1meíl3, :'00?1. Since the e11d of tire 19'1· 1:cnti1ry,
\\'ht:n :--l'i1lh11s bég:111 tl, lé?1.:[l scil'.'nc.: sys1em:nica1Jy, Lhe science laboratory has IJct_·ome a

distillL'tive feature" ofsL·i;;.•m·e cdl!i.·cui'--rn.

During the rn,?ior currit.:ulLm1 r__,.fom1::; ln s.i2itncc education in the early 1960s, practic1il \Vork

in sci?nc? education was us.._•J k1 .:'.ng .. 1?¿- .st-..hienis in in\'estigations, discoveries? i1ilp1irics} and

problem-:iolving ncUvitit'i. In tJthtr 1,•.-(:irJs, the laboratory became (at least in the mrnds of

science educators and cun-ict1lum dcvdüpcrsJ the ct-ntcr of scítnce teaching and learning. For

example1 George Pimental tditor of the CHE\-fStudy (summarized by \-frrril & Hid_?way,

1969) suggested thal !ht lahoratc,c;· ,.,, as de,igT,td 10 help srudeílls gain a heller i(ka of the

nal'ure ()r science and stitnti fie.: in 1/t::.tíg?1ti,,-1n b:.- tmpha:iizíng the dis(.'ü\'try appn,ach.

In 200·1, as this revie\V rif 111y \1/ürk L bd11g 1},rincn, we (¡pcrtile in a nt:-w era ol 1d,mn_ in

sciem?c tducatilm. B(Jth the u,nttnt ând P":dr:_:Jí,:¿y úf ·?c.:íênci: ltaming und.teac!1ing <1k· being

scrufiniied, nnd nt-w stnnd,1nk inkn(k:d tr .. ·,ht.ip.,? mt?níngJuJ sticnce: echicmion are tui{:rging.

The J.lotional Science Fducotirin /i'trmdard; I: ií:.itírm-::,,i J?e::cr:o.rdi Council) i99fi) ,ind ,ilh?:r

science education lítcr.::ifiire (Lunerta, I ry)½; Hyhef;, 2Gúü; 1-fofstein & Luni:11;1_ ?00°l)

. .
, ..

r 1· ri'thinkirw !IH; rr,lt ?nd proiCtice of laboratory wofl; in .':ciénceemphasize the 1mport.incc ' , · ,,

'

.

¡
,

-

f ·xt (if du?mi.,,try e<lu.calion in particular. It ís trth:'' tfoil veryteijching in general and lfl I ie r,r,n 1'

;,4



o'fle·n research has failed to
sh,?\v

a siüipfistic relationship bet\Vcen eX()eriences ¡unvi1.IL?d lu

the stud¡;nts in lhe lahn1·atory a11d leT\'rilil'lg Science. 1-Toweve;, sÚfficien1 dal,1 ch\ l'"..:.ist lü

sttggest Lh'1t the lnboral()ry instrUcticm is an effectlvc ai1d rfficient teaching mediun1 lú nnain

some úf. the goals for 1cai..::hing and lcarn'ing science. Apptopdate laboratory ai.:.:liv;lic-; earl be

effeclil'e in helping sl11dcnls conslrúcl their knowledgó (Tóhin, 19')0; Gun,,to1w, l'i'!i),

devei up lugicül and inq11i ry?lyf'ic skH'lt-< as well _as i)robl?m-s'olving abil,itic?
..

'flir":\· l.·:rn '-d::o

assist i11 lhe dcvelop111cnl oi psycl1,,molor skills (m[inipülRlivc and observ:11ion¡¡I ,J ilh). ln

ad<liliu11, lhey llave a grc-nt pntcl1linl in p_romoting positivcülli111des and in pn.:i\1idl11!? ·audents

with npporlunitic·s lo devl'lop skills regnrt!ing coopenition nnd cnmnrnnicalion. 111 !Iii'; 1\-?{1L-l:-l

lhe scknce luhorntnry is a u11ique learning environmellL Thus,. it hns the pntenli,d \Ii 1m.wide

sciem:1.: teachers with opportunities to vary their inslructionnl tcchn-lqHcs and hi ;1Vnicl a

mntwhn1nus clussroom learning environment.

The revi(;\\' of my research on the laboralory is brisccl on mofo thnn 30 years uf l:t-?¡ir'.rk,ic.;

wilh al I facels of the chemislry curricul\1111 in lhe upper secondary schools i11 h1 :1,'L ·1 his

inclu(kd d1emistry c111Ticult1rn devclopment1 implementation, ev¿d1mlion, athl 1·;_;:-;t:arch.

Throughout the ycnrs an attempt has heen made :to cover most or the d1111i:,!11'.·; that

charactc.:rize prnGlical work in lhe context of the chemistry labor,qory. J\n1nn1_: tin'.:?l'. nn_:

studies locusing on the li1llowingaspects:

I. The chemistry la!ioratory:
A unique mode of learning, im:trn,·1i(111, and

assessment.

2. Assyssi1,1g sl11dG(nls' pejformancc and ?chicvemenl using tÜffe-renL ll\(Hk,s llr

11;•esenlalion
in tll,:ochemistry laborato'ry.

St I l(s' .1tti!ude fowafcls a'nd 'inkresl in
se.hoo]

ch?1rnistd:' labornloi:, wLid;;
3 .. UL CJ .

,,
,

.

:
,,

1
, ,

I, . ,·
,'

. .
.
',.

4.
,
Studcn\s' perceptíons qfthe laboratory classroom lcarnrng ?nv1r01111><·1,t.

I
'

I

II
• I

1,· ;zs.,

1
I

I



2,3 Method And Technique Used ln Tcfichirtg Ch¢íilis't1,Y

]{'.?fly and Lister (1965 ), base<\ o'/1 cómpl'ehensive resêiirc'lr fili'llings, s'tlggcsted tliat, the

science lílbnratnr'y is a unique .fllócle b'fteaching and k?ttning .'.i'nd tha:t lire ahili1ie?; 1_i1· iltudents

in the !nboratory nre only slightly ctíl'related \vitli their abi1ities_in other n:Cln-pr.:iclii.:.:,il learning

êxperi,,nces. Sup·porl l,ir I his was '¡irovided itt n 1,1ter sli1ge by T,imi'r (1972) nnd nHn" ,eccnily

by Yeciny, Larcissn, rnlll 11,ile (l<J89), A sl'udy on moclês Clf. lenr11ing and teachinµ. í11 the,

cdhlcx! or chernis(ry wa? conductm.l hy 'Eh:m·-Z\1i1 Hofoteln, Srimuel, & Kernp,-1 t l
1> n). The

tilàin g11al of this s1mly was w idenli'ly relnlirn1sl1ips between m,rdes of le111ning in the

chemislry laboratory and niher rllodc'S of 1eàri'1ing thftt prevnil ln high school chet-,1i.-:Lty. The

study was u11clcr1ake11 in lhe Con:text of a lab0n1tory centered program: Che.nlistn1jiil' .lligh

Sc/¡no/ ( I 972), developed at lhe Weizmann Institute of Science. Thi? program w,i,; developed

und implemented in the lsraeli education system to r?p1ücc ihe adopted vt:r'.:iinn ur' ü1l."i

Chemistry Study program. To this end, a battery of tesis were Jeveloped to cover al least the

11rSt lhree phases of per[()nTiancc in the chemistry laborat'ory (Kemp_a & \Vard, I !)7t,; l(ernpa,

I 986; Giddings & J lt:rstein, I 99'0; Giddings, Holstein, &. Lunetta, 1991 ): p/dnuing and

design (formulating questions, Jlrcdicting results, fomrnlating hypotheses, 10 k 1csted

designing experimenlal procedures); per'fc,rmance (in conducting an ,·,¡wri111e11I,

manipulating nrntcrials and equiprnent, making decisions aboul investigalÍ\'t llThniq·ues,

observing and reporting findings); analysi·s and interpretation (prC1cessing dntil, l;\¡1[,üning

fo]ati(lnships, devdopíng g?:il't'raliza_t:ions,. examini1?g the ric-curacy· oi· du1,.1, nmlining

limitai ions, forn1?1lating new que·stions basyd on the hivestigati6n coiulqcJ-ed)1;
?11.1<.l,

([/if!lh:oiio?·,
'

I
'

,
I

(making predictions about new si!t1allons, formulating hy11otheses on ilho hr1si$• of•
1,

I I

•

,,
•. .

-. .

,·
.· '

'' '
' ' ,•

.1 '· •!·_ .·• .... '·'

investi?ative results,' npplying lnboratory techt;iques to nevv ?xperimenia.l situa1,i,1tJ<,J. These !

_,¡;hases refer both' to p?ychomotor_,sldlls (manipulatiim· and 'observa'ti?n) and' Ill
,n>µ,níliyc

·

b,.,·1·t· .,

·
.

·

'

'e,stig',•ati'on andp·?ocessihg qf. a 'p1:9blem m,1d its s0Jj1tion.b?• ¡lr?ct¡cu'I nwans.

?
1 1 10s, 1.c. rnv__

,

, , 1

·

1

,

,
,

,
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Re$earchers, teachers, and testing jutisdic.tion·s, whfist goal is to a'Ssess co11lp'rehe11,;ively 11ie

]earning lhat tílkcs pl.:,ce in sdmól St::ien.c:e generally; or iil: schonl laboraturi¡;?; more

specificallyi s,rnuld use approp'rin'l:e assessment tôo1S ahd rtreihtrdologies to id1;nti[y what1he

stü"dents arc learning (co11ceptüa'I as we11 ·as proc'eclutal).

2;4 Chemisfl'y Teachers ht ifocond'a1-y School

A teaclu::r is a pen,-011 who ear'ns his living through the teachingo'f othets in ün urga"nized

institution. Since n le:ic.hcl' is fi:li'mallY appointed to t'eaCh, thc'n he needs to h'í-? cGrtilieti or

sht\w srnne signs ül' training, tinis! I.e ltnowlcdgeable tlained LO lrno•.V, underst,11Hl kaqJing

process is a lcaclwr Aririabcrc (1996).

A qualilicd tc,1cher in this context means a chemistry teacher who posse•c not ,,nly the

kncw1'icdge of chernístry to irnpnrt but also those \vho has studied the themies or li.:ü1ll ing and

methods of leaching ami is proli;ssional by his training. Fducâtion ís the most in1luenlial tool

whose efficient use requires the pm9er of determination, devoted work and sn,Tificco. As

têachers arc major lrnndler of this lool therefore, !hey 1únst p'osS·ess qualities of high education

and competency for deliver. Educatioti extends attraélive way or lif-e, talent ,rnd nrnnners

which make nn individual a fine civilian. Ptimaty aiid secondary cducalion i:1 (1HG of the

found"tion stone of developn1ent of children arnl country. ll aêts as a vital part in pl:ic ing' the

proper institution of child's cultural, social, moral, ·emotional, intellecninl, pj,y,cicnl mid

spiritu:tl iniprovement. Primnry eduCi,tion c(;nlrib1ltes to
'.
national devc!opnwn1 vvhile

'·

e(lncatiim at post grndtinlc level provides thi1rk tan!? for progress of cdnnlTy. Tlr Sieondary
' '

education which serves-eis a lit!k a?1ong,primary
and higher education is expeG!ull (¡, pr??parc

young people between lhe age group,,of 14?18 in the world of work, who am re:idy ro ,;nter

into nLlvnnced educalion. Chcrnislry is the b'nsis Df ]jf'e, and ?itbject
of imporUrni.:;?:

in nation

J attention fro? füe w¿rld class Univ?rsities now days, to build
buildin?, acqüiri?g

rnuc.1
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Interest mui skills into the students foi.'có
1.

.mp ex education. Clremical education .b an aclive

areµ ni' research within both the disci lí
·

, ..
P nes of chem1stiy and education, focrn.-ing ou le,1rning

and leaching or chemistry iri sclwols, co. lleg•·s:v und unive)'Sities, 'with tlie tottls c,f

under:;tnnding how students le•ii•n •I 'e'

•
·

I

. .. . .

'

·
' e 1 m1stry, 10w best to leach chemi?try. The c.11nic,11la of

higher secondary educntinn rcqúire special nttention at lhe,,ry anel practical le v,·.I which

should build lhe interest und allrnclion in chemistry in the r,geof 1,1,1S. Thc:ie ¡., ,u.,cd 01·

de'signing new Cu'r'riculn, covering cheniisWy h1 an.easiest and a1tractive way associili?d wilh

the cuvironmc,itl. llrguniznlio11 of Confimíal workshops for teachers for fresh 11¡, c0tirses

aimed :ii b11ilding mvareness in ,rew tl1emes in chemistry edncnlion. ln chemislry edueali011

shoHld cons isl llr understanding, how sttlde·nt:s learn chemistry, hdw .best to corn.-:h cl-1L:mistry,

ami lww to improve learning ontcomcs by changing teaching methods. 'The apriwpriatc

training of chemistry lecturer, include much melhods, together \Vil.h classnhm1 kctme,

demonstrations, and lnboratory experimental aclivjties nre c-ssCntial regularly. Thurc. is u

cnnslant need lo updnle llw skills of leachers engnged in teaching chemisll:y úl ,,eu1ndnry

level. Kync3 reported about the teaching system in mulligrade classrooms thrui1ghoul the

world \Vhich would like lo inercase in near -future. Ky11e3 addresses 11ml prull?:::sional

knowledge and skills !hui are pertinent and compulsory to leaching efficiently in :;i11gk-gr,1de

pcrspeclives arc also applicable Mrd e·ssential for effective multigrnde teaching. BodmT·I ACS

director (Division Chemical Education) e111phasize on improverner\t in K-12 science

education which is now a days are increasingly choral as the need for a highly skilk-cl logical

employees tine! a precisely wcll-c'tluclited community h?s become i1'npenitive in the: 11:::. ACS

! ? r

· · •

·¡ t· .15,0,, ·1ntcd for 1he training of high school chcmis11y teachers wi Ih ·the
1s q1creusI11g Is even?' "' ...,

· · ·

,

·

.,

p '.

:

5 .,.nd CTFC through scholarships for chemistry ,rnriinrs ¡;,lfil\\:ing
ACS-I

Inch,
iogram. ,

. 0

,

•

,

' 1

1
li 8s, r(u- secon,d?care?1 cl1t'111isjry ·,

ccitificulion, as l1igh school 'chc?iS!ry,
teac 1eir_,as .we

,
I

,

, '·
J

•

chemistry deparlr¡¡cúts in !lie pln1111i11g oJ

teachers. CTEC,' s' 1i1 ission is kecilly mvo vmg

29



Jlliure chemistry teachers. ACS is coliab ., .
. . .

'

º1ª110g willi NSF, }:.hy?tBc. a-nd A1jLU 1n dc.vl:lop u

roMst CTEC initiative !hat wi'll ilrcré\ase lJoih the quality ami qtrnmify a·r high school

cl\e!Tlislry teachcrn while catalyzing changes
.

t·I
.

·J

· . ,

111 1e cu tute of füacher education :.hnri:;d hy

chemistry dcpnrlmc11ts. II II 15 "" ,roo' ,,tudy on Make Chemistí"y tet,ching releva11t lo under

.grade Slllilenls shoiscd lhat chemistry leaching is unpopular and irrelevant in the eyc,s of

Stlldenis, does nol promote higher ordc'f thinking talents, lea'ds to ·ga¡1s between ?,1udents

wishes and teachers teaching is not chtinging, because tetrcl1ers are afraid of change ami need

gütdancc. I le suggcslcd three aspects to understand the issues of relevance ur cin,rnislry

te·r1chi11g i) \Vhal are we jrying ro do? ii) Hüw lo gu'ide tcúche¡·s·? fü) \Vh?t cnUld Lk' ¡',_•l?v1:rnt

teaching materials'? The tenching of chemistry requires spectal attention u, deliver !hi.; subjccL

to slt1dL't1\. ·rhis 11111st involve Sl!V'cnd releva1it factors, which inch1de teacher cu1·11pL:lency;

syllahu:-; content and its npplicubilily lnto background; everyday applied work or c.?::-.pl'.'.rirnent

of chemistry; and the presentation and zeal and zest of lhe teacher. This neéd íu!I cúntinucs

apprises of chemistry tcncher with new searches nnd current contents of chemistry tn make

cherni:o:;try attractive, interesting 'for se1ection of the subject by the student in near fi1turc. For a

high school student's chemistry is most feared & dried snbjecl ?nd can be a bit chalknging to

handle; when ynll are talking about chemistry. The !encher lias to make sure tlrnl the
suhj,?ct

is interesting and students can easily appreciate it that we are all enclosed by chemistry ,md

·

chemirnl reactions. Those are also taking place in?icle
our own body. A chemistry k,rcli,,r c:rn

easily attract the studen\ by just showing the things around us like how lhe frfo dtp,·wls u¡ion

breath' and how ,our body is contin\rmrsJy involve in exclmnging of two :gnsses (CO.º & iJ2)

for sustainable life. Name the two important gases, and later on tell their. ti1rn.lion in

'

1
l ¡¡1•1s wavy' ou can tell them that chemistry is noi so,;ie buri¡lg and

atmosphere and 1111na11. n • ', .

.

. .
.

• .¡· J'B Find out easy-to-do, stimulating trials and get yonr ;:indents
dull subJect but 1s sub_¡ect O 1 e.

¡
't,1 rnethOds a)ld tell about other subject 'to tht sfndenls

'to do them in class. Fol,low these 11101 e '

,

·

,
,

,,

,

!'

1l
'I
11

¡1

i
I

I

ii
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fllte sncinl sciences, Chemistry physks and .,
. .engage your clMs l11 chemistry is valu:il,k, l,¡¡•;i,:snbject uf the academia and becmnc the lc·rme 1 1

1

.

1

e

•

, < e• 1e ovec, LflVored high sclmnl kud,cr.

A c¡ualilied !encher is a teacher ,vhil Ira • ·.
d d

• ·
·[?carne ere entials írorn an authOI"Ha1ive suuri..'.1\ such

as che gov't, 11 higher educai ion ill'stitt r ·
•

· ·
• . , .. ·1 1011 úr private sourc·e. This teachers qualilicalion gives

u kad,cr auihor·i7,11ion lo teach tl'r1d grúde in pre-schools, primary or secondary educ,11ion in

COlllllrics, sdionls Clllllcn( fll'c1is OI' Ct,rricula where authorizing entities require ii student
tca,;hing hcl,11·c earning lcaclwr ccrtHlcation, roules vary from Collntry tó courilry. A 1-,a,hing
qua Ii li,·aliou is nue of I he n umlrers o 1· acadenüc and'profossional cleg1·ees that ennl,lc, ,, person
to ht'L'tllllL' a regislcrcd !encher. l?X¡fmple of teaching qualification includes the Po.-::c-(frnJtrnlt'

Certilicntinn in Education (PGCE) the Professional Graduale in Education·(PGDL¡, Nntional
Certilic'a!ê in Educafion (NCE) and the Bachelor of Education through teacher qu:difkatiün
are mnsl commonly provide by government anel higher education institutions, thén, nre a fow

private bodies providing teacher ccrtilication; for example the National H,,ard for

Professional Teaching stnndnrds in the Uniled States for the Center for Teacher Acc'rcditation

(CENTA) India.

Aghc111a ( 1980) submitted that the problem associated With inadequacies of qmdifie,1 kacher

in the country is worldwide but moré obvious in flle developing countries where •;utficient

provisi11n 01· qualified leachers. Our eclucatiol1?I system, süuting with lhe ,rri,n:in ,clrool

level, should be such Jhat competent teachers are employed to teach specific: 1,,i.sc·d .on

'·vsl'"n·i \\/here a g"'radc JI eerl:ificate .holckr i? given
e?

class to teach r:itlwr rh::111trainiug. A , v

·

I

.
.

h for the present sel up in our educiJlion11l industry (.·,ri,iahere,subjeu 1s not goo, c11011g

1996)
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'-;{?t?J,?
.

Jfe11J11min (1970) noted that hutrdteds bf füidi .
. ..es have been earned out on the pc:rsuj 1r1d and

pl'Qfessional characteristics of teache .. .
.

.rs In an attempt to stablish \vhich frait nre lhe most

de?lrable for teachers to posses's and whicli· a 1 ·fi
.

1. 1.
re e e m Ile mnc 1cáps.

'riie followiilg [fails were list'ed, adaptahiliry, al1factive personal appearnncc, hrcdth oi'

Interest in community, cmclí1lness, acct1racy, deliniteness; thi•oüghmess.

Jafto ( 1 <)82) in his work on lhe )Terforp1£lnce of sll1denls, tencllcrs· op'ened that the ?iul·cess of

any educational ¡,oi icy in any c;ountry depenclcd to a lürgc extent on the quality and caliher or

lhe teaclwrs.

2.5 Stn,lcnt's Attit111lc Toward Chemistry

Developing fovournblc atlilncles towards science has ollen been I isled as one nf' 11,c, i111portant

goals ni' science tenching. llo!stein and Lunella (1982, 2004) have suggeskd that the

labornlory, üs a unique social setting, has (when activities are organized effec!ively) great

potentinl in enhnncing social ínteractions lhat can, contrib1rle., positively to developi11g

attitudes and cognilivc growth. Severn! studies published in the 1970s and early t•l80s,(a,s

reviewed by Bates, I •)78, and by Hofstein & Lunetta, 1982) reported that stu,hils enjoy

laboratory wod-.:: in some courses and that labóratmy e'Xpcritmces rcsnitcd in pt)_?;itive and

ímprovcd student at1i111de.1· and ii1terest .in science. For exmnple, Ben-Zvi, lfofstcin, S;1muel,

and Kempa ( 1976h) reported on che111istry students who were nsked lo rnte 1he-ir pi.sll·úplions

of the rclalíve effectiveness üf insti•uctional methods ,for promoting their inle1,·,,;1 in nnd

'

attitude' towards ]earning cl1emislr{'- Thê)' reporteei tlrntpersonal involvemenl,i,1 the, c1,Jmisl1y

laboratory w,is lhe 111ost eflectiVe instructional method for' promoting their inkrcsl iii

, .
.

1:.

,

,

,

¡

,

e 111· t·r·asted
·,

with teacl1ers' demonstrntions, fihi1eci'
".-

xperin,enls,
·

chemistry stu¡ ies ,w 1,:11 <
.

' ·

,
.

,

,

;, '

•

' .i'
d t cher's lectures, ln tlie previous chapter, Hen-Zvi ei'nl. (1976a)

•

,glassro?m
d1scus?l011s,,ai1 ea · · · ·

·
·

,

'

.

.
1

.

, .,j . , ,.
I

,
·

I

,' I
'

rn I
'

•p·eriments are effective substitutes to studcnl.¡' own

f;t::/reported
that in general, l

?l-C(i
e:,.: ,
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}}(perilúentatio'fl, in regard to the c.o·gniUve,. and tõ a considet'able extent, lhe p?:y, til-Mintor

:111tco111es resulüng from them. It is cleat from 1his Sludy that that thi? dues nrlf 11pply t.o

swdents' perceptions of1he learning approaches and their liking for them.

In addition, ii1 a study in which \ve explor·ed the reasons fol' students' cnn)lhne11t in 111orc

advanced (posl-cürnpulsury) cmirscs in high"school chcrnislry, we f?und that""" ui Ilic key

J'easons wo.s tl1eir t:?periencçs v.iilh practical e·xcrcisc-s íll lhe .ch'el'nistry lablJralífry (l\-fili'ier,

Hofstein, & llen-Zvi, I <J87).
·

Thc?c results are in alignment with findings in 11,c USA

(Clütrcn, 1966; Joh11son, l{yn11, & Schroeder, 1974) Also,: mor'e rt:c.cnlly, in í'-lig(;·rh1,

Okcbukola (1986) su1111'nmi:zed his study, claiming that a grcnler degree ofparticir,ali1,n in the

scknce lahorntury resulled in an improved attitude towards chemistry ku·rning in [!/·t1i.•,rnl and

townrds learning in cherni.c;lry lahoralory in pnrticular. Okelmko1a (l 9f:6) used t'\·,.?; lttirwle

towanf.\' mui i11teresl in clre1nisfl:11 lnhort.1tmJi questionnaire developed and va!id?1ted by

Hofstein, Ben-Zvi, and Snnn1cl (1976) in lsrael. This questionnaire was used i11 a study

conducted in lsrnel (N=505, in JO-12th grades, in 5 schools). Our analysis ui c:i11clents'

responses using factor analytic investigation, rcvealeç] that students' attitude ü1w,mls the

chemistry laboratory is not one-dimensional, ns it was ílssumed to be- for n1tituclt-t> tow?1c.fdS.

science and school science (llofstcin, nen-lvi, Samuel, & Kempa, l975). '!'hcc 11,lluwing

attitudinal dimensions \Vere obtaine'CI: leaf-ning in tlie science lnborotá1y, the 0111u1mt of

/abonl!oJJJ work, and the 11nlue of laboratorJ' work lmporlantly,
,

it \Va?; found tila[ thr:

mensur? is sensilive lo lhe lype or the experiences lo which !he sLudtnls are ,'.\Jh1.':L.:d, fo

differences in the type or subject !hat the s1udents learn (Chemistry, cl1e111is1ry, .and
¡ ,l,ysic.s),

'

and finally to geiidcr differences. ;For example,. it was found 1:haJ chemistry ?tudenl!..; in I :!Ih

grade ¡ age 17) fonnd laboratory work less stimulating th.an 1heir 11 Ih and l 11111 grnde

I

,

1 ¡
·

'Idition a coinj)arison of !Joys and girls regm-ding the various a11i1udinal
Coun erpar s. 11 al , ,

e ·

1

·

·,

.

,
;

1

I, d 5'1g111'Jicant differen, c:es, unlike, previr,)ns wo
..

·rk in ph).'sics kal'lling
¡ dim ens ions revea e no
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berg, 1967), in which ii wns ·fr,nnd lh.>iJ rh,-T'/'\-:· .J11,11\1,,,l'Í
i·? ·,ig11di ... :anlly 1H,11,.· :111:;i1i\·c.

question.tiafre wa...; ?1dminisl'i".r1':'( I n1t·1fc· H•f,.é.'l'iD'·, ,,,1:

1
,

¡?1,-,1.y Ir? 1\ l1i?·lt I wu gnHip.< 1, 1

· .i11d...:i11s

compared 'O(ipnis s_, I lnf"-lei\1: /(i'n31 ;'h .. 11;; 1., •',\tl?lH 1.·l11t:,i?kd ui '.lutl; 111'1 ¡vho

,1rmed inquiry-type dll'111i::-.tl'¡ ,:·i.p-tilhlLr,;-, /?1:1;:.1, u11 l·,ipt1i'._,, s?. \IH11r, '/00·1.\, \\'l1creas

,1th er grollp compri?cd •?t11den1:; 1,,;-lH 1.:c l'.\!',i,1,,,,;,¡; _;_
1 \hiinl ?

,_ ,,Lu:.lv,I tif u.111 ! 1n11.d1 ;1
.1 -ty¡Jl:-

eriments. h was frn111tl Ili.ii in i•t·nn:il ,i11 '!i-•1,H••·, ,,In, •,,,i,_ 1111·l.J\'?-d in tln ·111tfLHl_'1-()'f1e

?lical cxpq'ricnces d1'Vt·ld¡wd 11 !ll!h'l, in:1,1 !\,,,.1H'
., ,¡li;J11lc 1.?w<11d:; k?L1ul11r I lw111i:.!I) in

1cm] nnd to·wnrd:-- 11 ,irnin¡• l'lh'lni•:!,'·., ¡1
1¡.;:,,,_.111•l ·, , H11i¡· 11J ¡1c,il11:.1il;i1 1 .i1tq,;¡i"nl 111

)ther group (co¡-f1r<d). \I Jl11 h,:;;inhiri: :)1:· 1·1.11/:: 1J1. le,, 11:, 1d ,l h,il;¡1J:i 1L 11, 11 i11 l111·

ienCL' education I it.:.'.rnl!lrC nh·i1,'ci:l ''i"i<'i:('\ ,·,,,, u, ,1 ,1 1 l,, d 1c1 l 11'L Ill 111Li11n 1J 1:! 11111¡'L·d

ore tn\vards the cngnitivL': dt)rn?;"in l·i'1

wo .:·nrnprehensivc rl·vil:\,-? thhi \'-'r

azarovvilz & Tnmir, ](Jl).:l) illll n<·:¡ ,J1,\·1·s.·

ti,,

hat laboratory work is ,rn i111p1wLnH nh•-..H\1\11 1\·• 1,1,l•:l'?1·'1'?--'' .illil11,.i,:', ·.ti1w1b1i11¡: i1J1,·1c:J ?mJ

enjoyment, and motivnlinµ ?111,knts 111 i,,:1111 ,'1•i,,111·'t-:' jli ;y .. H,.·1,d ;L1td i:l1,.:111i:,l1y ÍJJ p:J1liculur

(e.g., Freedman, 1997; llwmpsü11 S:- ??n? ih,. _:•ni!'.!

J?



CHA PTÉR Tf1RitE

RlêSI?All:CH l\ifETiJODOLOGY

.l Intrmlucfion

11is chapter dc,üs wi!h lhe s1eps .rt'nd methods nsed hy the rcserirchets ln c11rrying nut this

tutly, The clrnpü;r íncludes dt:st'rip[ion of !he researeh desi"gn, popuJatim1 of dn? sludy,

:ample and snrllpli11g kcliniquc·s, ii'lSO'umeri'lnli-on; validíl)'. anel reliability or the: i11::1nune11'i,

mel hod of clttla collel.'t ion ,ind pmGt·d1rre fór d1:11a mm lysi'i.

3.2 Rcsc:irch Design

The design for this rese1:1reh ,Vü"rk is basically a clesc-riptive survey resenrch wld1..;h aims: c1t

ínvesligating the prnhll.'.ms and pl'ospccts oJ teaching cJrn·nüstry
i?1 secondary ?c11uols in

Gusau metropolis or Znm/i1rn Sin le, Nigeria. Nwogu (2006) vidwccl (,llrvey rescnrcli ,is tilnt i11

v,rhich a grnupofpeople or items are slüdicd by collecting and¡nna!yzing data frrnn ordy Jew

people or items considered to be the representative or the' entire group. lle 1H,lcd that

descriptive survey tilUdies nim at collecting dnla on and describing on a systt::111,nkrni11111er

the clH1ractcristics, fe:1!11res or r?icts nbout a given population.

Therefore, lhis research work was desig'ned to i11vestigr1te 11:c problems mid pru::p(Y·ts oJ'

teaching chemistry in secondary scll:ool in Gusau metropolis ofZmnfora s1il!c by ,_'.¡,//tding

a?d unalyzing data from selected number of chemistry teachers and sludents to rcpr,·,êlll all

the chemistry tea?hcrs and stu,b,1s of Z¡n11fara slate
se:ondary, schr¡ols.

I!,

3.;3, l'Qp11lntion Of The Study

Th? pojrnlation ophc- itudy refers to the, lotai num
be:·

of subjects in the i?vesligl!IÍllll, Tlie,
,·I, '

•, I

,jl?pula(iori of
tl1e

ieseal"ch c0111'pl'1s6d -?!I
teachers ard Stude\lts :of se1:io,:

,,' I
...

'
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,,Jfr1i11g chl'll1i.•,11y i11 Z:11'11i,11·a Stale. J\ccordi,1g 10 Zam Iara slate Miiiistry or J!,cl11tation,
111:<JllTIUrnlc Sc1vi,·cs l)c¡,,,,l1J1c111

(21118), llicre n1ê total nu111lic1s of 73 senior $'cêo11dary
sci, .. .,¡.¡ (-Ill ¡,ril';Jlc• """ n

1111h/icly OWiJcd se11Íor seéo11dnry .schools) \vl1ich aré all offéri11g
l"lil·1tii:.,,t ry ü l sc11 iur 'v In:,:; I, tu 3,

Ili,· ;l1tdl'llh ""ti lc·al'l,crs Íll llii!; rescdrch uclrn1g 1.0 the lribcs or 1-lausa, filila11i, Y"rUba aiid
I,,¡,,, 11,,· •:l11,k111:; 111,· hc•111,;c11 Ilic ngcs of 13, 15 lo 18 years old (S.S I, 2 alld S.S 3 sludc1'1ls)

;1n1 I ilw t,"·dclin,, l 1<1 ¡·e l1chYccn 5 tu 2G yc<1ts of tcachin'g ê:;<pcdc11?e.

J.-/ ,'·i;nnplt• ;n11l .S.:1111pii11g Tcchuiqucs

,'_-.:;i1npk 11r •1 .c;/11cly rc!Cr:, lu tin; ,'>elected s11b_jccLs 11liliz.cU in the ?lud)1. 1t must dcmunsl'rate a

t·1111qd, . .-11: n·r1rL'sc11r..1tl(,11 nJ' lhe ;i'ctual pupulatiu11. Due to the li1nücU lime available,
i11';11fli1:i(_']1! l.[1,1d.<:> and uthe1 cu11dilío11s bl'yo11d the rcsenrchcrs control, a simple rând01n

¡,n•1T,!1H,_' n·::is <ipplicd c.1ml li/1ccn {lJJ sccombry schools '\,Vere scleded len and live (10
¡_ir

i\ :,/,·· :111d 5 ¡'mhliL· sch,iols) from Lhe Lula! flumhcr of seventy three sccornJary schouJs. In
c;wh ,,¡ lhe .',ccu1Jdc,ry schools. llirce (J) chcmislJ)' teachers nml tc11 (10,i cl1e111islry students
\\u1· 1;11ir_lt111il_y :;\ilcctcd and ll.')ed for Hie swdy. AHugelhcr, ,ve have forty five (-45) chemistry
It•;,, I,, , ,, :,11d <111c IJ1111<1i'ed :,ml filly( I SOJ cl1cmístry s111dc11(s i11volvcd in lhe study.

,;.-;;c"'!:-•·,";?.•_.,_\""'.'-,,
?\).f<l Ul?l\,·1;¡:??\.

1--??------ º'>>,
, '<:(

LIBRAR',J_\J,_
;

.•..·_,..

·•.

??- ?,

?sÀ&'?--

'l6

i,' :

lú: l,·J:



The sccumllu'y sêhools selcclcci'arii s!Ybv/1,'i iíllhe table helolí':'

· Ti1hk I: Lisi (Jfsclccfc<I scco1úla1')''Sdim\ls·

--?;?-¡--
- -

--???ncsof sch nots Tyj1c of sclni?;:??·u?nlwr II i

studuib
--·?.--· '

--

? _J_, l'n_lle/¡e oL lsl'.111,k Scie,_i_i;lê, ??,.?l??-------.l'ny:it?.-- _

1

I 11

M11sli1'il's S111dc11ls

Ac.i1ie,11l

J. Ncwl),1w11_Çil) cullcgc_(_?DCU

2. SotiêlJ' (MSS) Privai.e Ill

(,'c¡¡dcr

Mirnil

Mi,:cd

•I. L,?lt1__l111er11nliu11nl Sd,onls

5. Zni,wh l11lcmnlin1rnl Sclr,,ols
·-~------,·-_, Pdviilc I (I

---?,--------

,,. l'rince lntcrnatil·rnal Schools

7. I ln11wr1 l111crnadonal Schonlf:

Priví'lt(/

Vrivalfi

Private

B. lnst_ilu_le_!?l(: (_'11n_1pr_d1_cnsivc _ndúcatio_n Pr)vn1w _

9.

l O. I lahilrn L'laraden Kaura ( ILB.K)

11. Specinl Day
( D_':l_l?llrn_i_L _

Secondary School

12. !aJJ}'!lll Senior S9?llndnry Schoól
,_

IJ. Cinvernrnenl Ciirls Day Secondary

Schoc?_I tJmln_lliyu)_ --?- __

?.5 Rescnrch luslrnmenJ

Priva le

Public

Public

Public

Ill

1(1

Ili

Ill

j(I

1(1

I

Ill
i

r-

Ili

Ill

Ili

• ?
I y Public

I14. C:overn111cni Day Science ,,ccomar

Sch()()!__ ---·- -?-??-- --1,
I

¡
t'ublic I ii

15. Government Day Secooclnl')' Sc 100

¡ ? _

, I
Dmnbn -----??-

Ill

lllixed

Mak

Mak

? /,1/,·

1·f\1;1li,

I

íor Llnla collectíun.s or !hi;-; 1,.:-:vi111.'.h ¡¡re

1, ]riped and used
T!1e main instnunent 'eve

. .

1

. ,

1 nini',kn·il by ¡t,e

l

-- for the students, wh1c, weie '", . .

.
- f t achers anc one

qt¡estionnaires, one or e,
.

. .,
1

. two section,;; ,:n·liun A,
. ,

_ ,hers' quest1onna11c
ins

-

d
, hools The tea" ,

.

researchers in the seleclc se · ·

-
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ciH1laining geñenil informalio1\.a'rrd Seêtitih ú wl,ich cúnlilin::: IS cfucslinn item'. 11,¡ec·r, tndc:d

and dosed etúl't:d questions). The SHld'e'i'l:ts' lJüêstior'l'imirê afsh hns two sectiuw;: ·.1-cliun A.,

contai Ding gtjn..:frrd infornu1tirn1 tirnl s?c\lon B whid1 cnntuirrs ·l 7" qüestion itc1f1? t•ipl'II L'ndecl

and cl used ended q11esl ions).

3.(, \lalillàliôn Ol'Thc lnsl'r'11111•i,n1

11-1 ·1r

Thi: l]lll'SI ininrnin?s \\'l'.TG validi.llcd hy (lr.; ·pn)_iec'I Sqper\:isn'r ·n·otil the D(..;pi1rll1h'J fl I 1( .\l.' iene(;

echlL'Ulinn FL?deral rn1ivl'n-:i1y ClusHl'I, Znni1:1rn s1:111:. The researchers nh:;c1·v¡-d all tht'.

sllgV.t'stinns and c'orn'l'lions 111adi.:.: (vh'ile \9ri1i'ng Uw linH! c-uj1y.

3.7 lldiahilily Ol'Thc l11sln1111cn!

Rel in hi lit y indicntes the ?1ccurncy or precision of the measnring instru111e11l ( t,?ud:u11.!, J 111JO}.

ln un.lér tci nsccrlnin Ilic rclinbüity of the questionnnires that wcr? dcvc:lopc?d 1,-,r "Ih':' ::.;111dy,

pilot tcsl was conduded by collccl"ing. data from 20 subjc-ds {for cal·h q11c:·,li1 ,1l!uin· l ,\'Im

were nol incl11ded in the sample. Using split-liulCrnc.thod, a reliabilit?, Lütfflc·i,-11! ictlplJaJ cif

0.8-1 was obtained fi.1r teachers' questionnaire nnd 0.7? for stl1dents' qucs1i,;nn:,'

considered acceplablc roliabilily. Acwrding to Afolabi CU031. :,m rd•e>li:i;_

0.5 a11d above CAil be taken to be high enough for use.

i:it·h :ú·?

1;? r1,1iJ1

3.8 IVlcthml Of Dala Collccfion

The researchers visHed the selected schiiols and adrníni,1trd

selected chen¡istry teachers and 'st11dents after obtaining fdff.

principals by showing the inlroc.l,1c(ion letters given to 1he re,t,JTCl.,r'

responden1s were given 115 minutes to fill the questionnaire< ,,riJ ;J:,

co\Jected back the same day 1hey were distributed.

i1· • .:

=
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3.9 Meth oil Of Ila ta Analy'sis

11

Th" cp1cslitllii1â,'res were admbli-sie'retf,. é'11Üeêkdanti ànalyz6d üsi-.ig 'frequency curr1Jls 11nd

¡1crcentages. lab les were used to illll?lrilte the data collectei{ with in1tor¡1tdaliu11 ,,r lilldings

¡ !rillowing each table.
¡

!
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CHAPTERJIOllR

OATA t"IUêSltN'l'A'fION AN'D ANALYSIS

4.1 l11trotl11ctio11

This chaplcr n1ndyzcd tile rc·sponsc:s gathe-red from 1e:ac\1c.rs ui"1d sür(knrs nb1H11 ii 11: ,-1n1hk:r11s

and pruspGcts n!'tcnc.hiug chcmiStry in secnm.lu(y sehüols in Ci11srn1 rnetnipnlis, /,H11!.1(:t :;L1k.

Thi:: l"csults of'tlie data ,mnlysis u're pre};c,nkd in simple dtscrip'livc ':1.atl:·;tic·; 1l1,1l i·- lt,·,¡uL.:11G)

cnunis und pcr?e1l(ugcs nccording to 1he r?scnrd1 q11estions with intcrprdaiit,n !(flit,, in;: tad1

tuhle.

-1.2 Hala Analysis And ln1cr¡,rc1ation

'fnhlL· 2: Qualil'icatíon anti proféssional h-aining of ch?misfry tcaetw,•i.: iu CL1sa11

metropolis sccon,lary schools.

SIN

2 ll.Sc Fl,1

ll.Sc
22

4
!IND

I
I---¡
I

TOTAL ?-----?-----??--
---- --- -·-

-?------. -.-- 1

, .

te·cl scliools are· :rn?11 (Jr thc:m have-

i

. f-? 1 t 1'C samp ·
'

Trtble ? reveal tlwt teac iers I n
·

. . .

,

·º MSc holde'rs. We can sec that by q11ald1ea11,,n

BSc l:d 48.89% BSc, nucl 4:441/o ·
.

,

.

'

'
. r ri-d'to teach in senior SéCiJlldar."

I

' 28 89% arc qua t ic

11rofessional teachers but on )
·

,
,

,

·I.I-I';:,

; i ! l
11U art.
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,...,1111m
rm 1

r '"°"""'' "'"' q"aldlo.,;,,,, '"" ,,flecl <oochi"g loam,Og p,ocos, II • ,rn,ho, Is'"" , ,,,,,¡.," ,I ;,,

?- lenching he cmmol leuch well ami the·sc càn Ti1'áke the slt1d.in1 to hate t'hc ,rnhj,, 1 ""ri lhe

teachers.

llcscarch Qúcsfüm I: Whal arc th<' problems or teaching chemistry in s,,con,lar, ·., l1<1nls in

Chisnu 1n?tro¡tolis ot·'Znml'nrn strde?

Tlw l'l}lh"l\ving ta hies wen . .: used tl) nns·\vtr lhe research question. The tnblt·s \','t:re \.·n11.-;tn1L·1t::d

based on lhe responses ni' tcnl'llers.

Tahl,· J: Fl'C((lll'Utl)' \lcn(innctl Prnhlcms

S/N

Problems l?nconnicn?d of

(cae hers

Jnsurlicient lahorntmy equiprnênl

2 l .ack nf instructional milteri.als

J Communicntion

,15

,15

scltool

teachers

10

9

7

4 Lack of stud en! i nlercst
-----???-?-----'------···--· ? -??. -·---

15

l'uhlic_l l
sehu;d

\
'fotal

I
tead,vrs

\

--¡--

-1-
?1(53.J%)

!
?-1(5].JC;.·fl}

I i -!20(-1-1.4%)
--¡-

__ ¡
25(55.s-:-;;¡

¡.J

]II

Siudcnl's population
45

6 J ,nck of separated chemistry lnborntory
?-

45
-

_, .. --------· -

7 [_nck nf untlcrs!l1ncling lhe

terminologies

45

, 45
I

· sciencel'uor bnckgrrn111( 111

------ ---- --

8 I.¡
I

?21 IX.8":.¡

T
22 J .J ! .-)6( IW'1U)

11(2-1,i'::,¡

I'

45 18 1-J

9 Lack of library -----?----?---
__ __'.,___ __

---- --
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The rcs11lt in table 3 shows that:

>- Twenty four tcnchcrs (24}oüt of toTty five têrrchers (45) maki\11\ (53.1%) re.sponded

th:it the insufficient suppl/ of laborntory e'qui¡1rnents is the problem 111· kuching

chelTlislr)' in C11sau secon'dai?y·sclmo'ls.

? Twenty 1,,111· (24) teachers 0111 of forty live (i\5) 10,,chcrs making (:i'J.J"<,i , .. rnplnint

that the lack of' im>tructin'm!l 1naforinls is afnú1ig the prtiblem of knd1i11?:t·,li,;1-nbti·y in

Clt1sn11 scc'nndnry scl1nnl:S.

);.- Cuinnlu'nfontít11i skil!?, i'?: ü11"e or the chnlknges. 1i1ce:d by chemistry k'.iwhd;, while

delivering !li? lt:sso11, \vll'?n> · l"\vcnty (20) teacher's óut. nr frnty five i·I '!) lc?lL·-hcrs

1naking (•lcl,.:\'!<i) slww lhnt the comm:unicalion skills ·is also O!lC or Ilic 11r,ihli.'11·1::.: or

l?nching c.hemistry in Gusau secondary schools.

>-' Twenty 11vc (25) tenchcrs out of forly five (?15) \cncJters making; (55.?1?,·1,) 1t1, Hliuned

that lack or student's interest in th? subject of chemistry is also among tl1c ¡irubkins

of leaching chemistry in secondnry schools ufC:usau metropolis.

)..- Twenty tv,,io (22) teachers oul of rurty f"ive (45) teHcl?cr::;
11--iaking (:\!LW'\,) 1ksc1ihed

1hal there is also problem o'fstndenl's population in G11sa11 scconclriry schlHd·;

:,.. Thirty six(](,) teachers ol1! of fo1ty live (45) teachers ú1aking (liO'½,) s:iíd 1h.11 luck or

separate chernislry labnritl'ory is also pr,ihlem of teaching c11rn1í,:11y ¡,. G1>'::H1

¡,.

secondary scbnuls.

[\leven (II) teachers out or forty five ('15) teachers ,naking ¡:>,[A%) ¡,,,¡¡, .1I,· 11,,,,

there is problc111 of unclctsranding chemistry terminologies from !he stu,kuL, 111 t:u,sc,u

metropolis secondarY,sohools.

? Twenty two (22) teachers oi/t of forty five ('15) teachers making (,IR.il':•,,J
,· ,1,,.e,:•,ecl

that there is problem
of poor ba,ckground

in,science ,niiong the student,; nr ,.,.,-.,ndary

schools ip G11sau metropolis.
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''e11rch ()IICSfiÍIII 2: floes thcp'·r"l'i .
. :.. ,.· '

' !

'

llt•. u)emsotr ··i·· ·

..
,

e1ré frng chem islry n'r "' ..

',mtc schoóls? .

nnifcst iii bo11i p11ldie nnd?- '

According to table :l nhovc ll,c p·roble ,, . :.
, ,

·.
,

.

11hi of
let:ch1n'g ch'e'fffisff)l 'mirnifes1 in h0H1 p11ldi(? and

r·rivnk
sclto(ils 1hpcct1vdy. Sr,111e oíth··· .... ,,.1.. .

.e P".IL' ems like 1te·rn ¡ I 6
I) "' J anc 9 thM i:;; jn:;td licienl

l:ibornlnry equipinl'nl, lack nr .?111dc,nt iirtercst 1

.•
1

. f ....
) ,lC e u scpal'ate ehcmist1Jy'labur<rlul"\' dlHl h1Gk

oílibrnry rc,spectivcly, are suid ro occun'ed .11 •..
1 1.

.
.

.
. .,

( llt;dl y t 1e sanw rnle ln bolh public und 11rivrne-

schonls. While prnbiL·111s like item 2 3 s 7 ·ind 8 th· 1

·
..

I· 1,¡• . .,. ,. , ,, a IS; itc \_. o ln!:trnetionnl 111i1U:Tiats,

comn11mic:ation, sludcnl's pn¡rnlnt'ion lack of undcrél·i,,¡¡· ¡·1. l

.
·

·

I·
·

, -
..., ,

111g . 1e c1mmu ogle:, i11td ¡10L1r

liackgnnmd in science respectively, occurred at higl1 rnle in public sclwrils, ,11,d ¡11 p,ivak

schooh the rate is wry luw,

llesearch qncstirm 3: Are the probkrns of teaching chemistry simillll' as p,,nTÍVcd by

teachers and the students'/
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The tnblc 3 nnd ,1 are used to answer lhis ·quesLion. From tlre table three arrd Io11r (3 and -1) we

cnn dc,\uce that the rroh\ems are a\rnelst similM as perceive by hotl1 teachers ami lhe ,:r11dcnts.

The rn,!y dilferer,cc is that 1l1e stüdMts firec the pi"úblern o'ti ¡,o·or teachi11g rr,c1he1d by the

teachers and lack oi' qmliticd tend11:1'.s. As clescrihcd by the nt1.1l1i'I below

The result in 1.liblc ,¡ sltows tlwt':

:,, tlne h1111dred ami live (1115) uúl ofr>lm l,1.111drccl ünd tiny students (150) 11,,,ki,1?. (71%)

responded that pilrn· lc.nel\'ing 1ndlm'd by t'ead1ers is t'hc ¡\l'ohlcrn oíkucl1i11¡•, ht111i,rry

i11 Uusn'u scernHbry sd1nuls.

:,, One hundred ,rnd twenty (120) out ,,r one hundred ¡¡m] fifty (150) •.twh-.111·: 111<1kí,,, ..

(ll 1.51}·[,) complaint: that insullicitnt laboratory equipments is mnung th1· ¡1t11ldL·.111s
nr

knelling chemi?try in Gusnu secondriry schools.

•·
i·
?
i
!'

I
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? One htiiillred and twenty eí·ght (f2S) Mt ól" line h@'dréil awl lifty sn1,k111· d1.1Liu?

(87º/,,) show that the pn¡,ülalÍ'éi/\ of stú'lÍent in (hó chis,: is also one of the· I''' -lkub ,,f

leachin'g t\iernistry in Gtrnl\li secondary schools.

? Ninety eight ('18) out nT 0<1c \iuúdred and ·¡¡f¡y students t
1501 ""'L"" ,-w•,,1

mc11tini1cd the lack nr stnlld1t's interest in tho subject or cht'mistr) i, ""'' .,,,,,,n? th,

pmhlcms 01·1cm:hing chemistry in ,iecoiTdilry schools or Gusnu mdn•p,,li,,.

? ()ne h11illlre,I i\lld lhirly ii.nir ( I )1)) OUL or 01\C hundn:d and lift y (
I St)) ,111.!:"i '"·'Li,,g

t8'l.5%) dcs,·rihed thnl l:1ck of lihl'a'fy is among the probkn1s or teach in,· , 1• .. ,,,, 1,, ui

llusall StL',l)11d¡1ry sc\1t_H1ls.

).- One hundrtd ami twenty six (126) mit ofnnc hundred and fill) 11501 ,111,!.•<1 .,,.,kin?

(83.5';·,,) said tlrnt poor backgrou11d in science is also problem nf1,':Khiu;, .1' ,.,,,1,, 1n

CJ11sau secondi1ry schools.

I ? One hundred anel 1·mty (ôllr (144) out oí one lrnnclred and fifi) (l:iU",,1 ,111,kn1s

making (95.5'1/.,) indicnWd that h\ck 01· sc¡,nrale chemistry laburatdry tc,r ¡-,1:ocric'.II
is

?)·

another prob km oí teaching chemistry in Gusau metropolis seconJar, ,,,¡ ,, ,, ,,.

? Ninety five (95) out of one l1Lmclred and Jilty (150%) stlldenh rn:,L11,,· '"_;y',,)

expressed 11ml there is pioblcm
of good cornmunication skills ,,rn,111g th,- -'.ei,knb ,,r

secondary schools in Gllsa\l metropolis .

? ()ne hundred and siidce11 (I 16) 0\11 ol'one hundred ,111d !ilh (150''.,) sn1,I:,.,· .,i:;t,in,·

(76'1/<,) responded
that (he hick of ?ualiticd

teachers is also mn,ing. tlh- ¡,,·,,l,k,t" ,,(

¡
.

-1

.
•

.1

. ,
,111

111, seconcfory· schools of Gusau 111etropulis.

. (enc 1mg e 1en11s 1)
ç •

?
•
!

The "'""'" i og s w d"'' s do o 61 ,,;,i,o,ed""' ,r,he prnb ,,.,, w," ,< """ ,1, , , , , , ,. 1, """

whut \o say .and s?n1e
do nol cve11 knOW JioW to write.
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ltesearch Qi1cs(io11 4: t\re the jiról'iÜ,?is.ó(teachíng
chemístty ·s'i1nílar ã.s perceivnl by inale

ü1id female sWdênts'/

•rahlc S: lircqncntly mcnti1,11cil ¡1i•ól\lcii1s by ,nale a11(l fc111itk sú1dc1its

SIN
\ Frequently 111<·ntion:I?1rohlc111s

\-_ __
__'"''"""'

.. -

_ J
l'llalc stu,knls('lll) IIF, 11, .. I, ,,1t11leuls(60) \

-·-
- --- -

------ - - \__
I

l\ú,r teaching rnelhrnl by \c"chers
?--J-6IJ{67'?) \?,,

ru "1

\nsuflicíent \ab,m1tmy e(\Llípmenls
65 (72%)

I 5'i ('11",,J

,?;,, ..:,"-C,?"oo::?,::--
- -

?"":'_?Jss,,,,;::=:
Lnck nr interest in the subject mntter 42 ( 47)

i 5(, t'°i:1" ,,)

2

3

4

5

6

I
7

8

., 9

-?-------?---? - ?- ?-- -?-?--
-?---

-

?

- -

--------1

LllCk of library
80 (l\9%)

)'I ('JU ,,\
·

1

__
__. \

prnctical

.
.

,¡.·11
S'i

,¡o 1,,,,".,J

Lack or good cornnllHlic,1(1011
s" s

· - I

, .. ,, .?;:::?,:::,;ao,:-
- - - -

" (;;?==L .,,, .. '"%'

-?-?------
-- ---------------------.

-

.
. t1. ,entioned by mn1e and fema\<' •:1,1,knts ,,r

t f the ¡1i'ob1"111s
frc-quen y n

,

'

.
'·

Table 5 shows· rnns " ·
.

·is

\ t Thus, ¡he Tal)le C"an he
'

. ,
• I·

' schools z¡1n,fort1 sI1 e.

Güsa\l 111ctropol1s
?ecnnL ao

.

,

fii)lows;



Síxt) seven p'c't'cenl (67º/4,) mvcl 'se?efüy' live peraent (15%)
· o'i' m,i\e and femak ::twlenls

respectively 1ne1ítioned that th'e rao't-tdrdhi•nt ,tret\mcl h)' tédclvc'rs cn'1\(rlbotc to ¡11,,l,km of

teliching cherilisfry in (lusau se;éondatySchools, ¡ind al'só se,,?nty tive, ¡1ercen1 p:n•.,¡ LiCmak

'

nnd ninety one percent (9\%) ,,ffértúile sWd0t1\s pert,!1vül irisüi'l,'Cienl i'.ibnrat<'H')' ,-,¡,i'1pments

inrnb¡ua1c as ,,i1e ni the nir,j·o¡· prôbleirm ni tcacl1ing c\\cn1is1iy in n,i,;rrn 111i•l11Y¡1'jliS

sccundary scl,nofs_ Scvcnly dghl pi.:rcclll (7H'Y;,) of mak a11d ')(>'% nf (c:i'nalc :amh ,,1:: ,lalcd

that t\1e•1·,: is high pnpul:1ti,)ll ,ii' st1rcfoi1t in lhe cínss roorns, n·11d l'm1rty sr;1•en \'"""."' 1-i'/"ii) of

male ami •n% lc1rn1k stl\llcnls i11dic•atcd the lack ofsludcnl intcn,sl in the :;ubjc, I 11,.,11,·r.

Lighty 11i11c pcrcc:nt (8')%) ni' rnílk and 00'1/., ú[ foma le st1lllents menlioned tlrnt 1kt ,· i,, \,,ck or

library in the sd1e1ob, and also eighty seven perctnt (R7'1/,,) of male and l,il"" ui k,nale

slll(knts expressed that there is ¡ioor background in science among lhe students. l·li11c:1y six

pcrec11t (96%) and 95';·:, or male al1ll ['csrnale st11dents rns¡,ccliyely indicated thnl 1hc-r,· i:; \nck

of se1,arntc chemistry \abornlory. Sixty one percent (61%Y of male and U6':··,. ui· lenrnle

studc11ts mentioned that 1hcre is lac\, ôl'goo-d com1m111icationslcills. Eighty lwo P?'""'" (l\2%)

nfmak and 70% or Jc male students said 1hat there is lack uf\?.cll trained teac!lcr.,

The ,-,-maining students elo not nitüfü:med aúY of the prohkn1s, some ol'thcm ti,, nut 10 l,w,w

what to say und sorne do not even know how to write.

4.3 Sununary of the IVlajnT llin<l\Ilgs

? S o,e o !y
'

"'" poi"' °"'""' pe<(""' (7 L !1 % ) 0 ftl,<
:NC

C,O<S
i" "'/""'''" !

"!w" ,S,

a11stlll 1nctropülis
za1111Wra

sfote hpve qMlifications
lint ol\ly

2H.B1J% ri're q<1,1liiied
to

_e

i:'
??

!'.,',
?'·-

-,,{_....._.·.
','.

;:

?
,·

t

,teach

? The students ar? inJeresled
in \·e:arn•ing

che111i?tfY

? <Nod,.¡ P"'"'' ( I noo/,I of·"'" ?'""" ,,.,,, 'Í"''''" '"''°"" 7<"

? , ,,?,u"" ''"'':,<'" r, J ,, '"' '"'''"""'
.,, "" •'"'"''"'' '"", ,,,,,
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? Dcmrnrstralion mc1hod is p1'edb\'rtinrrnily .11sed hy tite Clüsaü 1t1dlrop,)liô ,l,trnist,y

teachêrs \vhilc o!her rect1in1Wdrtclê'il n\dhods \Vere vér:j tafo ornol üsed

? Most oft he schools hase íi1atleqi1Mc tiüppl'y ofiilslruútÍ'mWtl í11ar,,i·hJ1d1""d,in1,.1id,

? Meis! Ílffüe schunls have inscdúóiei.l c.üpply Mii1s:t\'ui:i'inr\al n'fati,1'iülc/ic:" 11111['. 111d,,

? The govcrnrnenl allll sd1ool pi'<1¡,riblors do 11ot.'sp(11rsc11·
teachers 10 al'k11d i,1 ,:ervice

train in'!;, scmin,ll's ur wo:rks\n¡i\s

')...
l'here rs ii1--suflkient rdcvm·H cl)eml?Jry tGxthooks iH the lihrnries

Iii vkw ur the liircg11i11is, the lúllowing, weYe suggested hy the teC1cÍ1c1s in the-ir ,, .. ¡,,m''>·,s
to

the question itGtn 2'.2 tis ways to ovcrcn1'ne the prohlc111s:

? Most oi' the teachers sugges\ed that, üeld tr)ps and é>ccUYsions should bi cnc,,111·a!c'."d

becnnsc, the memories sl11tkr1ts get as a result oi· educational trips caikd --,-.pis,,de

memories" help them lo rnlain l,nowleclgc for a long period.

? tvlost of the teachers eiwphl\sized that; value 01· books sbould be ap¡11d·i:,i--d, and

books should be in mlequate s1q,ply by lire governmcnl',nnd
school [ll'O\Hki,,,

·

I
? l'orty five percent (45%) of the teachers suggested that, \hae is

l',,_

ut:cd fiJr

improvisation
or inslrncticmal materials for effective teaching anel le,u11in¡•.

? Forty two percent (42%) of tite teachers suggested that,. variable reward sil 11c111rcs 1,,r

teachers b¡1sed on !heir ccimpetcnce and relevance ut' theÍi' cm1tribt1tiou:1 ,-.111,uld be

encourqged in order to rn'CilÍVt(J:e.thc
teachers for nrnre·cffcdiwness

u1HI ,·111, ícu(y i11

the disch?rge or 1heir ncl\clc¡)Üf'
il\Uics.

4.4 niscnssion oi' 1hc
Fin1\ill((S

?>

""'
-··
§
-

ii'/'

.

? T "b
I? .3

?•ea Is II;" i <"".'
is "'"'' Y of ,arcs<o""lly

"" i ?I '""", i", ;

, .w '"" ; "

' º" ,, " .,,,.,;,,11, 1,m1b" ''"" I'<"'"' it is "' y
w.r.o% "r """ , , "" , "

profes$ionally
1iai11cd

tea¢hers.,

·1 '

.

.. '
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? The findings of this re?earc\i reveâl ihat, the students are interested iu lcar(1i11g

chetí:li',s'tfy.

? 11 was also noted that tniJst: of!tlte té'aêf:érs are wbt· l\'pplyjtig prbp?r ,nt.'1-lrods of

teaChill'g that are in con'Foi'rtii'l'ywi!h'íh'e tea'êlfü1g tifclt&n'i"sl:ty.

I,

':_' \ ,;
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'
(, CHAl'TlêRFlVlt

SUMMAl{Y, CONCLUSIONS AND llliCOMMrrnnA'nONS

5,1 lnlrmlnrtion

lil this rhaplcr, su111m¡11)'' 111' the ,vhole sludy ,vas made, L,onclusi'cms and r.::crnrnrki1tli1Lk)us

were 111.1de basetl till Ilic n11dlng;s, rroble,fls ?ind rrnspccts or leaclilnt, Llil·n1i·:tr/ it!ld

s11ggesti(HlS
rnr ll1rth1:r ?-tulli?s we!'C í1!·sl,.given.

5.2 S11111111ar)'

This l'L'';L'mch su\'Vl\Y was ui111ed ni invesligating the prnhkiw; alltl r,ro::,pl·l:l,- ... t ,J' I( :il_-liin?:,

chemistry in si.:c.omlnry schools in Gusau metropolis Znrnrara st;.1te, Hig_cli11 I \11· ri·1;-1Í11

instruml.!nt us?d for llie: colledinn or data \Vas the qt1cslionnaires which \Vl?fl'. n,11 ,1111, kd liy

th? re:-..L·1.1rchers íor bulh sl11dcnls and teachers and validated hy the pruj?L:1 :?11¡'1l'',1VÍ.,L1r. 'd1l:

quc?tí111rnaires \Ven: ndmi11islercd by lhe researchers thruugh [Y?rsonal coninn i., id1 lltl:

resp,,ndcnts, lhe quesl iunnnircs were dislributed among the selected subjects "·,,,•cs the

metrupulis and nil orth?rn respú'Bded. A simple randorn snmpli'ng procedure ,vu:.; a¡1¡di,_·d and

15 scctind.ary schuo!s wt..:rc selected (10 p'rivate and 5 pllhlic secondary sclll1dsl lr,11t1 fiu\:-ut

melrnpnlis oi" Zmnll,rn stale. A Lotai number or 45 chemistry tead1crs and 1:;11 ,!i,1t1i,,lry

studeut, were invnlvcd in lhe st11ély. The dalll was colkctc,d nnd analy,.cd u,;,,,,, .i,n¡>k

descriptive stHtislic;c tlwl is, l'rcquent:y counts and percentages. Tables were 11,:cd '" 11111,,11,llc

the dat,1 cullectcd fi'nm the respondents and the íindings were described umk1 c;icli t d,I,· Tlk

major l'indings arc; sc:ircily or professionally trained chc,rnistry tcadwrs, í11.1sl,·,.¡11,11c,ly

equipped labornlorks, lmok of s1udent's interest, high pop11lntion of st11di111 .. t.,, L ui'

se¡mratl\d chemi?lry !abPratorics, lack of librnries are not provided ami ln-sullíci,.,n1 •oiq,¡ily ,,r

instructional materiais/teaching
aids aniong otliers.
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!"f.
5.3 Co11cl11sio11s

Hiith :;tilndard of educutinn in ·ous-nu 1l1Cttopo1is Zamf:'1ra sl.úe and Nig;cri,1 i11 ''dlr'.fal hi

crocinl i11 thir, ag\: nf g\obulization. 'fhrit is, only l;igh qllalily L.:dt1cnlit!i1, ¡ui 1·d11;·:1ii11n 1kt1

quickly ¡¡nd rapidly n:?;ponds lo the l:hnnging nr:ed:.; nf lht:; ?;nciety and llh: lk'ti1.H11í•; ¡,f rh,:

gloh,il rl'nlitics, gtinrnnlL'rS sur\livnl (1nd compclilivcnef:t-;. The pnlhldt1? and p11r;tk"•-·ts 1?f

reaclii11g c-he1nistry in ??GOJHlmy sd1L\o¡s nrGus·trn rndrúpnlis L.:1111ran1 :::ü1t0 w?-}L'. I;¡·,,- ,1i¡?,,1t,_·d

ii't thb resL·?u·ch. l\a?:ed !lll \11L'. ti1lt'.\ii1gs of this study, the: lüllowlng cnnelusions \\'f'..11 rl1<1\\'t1:

!'here e\isl Slltn? problems in lcnching chemistry in Cu,sau rndropoli::; id /c1111fara

stati.:: SL?l'.nmlmy schollls whic'h include se,arcity or pr'oll..:ssinnal1y ua·111nl t ln._•n-d?;lry

teachers, inndequaldy equipped laburato'rics, lnck of student inten:;??l, hiL•l1 11· 11111laliun

(Ir studL:nls, \nck uf sL:paratcd chemistry laboratories, lack of lihrarie:; a11d 1u .ulf1d(;nt

supply or inslrnclional materials/teaching aids among 01hers.

ji. The probkrns 111,mifosl in bolh public and privalely own?d scclmil:if) :Yl1i"1nls in

nusnu 111ctrnpnlis, Zarnlr1ra sink.

iii. The probkms <ire almo'sl sirnilar ns perceived by lçnl'.her8 anti s1rn .. fr1·d:, , d C1b.:,u

metropolis, 7.a1nfara state sec-o:n.dary sci10ols, and

iv. There are si111ilaritks in jJbrce{)tion of the problems bd ..weGn mrtle and IC1n :I,· :;lt1de11t.s

ol'Ousm1 metropolis oíZan1Cnra state secondary sclto(lls.

In view or lhe í1>1cgoing,, tl,c following were suggested by the teachers in their ,,-,.1,.,11,,:; tu

lhe q11cstio11
item 22 ns ways to overcome the prnblems:

), Most of the, tc,1chers cmplrnsizcd that; value of books should be ,

¡¡ppr,·, i.,;,-d,' and ,

books slw11ld he in adequate sqpply by the gu_vérn,nenl
and ôchool prnpri, 1,., ••

'

.

? Forty five percent (45%)
of the teach?rs suggested that, 11,cr,, i:, 11,-nl lór

im(Jl'Ovisation
;, r instmctional 1)lllterials for effective teaching ¡rnd lenn1i11t'
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).- Forty t,v9 percent ( 41%) ôl"tlÍ'e,re'ad\ets s'uggested thfo,. variable te\v!\rd ,1111,, llm,: for
I

tcachei•s hased nn tlmfr é(Jmp6tent:e and relevance" O( theii· ccm1ríhu1io11:. •,ln,t1ld be

cncoLírUg'ed in order to iifr>tiVri'te ·th'e 'teachers fot úto'r/ effect:iVéil'eSs and ..: lliritj,ic.y in

the dischu'rgc oi 1lieir ncrrclén1ic düüés.

5,4 Ht1•mil'm'êrnlalio11s

Iln'sl'd !ill Ilic lirnli11gs lit' t!iis :;tudy, ihe- f(illnwing re?omni¡;ndi1lio11swere mack·:

i. ( iovcri1menl and ¡noprÍC!oi•s Shu U Id p·rnvidc \VCll-nrgüoizcd laboi·atnrics ,wd ·.ui 1kit.::11t

i11strui.::tional mukriuls or l0úehing aids f(Jr bffectiv? knelling and learlliiq•

ii. Prolcs?:iúnulization or le'ffching i'n Nigeria is v?ry e??senüal. En1ployL,' :;hnuld

lhcrdi.ire ensure llrnt, 011ly ptofo?sionally qualified teachers mo cnq,li1yt.0d for

teaching.

iii. Clovernmenl and prnpri0lors shot1ld sponsúr te::1cJjers
to allend sen1i11:1r? and

wnrkshnps in order lí1r ihe teachers to be up l'O date.

iv. ( iovernment untl pniprielors shm1ld c1•cate coTid'ucive üLu?hjng-lean1ing 1:11vin>11n1e1ü.

5.5 Suggestions 110.- Fnrlhei' SI u dies

This prnject wnrk investigulcd lhe ¡frohlems and ¡irospccts of 1eaching chemi.·.lr, i:1 l ;1,:;au

'>·

mdropoHs secundnry sc-hools iff Zamfor'à stóte; I·fonce, to dcvdop lhis stttdy lli1 !h, 1\ 1iU1er

researchers should w11d11d an invcstigatiM/rescarch on topics such as:

? The impú'ct of cheniiSfr'Y ··p'rA·cifoal·.à·ctivities
on acridemie achkwelrn:111 1"il ::enloi;

l
'

¡-

t

secondury school sludqi1ts

,?
E{'fecfs nf leaching metfro'tls of çh'eniistry on aci,dernic performn1wl: li!' tii.;:nint

secondary school students

!,2

·'¡¡,_?

.,.' !'-'d



An investigation into the ;s'ffütegi'é'sto· enhànc'e teaching i111d leni'nii'Tg of ch,:nii, in 111

sccondâry schools

'1 he role /¡f /n'oli vation teaél\efs ·in ílie IC'áchill'g ofcl\e/nig11y

-? 'lhe clrec't /JÍ instr11c1Íonal 1111itcri'f,,]s/teaching ai,fo on l'eacl1i'n'g ffl'rd Ietiming ehn,ii:'.11')'

in sccnndary schools
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IF T

AI'Pli:NIHXI

\Jst,ulcnts Questionnaire"" lhe l'rohlems ami l'rnspccts ()l Tcacllin'g Chc1111·.1, 1
i11

.\; Sccoi11l:ffy School in G11sai1' Mcfropolis, Zamt'ata Stil(c Nlgeri\\.
•';';

d?::'IÍÍ{sq11cstirn111·rrire
is dcsi[\ncd (o seek infrirrnatlon from st\1deTíis on t\1'0 ¡;r,,\,\..ill,, nnd

l?t ¡ir¡¡spclls
1 ,r lcrit'ning

_chemistry,in'(l\eir:stho'6\
in

Gusal\.tvleltO\)'(J\
is

Zarntilra.Sluh
.

1•\

1?WH1>

-lf1;·'i·'·' p!'?nsc
cndc;ivm (n ili\ tl11s q11est11.1r11u11rc and b'cur 111 1111ml thal Y'"" l1onc:,1 ,11cd ,,1'<L••"

?.-. '

if•. answ.cr
will he trl'aictl lúr rescmch ¡.,ropú,e n11ly.

[ $!KTION A: CFl'ili:ttAI, INFORMATION
¡:.

\. I yp,· ni' Schou\
Public or f'ri\'dl1

2. l 'lass

3. l .c·11dcr

l\·lalé or .h?rú1-il1

StcCTION H

,1.

s.

1\re you ioterestctl in Clu;mislry

I lt1 you hav? librnry in your schunl

YesorNt,

Ye::: or No

6. Ii' the ahove answer ('.i) is Yes, are there relevant Ch.,r1Mtry tex\books in tli, lil,rary'?

Yes or No

7.

8.

I l<J you have a separate cheúiistry laboratory?

ll'Yes (in 7 abuve} is the laboratory well equipped?

9. I \ow o nen do yon con,luct prn·ctical' s?

1.
Once in a week

1. Individually

ii. 011cc ii1 a month

10. I low arc the prncticul's toriclutre'Li'/

ii. ln g'roll'ps

Yes orNc1

Yts or No

Iii. 011cG iu k·,f111

iii. Hy 1he kal_·l1l·r ¡;i\ly

11.

\2,

Which method is mostly uscd by Ch'cnfr;(ry tcaclrcrs?

i. I :cc lure n1c1hod
ii. Demonstra1io11

iii. Pr,wlic;1I "" 11,. ,d

llo your Chemistry tcuchers alwtiys'covedheir
scheme ,;\·works lwltm' e" ,,,,,,1:11i,,11s'?

Yes or Nü

,.,.

?·
••. :.,

13.

?,-

1"•¡,:.<,,'14
-?•;.,·.· .. ,

I lnw many times do yo11
bfler Cl1cn1isü'y iü a ,veek'I

'

,

'

'

I

I, Two times
ii. 'fl\1·ee times

iii. Four times

,. ;'

;I

\low often.1are you given assign1üemt?

i. After,each topic ii. Weekly

'I

',I
:• I

.iii.Montl1ly
iv. Nul\l'
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fi,

I
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I

?
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I

I
¡-;

•1',

?::
71;?,?I

l)o you haw time lo study yoúr Chemistry note books p,im 10 ,ht n.- .. ,
, ko\Í',tr\

kssoíl?

I low offct1 yo11 rend al brni1c?

i. Düily

1
)u ynrn? p;Ú'L?llh L·11l'.011rag·e· yot1 lú tead at home?

\·'¡•pl\\ ycl\\r syl\ulrns ,vhich lo¡ilc.s dó yülfr f111d diflic:ult lú undersl:in1l"5tUd:.

.t.

l.',

ii. twice in a week

20. I \tJw ca11 the, dillic·ulty be di111ina1ml

Yt:> ot >,,.,

iii. Only un\.?,:! ,-,,d

\'es 0rNu

\\

f9. Why ish(1·,: till' 1,,pic·i; dillirnll lo umkrs\nnd/stutly?

i\ .,

1\

I .i,
11 I,

,I,
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Wl'FNIHX li

I• :11·ht·1 S (.}11rsli1111nain· 1111 th,· prnhh•ms 11ml prospects of teaching Chemisl?rul

s,,,_..,n,lar,, Sdmol in 1:11sa11 '?ll'trn\1úlis. Zn111forn Stale (iligeria.

_J

1 1,,,, 1,

1,, ,,¡· h'a,hin,! c\1?111\,lr\ in ,,·e<•11'1,ir, schc>ul in (iusau l\ktropolis Zamfara,Stali:,

¡,,¡,,, ,, l'k:1•:,· c11,k:l\,•1" :v till this que:;tic•mi;lirc and bear in mind that your honest álld

Public or Pri,ate

1.

\1,:a tir ?¡i;:i.,;iali,:=.1ti;-:1:

I l'll,\-:1_h l_,r !1:?1chill'?: (\\''--'1 i..:p,._>;.::

-?
---------? -????'?

-

--?
??

:-F' l \(I', ll

11, "' call , .,11 i;itc: ,11,Jan\s readines·; tu learn chemistry'?

iii. :<ot ready

\':hi,:h tca.:hing rncth,•d d,1 y•}U c-ftcn use in teaching chemistry
ii. ReaJ1

\\k,t .tilli,:nlt:- d,,: ,_.rt lie•,c in teaching cl1e111Í5\r;?

d.

1,. f.

;
I
?-

Cl.

Ill.

11.

• 12.

13,

l4.

-

'
I

.-n, ltw,e a,:>:cY, to in preparing :uur lessons

1111'\' lll'lll" tr•,tliqr1k, ro:. J

.

·
'

-'

·"" YesorNo

\1,,c, ¡\¡,; :-;ch•d '"'''' ,i libnJr/!
. .. Yes or No

·,
t

'. tr•\tb11ok? in the hbrarJ.

,\re there rekv:,nl .J¡c;!lll,.íJ --·

.
. 1_,ry

Yes or No

.
. ,,, .• ,· lrJ the 1.cxtbuo , .. -

,\ re th? •,t.mlcnt•; ha•, 1111!
,1c" "'

.,, Yes or No

h
,

.

¡, tr·, JalJ,Jrator) ,

1)11 yon have a ?,cptHHlG
e crn .l J

- .
,'l Yes or No

,

,1c11t:, in the la\)(Jralor) .

1\rc thew ·1rlcqua1e cqtlljH
_

- th ¡-1..-ratof\·
- , ,

11 c51ms I1l e .,..,? •

: , take prad1ca
e,

¡¡¡_ once in a term

How 111a11y t1111c cio you ,, Olite ín a month
u.

i, Once ín a wt:ek . the 51uden1S?
,

• Wí?Í g1imc111
to

I low oflcn do yntl Jiio/C
·
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¡S.

f)o the sl1uk11ls t1tlemrt tl,c assi-gninenl?

i. Jlegulurly i'i. Sn'mcrinre?; iii. Tlü?)' li!') i"lnt
l lo\V c.ni1 yott ¡1ccu?:s the perrnrmafi?e o[ your studL:t\ls in ehemhJ,y:
i. High ii. /\vern?e ii,\.,.,
l<'n>1n )'ll\11' syll,1hu:;, which lupic(s) du you 11ml ,l'llfictth 111 \each?

\9.
Why is I a1,· ti,,.· l11pic-s dil'lil:11\1 tu leach'/

;f

I
I

211.

}\.

I \nw can we· ,·lirni11ak the ,\'il'lieitlli·,·s?

\Vhnl are lltlh'r \H\lhlern?; ynú ¡üc focin'g in l'C?a·chin1? clrdhi·?tfy'?

2?. What ar,, lhe· s, ,\ui iuns 1,, lhe problems mentioned'?
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?do! DepMtrnent
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