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Abstract 

An evaluation of the Teaching of Biology in Some 

selected Senior Secondary Schools of Addis Abeba vis a­

vis an Enquiry Model. 

It has been reiterated that sc i e nce teaching can by n o 

mea ns be proper ly accomplished by merely telling 

s tudents abou t sc i e ntific f acts , principles and 

genera liza ti ons. Science educators, school science 

teache rs and s cientists have emphasized the need for a 

problem-solving or en quiry approach to science teachi ng 

rather th a n presenting it as sa nctifi ed body of 

knowledge. To this end, they have stressed a nd pOinted 

out the preferred way; i.e ., science teaching shou ld be 

based on the nature of science and s hould help students 

understand the process of scientific enquiry without 

which an ad e qua t e understanding of any sc ience subject 

wo uld not be possible. 

The teaching of biol ogy, as a science, follows the 

premises of s cience teaching. The object of this study 

was to evaluate the present Biology Cur riculum for 

Senior Secondary Schools of Ethiopia and its 

implementation aga inst an Enquiry Model for Biology 

Teaching and thereby see whether or not it is in line 

wit h modern trends in science teaching. For this 

purpos e, the questions, practical activities and 

" Narrations of enquiry " included in 15 even number ed 

units of the four tex tbooks <grades '3 12) were 

analysed using var i ou s c r i t e ri a . Eva lua t ion of its 



imple,mentation involved queetionnaire survey and 

observation of the actual teaching-learning processes in 

biology classrooms using an observation schedule 

designed for the purpose. 

Chapter 2 is devoted to a discussion of the 

rationale for teaching science as enquiry, the nature of 

a science curriculum suited for enqui ry teaching and 

oF 
requirements for the proper implementationAan enquiry 

science curriculum. 

Results of the study, presented in chapter 3, in 

general show the presence of an immense gap between the 

actual teaching of the subject and the approach called 

for by the Biology Curriculum. That ia, while the 

textbooks overa ll follow a commend able approach with 

re,gard to their abillty to help students understand the 

process of biological enquiry, their implementation is 

very minimal at best (ver balism is to rampant). The 

reasons vary from those that are general (applicable to 

the general educational system at this level) to those 

that are spec i fic to biology. Among the specific 

reasons, the unrealistic nature of the textbooks and the 

unfamiliarity of biology teachers with the enq uiry 

approach stand out as the most important ones . 

Although the teaching of biology cannot be seen 

out of the context of the general educational aystem at 

this level, the excessive domination of verbalism in 

biology classrooms has led to what has been called "a 

dead study of life". 
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Chapter One 

1. The Problem and Its Approach 

1.1. Introduction 

The effectiveness o£ science teaching at the Senior 

curricula that Secondary Schoo l level lies in designing 

reflect the nature of science and their proper implementation. 

Science could be considered as consisting o£ two inseparable 

aspects: the "processes" and "products" of science. The 

former refers to the mode of investigation by which scientific 

knowledge is acquired. The latter refers to the accumulated 

scientific knowledge which results from the investigations. 

~hile the traditional approach to science teaching emphasized 

the product (content) with little emphasis on its processes, 

at present there is a more or less general agreement that an 

adequate understanding of science requires understanding of 

both its processes and product (Marshal, 1965; Romey 1968). 

~hat is less general, however, is the means by which this far­

reaching objective of science teaching could be achieved. 

1. 2. Background 

Since the early 1960s a teaching approach considered as 

the most appropriate for achieving the goals of science 

teaching and consistent with its nature has been to teach 

science as enquiry (N uffield Biology Project,1966; BSCS, 

1971> . One of the most significant trends in the teaching of 

science which reflected this basic approach, whether it be in 

chemistry, physics, or biology, has been an increased emphasis 

on student involvement in scientific investigation through 

laboratory work snd field study. Thi s emphasis also stems 
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from the view that science cannot be effectively learnt from 

books and lectures, or t a ught by mere ly telling students about 

science. To learn science, o ne must do it. The kind of 

learning that results from this experience student 

involvement in a real (to him/her) scientific investigation 

not only gives the student knowledge of the subject but also 

provides him with some understanding of scientific processes. 

In Ethiopia, this spproach to sc ience teaching seems to 

have been recognized long ago. Senior Secondary School 

Curriculum committees established at different times either to 

design 

student 

new or revise existing curricula 

involvement in science teaching. 

have emphasized 

The provisional 

Secondary School Curriculum released in 1959, for instance, 

statea that the aims of science teaching are: 

In 

1. To e ncourag e e nquiry and exper imen t 

as a means to greater knowledge and under­

standing of the environment. 

2. To show the importance of ex perimen t 

as a means of discovery, and of evaluation 

of theory, and to show the value of experiment 

and of science in the s tudents everyday life. 

3. To train accuracy of observation and 

recording, and to encourage careful analysis 

and appraisal of evidence (Ministry of 

Education and Fine Arts, 1959:70). 

view of achieving these aims of science teaching, the 

following were among the teaching methods recommended(Ibid): 

1 . Science t each ing must not become merely 
a recital of connected fscts but must emphasize 
the foundation of science in experiment and 
application of scientific method and thought to 
a particular theme . 2. No science teaching is 
complete without demonstration by the teacher 
and progressively more difficult experimental 
work by the student. 
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The f i na l report of the Sc i ence Commission estab li shed in 

January 1967 to evaluate the then Science Curriculum alao 

notes that: 

... it must yet again be stressed that science 
teaching is to a large e x tent ineffectual if the 
student doesn't see and do things for himself . 
Science is observation and experimentation. 
(Ministry of Education and Fine Arts, 1967:197). 

This same commission h a d also identified the faults of 

science teaching at that time and gave various recommendation 

for its improvement. At prese nt also there is a widespread 

dissatisfaction with, in general, the quality of instructi o n 

at the Senior Secondary School level(Tekeste,1991). 

1. 3 . The Problem 

The teaching of biology, as a science, follows the 

premises of science teaching. However, in spite of this 

understanding among scientists, science educators and school 

science teachers, it has not been easy to raise the standard 

of science teaching, even in the developed world, to the 

desired level. An important global obstacle in this regard 

has been and still is the authoritarian teaching of science; 

i.e . , the placing of emphasis on authoritative content with 

little or no attention to the processes of science. Though 

not separately reported for biology, overemphasis on content 

is still a major problem of science teaching in our Secondary 

Schools today (Ergese Summary Report, 1986:14). 

The present Biology Curriculum for Sen ior Secondary 

Schools of Ethiopia, apparently in line with its pre d e c e ssors, 

i 
I 

'j 
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seems to have been designed following what might be called the 

enquiry approach. This is explicitly stated in the foreword 

of the course given in its first part (the Grade Nine Biology 

Text) : 

The course is similar in approach to the new 
course for grades 7 and 8. This means that 
most of the work consists of investigations 
which you, the pupil, will perform .... Some 
of the investigations will take a long time 
to complete. Scientists often have to take 
readings over many months in order to obtain 
an answer to a problem. Like these sCientists, 
You must make sure that any investigation is 
complete. 

This shows that emphasis is to be given to practical 

activities and field study in order to give students 

experience 

supposed 

in scientific processes. Above all, students are 

to work like research biologists, or 

"littlellscientiata. 

1.4. An Enquiry Model for Biology Teaching 

Among the repertoire of models that may be selected for 

science teaching, those belonging to the in:formation 

processing family are preferred. These models, rather than 

focusing on the acquisition of specific skills, ":focus on the 

process of thinking, enquiry, problem-solving and decision 

making" (William,1987:10l>. The emphasis on enquiry teaching 

(and hence preference for models that emphasize it) is based 

on one crucial assumption: that if students are given ample 

opportunity to practice in and develop scientific enquiry 

skills, they would trBnsfer this skill and enquiring attitude 
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of mind to the problems they e ncounter in everyday life. 

Joyce and Weil, in their book Models of Teaching, 

describe a model for the teaching of biological science 

developed by Joseph J. Schwab of the University of Chicago and 

his associates. The model emphasizes understanding of 

scientific enquiry using content. Its basic premise is that 

an understanding of biological enquiry is so crucial for 

adequate understanding of the nature of the subject. In the 

words of Joyce and Weil (1980:138) the essence of the model 

is: 

to involve students in a genuine problem of 
enquiry by confronting them with an area of 
investigation, helping them identify a conceptual 
or methodological problem within that area of 
investigation, and invite them to design ways of 
overcoming that problem. 

Largely based on this model, the Biological Sciences 

Curriculum Study( BSCS) under aupervision of Joseph J. Schwab 

and in cooperation with the American Institute of Biological 

Science (AIBS), had developed instructional msterials for use 

in American High Schoo~ 

A summary of the concepts that describe the model is 

given below (Ibid:142). 

I 
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Summary Chart: Biological Science Enquiry Model 

Syntax (Floats) 

Phase one Phaae Two 

Area of investigation is posed 

to student 

Students structure 

problem 

Phase Three 

Students identify 

the problem 

Social System 

Phase Four 

Students 

speculate 

on ways of 

c learing 

up difficulty 

The model has moderate structure, and a cooperative, 

rigorously intellectual climate. 

Principles of Resction 

Teacher nourishes enquiry, turning students toward 

enquiry processes rsther than identification efforts. 

Support System 

The model requires a flexible instructor skilled in 

the process of enquiry snd a supply of problem areas 

of investigation. 

The model was selected as a "standard" for the study due to 

the following reasons: 

1. The model had been developed in such a way that 

students would be able to understand both the content and 

processes of the subject -

science as enquiry . 

following the emphasis on teaching 
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2. The BSCS materials produced based on this model had, 

at the time, aroused such worldwide interest among educators 

and biologists; leading to their adaptation in several 

countries. According to McInerny (1986:25), BSCS textbooks 

have been adapted for use in over sixty (60) countries. Thus, 

the selection of this model is partly based on its acceptance 

ae a viable model within the field of biological science. 

3. Though one may reasonably expect, g~ven the stretch of 

time since the model's development, that other model(s) 

suitable for the teaching of the subject might have been 

developed, it is still described by Joyce and Weil (1980:138) 

as one of the best: 

~hereas many of the curriculum materials and 
instructional procedures ... used rather straight­
forward, unimaginative teaching strategies .... 
Some of the curricula used very sophisticated 
strategies to induce students to practice the 
methods of the disciplines. Two very articulate 
exemplars of this approach were taken by the 
Biological Sciences Curriculum Study ... 

4. The model could serve, as it did, as a basis for 

curriculum revision or in new curriculum design. The choice 

of content and ways and means by which the objectives of the 

mode l could be achieved is open, thus leaving ample room for 

local choice and priority from country to country. 

5. As indicated earlier, the present Biology Curriculum 

has some elements that fit into the model selected. The 

curriculum capitalizes on student involvement in scientific 

investigations and enquiry. Thus, the researcher~s conviction 

that the intention of the writers of the curriculum is in 

accordance with the Biological Science Enquiry Model led to 

its selection . 
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1. 5. Statement o£ the Problem 

The purpose o£ this study was to evaluate the present 

Biology Curriculum £or Senior Secondary Schools o£ Ethiopia 

and its implementation in light o£ the Biological Science 

Enquiry Model described above and thereby see whether or not 

it is in line with modern trends in science teaching. In 

essence, it sought to identi£y aspects o£ the curriculum that 

£its into the model and how these relates to 

implementation as shown below: 

The Planned Biology~<------____ r>Implementation 

curriculum T 
-It 

'----- - -i'1LBiological Science 

Enquiry Model 

its 

The major basic queations with which the study was 

concerned are: 

1. Irrespective o£ the content included, does 

the curriculum place emphasis on the enquiry 

approach it purports to £ollow? 

1.1. Do the questions included in the Biology 

Textbooks and their integration into text-discussion 

£acilitate student enquiry? 

1.2. Do the practical activities included help 

students understand the nature o£ biological enquiry? 

1.3. Are the practical activities included in the 
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textbooks feasible in terms of the amountof time 

required, materials and equiPrment needed etc.? 

1.4. Is there sufficient material in the textbook 

developed following the format of "Narration of 

Enquiry"? 

2. Is there adequate provision for the 

implementation of the investigations in terms of 

expendab le materials, equipment, facilities a nd 

the administrative set up? 

3. Does the actual teaching-learning process 

in biology classes create a conducive atmosphere 

for students to engage in enquiry processes? 

1.6. Significance of the Study 

Before listing the potential contributions of the results 

of this study, it is worth mentioning the role of biology in a 

general education programme. 

At present, the world is witnessing the problems of 

population explosion, poverty, environmental pollution, 

depletion of natural resources etc., in their most serious 

form. These problems, directly or indirectly contain a 

biological element. There are also specific areas of biology 

that have socioeconomic implications. These include forestry, 

agriculture, conservation of natural resources, control of 

vectors and disease transmission, and control of soil erosion. 

These are more a concern of the developing world; where easily 

preventable diseases turn out to be plagues, where 
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malnutrition and under nutrition affect a l a rge part of th e ir 

population, where measures to check population growth become 

less effective, and where an astonishing number of children 

die due to diseases which could have been prevented by simple 

immunization. All this shows the intimate relationship that 

exists between biology and everyday life; i.e., biology has 

In immense practical va lue in the life 02 every citizen. 

addition to this, biology as a discipline contributes a l ot in 

training of the mind. In view of this, therefore, the why, 

what and how of secondary school biology becomes of paramount 

importance. '-Ie need citizens who are aware o£ the socio-

economic implications of biology and who can contribute better 

to the solution of bio-social problems through a better 

understanding of the ideas of biology . This need becomes even 

more important when we consider the fact that Ethiopia is a 

country where agriculture forms the basis of its economic 

life. A closer investigation of the teaching of the subject 

is, therefore, an essential prerequisite towards improving the 

quality of its teaching. In addition to this, it is hoped 

that the results of this study: 

will contribute a great deal in pre-service training of 

biology teachers. 

- will throw light on the teaching of other science 

SUbjects. 

-may serve as a basis in the effort to improve the 

quality of biology teaching at the Senior Second­

ary Schoo l level. 
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1. 7. Delimitation of the Study 

The choice of teaching of the subject biology at the 

Senior Secondary School level as the problem of investigation 

was due to the fact that biology is the researcher's area of 

specialization and is at present involved in the pre-service 

training of biology teachers for these schools. Two areas of 

interest with which the study is not directly concerned are 

training of biology teachers and student achievement. The 

study will not attempt to deal with questions pertaining to 

these areas e~cept by way of showing, where necessary, their 

relationship to the problem under inves tigation. 

An aspect of this study-implementation of the biology 

curriculum was limited only to schools in the capital due to 

the following reasons: 

1. The Biology Curriculum, regard less of 

local conditions and requirements, is the same 

for all Senior Secondary Schools in the country. 

The same textbooks and related materials are 

used. Thus, it was presumed that, if there is 

any significant variation it should be in its 

implementation: particularly in the effort of 

individual teachers to enrich their teaching. 

2. The majority of biology teachers in 

the schools of the capital are those who have 

been teaching the subject for several years 

in the provinces . One may, therefore, reason-

ably expect a better teaching approach by 

Ot--
these t eachers basedAone invaluable asset : 
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experience. In addition, these teachers also 

have better opportunities for enriching their 

teaching. Some of these are better access 

to various local publications of related 

interest, better availability of community 

resources and abundance of resource persons. 

It was, therefore, assumed thst implementation 

of the Biology Curriculum in Schools of the 

Capital should not be less proper, if not 

more, than schools in the provinces. 

1. 8. Definition of Terms 

1. Enquiry: The Biology Teachers' Handbook (BSCS, 1971: 

21) defines enquiry as "A set of activities directed to 

solving an open number of related problems in which the pupil 

has as his principal focus a productive enterprise leading to 

increased understanding and application," 

2. Model of Teaching: A plan or organizational model 

which is used to guide the 

instructional 

selection of objectives in the 

curriculum, materials, environmental 

organization and tescherts action."(William, 1987:99), 

3. Senior Secondary 

schooling (grades 9-12) 

system. 

in 

School: The highest 

the Ethiopian formal 

1.9. Method and Procedures of the Study 

The 

study : 

following method and procedure were used 

level of 

education 

in this 
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1. Evaluation of the degree to which the Curriculum 

emphasized student enquiry was done as follows: 

2. 

1.1. A total of fifteen even-numbered units 

were selected from the four (grades 9-12) textbooks-

The questio~s, practicsl activities snd 

discussion included in these units were then 

analyzed based on: 

1.1.1. the six categories of questions 

classified on the basis of Bloom and 

co-workers categories of instructional 

objectives. 

1.1.2. the ··degree of openness"( BSCS: 1971) and 

the ··Structured - unstruct ured" model (Romey: 

1968) for practical activities. 

text 

1.1.3. the amount of textbook material 

developed following the ·'Narration of Enquiry" 

format (BSCS:1971). 

Two methods were used in the evaluation of 

implementation of the Biology Curriculum: 

2.1. A questionnaire consisting of 17 items and 

dealing with various aspects of the teaching of the 

subject was developed and administered to 40 

randomly selected teachers. 

2.2. The actual teaching-learning process 

biology classrooms was observed by ,using a 

classroom observation schedule developed in order 

to assess the presence of an enquiry approach to 

biology teaching or lack of it. 

in 
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3. Finally, the data from (1) and (2) above were analyzed and 

eva luated against the mode l selected. 

1 . 10. S a mpling 

A two -stage simple random sampling was used to select the 

sample population of schools and teachers: 

1. The total number of Senior Secondary Schools in 

each Administrative zon e of Schools was first determined. 

2. In each of the five Administrative zones, one 

achool waa randomly selected for the study. 

3. In each selec ted school, two teachers from each 

grade were randomly se l ected to fill the questionnai re 

and were o b served wh ile conducting actual l essons . 
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CHAPTER TWO 

2. Review of Related Literature and Research 

This chapter presents review o£ the moat significant 

literature and research findings related to the problem under 

foe 
investigation. The first part deals withJ\. traditional 

approache" to science teaching, the nature of science and the 

process of scientific investigation; thus laying the ground 

for subsequent discussions. Part two attempts to show how 

the ideas developed in part one may be reflected in science 

curriculum development. Basic principles and guidelines that 

govern implementation of enquiry-oriented science curricula 

are dealt with in the last part. 

2.1. The Need for Teaching Science as Enquiry 

Just as when the rationale for teaching science as 

enquiry is based on a different view of science; the 

traditional approach to science teaching too, covertly or 

overtly, rests on another view of science. Thus, before 

discussing how and why the emphasis on an enquiry-mode of 

instruction came in to being and the rationale behind it, a 

brief review of the traditional or conventional approach is in 

order. This would help justify the need for teaching science 

as enquiry. 

2.1.1.The Traditional Approach.· to Science Teaching 

The conventional approach to science teaching was baSed 
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on the idea that science consists of a stable and immutable 

body of facts;i.e., science had been considered as consisting 

of a large body of knowledge which is final and absolute. The 

various facets of science teaching based on this premise (the 

role of the teacher, the textbooks, the laboratory experiences 

etc.) fail to convey the true nature of science. 

William D. Romey (1968;4), comparing the traditional and 

modern approaches to science teaching observes that: 

..• the (traditional] teaching of science 
can be compared to the teaching of art. 
Some art schools stress the history of art, 
whereas others are more concerned with 
studio art; actual painting or scu lpture. 
The difference between the two approaches 
is that one produces art historians whereas 
the other produces artists. The same is 
true to science. 

What are the salient features of the traditional 

approach? As indicated above, in this approach, the teacher, 

the design of textbooks, the laboratory strategies and other 

accessory curricular materials all contribute to the 

instillment of false and misleading picture of science. At 

the centre of such an arrangement is the teacher who becomes a 

figure of authority, whose main function is to dispense 

knowledge. The course typically constitutes a series of 

lectures supported by few laboratory demonstrations which are 

arranged in such a way that they would fit this scheme. The 

student remains a passive receiver of information who is 

supposed to reproduce it on demand by the teacher, usually on 

examinations. The teacher also normally uses the textbook as 

the central point of focus in his teaching. Often, the 

textbook constitutes the sole curriculum. Thus, the text, 
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togeth e r with the t eacher with the "know it all" attitude who 

explains what is left unclear, assume the roles of 

authorities. 

Moreover, textbooks in traditional science courses are 

designed to serve this scheme. Most textbooks to a l arge 

degree contain scientific conclusions with zew supporting data 

and references to the original scientific work that led to the 

conclusions. In addition, the conclusions consist "mainly or 

wholly of unqualified, positive statements such as" organ A is 

composed of three tissues," "Respiration takes in the 

following steps," (BSeS, 1971:22) According to the BSeS, 

this kind o£ exposition called a " rhetoric o£ 

conclusions lt has long been the standard rhetoric o£ 

textbooks even at the college level. A teacher who strictly 

adheres to such a textbook and follows it chapter by chapter 

or question by question leads students to think that science 

comes from the textbook and the teache~ rather than from 

observation, experimentation, data analysis and conclusions 

(Romey, 1968:41). This is because such textbooks divorce the 

conclusions of science from the data and the conceptual frames 

that give conclusions their meaning. That is why the student 

learns, as a consequence, a lesson we never intended to teach. 

Elaborating £urther on the harm£ul e££ects o£ teaching science 

as a 

that 

·'rhetoric o£ conclusions", the BSeS, <1971 :333) 

a rhetoric of conclusions has two unfortunate 
side effects on the student. First, it gives 
the impression that science consists of fixed, 
unalterable truths ... second, it tends to convey 
the impression that science is complete. Hence 
the fact that scientific investigation still goes 

states 
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on ~t an ever accelerating rate is left unaccounted 
for to the student. 

Another major defect of this anachronistic approach to 

science teaching is the way the laboratory is used. The 

laboratory is commonly considered as a place where students 

prove the facts and principles presented by the teacher and 

the text. In other words, the laboratory is often seen as an 

extension of the formal lecture session where the student 

performs observations and descriptions of biological phenomena 

to confirm facts and principles stated by the teacher and 

text. Although this type of laboratory exercise is still 

useful, its virtual use has great disadvantages. This 

il lustrative arrangement of laboratory activities does not 

give the opportunity for the student to formulate and test 

hypotheses, care£ully carry out graded. controlled experiments 

and generally to become aware of the various processes used by 

scientists in purposeful laboratory investigations. In short, 

laboratory work is not organized in such a way that it conveys 

a sense of science as enquiry. 

In summary, the most important drawback of the 

traditiona l approach to science teaching is that it fails to 

recognize and take fully into account the c l ose organic 

connection between process and content in science. For 

instance, while it teaches that "vaccines prevent disease," it 

fails to show why and how it does so . But it is the "how .. 

and the "why" that constitute science. Thus, until curriculum 

developers and teachers of science thoroughly understand just 

how enquiry is conducted in the sciences. not much progress 

towards the teaching of science as enquiry can be expected. 
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2.1.2. The Process of Scientific Enquiry 

Much of the controversy over the use of enquiry teaching 

stems from a fundamental l ack of understanding as to the 

meaning of "teaching science as enquiry"; as distinguished 

from enquiry in general. One who is sufficient ly familiar 

with the educational literature on teaching methods and 

techniques will recognize the lack of consistency in the use 

of terms or phrases that characterize a given instructional 

procedure. Most educators emphasize, in contrast to teaching 

approaches that promote the ~ote memorization of facts, that 

teaching should focus on the development~ Of "scientific 

attitude," "problem-solving ability," " e nquiry skills," 

"discovery skills" etc. In most cases, these various phrases 

are interchangeably used to refer to the same instructional 

procedure. Such vsriations blur the basic assumptions on 

which a teaching strategy might be based. Some authors such 

as Dean and Mills 1965:4), u se problem - solving as being 

inclusive of all the others. Others consider "problem -

solving,", "discovery," and "enquiry" approaches as being the 

same (Skowrenek, 1975:77; Maglathery, 1972: 26) . Maglathery, 

for instance, writes that {his mode of instruction 

(discovery] focused on equipping the student with tools for 

problem solving and has been known by such names as enquiry 

teaching, discovery teaching and problem - solving" (Ibid). 

Plowden (in Foster, 1972:5) views discovery learning as 

resulting from: 

initial curiosity, often stimulated by the 
environment the teacher provides, leading to 
question and to a consideration of what questions 
it is essential to ask and how to find the answer ... 
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essentia l e l ements are enquiry, exploration 
and firsthand exper i e n c e. 

Note that in this definition enquiry is given as one of 

the essential conditions for discovery. In contrast to this, 

Gagne (in Leaner and Victo r, 1971:417) views enquiry as the " 

terminal capability" the learner is supposed to acquire; 

discovery being a means to this end: .. . the construction of 

a response by the lesrner, something that happens every step 

of the way in the process of learning, is what us ually has 

been called discovery." 

The importance of this discussion is not, of course, to 

call to the attention of the reader the existence of such 

discrepancies or inconsistencies but to show that, inspite of 

the differences in terminology, most o£ these approaches have 

a similar objective as their intent: that teaching s hould help 

students become independent/autonomous searchers of knowledge 

by equipping them with a mode of enquiry. 

The next question, however, is how could this general 

objective be achieved in science teaching. An added 

complication arises when we use the phrase .. teaching science 

as enquiry". Joseph J. Shwab, in a book bearing the same 

title, discusses the meaning contained in the above phrase. 

According to him, the phrase "teaching science as enquiry" is 

ambiguo u s in that it contains two distinct elements (1962:64): 

It means, first, a process of teaching 
and learning which is, itself, an enquiry, 
"Teaching as enquiry" ~ It means, second, 
instruction in which science is seen as a 
process of enquiry, "science as enquiry". 
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Schwab, elaborating on this, states that the ambiguity 

embedded in the phrase is deliberate. Both aspects of the 

approach, he argues, are essential to the attainment of the 

objective (Ibid): 

Both of these meanings are part of the idea 
in its complete form. The complete 
enquiring classroom would have two aspects. On 
the one hand its materials would exhibit science 
as enquiry ... on the other hand . the student would 
be led to enquire into these materials. He would 
learn to identify their component parts, detect 
the relations among them, note the role played by each 
part, detect some of the strengths and weaknesses of 
the e nquiry under study. In short the classroom would 
engage in an enquiry into enquiry. 

Rutherford (in Romey, 1968:265), addressing the question 

of the distinction between enquiry as content Vs as pedagogic 

technique in an article entitled "The Teaching of Science as 

Enquiry" holds a different view. He asserts that " it is 

possible to learn something of science as enquiry without the 

learning process itself having to follow the method of •• 

teaching as enquiry" or "enquiry as technique" ,. The argument 

is based on his premise that .. the concepts of science are 

properly understood only in the context of how they were 

arrived at and of what further enquiry they initiated" (Ibid). 

He understood "enquiry as technique" to mean cases where the 

student is expected to conduct an investigation to learn about 

scientific enquiry at first hand rather than vicariously; 

i.e., the phrase to him is tied to student practical activity. 

It is this view that led critics to doubt the feasibility of 

enquiry based approach to science teaching. Notably Ausbel, 

who has been the most o utspoken critic of it, attacks it on 
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psychological, developme ntal and practica l points of view (in 

N.Nelson, 1969:260; UNESCO,1966:265 -79). 

Much o£ the controversy would subside i£ one 

acknowledges, as Ruther£ord strongly suggests, that scienti£ic 

e nquiry is part o£ scient i£ic knowledge. He holds that ··there 

is a pattern o£ enquiry characteristic o£ a given science and 

that such patterns form what "science" ia (Ib id) . Connely 

also, using ecology as an example, convincingly arguea how 

enquiry speci£ic to a given scienti£ic discipline is part o£ 

its content (1982:283): 

... the resulting £orms o£ knowledge [0£ 
ecological research ] - the principles of 
enquiry - are £orms o£ knowledge as 
experienced. This £ollows £rom the £act 
that the research papers are the recorded 
experience o£ people operating on subject -
matter to achieve knowledge and understanding. 
Thus, the principles of enquiry are at once 
£orms o£ knowledge and £orms o£ experience ... the 
£orms £or the research study o£ ecology and £or 
the logical reasoning required o£ the student o£ 
ecology are one and the same. 

In Chapter One o£ this study, it has been slated that the 

basic assumption of the model investigated is that an 

understanding of biological enquiry is so crucia l for an 

understanding of the subject; as these are inseparable, 

organically linked. The above discussion, therefore, might 

have helped substantiate the basic assumption or premise. 

In conclusion, it is evident that enquiry could be seen 

at two levels. One is organically linked to scientific 

content - enquiry specific to a given scientific discipline 

and indispensable if it is to be understood by students of the 

discipline. In other words, its isolation either in 
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curriculum development or teaching would only lead to a 

s uper£icial understanding o£ the discipline or, as Ruther£ord 

puts it, to t.he "understa nding of neither scientific content 

nor sc ientific enquiry". The other - enquiry as an approach 

to teaching is a general strategy and could be used in the 

teaching o£ other disciplines too. The concern here is with 

the £ormer type: what actually constitutes scienti£ic enquiry 

and how could it be used in the teaching o£ science? 

2.1.3. The Nature o£ Science and the Scienti£ic Method 

Scientists and 

traditional approach 

antithesis of true 

science educators believe that the 

to 

science. 

science teaching 
I 

Again, it had 

is the very 

been reiterated 

that the de£ects in. contemporary science teaching Stem £rom 

the £ailure to base it on the nature of science. Thus, 

this is to be recti£ied, the springboard £or any science 

teaching programme should be a detailed examination o£ what 

science really is. 

The attempt to define science per see is usually 

di££icult. Most attempts to do so are made in terms of what 

scientists do or based on individuals intuitive judgement o£ 

what the business of science is or should be. When science is 

de£ined in terms of "what scientists do", it leads to such 

..... ords as scientists "describe," "explain," "classify," 

"predict·· etc. It has also been de£ined in terms o£ what it 

should accomplish: the business of science is .. the 

establishment o£ general principles £or their prediction and 
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provision of a system of concepts that assist in th e ir 

explanation" (Robinson; in Romey, 1968:271). Anderson, on the 

other hand, defines science as "a process of analyzing 

experiences to create models of reality as a way of 

explainin91 predicting, and further exploring empirical 

evidences.'·(1971:88) . 

These slight variations in definitions, more in 

phraseology rather than out of a fundamental difference in 

understsnding, need not bother us so much as finding a working 

concept on which to base a strategy for science teaching. The 

model investigated in this study had been developed based on 

the research methodology or discipline base of biology. 

It is therefore necessary to note that the review which 

follows is in essence an elaborated discussion of the 

background of the model. 

2.1.4. Science as Process and Product 

A science teaching strategy, as noted earlier, which is 

not based on its true nature is bound to fail. The search for 

such a strategy becomes easier and clear if, as Paul F. 

Brandenwei n (1962, 122) notes, we regard science "not merely 

as a body of information about the world but also as a way of 

learning more about the world;" i.e., as a body of knowledge 

and as a way of thinking and investigating. In other words, 

very few, if any , scientists and science educators would 

disagree on the view that science is both a "process and 
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product". Anderson (in Leaner and Victor, 

succinctly puts the idea as follows: 

The products of science refer to the body of 
scientific knowledge that accrues from 
scientific investigation while the processes 

1971: 

of science refer to the means of investigation 
by which the body of knowledge is acquired. 

· , .. ;. ... ~ 
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This complementarity of process and product in science 

leads to the discovery of new knowledge about the universe and 

the refinement of old and defective knowledge. The two 

aspects are inseparable, two faces of the same coin. 

A related concept to the process-product dichotomy in 

science is what is called the "structure of science". Like 

any other field of study science has its own domain in which 

it operates. This operation is guided by a mode of enquiry 

specific to the discipline (which might rightly be called the 

processes) which in turn produces major generalizations 

(theories, laws etc. ) The major generalizations again give 

focus to the mode of enquiry. This reciprocity thus becomes 

the framework into which the student of the discipline fits, 

interprets and evaluates new and existing knowledge. It is to 

this processes that writers designate the phrase ··structure of 

science" J.D. Novack ( in Romey, 1968:122) defines structure 

of science as the system of major generalizations or 

concepts together with the process by which these concepts are 

obtained and enlarged." Robinson (in Romey,1968:156 ) uses 

"structure of science" as being synonymous with "nature" of 

science. Structure of science is thus, according to the above 

definition, broader and more inclusive than the dichotomy of 
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science as process and product. The "major generalizations" 

or "concepts" referred to above are also known as .. conceptual 

schemes," "themes," etc. Based on this conception of the 

structure of science the American Association for the 

Advancement of science (AAAS) had proposed seven conceptual 

schemes which served as a fabric for the production of 

curricular materials. 

Now, what constitutes the scientific process of 

investigation or as popularly known the "scientific method" on 

which to base the design of curricular materials and classroom 

teaching? As Brandenwein writes (1962:103 ), "unless we have 

a clear understanding of the processes in the sense that 

scientists and students of the scientists way know it, it is 

unlikely that science will be experienced by young boys and 

girle," Thus, we shall consider in some detail the processes 

or "steps" involved in scientific investigation. However, it 

should be remembered that: 

1) the process of scientific investigation does not 

necessarily follow rigidly the steps outlined 

below. 

2) there are attitudes that very much influence 

scientific enquiry, and 

3) general knowledge and knowledge about the nature 

of knowledge are crucial for successful enquiry. 

2.1.5. Enquiry Factors in Science 

The effort to systematize the way of the scientist and 

apply it in the teaching of science has produced ample 
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literature. This has generally been known as the "scientific 

method" . However, whereas the disagreement as to what this 

p hrase refers to is minim a l, there seems to be mu c h 

heedlessness and oversight when it comes to app lying it in the 

teaching-learning process. Emphasizing this point Blaydes and 

Miller 1966:13 - 14) write tha t: 

... many do not fully realize the significance 

of this expression at l east to t h e point where it 

can be applied to a method of t each ing .. . one 

must first decide what elements of the sc ientific 

method can be made of specific pedagogical 

va lue. After this has been done it is necessary 

to modify the curricul um so as to permit the 

free appl icati on of these e l ements in th e attack 

upon s ub ject- ma tter. 

The steps involve d in scientific investigation as used by 

scientists are more complex . In fa ct o ne of the commonest 

errors committed in the attempt to ba se the teaching of 

science on its nature had bee n the reduction of the process 

involved into rigid and fixed steps. The processes invol ved 

in scientific investigation do not occur in a tight, logical 

progression. It becomes so, according to Brandenwein, only in 

the scienti s ts reporting of his contributions o r findings; 

i . e. , a simple and naive presentation of the .. way of the 

scientist" often confuses "the scientists concise report o f 

his work with the manner of his work" (1962:115). Curriculum 

de ve lopers who loose sigh t of this may produce textbooks that 
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process of 

The idea 

investig a tion to a 

of the existence o f 

few 

any 

sing le, 

viewed 

definable scientific method has been questioned and 

as a gross oversimplification 

methods of scientific enquiry. 

and distortion of 

Such a depiction 

the 

is 

misleading, in that, "the role of theory, various methods of 

problem-solving, intuitive judgement and creative thinking are 

neglected" (Anderson, 1971: 10). It does not also show the 

role of chance in science (accident in enquiry); a classic 

example being the accidental discovery of Penicil l in. 

It is therefore necessary that these facts be borne in 

mind both in curriculum development and teaching if a success 

in inculcating a conception of what science is about, how 

science works, and what the real character of the scientific 

enterprise is to be achieved. Bearing this in mind, the 

significant steps involved in the process of scientific 

enquiry could, for purposes of brevity, be viewed as 

constituting the following: recognizing and formulating a 

problem, formulating hypotheses, designing an experiment, and 

interpretation of data and findings . Subsequent pages 

elaborate each element. 

2.1.5.1. Recognizing and Formulating a Problem 

The first step in the process of scientific enquiry is 

the recognition of the existence of a problem and a desire to 

solve it. Though teacher-posed problems may usually serve as 

the springboard of enquiry to students; one may, however, ask 
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how do they arise? As stated in the BSeS (1971:168): 

It 

Scientific problems arise from contradictions, 
inconsistenc ies, incoherenci es or bl an k 
spaces created by bringing our principles 
of enquiry and other assumptions into 
connecti on with already garnered knowledge. 

is when suc h a "dissonant," "unsett led, .. or 

"di scordant " si-tuation is created that we say enquiry has 

commenced. As the a bove quotation s hows, previous k n ow l edge 

plays a crucial role in the creation o£ that indispensable 

"genera l wonderment". Though there are certain other £actors 

that £a vou r quick recognition o£ a problem by one person than 

another; in science, careful obeervation of the environment is 

impor tant to recognize problems. However, the realiza tion o£ 

this general wonderment alone is not sufficient. A£ter being 

aware of e problem, aa Barry K. Beyer (1971:22) observes, one 

has to make the "task explicit, to de£ine it in manageabl e 

terms and set the limits o£ the quest ... one cannot enquire 

successfully unless he has a £airly acc u rate idea o£ what he 

is working for or what he needs to know. " This means a 

general curiosity, whic h is itself necessary £or enquiry to 

commence, should be converted into a s pecific enqui ry. A 

generally stated problem does not indicate where a nd how to 

look for an answer: 

A general "wonderment " is converted 
into an immediately uee£ul problem when 
the question is made su££iciently speci£ic 
to suggest an experiment to be per£ormed 
or speci£ic data to be sought. (BSeS :172) 

For instance, the problem "under what conditions do seeds 

germinate? " is stated in general terms as compared to "will 
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seeds germinate with or wi thout light?" The l ater is an 

immediately useful scientif ic problem because it points 

clearly to what data are required. What the 

to do is to compare germination in the light 

in the dark. 

investigator has 

with germination 

The problem posed in an enquiry, 1£ it is stated in 

sufficiently specific terms, also serves another purpose. Its 

primary use, as stated above, is that it makes ~ossible the 

design of the experiment and thus the conversion of the wonder 

into s plan of attack. Secondly, a specifically sta ted problem 

guides us in interpreting the data. If stated generally, that 

would mean we are proceeding without a clear idea of what 

problem led to the particular body of data being dealt with. 

Thus, a problem stated in manageable 

the interpretation easier (Ibid) 

and specific terms makes 

2.1.5.2. Formulating Hypotheses 

Once a problem has been recognized and stated in specific 

terms, the next step in scientific enquiry is establishing all 

available facts concerning the problem, which involves the 

accumulation of data. The investigator, then, constructs, on 

the basis of these facts, hypotheses which are logical 

explanations of the parts of the original problem. 

Hypotheses could simply be defined as tentative answers 

to problems or questions that can be investigated. Hypotheses 

serve as devices based on which experiments could be designed. 

Thus, just as an investigator can propose hypotheses based on 
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available data, it is also possible that he uses hypotheses to 

generate new dat a through contro ll ed experiments. 

It is worth mentioning here that in biology "not all 

inve s t igations have stated or even implied hypotheses; this is 

most likely to be the case in studies conducted in taxonomic 

mode" (Ibid). Thus, depicting the process of scientific 

investigation as consisting of sequential and logica l steps is 

even more misleading in that it implies scienti£ic 

investigations are all o£ the contro lled experiment type. As 

Anderson (1972:89) points out: 

based 

Descriptive studies, such as those performed in 
natural hi s tory and some eco l ogical £ield studies, 
are clearly scienti£ic in their orderly search £or 
empirical evidence and their creative ana lysis of 
data ...• The use o£ descriptive techniques and 
creative interpretations of data based on rational 
judgement should also be recognized as part o£ 
scientific investigation. 

In most cases, however, hypotheses should be £ormulated 

on incomplete evidence / £ragmented data about the 

problem so as to guide the enquirer in designing an experiment 

to "prove " or "disprove" it. Indeed, as Harold Steel 

(1975:35) observes, "hypotheses or "educated guesses" 

concerning the causes or relationships o£ phenomena underlie 

the structure o£ al l experiments." 

There are two types o£ hypotheses that are commonly u sed 

in sc ience (BSCS ,1 971 :1 95 - 207) . These are the Il glass-box" 

and "bl ack-box " types o£ hypotheses. In the £ormer type, 

which i s the most commo n one , what is hypothesized is 

something that, at least in great part, can be seen; that is, 

it is open to direct examination. In the later type, "we 
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conceive of an underlying mechanient inaccessible to direct 

observation to account for - give coherence to-s wide variety 

of visible behaviour .. this type of hypothesis cannot, by 

definition, be verified "directly". 

implications of the hypothesis. " 

Instead we seek necessery 

The most important usefulness of a hypothesis in science 

is that it indicates how one may proceed to test it 

experimentally. In both the two types of hypotheses described 

above the same logical form precedes and guides the 

experimental test of its va lue. This is the "I f .•. then ... " 

logical linkage which tells us whst data to look for 

(Ibid,208;Bayer,1971:4S). This linkage serves as an arrow by 

thinking of a situation which will provide positive results if 

the hypothesis is a "good" one and contradictory results if 

the hypothesis is a "bad" one. That is why we say hypothesea 

stated in the tllf ... then ... .. logic guide a scientific 

investigator toward an experiment that would test it. If the 

hypothesis formulated by an investigator is a "good .. one, 

then the consequences implied in it should happen when the 

experiment is carried out. If otherw ise, another hypothesis 

could be formulated snd the cycle begins again. 

In hypotheses stated in the "If ... then ..... logic, the 

.. If ... It is followed by the hypothesis, and the "then ... ·· is 

followed by the consequences we expect . 

It should be pointed out here that hypotheses that have 

proved to be false could hsve their own contributions to the 

advancement. of scientific knowledge; for such hypotheses could 

stimulate a stream of fresh enquiries as to why the contrary 
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to wha t had been expected happened. A classic example of s 

false hypothesis but which produced astonishi ng results i8 

found in one of Claude Bernand'e experiments. He though that 

the function of the liver is controlled by the vagus nerve. 

He then proposed this hypothesis: If the vagus nerve controls 

the function of the 1 i ver, then its damage would result in 

stoppage or reduction of the glycogenic function of the liver. 

He then punctured the region of this nerve in experimental 

anima ls. But he found that the glycogenic function of the 

li ver was g ::eatl Yo incr~as.§' d, elevating the amount of blood 

sugar to such an extent that sugar appeared in the urine. We -- ~ 

can thus see that, while the experiment disproved the 

hypothesis, Bernard inadvertently produced diabetes. This 

illustrates that a discovery or finding contrary to what the 

hypothesis suggested could indeed lead to fresh and important 

knowledge. 

Hypotheses that hold true under several circumstances 

could be elevated to the status of theory or even law. In 

summary, after the recog nition of the existence of a problem 

and its statement in specific terms, the question of ··what 

data to want ·· (to look for) is solved by the hypothesis. The 

next step is obtaining the ··wanted data··. For this purpose, 

the planned and controlled experiment is the best course; 

though it does not hold true to all problems in biology. 

2.1.5.3. Designing an Experiment 

An experiment is the means, par excellence, for obtaining 
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specified, wanted data. Data are .... el.cted facta" in that 

only those facts which will anawer the question about the 

proble~ are recorded. In short, data are the recorded facts, 

the raw ~aterials, fro~ which we try to derive an answer to a 

question, a solution to a problem. This is best accomplished, 

as stated above, through experiMentation, FieibleMsn (1978: 

113 -114) defines an experiaent aa: 

Thus, 

a deliberate action undertaken in order to infer 
with phenomena in such a way aa to cOMpel a decision 
concerning an hypotheais ••• by means of experiment a 
proposed generalization is confronted with the 
evidence and this requires observations under 
controlled conditions, where the investigator 
anticipates there will be a certain conclusion 
reached, quite irrespective of whether it turns 
out to be positive or negative. 

we say a student is experimenting when he/she tests a 

hypothesis under controlled conditions. There are certain 

concepts in experi~entation of which teachers themselves 

should be aware and help their students grasp them. These) in 

general, constitut. the proble. of obtaining wanted data. 

SOMe of these, as stated in the Biology Teachers' Handbook 

(BSCS,1971:150) include: 

1. the exist.nc. of error and that it can 
be reduced but not eli8inated. 2. that as 
Many variables as possible should be 
identified in a proble. and a selected one 
studied; 3. the difficulty of carrying out the 
plan of an experiMent ••• ;4. that one experiment 
can rarely, if ever, prove a scientific .. tatement; 
and 5. the need for replication. 

2.1.~.3.1. The Idea of ixperi.ental Control 

Though there are numerous probleas in .. cience that do not 

require controlled experi~entation, .any science teachers 
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prefer to liMit the terM ··experi~ent·· to the type of 

investigation known as the "controlled experiment" (Steel, 

1975:37). A controlled experiMent is an experi~ent in which 

all factors are kept constant except the ona under 

investigation (FibleMan 1978:308). Experiaents in which 

control groups are used are quite coa~on in biology. In the 

use of a control group the speciMens to be axa.ined are 

divided into two groups which are equal in all respects, and 

one ia disturbed by the introduction of an extraneous ele~ent 

which is the independent variable. The control group is the 

one left undisturbed, while an experiaent is conducted on the 

other. The effecta of the disturbance are observed by a 

coapariaon of the two groups. The choice of the condition to 

be varied whila the othera are kept constant is not inherent 

in the nature of the speci~ens but is aade by the investigator 

in teraa of soae hypothesis he wishe_ to test (Ibid). 

2.1.S.4. Interpreting the Data or Finding_ 

The next step in this procesa bring. us to interpretation 

of the deta and drawing concluaions. This step, teaporarily, 

winds up the process of investigation and thus leads to the 

acceptance, Modification or rejection of the 

forMulated at the beginning of the study. 

• ? 
hypothas4s 

During the act of interpreting the data and drawing 

conclusions, the student learna to use reasoning skills such 

aa deduction (arriving at a particular i~plication frOM a 

generalization ), induction (arriving at a generalization fro. 
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the evidence or arriving at an 

:from ev ide nce). 

interpretation by reasoning 

The stude nt also l earns to a n alyze (identi:fy compo n e nt 

pearts, interactions a nd relationships a mong the d ata) , 

syn thesize, ex trapo late etc. Above all the student will 

examine his data to determine its relevance to both the 

problem and hypothesis a t hand. 

2.2. Curricular Requirements :for Teaching Science 

as Enquiry 

Curriculum development in science, or any other 

discipline for that matter, should be based on a philosophy or 

theoretica l frameworl{ . The attempt made in the previous 

section was to set this framework. I:f the objectives o:f 

teaching "science as e nqui ry" are to be achieved , the 

curriculum thus developed should give ample provisions :for it. 

This means the c o ntent selected, its org a nization and the 

teaching strategies should :favour sctive student engagement in 

enquiry processes. 

This section by no means attempts to give a detailed 

discussion o:f the process involved in the development o:f a 

science curriculum suited :for enquiry t eaching. Rather, its 

major 

borne 

aim is to cite some g e n e ral guidelines that s hould be 

well. 

in mind 

These 

organ i zation o:f 

laboratory. 

by curriculum developers 

include crite ria :for 

enquiry textbooks and 

and implementers as 

cont e nt selection, 

the role o:f the 
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2.2.1. Content Selection 

One of the ~ost significant world-wide trends in content 

selection has been what Key .. r (1969:2) calls "a reduction in 

detailed factual knowledge and an e~phasis on broad principles 

and concepts." This trend has been a result of, at least, two 

lIaj or :factors. The :first and lIost iMportant one is the 

astonishing rate o:f accu~u1ation o:f biological knowledge - the 

so called "revolution in biology" - which led to a huge gap 

between the contellporary line of scientific enquiry on the one 

hand and the science curriculuM on the other. For instance, 

it has been estiMated that ··there will be a 100 tiaes as Much 

biology to "cover" in the introductory course by the year 2000 

as at the beginning of the century" (BartheleMY, 1969:2); or, 

according to a silli1ar estillation, "the issue o:f Biological 

Abstracts for the year 2000 will be about 100 :feet thick if in 

the sa~e :forlllat as now" (Keyer, 1969:22). As a result o:f this 

change, the evolution of the biology curricu1ua has been 

towered a highly selective approach in content which combined 

the ~ost pro:found achieve~ents o:f the old biology and the new 

one. The second reason for the shi:ft in ellphasis is the 

change in the field o:f biology itse1:f. Biology has changed 
..... . 

fro. a relatively descriptive :field to a field in which the 

invention o:f concepts and conceptus1 structures in tsking a 

progressively ~ore iMportant role (BSCS, 1971:333; J. Drobnik, 

1966: 211) • Because o:f this chsnge, according to the BSCS 

(Ibid): 
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the significance of the products of biological 
research - the meaning of information that has 
accrued from biological investigations becomes 
more and more dependent on a grasp of the 
processes of biological science, the ways 
(both technological and intellectual) in which 
the body of biological information has been 
attained. The word enquiry has been used by 
the BSCS to designate this process. 

It is evident, then, that the rate at which biological 

knowledge accumulates has had a tremendous impact on the 

conceptual framework of the discipline which in turn shaped 

the direction to which the modern biology c urriculum 

developed. 

Before citing modern criteria that govern content 

selection, it is worth mentioning some of the earlier forms of 

curricula in biology. According to Hurd (1961:183) there were 

two major approaches to the selection of course content in 

biology: 

1. The use of "objective" procedures 
to isolate the know l edge according to an 
assumed criteria (e.s . frequ ency of 
biological items in the public press) and 
2. the establi shment of certain philo­
sophical assumptions which may serve as a 
unifying theme (e.g . meeting the 
personal - social needs of young people). 

Blaydes and Miller (1962:32 - 34), based on a related 

classification, also discuss the three most important types of 

courses that were dominant in early biology curriculum 

development. The first they mention is the " Morphological or 

Types course ... in which s u bject-matter is centred around the 

study of types 

t . 
phyogenetlc 

of plants and animals arranged usually in 

sequence. to The student is made to study 

'" representative species ( type forms) of the major groups. The 
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primary emphas i s of this course had been an understanding of 

morphology and taxonomy. Th e second type is what they called 

the "Civic or Economic course"~ This course came into being 

as a result of the theoretical ideal "education for 

citizenship". A distinct advantage of such courses had been 

their minimization of the domination of the morphological 

course plan and their practical importance to the majority of 

school leavers who received no further training in the field. 

These courses, in time, gave way to a third type of course 

which used a radical approach in content selection. This 

type, which they called the "principles course", appeared when 

the importance of understanding the discipline using the 

opinion of leading scientists gained increasing popularity and 

acceptance. 

response to 

that course 

In other words, this course could be considered a 

the trends outlined above. As a result, the idea 

content should be selected in terms of the 

significant principles of science gained firm ground. This 

is, perhaps, the single most important guideline or principle 

that governs content selection in biology tOday. Hurd 

(1961: 189) believes that this tendency was an effort to 

"direct science teaching toward the larger ideas of science 

expressed as principles or generalizations, and away from an 

inventory of discrete facts." 

This tendency for basing course content on the major 

principles or generalizations, besides the reasons mentioned 

above, has tremendous support from studies in psychology too. 

Ausbel, for instance , who developed the concept of an "Advance 

Organizer·' has shown that understanding and retention of i,. 
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e arning is in c r eased wh e n learning is ba sed on broad concepts 

a nd principles (i n And e rson, 1 9 71: 23 ). Hilda Taba (in Nelson, 

1969:145), criticizing popular teaching - learning procedures, 

writes that te a ching should help students search for 

"generalizations with which to organize the needed facts and 

to plan an att a ck on them"a 

(1962:123) also writes that 

Reinforcing 

"there is a 

this, Brandenwein 

need to develop 

curricu lar frameworks around the major conceptual schemes 

presently acknowledged in science so that children' questions 

can lead to sustained enquiry ... These broad scientific 

principles had been known by such names as "conceptual 

schemes," (National Science Foundation) "Themes," (BSCS) and 

"Leading Ideas of 

Curriculum) a 

Mclne:rny ( 198 7:25) 

Biology" (The 

elaborates the 

New S o viet Bio logy 

use of this basic 

guideline f or s e l e cting c o ntent in the field of biology. This 

guideline, or crite r ion as he calls 

used by the BSCS in the development 

it; and 

of new 

existing curricula, is "how wel l does the 

which has been 

or revision of 

information in 

question illustrate the basic end uring principles of biology?" 

A careful attention to this question, according to him, saves 

curricu lum developers from the mistake of "incorporating into 

curri c ulum new information simply b e cause it is new, abs ent of 
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any justi£icat ion £or how it helps students understand major 

concepts ." (Ibid) . Further illustrati ng this point McInerny 

(Ibid) writes: 

One might, in a chapter on genetics, list the 
human genes that have been mapped most recently to 
highly localized regions of specific chromosomes. 
For the average student, however, that is useless 
information unl ess it is discussed in the broader 
context of a major unifying concept such as genetic 
continuity or applied to a particular problem that 
has social or personal utility such as the use of 
gene mapping in the prenatal diagnosis of genetiC 
disorders. 

Intentional or unintentional neglect of this guideline or 

the involvement of "curriculum developers, advisors and 

writers who do not understand thoroughly the major organizing 

principles of the discipline" migh t l ead toward production of 

"encyclopedic, vocabulary laden textbooks" (Ibid). Although 

the ma j or concepts or organizing principles referred to above 

appear under different names, their objective is the same: to 

base the teaching of biology on its major organizing 

conceptions and theories .', 

The developers of the New Soviet Biology Curriculum , for 

instance, believe that identificatio n of what they called 

"l eading ideas of biology, " (comparable to the "themes " of BSCS) 

"supplied the basis upon which to select the content of school 

biology education and to define academic consistency" 

(Miagkova and Sivoglazove, 1'386:6'3 -70) . Wha t makes BSCS 

appro ach a bit different is that, beSides identifYing the 

" themes" WhiCh guided the selection o£ content, it has also 

identified the "themes" that defined the structure of the 
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c o urse th us developed . According to BSCS experts , the first 

eigh t th emes define the content of modern bi o logy, and the 

ninth and t e nth th e mes - "science as enquiry " and "hi s t ory of 

biological concepts" - defined the "logical structure" of its 

t ex tbooks . This means, as the developers put it, these two 

"themes" constitute "the context of data and inference through 

which their content (of t ex tboo ks) is conveyed " 

(BSCS,1971: 14). Thus, the organizational structure of biology 

curriculum was derived from the structure of the discipline 

itself and from the process by whi c h biologists conduct 

research . This is perfectly in keeping with the conviction 

that science education should be organized on the knowledge 

base of t he discipline and that enquiry-oriented instruction 

should help students to think and solve problems the way 

scientists do. This is also the basic premise of the 

Biological Science Enquiry Model. 

What has been said above might perhaps be put in few 

statements if we summarize it by Shomansky's definition of 

"new science curricula" in McInerny,1987: 28) . He defines 

new science curricula as programmes which: 

1) emphasize the nature, structure 
and processes of science,; 2)integrate 
laboratory activities into course 
discussion; and 3) emphasize higher 
cognitive skills and an appreciation and 
understanding of the nature of science. 

Having seen the mo st important trends and the guidelines 

for developing an enquiry-oriented science curriculum, it is 

now time to consider how these ideas could be expressed in 



43 

various curricular materials. As the textbook is the basic 

tool 

would 

of instruction in the secondary schoo l curriculum, it 

be appropriate to begin by considering the most 

important features of 

teaching. 

a textbook best suited for enquiry 

2.2.2. Enquiry Textbooks 

In the discussion of the traditional approach to science 

teaching, it has been pointed out that the textbooks used 

consisted mainly or wholly o£ conclusions! unquali£i ed 

scienti£ic statements. The uncertainties built into 

conclusions remain unaccounted £or to the student. Moreover, 

many o£ the conclusions treated in such textbooks are 

£requently outmoded ones which have been replaced by more 

encompassing conceptions. More importantly, it does not show 

that scientific knowledge arises £rom problem posed, planned 

observations and experiments. 

The text we envisage to be suitable for enquiry-oriented 

instruction should, however, make a radical shift in its 

presentation o£ textbook content. The most significant ones 

are outline below. 

Replacing "Rhetoric o£ conclusions" with a "Narration of 

Enquiry .. . Narration o£ enquiry involves a step by step 

description o£ the enquiry factors involved be£ore a given 

data is converted into scienti£ic knowledge. Students' ideas 

on more recent biological subjects such as genetiCS are best 

developed in this manner. Thus, whenever possible, textbooks 

shou ld describe the problem posed in an investigation, the 
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the data obtained and the 

interpretations made of them. Depending on the nature of the 

topic under discussion, whole chapters or major sections of 

chapters could be developed in this way. Narration of 

enquiry, 

biology; 

however, doesn't lend itself to all topics in 

especially to those of the descriptive or 

classificatory fields. 

Lal and Johry (i n UNESCO - 1969:297) 

most important biological discoveries should 

suggest that the 

be "dealt within 

a historical perspective to give an idea of how science 

progresses. " Thus, the degree to which a textbook cites 

prominent scientists who made landmark contributions to the 

advancement of the discipline could be taken as one of the 

indices of its shift away from an inventory of discrete facts 

a nd conclusions. Traditional textbooks written as compendiums 

of biological information could, however, serve as educational 

instruments to the conscientious teacher i.e., in so far as 

the book doesn't determine the method of procedure, the 

teacher cou ld extract meta-lessons suited for enquiry 

teaching. 

Inserting a "doubt component" in Textbook Exposition: 

This includes inserting statements and paragraphs showing the 

uncertainty of knowledge. 

include a fair treatment 

An enquiry science textbook should 

of the doubts and incompleteness of 

science and indicate the possibility that through the advance 

of enquiry scientific knowledge can change. Shwab 1962:60) 

succ inctly states the need for such kind of material: 
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The first component of an adequate ly enquiring 
curriculum is the injection into text material 
and classroom procedure of a substantial 
component of doubt. I have in mind nothing 
more than the honest s tatement of ignorance, 
uncertainty, and dubi~ty, where these 
condition are, in fact, the conditions of 
our knowledge .. .. Each chapter must bear its 
share of the burden of doubt and ignorance of 
concrete, important matters. 

Giving a "Human Side" to Enquiry: According to Meyer 

(1969:15) one of the recent trends in modern science teaching 

had been a development of an understanding of scientists as 

people with real human problems, difficulties, joys and 

successes .. However, much of the earlier science teaching had 

been faulty in that it had been impersonal and dehumanized. 

Drawing up on important biological material together with the 

people, as indicated above, helps to achieve this objective. 

When using such a historical approach it is essential to 

acquaint the students with the way that scientific discoveries 

are made, the contradictions that arose and were resolved in 

the process, the influence exercised by society upon the 

development of SCience, and above all the contributions made 

by eminent scientists to the storehouse of scientific 

knowledge. Students should be helped to understand that there 

is a human side to enquiry, that discoveries are made by 

humans; that, just like other individuals, scientists could 

make errors and that part of science had indeed been concerned 

with the correction of error. 

Textbooks that contain a sufficient amount o£ narration 

of enquiry in which the material describes research interms of 

the persons, the places, and the incidents involved have a 
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crucial role t o play in the correction of students attitude. 

The BSCS underscores that s uch an approach conveys to students 

(1971 : 23) : 

a realistic and understanda ble 
view of science and scientists. They 
ca n help to mitigate the extraordinar il y 
unreal, antagon istic and fantastic view 
of sc i e nce and sc i entists which repeated 
studies show to have grown in the minds 
of many persons. 

d) Using Questions in the Text as Challenges to the 

Student: Traditional textbooks usual ly have a rigid plan of 

presenting i ni"ormation. Facts establishing the proof of a 

conclusion or theory fol l owed by suggested demonstrationsl 

experiments and review questions often constitute the plan. 

It is also not unusual to find the questions/problems posed 

answered there by the text. In such cases, obviously, the 

student misses the training which he should get in problem-

so l ving and enquiry. Blaydes and Millers (1966:41) suggestion 

would probably serve to summarize this point: 

... Questions, especially problematiC 
questions, belong at the beginning of a 
study . Th e s tudent should be made to feel 
that th e re is an interesting prob l em ahead, 
the solving of which is a fascinating 
procedure as well as a worthy accomplishment. 

2.2.3. The Enquiry La boratory 

Modern Bcience curricula place a premium on l aboratory 

and field work as central to the teaching of science. The 

idea that science iB best learnt by doing it iB not 

controversial. Indeed , science teaching can by no means be 

I 
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properly accomplished by merely telling students about 

science . Doing science involves giving students the 

opportunity to £ind and discover relationships a mong £acts, 

materials and events; to put them in their own way a nd come u p 

wi th t heir own conclusions and generalizations. The most 

important means for th e achi evement of this goal is through 

invest i gations, o bserva t ion an d exper im e ntation. 

It i s during investigations that the s tudent exp lores 

ideas, tests hypo theses and raises questions. It is during 

labora t ory and field work that the student begins to 

understand the frustrations as well as the achievements v4 
scientific investigations. He/she also l earns that it is the 

interpretations of the data generated during investigations 

that produce the conclusion s o£ science, and that it is this 

interpretation and conc lusion that challenges older scientific 

knowledge and raises new questions that lead to further 

enquiry . 

Due to these reasons, the genera l direction of modern 

biology laborato ry exercises has been toward greater emphasiS 

on e nquiry or open-ended experience and mi nimal use of 

confirmatory or illustrative laboratory sessions . 

However, using the laboratory toward these ends 

necessitates a radical dep a rture from its role in traditional 

science courses. According to Schwab ( 1962 :152 155 ) , t here 

are tw o fu n d amental changes t.ha t shoul d be made if the 

laboratory is to be convert.ed from the dogmat.ic to the enqui r y 

mode . The first change is that. a substant ial part of the 

laboratory work is made to lead rather than lag behind the 
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cl assroom phase of instruction. This means changing it from 

its tr a ditional role ~ illustration of conclusions to 

illustration of problem situations. The former serves the 

traditional purpose of making clear material expounded in 

class or the textbook, thus making it incongruous to the 

objectives of teaching science as enquiry. If the student is 

really to understand the n ature of the scientific process, 

ample opportunity for active partiCipation in that process 

should be provided for. This means the student must 

investigate enough problems for which he/she doesn't know the 

answer. 

As stated before, classroom teaching itself has to follow 

an enquiry mode; i.e., it should deal with the statement of a 

scientific problem, present the data needed for its solution, 

provide an account of the interpretation of these data and the 

conclusions drawn from them. But this alone will not convey 

the real flavour of scientific enqUiry in that it doesn't show 

the difficulties and frustrations involved in such a process. 

It is in view of providing this experience that we say the 

laboratory s hould provide a tangible experience of some of the 

problems dealt with in science. This discussion brings us to 

the conclusion that laboratory exercises in which the s tudent 

is told what to do and what to expect, as found in many cook-

book fashion laboratory manuals, will not lead to a meaningful 

understanding of the process of scientific enquiry. Such 

laboratory activities, in which the student is given 

··instruct·ions that l ead him through a procedure designed to 

produce certain specified results·· are called structured 
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activities (Romey, 1'368:22). While such activities are 

beneficial for students initial experience, more open- ended 

( unstructured) activities should be provided for. 

According to Romey, science topics s hou ld be introduced 

in the laboratory whenever possible; and that other activities 

(lecture, discussion, reading) should be outgrowths of the 

prob l em introduced in the laboratory. He also suggests a 

rough procedure by which effective laboratory activities may 

be set up (Ibid): 

1. Pose a problem; 2. Establish an experiment 
design aimed at solving the problem; 3. Have 
students gather data related to solution of 
the problem; 4. Have students graph, study 
and interpret their data; 5. Have students 
generalize on the base of the data; 6. Proceed to 
a group discussion of the meaning and limitati on 
of the data, the relationship of the data to 
other problems, and related readings in a 
textbook (or other references) which may 
reinforce and augment the student personal 
experience. 

If the nature of the topic under discussion or study is 

such that it doesn't lend itself to experimental proced ure 

as often happens in biology) and only observat i on is 

necessary, we still have to pose problems-observationa l this 

time rather than experimental, and ask the student to gather 

and interpret data. In summary, what shou ld be stressed in 

l aboratory work is the need for e nabling the student to 

actually experience, on a somewhat reduced level, the various 

procedures used by scientists in sc ientific research. 
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2.3. Implementing an Enquiry Science Curriculum 

In the preceding section, it has been stressed that the 

science curriculum s hould provide ample oppor tunities for the 

development of enquiry processes i n s tudents. That is, the 

textbooks, the laboratory experiences and other accessory 

curricular materials should convey a "sense of science as a 

process of enquiry". However, this alone by no means 

guarantees proper implementation and the attainment of stated 

objectives . 

Factors that influence proper implementation of the 

curriculum designed are diverse. Some of these are 

availabi lity of curricular materials in sufficient quantities, 

teachers capability and willingness to use the materials and 

willingness of the educational and other concerned authorities 

to support the programme financially and otherwise . The 

concer n here, however, is with one of these factors concerning 

the teacher. That is, the question that will be dealt with in 

this section is what Beyer (1971: 122) succinctly asks: .. What 

can we as teachers do to faci litate enquiry in the classroom, 

a nd how can we "bring it off? " What should our strategy be, 

and 'What techniques can we u s e to make it work?" The role of 

the teacher in using the model invest i gated in this study is 

explicitly stated in one of its components: "principles of 

reaction ": 

The teacher's task is to nurture the enqUiry, 
emphasizing the process of enquiry and inducing 
students to reflect on it. He or she has to be 
csreful that the identificati o n of facts doesn't 
become the central issue and should encourage a 
good level of rigor in the enquiry. The instructor's 
task is to turn the students toward the generat i o n 
of hypotheses, interpretation of data, and the 
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development of constructs, which are seen as 
emergent ways of interpreting reality (Joice 
and Weil,1986:139). 

Before discussing specific competenci es (strategies , 

techniques, styles) that an enquiry teacher should possess in 

orde r to fulfil the tasks mentioned above, it would be 

appropriate to rephrase the major premise upon which a 

reorientation in methods and techniques is to be based. It 

has been stated that the major objective of teaching science 

as enquiry is to help students develop the competencies and 

habits related to enquiry processes; since these processes are 

the key to understanding the nature of science. It a lso aims 

at the development of the ability to carryon se lf - directed 

learning and to the development of thinking. The attainment 

of these objectives, therefore, necessitates a radical shift 

from the conventional approache to teaching science. 

Eagleston (in Bennet and McNamara, 1979:83) contends that 

"enquiry approaches to learning science , compared to more 

didactic approaches, demand different kinds of engagements 

between the minds of teacher and taught." Schwab ( 1962:66) , 

r einforc ing Eaglestone's view, also writes that ..... an enquiry 

classroom requires teaching and learning skills which are not 

the common habits of o ur schoo ls. Its aim is not only the 

clarification and inculcation of a body of knowledge but the 

encouragement and guidance of a process of discovery on the 

part of the students. " 

Two major conclusions could be drawn from the foregoing 

discussion: 

1) Science teachers committed to or intending to use the 
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enquiry approach should above all have a thorough 

und e rstanding of the operations of scientific enquiry. 

2) In addition to this, they should also be well versed 

in teaching strategies and styles that are most conducive to 

developing the competencies and habits related to enquiry 

processes in biological sciences. 

These essential preconditions are in keeping with the 

idea that attainment of stated objectives r equ ire s using "the 

most effective means o f teaching within specified limitations 

and structure of the syllabus" (Meyer, 1969:5). In other 

words, if 8 given sc i ence curriculum gives provision for 

understanding of enquiry processes in science, then certain 

methods and techniques of teaching sh o uld be encouraged and 

provided for in the syllsbus. 

The kind of teacher required by the model, 8S ~ummed up 

in the "support system", is "a flexible instructor skilled in 

the processes of enquiry" (Joyce and Weil, 1986: 139). 

Although the role of the teacher is that of facilitator,as in 

other enquiry models, it should be remembered that helshe 

still has a centr~r role to play. As Marshal (1965:82 - 83) 

points out, however good are the textbooks designed and unique 

the laboratory experiences provided: 

the science teacher s till serves as the 
interpreter of these things to the students, and 
is at the centre of the teaching-learning 
situation. Only if this interpretation refl ects 
the philosophy of the course developers it is 
reasonable to say that the. student has taken 
the course. 

Beyer, too, supplements this view(1971 : 142}: 
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Although enquiry i s l earner c e ntred, 
enquiry teaching r e quires considerable 
teacher involvement. Enquiry teaching demands 
that 1) the tescher plan or design a learning 
experience that will facilitate student enquiry. 
Thia includea creating a aeriea of activitiea 
designed to put students through the various stages 
of enquiry aa well sa collecting and preparing 
appropriate learning Materials and guides. (2) 
It also requires that the teacher direct or guide the 
learning experience by asking questions, making 
cossenta or suggestiona and providing data when 
is needed. 

Beyer also emphasizes that planning an enquiry lesson is 

not done by !--eriori determination of the content to be 

covered, but through a "continuous and conscious refere nce to 

the specific mental operations in which the learners should 

engage"(Ibid) . If the teacher, for instance, wants his 

students to pra ctise how to for mulate hypothe sis or the 

concepts of expe rimental error, e xperi mental control etc., 

theae cognitive operations must first be clearly stated and 

then experienced through an appropriate content selected for 

the purpose. 

The use of the model in biology teaching requires that 

the teacher presents an area of investigation or probles at 

the beginning of the lesson. The probleM is supposed to unify 

the whole, or at least a major part of the lesson. Subsequent 

activities of the class, depending on the nature of the 

probleM posed, are geared toward solving the proble .. It 

should, however, be noted that teachers, after introducing a 

lesson through didactic exposition, May pose probleaa during 

the developaent of the lesson or even at its concluding phase. 

Posing proble.s say not b. as difficult for the teacher as 

what should follow. After the posing of problems, the next 
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step is progress toward its sol ution. And it is here that t he 

greatest demand on the teacher is made. The success of t he 

lesson d epends on what 

process thus started. 

the teacher does to susta in the enquiry 

In short, he or she has to create the 

appropriate classroom environment where ideas ca n flow freely 

between the teacher and s tudents and among the students 

themselves. J. Richard Schuahmen, one of the proponents of 

the e nquiry approach , states that two conditions, freedom and 

a responsive environment, are essential end must be provided 

by the teacher (in N.Nelson, 1969:218). 

But how does the teacher provide the climate and 

conditions necessary? This task may be properly accomplished 

by acquiring the skills of questioning s uch as what kind of 

questions to ask, how and when to ask them; how to deal with 

student responses and questions, how to lead classroom 

discussions, laboratory experiences and projects etc. Some of 

the salient features of these skills that promote achievement 

of the objectives of the model investigated will be reviewed 

in the following pages. 

2.3.1. Ouestioning Skills 

As questioning is the most important activity in which 

teachers engage in all aspects of their contact with s tudents 

(in class, laboratory and field study), and especially since 

the model investigated relies heavily o n problem/question 

posing skills of the teacher, it would be appropriate to start 

with and review it in some detail. Questions are commonly 
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student is required to recall specific facta (structure of 

organelle. in a generalized aniMal cell), processes 

(biosynthetic pathways, developaent of the hUMan eMbryo froa 

egg to birth), principles (horMonal regulation of reproductive 

cycles, feedback control in enzy.e systeas),concepts( 

ecosystem, adaptation, gene) and theories (Darwin'. theory of 

evolution). 

Although this is the lowest level, it serves as the raw 

material for the more complex levels. 

2) Coaprehension questions: These include questions of 

translstion, interpretation and extrapolation. Translation 

questions require the student to change information froa one 

fora to another such as aathe.atical graphs or formulas into 

verbal fora. Exa.ples are asking students to translate a 

graph relating 02 production by Elodea to photointensity of 

incident light and questions requiring the student to 

translate cheaical forRulas into verbal for.s. 

Questions of interpretation require the student to 

discover relationships aMong facta, generalizations, 

definitions etc. To auaaarize and present a central idea or 

to identify and explain a verbal, pictorial or matheaatical 

presentation constitutes interpretation. Exa.ples are 

identifying the central concept of biogenesis in Pasteur's 

experi.ents using goose neck flasks filled with boiled Broth 

and Malthu.' concept of food li.itation obtained fro. reading 

one of hi. essays. 

Extrapolation questions require the student to extend 

trends and sequences in graphs or inferring end points of 
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c e rt ai n plan t or a n i mal group baaed on their 

characte r istics. 

4 ) Analysis questions: According to Perrot (Ibid:44 

45 ) , there are three functi o ns of anal y sis questions: 

1. To IdentIfy motIves, reasons and causes for a 
specIfic occurrence. 
2. To consider and analyze avaIlable informatIon 
in order to reach a conclusion, and 
3. To analyze a conclusion, inference or 
generalization based on evidence. 

Analysis occurs when the student is ""ked to look 

"und02r l y ing r e a s o n su c h as c ause a nd effec t" , to draw 

conclusions after the completIon of an experiment, to 

identify the c ompon e nt.s of a communication s uch as 

for 

hypothese s in a theory (analysis of el e ments ) , to identl.£Y the 

Intera c tions between a commun icatIon such as 

identifying predator-prey relationships (analysis of 

relationships). Examples are identifying the hypothesis in 

Pasteur's study of biogenesis and identifying the 

relationships ~nd interaction of primary producers and 

secondary consumers in a fresh water food chain. 

5 . Synthesis questions: These questions pose problems 

th a c r~quire · orlg~nal, creative thinking. They are, thus, 

cruclal for developing the creative abilities of students. 

SyntheslS occurs when the student . .br~n 9 s together sev~ral 
.. " . 

diverse content areas to solve the problem posed. Problems 

that require the student to design an experiment in order to 
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certain plant or animal group based on their 

characteristi cs. 

4) Analyais questions: According to Pe rrot (Ibid:44 

45 ) , there are three functions of analysis questions: 

1. To identify motives , r easons and c a uses for a 
specific occurrence. 
2 . To consider and analyze available information 
in order to reach a conclusion, and 
3. To analyz e a conc lu sion, inference o r 
generalization based on evidence. 

Analysis occurs when the student is asked to look for 

"underlying reason s uch as cause and effect", to draw 

conclusions after the completion of an experiment, to 

identify the components of a communication such as 

hypotheses in a theory (analysis of elements) , t o ide ntif y the 

interactions between parts of a communication such as 

ident ifying predator-prey rel ationships ( analysis o f 

relationships). Examples are identifying the hypothesis in 

Pasteur's study of biogenesis and identifying the 

relationships and interaction of primary producers and 

secondary consumers in a fresh wa t er food chain. 

5. Synthesis questions: These questions p ose problems 

that require original , creative thinking. They are, thus, 

crucial for developing the creative abilities of students. 

Synthesis occurs when the student brings together several 

di verse content ere~s to solve the problem posed. Pr o bl ems 

that require the student to design a n experiment in order to 
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test a hypothesis, to create a descriptive model of a 

scientific phenomenon <such as food relationships i n a marine 

ecosystem) or to propose a micro-t heory to explai n a set of 

laboratory observations be l ong to this group of questions . 

The student is, for instance, synthesizing when he proposes a n 

experim enta l plan to te s t the effects o f certain dr ugs o n 

visual responses in mice as a means of testing a hypothesis 

that th e d rugs impair visual perception and motor activity. 

As synthesis questions do not have a sing l e predetermined 

answer , they allow a variety of origina l responses. 

6 . Evaluation questions: Evaluation questions demand the 

student to make a judgement of good or bad, right or wrong, 

according to standards he designates. Like synthesis 

questions, questions at this level do not have one correct 

response since the student makes qualitative and quantitative 

judgements based on a certain va lu e or criteria whi ch will not 

be the same for all students. Examples are assess ing the 

value of a theory by examining how accurately it predicts 

laboratory data; assessing the effectiveness of antibiotics in 

producing ba c teriostase s using 

antib i ot i c di s cs; and critically 

i nocul a t e d 

reviewing 

agar plates and 

an experiment on 

p hotosyn thesis in Chlorella to determine how effective l y the 

experiment was controll e d and how efficient were the methods. 

In summary, the use of higher order questions that 

"require students to manipulate information for some p urpose " 

will determine whether or not the students would engage in 
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higher thought levels. The use of more comp lex levels of 

thinking has also been found to relate to ··the nature of the 

cognit ive task·· presented to the student (Biddle and Dunkin, 

1974: 296). Biddle and Dunkin a lso report that ··experimental 

training in Bloom\ Taxonomy ... appears to be e ffective in 

getting teachers to use more higher order categories."' In 

addition, the use of such categories by teachers has, 

apparently, a similar effect in students (Ibid: 392 - 3); 

although the u se of higher order categories of knowledge is 

repor ted to have a complex relstionship with student 

achievement. It should, however, be noted that if teachers 

are to incorporate thes e and o ther relevant questioning 

strategies into their teaching style, a continuous pract ice in 

their usage is essential. 

2.3.2 Guiding Classroom Diacussion and Invoking 

Student Participation 

The foregoing discussion on the types and uses of 

questions, have made clear the need for enquiry-oriented 

science teachers to be cognizant of the fact that the type of 

questions they pose gre~tly affects the students' thinking 

processes. However, in addition to knowing what kind of 

questions to ask, it is also necessary to develop a good 

manner of framing and directing questions, and of dealing with 

student questions and responses. These skilla are also 

crucial for atimulating and gUiding classroom discussion. In 

fact, it should be remembered that the model investigated is a 
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discussion scheme or procedure that gets right at the heart of 

the process of science . Thus, even though we have dealt 

separately with questions as a basis for such a teaching 

approach, it is obvious that questioning and discussion are 

closely allied topics, since they reinforce the same class 

activity. A teacher who mastered the skills mentioned above 

is, therefore, in a better position to guide successfu l 

classroom discussion. 

Once again, it should be pOinted out that in using the 

model the teacher is supposed to provide his students with a 

limited amount of basic data or evidence(background 

information) and then invite the students to interpret the 

data or to reason out a solution to the problem posed. Though 

one reasonably expects that this will start off discussion 

between the teacher and students and among students, this may 

not always be the case. As Davis (1981:308) points out: 

Sometimes discussion will s tart with little 
encouragement from an instructor or group 
leader. It gets going on its own. At other 
times, a great deal of prodding is necessary. 
Even when things have started wel l discussion 
can slow down. It has to be refuelled. Other­
wise momentum ia lost. 

It is in the service of this function; i.e., that of 

sustaining the enquiry processes through invoking student 

participation that we say the teacher should acqUire basic 

skills of questioning that are indispensable for conducting 

successful classroom discussion. These skills are briefly 

reviewed in the following pages. 



. .. 
. "~~' 

r ': ,. 
\ . .'-" 
~ ,-. 

~ .. " .. '," . -

.: '. 

.. /.' . 
". :_".; ", ;:-1 

.... ·· .• ;i 
.: ",'.: . 

. ":" .... .. . 

GG 

. The £irst · ski ll i knowing h ow t o £r ame and .direct (pose), 

Some t £ .the . salient £eatures of this skill the questions. 
Ur 

I 
discussion 

¥ Questions woul.d be 1Il0re fruit£ul i£ directed to the 

are .. the . following £a cilitate which . : 

(Wienberg,1971:12): 

1. 

. whole .. group .; o l students. 

2. Stating each J.est~oi. SlOWlY.. and eOlPhsticsII Y.-

'. " 3 • . Pausing, WhiC'l a~lo~s students time to reflect on the 

problem. If ~e students ~6 nbt respond right away, 

the teacher 'Si Uld . b~· patient. · This ia becauae sOlie 

of ' the studeri,ts OIay think slowly and carefully, some 

t 
may not have Understood the question, some may be e 
reticent to speak up in clnss because o£ past j . 
unpleasant experiences, etc. ,:' .. ["" . .. I · 

~~)i~1>, -:;:-;; ·, "4.GiV~~9 the -£1 IS student to hesitate and deliberate 

b~~~<:~; :i--c:~·;~~i.f~ ; ·· :.-·while he is. a .. wer ing; and 

~{t~~ >:::::::, :::::1::::1:: ::.:":':::::,' :::':o::d 8100 

Encouraging students to participate in classroom. 

.discussion and allowing them to arrive at their own 

conclusions and generalizations also necessitates avoiding 

certain types o£ questions. These include(Ibid): 

l 
1. Vsgue, indefinite and ambiguous questions such as 

"What about chromosomes?" 

'f., 
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2. Questions calling £or one-word answer (closed end 

questions) such as "What colour result £rom starch 

3. 

test?" 

Categorical questions such as .. 

in the stomach?" 

Is protein digested 

4. Double, multiple and involved questions such ss "Who 

·was Darwin, tell about his li£e, and explain his 

theory?", and " 

5. Rapid £ire questions. 

The second crucial .questioning skill £or the enqUiry 

teacher is knowing how to deal wi th student responses '. How 

the teacher deals with student responses is, indeed, as 

important as the questions themselves. 

students give to teacher questions may 

The responses that 

vary from an "I don't 

know" to a completely correct. response that matches teacher's 

expectations. In between are responses that are "very weak;" 

"partly or completely incorrect," "poorly organized, 

1982:62 - 63). 

lacking 

Whatever in detail or incomplete," (Perrot , 

the case, it is always pro£itable i£ the teacher encourages a 

student £or the attempt made with a word o£ appreciation such 

as"Good," "That is a thought£ul answer, ." "An ' interesting 

idea," etc., and then evaluate the response o££ered, ask the 

class or the respondent to expand, improve, evaluate the 

responee, The important point is that it shou ld be the 

student who says "Yes, I was wrong," This approach, which Ned 

Flanders, · in Perrot; 1982:81) calls an Indirect Style o£ 

teaching, is known to increase student performance while 
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minimizing their dependence on the teacher. 

Davis and Perrot suggest more specific ways of dealing 

with student responses in a manner that doesn't inhibit 

students participation and progress. Davis (1981:170 - 71) 

that "probing trainee (student ) responses'· is suggests 

important to avoid superficia l reasoning. He offers four 

techniques toward this end: seeking further c l arification of 

the answer offered, asking students to be more critical about 

their responses, prompting students to go further, and 

refocusing students answers to questions. Perrot <1982:56) 

suggests somewhat related sets of skills that would enable the 

teacher to help students: 1. give more comp l ete and thoughtful 

responses and 2. increase the amount and quality of 

The first objective is accomplished by participation. 

four related teaching skills: pausing, prompting, 

their 

using 

seeking 

further clarification and refocusing a student's response; 

while the later involves redirecting the same question to 

severa l pUpils, framing questions that call for sets of 

related facts (open-ended questions), and using questions that 

invite the student to use higher cognitive tho ught levels. 

As most interesting lessons elicit student questions, 

skil l in dealing with them is the third area that an enquiry 

t eacher s h o uld dev e lop. When a student asks questions, there 

are three main alternatives for the teacher: 

1. 

2. 

give the student a straight answer to 

question (s). 

his/her 

Answer his/her question with another question. Davis 



.'. " "" ' ~ '. ' " ' . " , .'~ . . 

69 

calls such questions II reverse que s tion" and help 

students to think; and 

3. Make a spec ific suggestion about how the stud ent may 

find his/her own answer to the problem. 

A variant of 

question bsck to the 

the second possibility is to 

whole class (relay question~. 

turn the 

Although 

upon the which of these possibilities a teacher uses depends 

specific circumstances, fr8qu8nt use of the first type 

(a nalogous to rapid-fire questioning) is an indication that 

the teacher has adopted an authoritarian mode of teaching. 

Effective teachers, however, tend to use the third 

alternative, which, through the technique of probing and other 

related ski lls, could lead to a chain of reasoning which would 

finally enable the student to arrive at his own conclusion and 

generalization. 
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Chapter Three 

3. Analysis and Discussion of Findings 

In this chapter three aspects of the findings of the 

study are presented. The first part deals with analyses of 

the four Senior Secondary School biology textbooks. Part two 

presents results and analyses of questionnaire survey and 

interview. This is then followed by results and analysis of 

observation of classroom interaction. 

3.1. Analysis of Textbooks 

Analyses of the four Senior Secondary School biology 

textbooks in use today was made in order to determine the 

degree to which they reflect the purpose for which they were 

designed. That is, the analysis focused on whether or not the 

textbooks promote the development of biological enqUiry skills 

without which, as stressed in chapter two, an adequate 

understanding of the subject would not be possible. Aspects 

of the textbooks that had been analyzed were: 

3 .1.1. Questions' 

3.1.2. Practical activities 

3.1.3. ··Narrations of Enquiry' The following 

discussion deals with these aspects respectively. 

Only those questions whose answers are to be provided 
in the corresponding worksheet space have been ana l ysed . 
Review questions have been excluded because 1) they are few 
in number compared to the total number of questions in each 
unit, (2) their pedagogical significance is different and (3 ) 
they are repititions of some of the questions studied 
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3.1.1. Description and Analysis of Questions 

Analysis of questions included in the 15 units studied, 

with the exception of those under review questions (grades 

10,11 and 12) was based on two major criteria: 

a) What is the student required to do in order to answer 

the questions (problems) posed; i.e., do 

performing some kind of activiti or not? 

the questions require 

b) I n what cogn itive process is the student expected to 

engage while trying to answer the questions posed by the text; 

i.e., the level of cognitive de ma nd required by the questions. 

For this purpose, classifi c atio n of que s tions ba s ed on Bloom 

and Co-workers categories of instructional objectives was 

used. It is especially based on the more specific 

Anderson elaborations of the categories of questions given in 

Perrot (1981:41-47). The categories are <1 ) ( 1971 : 7 - 8) and 

knowledge, (2) 

(5) synthesis, 

comprehension, (3) application, (4) analysis, 

and (6) evaluation. The type of cognitive 

operations which determine a given question as belonging to 

one of these categories has been discussed in chapter two. 

Classification of questions based on the first criteria 

revealed two major groups and five sub-groups. It is worth 

noting here that, in effect, this classification is based on 

an answer to a single question: How are the questions 

integrated into textbook discussion? 

These include questions or problems 
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the posing or solution of which necessitates performing an 

activity: referred to as activity-bound questions. These 

questions have again been classified into two sub-types. 

Type I. A Ouestions that demand the student 

to explain why he/she performs a certain step 

in a series of experimental procedures during 

an activity: referred to as procedural or 

methodological questions . 

Examples': 1. ··Which is your control group in this 

experiment?" 

2. "Why was it necessary to take the bubble into 

the long arm of the J- tube before taking measurements?" 

Type I.B: Questione. that ask the student why or how 

he/she gets a certain interim result before the 

completion of an activity; and questions presented at the 

completion of an activity and asking the student to 

interpret the findings, draw conclusions, design further 

investigations etc.: referred to as conceptual questions. 

Examples: 1. "What were the colours produced in test 

tubes A and B?·· 

2. "How much C02 was given out in one minute before 

exercise? A£ter exercia.e?" 

3. "Why did the lungs collapse after being blown up in 

step 11" 

4 ... From your data what do you conclude about the rate 

of carbon dioxide production by different animals?" 
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Type II. Questions: This group includes those 

questions the posing or solution of which requires 

activities: referred to as activity-free no practical 

questions. This group, too, has been found to consist 

three sub-types within it: 

Type II. A: in such questions the student is given a 

d escription of actual or hypothetical experimental 

results together with the problem posed and the 

experimental procedures involved. In some cases, such 

descriptions make ment ion of the person who investigated 

the problem. In the process, the student may be asked to 

formulate hypotheses, interpret the results, draw 

conclusion, etc. 

Examples: 1. "Given the results of the above experiment 

what conclusions can you make ", ,, 

2 . "Do the results of the experiment support your 

original hypothesis ? " 

3. "From your observations of the graph, formulate a 

hypothesis as to what you think is happening ... ?" 

Type II -B: This sub-group includes those questions 

which are linked to a diagram, chart or table; excluding 

those of the II-A type above . These questions require 

the student to look at a figure (diagrsm, graph or table) 

and provide the answer by comparing, analyzing, 

translating etc. 

Examples:1. "Which of the beaks inf Fig 2/12 are suited 

for sipping nectar from flowers?" 
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2. "Now look at. £igura 4/17 t.o see t.he posit.ion o£ t.he 

naaal cavit.y. By looking at. t.he diagraa answer t.he 

£ollowing questions ••• ", 

Type II-C: These questions require the student to think 

£rom his/her experience (such as to draw upon his/her 

general knowledge), previous in£oraation given in the 

text (such as that lear ned in a previous topic, unit or 

grade) or background in£oraation given concurrently 

by the text be£ore the question is posed. 

Exaaples:l .. You know £ora your physics lesson that 

coloured object.s look coloured because they absorb soae 

parts o£ t.he light £alling on t.hea and re£lect. soae ot.her 

part.s. So, when you look at a green lea£, what. does 

the £act. t.hat. it. appears green tell you ... , .. 

2 . "Shivering is a reaponse aede by the body t.o cold. 

When the body cools the auscles under ••• how does 

shivering help the body keep wara'" 
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Table 3.1.1 - A: Numbe r o f Activity - bound and Activity - fr e e 

Grade Unit 

----

10 

11 

12 

Grand 

U2 

U4 

U6 

Total 

U2 

U4 

U6 

Total 

U2 

U4 

U6 

U8 

Ul0 

U12 

Total 

U14 

U15 

U16 

Total 

Total 

Question s in Ea ch Unit a nd Grade 

Type I 

I-A 

2 

2 

4 

1 

10 

11 

2 

8 

1 

'3 

20 

1 

1 

36 

I-B 

73 

:34 

65 

172 

27 

59 

3 5 

121 

28 

61 

3 1 

12 

:37 

47 

216 

3 8 

10 

48 

557 

I I-A 

6 

9 

6 

21 

7 

17 

2 

27 

14 

67 

3 

2 2 

3 

28 

116 

Type II 

II-B II-C 

2 
.-, 
~ 4 

8 

8 14 

1 17 

4 3 

7 

5 27 

5 0 3 4 

9 2 

10 2 5 

10 7 

7 

79 75 

14 8 

15 46 

1 51 

30 105 

122 221 

Total 

7 5 

42 

81 

198 

52 

8 5 

48 

185 

114 

87 

83 

14 

82 

77 

457 

6 3 

94 

55 

212 

1052 
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Table 3.1.1-B: Proportion of the Five-Sub-Typea of Oueationa 

in Each Grade and Among the total Number of 

Oueationa 

Grade 

9 10 11 12 

Type No " No No " No Total 

I-A 4 2.02 11 5.95 20 4.38 1 0.48 36 3.43 

I-B 172 86.87 121 65.40 216 47.27 48 22.64 557 52.95 

I-A 2 1 11.35 67 14.66 28 13.20 116 11.02 

II-B 8 4.04 5 2.70 79 17.29 30 14.15 122 11.60 

II-C 14 7.07 27 14.60 75 16.41 105 49.53 22 1 21.00 

Total 198 100" 185 100% 457 100% 212 100% 1052 100% 

Results of the classification of the 1052 questions 

included in the 15 units analyzed based on the first criteria 

is given in tables 3.1.1.-A and 3.1.1.-B. 

The results reveal that, 

593(56.4") are activity-bound. 

of the total 1052 questions 

The rest, 459 or 43.6", being 

activity-free questions. Thus, the fact that more than half 

of the questions are activity-bound indicates the emphasis 

given to stUdent investigation as the prinCipal mode of 
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acqui r ing knowledge; one of the principal features of a text 

suited for enquiry-oriented teaching of biology. Comparison 

of activity-bound questions in each grade to the total number 

of s uch questions sho~s that the largest proportion is found 

in grade 11 (39.8%), by grade 9 ( 29 .6%), grade 10 

(22.2%) , and grade 12 

follo~ed 

(8.2 %9· This figure, as ~ell as the 

subsequent ones, sho~ that grade 11 takes a n infl a ted share of 

the var ious types of questions. This is beca use six units 

have b een analyzed in this grade, t¥.lice more than the number 

of units analyzed in the other three grades. Other than this, 

the amount of content included in a given unit and the nature 

of the unit are important factors that contribute to the 

var iation in the number an d type of questions from unit to 

unit and thus from grade to grade. A more balanced pi cture 

~ould, therefore , be observed if the number of activity-bound 

questions in each grade is compared to the total number of 

questions ~ithin the grade. Such comparison reveals that, of 

the total number of questions in each grade, activity-bound 

questions constitute 88.8, 71.3, 51.6 and 23.1 percent in 

grades 9,10,11 and 12 respectively. In this case grade 9 has 

the largest proportion of activity-bou nd qu estions. 

Similarly, when the distribution of the total num ber of 

activity-free questions in each grade is compared to the t o tal 

number of such questions in the four grades, grade 11 contains 

the largest proportion (48.1%); followed by grade 12 (35.5%) , 

grade 10 (11.5%) and grade 9 (4 .7%). However, comparison 

-within a grade sho~s that, activity-free questions constitute 

76.8, 48.3, 28.6 and 11.1 percent of the total number of 
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que s tions in grades 12, 11, 10 a nd 9 . 

These figures, the distribution of both activity-free and 

a ctivity -bound questions, show t hat, as the propor tion of 

activity-bound question s to the total number Of questions with 

a grade goes on decreasing, the reverse is true for activity-

free questi o ns. This seems to be a res ult of the tendency 

toward inc lusi o n of more textbook information (text 

discussion) found 

two l o we r grades. 

units of grade 1 2 

in the two upper gradee. Be. compared to the 

This is particularly true in the l a st two 

Evolution a nd conservation of Natural 

Resources - where t y pe II questions account for 93.1 percent 

of the total questions in the two units. This indicates the 

existence of a trend or shift from students' concrete 

ex per i e nce with biological phenomena (s tudent observation a nd 

expe rimentation ) to more abstract (theoretical) e ngage me nts b y 

students ; i.e.} in the lower grades, emphasis is given to 

stud en t invest igat ions; in the upper grades, this gives way to 

more abstract reasoning exercises (q u estions). This i s 

apparently in line with the principle of moving from the 

concrete to the abe.tract. 

A cl oaer examination o f the 593 activity-bound questions 

reveals t hat 3 6(6" ) are o£ 

questions). 

the I-A type 

Notwithstanding 

(procedural 

the fairly 

or 

low methodological 

proportion of suc h questions, they are crucial because 

students a r e expected to perform practical activities with 

conscious knowledge of th e reasons f or the steps a nd procedure 

involved, s o that it would not be a cook-book procedure in 

which students merel y follow instructions witho ut 
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understanding the underlying principles and concepts . 

Among the 1 -B t ype of questions , 26 .5 percent are asked 

before the co mpl e tion of an act ivity. These questions 

correspond to Taba's " focusi ng" type of questions which, 

according to her, "help establish the content or topic a nd 

the cognitive operations to be performed." (BSCS: 1'371:345). 

These ques ti o ns direct the student to look for a certain 

a s pect of a n activity so that he would record only the needed 

data to so lve the problem. Students' data collection is 

the refore guided by such questions. The rest of the type 1-B 

(73.5%) are asked after the comp letion of the 
questions 

activity. As indicated previously, questions that are asked 

after the completion o£ an activity require the student to 

interpret t he results, draw conclusion, design further 

investigations etc. 

Breakdown of the 45'3 type-II (activity-free) questions 

sho ws that the 11-c type is by far dominant, accounting for 

48.1 percent of the total such questions. Types 11-A and 11-B 

account for 25.2 and 26 .5 percent respectively. Type II-A 

questions, perhaps the nearest to enquiry-centred teaching of 

biology next to questions rel a ted to laboratory experiences, 

are utilized more frequently in grade 11; which a ccounts for 

57.percents of all s uch questions in the four grades. 

When the total number of t y pe 11 -A ques tions in the two 

upper grades (11 and 12) is compared to those in the lower 

grades ( '3 and 10 ), 81.'3 percen t are found in the former . The 

reasons may be, (1) following the principles of moving from 

simple to complex and from the concrete to the abstract, 
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students are gradually introduced to what 
. L, ) 

is called "enquiry'I~T11 en1""1 
which is a rather advanced form of the ways by which students 

may be helped to understand the processes of biological 

enquiry . And (2),since most of the experiments from which the 

II-A type questions were drawn are very difficult to duplicate 

due to the requirement of elaborate an d sophisticated 

faciliti es and equipment and/or a prolonged period of 

time ) ,only descriptions of the problem, the experimental 

method u sed and the results obtained are given. The frequent 

utilization of such questions (and the materials on which they 

are based) in grades 11 and 12 has been strongly recommended 

by Roge r Baja (in UNESCO , 1966:68). 

The II-B type question, with a nearly equal proportion to 

that of the II-A type, is dominant in grade 11 (70.5y.) . Among 

the Six Units in Grade 11 , unit two-feeding and digeation -

accounts for 44.6 percent of the total such questions in the 

four grades. Combined the two upper grades account for 89.3 

percent of this type of question. Although diagrams are 

equally abundant in the two lower grades as in the upper 

grades, their use as sources of questions or problems is 

visible in the later while serving predominantly as 

illustrations in the former two grades. 

The II-C type, besides being the largest among the three 

type II questions, is abundant in grade 12 (47 .5%) as compared 

to its proportion in the other three grades. Eighty-one 

percent of this type of questions are found in grades 11 and 

12. The distribution of type-II-C questions reinforces the 

conclusion previously reached: that there is a tendency toward 
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more exposure to t extboo k information as one goes from the 

lower to the upper grades. 

As indicated before, the 1 052 text questions in the 15 

units have a l eo been ana l yzed on the basis of the nature of 

cognitive demand. That is, based on the level of thinking 

process elicited by the questions while a student tries to 

answer them, they have been classified into one of the six 

question categories . The results of this classification are 

given in tables 3.1.1-c, 3.1.1-D and 3. 1.1-E. 
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Table 3.1.1 - C: Classification of Tex tbook Questions Based 

on Bloom'a Taxon o my of Educational 

Obj ecti ves· 

--------------------------
Question Category 

Grade Unit Know l ed Comprhen Applica Analyai Synthe E~al Tot 

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

12 

'3 

U2 

U4 

51(0) 14 (0) 6( 2 ) 

2 6(4) 13(2) 

U6 45(3) 16(4) 

1 (1) 

3(0) 

8( 2 ) 1 2(3) 

14(4) 16( .1 ) Total 122(7) 43(6) 

10 

U2 

U4 

U6 

Total 

11 

U2 

U4 

U6 

U8 

UI0 

U12 

Total 

U14 

U16 

U18 

Total 

1 7 (5) 10(3 ) 

21(1) 20(8) 

13(4) 20(4) 

51(10) 50( 15) 

'3(7) 11( 3 ) 

11(2) 23(2) 

5 (1) 7(4) 

25 (10) 41 ('3) 

50(36) 32(22) 22(2 1 ) 7(2) 

20(3) 27 ( 2) 25 ( '3 ) 15 (4) 

13(5) 32(25) 26(17) 11(5) 

4(0) 6 (ll 

26<1ll 28(18) 

25(ll 32(8) 

6(2) 

7 (7) 

4 (1) 

15(10) 

10( 2) 

145(55) 155(83) 76(52 ) 67(23) 

32(11) 16(8) 

6(5) 10('3) 

14(14) 2(2) 

3 (1) '3(3) 

2 4(1'3) 22(20) 

10(10) 23(23) 

52(30) 28(1'3) 37(30) 54(46) 

Grand 

1<ll 2 (0) 75 

42 

81 

1 ( II 2 ( 0 ) 1 '38 

1(0) 4(0) 

6(5) 4(2) 

2(0) 1 (0) 

52 

85 

48 

'3(5) '3(4) 185 

3(3) 114 

87 

1 (0) 83 

14 

5(3) 2(0) 82 

2(2) 1 (0) 77 

11(8) 3(0) 457 

1 (0) 2(2) 63 

27(26) 5(4) '34 

5(5) 1(1) 55 

33(31) 8(7) 212 

Total 370(102)276(123)152('36) 178( 82 )54(45) 22(11)1052(45'3) 

• Numbers in brackets indi cate the proportion of 
to the total nu mber of questions in 
For instance, 26 (4) (G '3, U 2,co l umn 
26 knowledge questions in thi s unit, 4 

activity-free questions 
each question category . 
one) mean s o f the total 
ore activity- free. 
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Table 3.1.1.C: Proportion of the Six Categories of 

Ouestions in Each grade and among the 

total number of questions 

Grade 

9 10 11 12 

Ouest 

categ No " No % No No " Tot " 

Knowl 122 81.62 51 27.57 145 31.73 52 24.53 370 35.17 

Comp 43 21.72 50 27.02 155 33 . 92 28 13.20 276 26.23 

Appli 14 7.07 25 13.51 76 16.63 37 17.45 152 14.45 

Analy 16 8.08 41 22. 16 67 14 .66 54 25.47 178 16 .92 

Synth 1 0.50 9 4.87 11 2 .40 33 15.57 54 5.14 

Evalu 2 1.01 9 4.87 3 0.66 8 3.78 22 2.09 

Total 198 100% 185 100% 457 100% 212 100% 1052 100% 
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Table 3.1.1.E: Proportion of Activity - bound and Activity - f r ee 

Questions in Each Question Category 

------
Question Type 

--~------

Activity-bound Activity-free 

Question 

Category No % No Total 

Knowledge 268 45.20 102 22. 2 3 3 70 35.17 

Comprehension 153 25.80 123 26.78 276 26.23 

Application 56 9.45 96 20.92 152 14.45 

Analysis 96 16.19 82 17.87 178 16.92 

Synthesis 9 1.51 45 9.80 54 5.14 

Evaluation 11 1.85 11 2.40 22 2.09 

Total 593 100" 459 100% 1052 100% 

Among the total number of questions analyzed in ~~e15 

units, the largest (35") 

comprehension questions 

are knowledge questions, followed by 

(26. ") . Application and analysis 

questions have a more or less similar proportion,16 and 14 

percent respectively. The last two categories share a 

comparatively low proportion, 5 and 2 percent respectively. 

With the exception of analysis questions, the total number of 

questions in each category decreases as one goes Irom the 

lower to the higher order. 

(analysis in grades 9 and 10, 

Disregarding few exceptions 

comprehension in grade 11 and 

application and analysis in grade 12), this trend also holds 

true when considered grade wise or within a grade. However, 

contrary to this, the number of questions requiring the 

student to engage in higher-order cognitive processes go on 

in c reasing as one goes from the lower to the highe r grades 

(grade 12 is an exception to this trend). 

The dominance of knowledge questions (both in the lower 
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grade a and a mon g t h e tot a l number o£ queations in the £ou r 

grades) is, perhaps, £air when one considers that a knowl e dge 

o £ biological £acts, principles, processes etc. , £ orms the raw 

material £or t he other ( higher-order) ca tegories o£ question s . 

In other words, the proportion o£ each category within a gr a de 

a nd a mo ng the total number o£ questions is in accord ance with 

the idea that students should £i rst ha ve su££icient knowledge 

or information on a gi ve n content area before beginning to 

manipulate in£ormation at a higher level (Perrot,1986:46). 

The proportion o£ activity-bound and a ctivity-£ree 

questions in each category has also been determined (table 

3.1.1-E). The emphasis here is on the percentage of activity­

free questions in each category, as this might have a special 

signi£icance. Among th e 370 knowledge questions, 102 (27.5%) 

are activ ity-free . In comprehe n s i on, app lication, ana l ysis , 

synthesis and evaluation categories; activity-£ree questions 

account £or 44.5, 63.1, 46, 83.3 and 50 percent respectively. 

It is worth noting here that i n three of the ca tegori es 

application, synthesis and evaluation), activity-£ree 

questions account 

of questions. The 

in each 

advantage. 

category 

That 

for 50 percent or more of the total number 

fact that a signi£icant number o£ q uestions 

are 

is, 

activity-free could have 

should a teacher £ail 

a distinct 

to help his 

students exercise the more complex types o£ cogniti ve sk ills 

through practical activities, activity-£ree questions provide 

the opportunity. And there is every reason to doubt the 

practicality o£ activity-bound questions; i.e., unless the 

respective activities are carried out, the questions remain 

unanswered by the student. It is, o£ course, possible £or the 

teacher to provide the correct answer or so lution via 

lectures, or for the student to search for the correc t answer 

through his own reading, which is better than the £ormer . 

This probable drawba ck could, there£ore, be compensated by 

actiVity-free questions. But this holds true i£ the teacher 

is skil£ul enough in dealing with such questi ons . In othe r 

words, the £act that a given text question is not bound or 

linked to p ractical activities does not guarantee thst it wil l 
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be pr o perly expe rienced by students; as this d e p e nds on the 

teacher'a akill, e x pertise as we ll as commitment in the use of 

questions. 

In summary, the writer believes that the distribution of 

the various types of questions and the way they are integrated 

into text discussion facilitates student enquiry. This, 

however, holds true if and only if the teacher h elps his 

students experience the various enquiry and cognitive skills 

in e xact l y the way, or in e. better way, the texts require. 

But this again is possible if all the requirements of the 

curriculum for its proper implementation could be fulfilled. 

3.1.2. Analysis of Practical Activities 

As pointed out in chapter 2, laboratory experiences play 

a significant role in helping stude nts acquire or dev elop the 

various scientific enquiry skills. The student of biology 

becomes aware of the vari o us processes involved in biological 

investigations by conducting purposeful laboratory activities. 

It is the nearest to "doing science" than any other approach. 

However, not all types of l aboratory experi ences ar e equal ly 

important in helping students grasp the processes involved in 

scientific enquiry. 

Analysis of practical activities included in the 15 units 

examined was thus done 1n order to determine, as it was done 

for questions, the degree to which they s erve the 

which a laboratory experience should be used in an 

purpos e for 

enquiry biology curriculum . This wa s d o ne b y using the 
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following criteria : 

i) The "degree o£ openness" involved in each activity: 

the "structured-unstructured" model (Romey, 1966:22 - 24) . 

iil Time of conducting the practical activities; 1. e. , 

whether or not the a ctivities are conducted before or after 

the students' coverage of the s pecific principle, con cept or 

theory to be investigated: the .. I 11 ustrati ve- investigati ve·· 

mode l (BSCS, 1971: 337), a nd 

iii) The type of practical activities; 

are exper imental or observational in nature. 

i.e., whether they 

In addition to this, feasibili ty of the practical 

activities was also investigated by consideri ng the amount of 

time required to complete each activ ity in relation to the 

amount of time allotted for biology in each grade. 

Feasibility was aleo determined by taking into account the 

laboratory procedures used to conduct the activities (e.g . 

teacher-demonstration VS student experimentation) and the 

avai lability of materials and equ ipmen t necessa ry to conduct 

the investigations. 

Before eva luating the practica l activities against the 

first three criteria, it is first necessary to examine the 

model or models used by the texts for practical activi ties. 

There are 167 practical activities included in the 15 

units analyzed . Almost all of the activities follow one basic 

model with slight variations (Figure 3. 1. 2.1). A detailed 

description of the phases of this model is given below. 

The practical activities begi n with an introductory 

paragraph or statement whi ch set the stage for the e nquiry 

(investigation ). A typical example is given below: 
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Activity: "Does Soi l Hold Water?" Plants which 
live on the soil require water. Different soi l s 
conta in different quanti t i es of water , a nd so are 
s uitabl e for different plants. You are going to do an 
investigation in which you will compare the amount of 
water which ca n be h e ld by three different types of soi ls 
(G rade 9 Biology Text, P. 60) . 

,---

~ 
Directions 

I 
.J. 

Questions 

I 

J 
Directions 

1 

Enquiry Setting 

r 1 
.-----M-a- t- er i at s Needed 

.} 
~List of Experimental 

Procedure 

+ Questions 

1 
Direct i ons 

..., 
Questions 

Questions r Text 
.{, 

Discuss i on '-----------'-
L-____ _ 

Figure 3.1.2 . 1: Basic model used for Laboratory 

Activities by the Biology Textbooks 

S uch introductory sta tements, which are termed here as 

"enquiry setters" and which p ose the "area of investigation" 

to the student, are analogous to Ausbels' " advance 

organi zers". According to Ausbel (i n Anderson, 1971:43 ) 

advance organizers, which are statements containing "general 

or inclusive concepts that will serve as anchor points for the 

specific facts ," wil l later help the student to relate new 

knowledge acquired to existing kn owledge " Ac quisition and 

r etention of lea rning could thus be en hanced. But such 

statements , either wri tten or orally introduced by the 

teacher, are important in so far as they do not provide or 

hint-off possible answers to the problem to be investigated. 
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Th e introductory statement or paragraph is th e n followed 

by a list of materials and equipment needed to perform the 

investigat ions (variant 1) or directions telling the student 

to look at a specific feature of a biological specime n in 

observational activities (variants 2 a nd 3). 

The t hird phase constitutes a list of detailed procedures 

for t h e investigation (variant 1). The list of procedures is 

of ten interspersed with questions of the I-A t ype - which ask 

the student to state why he/she p e rforms a certain step in the 

activity. The possible significance of s uch questions has 

bee n mentioned in the previous secti o n . In the other 

variants, the direc tions are followed by questions which end 

the activi ty temporarily <variant 3), or the directions could 

be interspersed with questions before the completion of the 

activi ty ( variant 2). 

In var i an t one, the li s t of experimental procedures is 

followed by a series of que s ti o ns asking the student to 

interpret, analyze etc., his data or findings. To some of the 

investigations, model "Results Tables" or graphs are given in 

which the student is s upposed to enter the results of the 

investigation in the corresponding work sheet space (see table 

3 .1. 2-C). 

When o ne asks the question: Does a laboratory experience 

based on this model really help students grasp th e basic 

proce8ses involved in biological investigations?, the answer 

depends on an answer to another question: Are students made to 

do the investigations in just the way, or in a better way, the 

te x ts require ? 
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AB one can see from the way in 

,,' ....... - .~.-.~-.--~ . ...:...... ....... '-.. " . 

which laboratory 

activities are integrated into text discussion a new concept 

or principle (content area) is introduced to the student 

through practical activities; i.e., the activities are to be 

conducted before the corresponding concept or principle is 

covered in class. This is also explicitly stated in the 

Teachers' Guide for Biological Science, Grade 9: 

type. 

.... In this sense they [activities) are 
"programmed " or "structured" enquiries, but 
they are not extended , as is the case with 
programmed instruction, to give the correct 
final answer . The pupils' answers will 
depend on their findings. 

Thus, the proposed activities are of the investigative 

Investigative in that the student is provided wit h the 

prob l e m (area of investigation) and is told how to proceed, 

but does not know what the conclusions would be. The 

pedagogical significance of the activities, however, rests on 

two conditions: (1) teacher allows students to perform the 

activities and proceeds to the correspondi ng concept, and (2) 

the student doesn't know the conclusions of the activity 

through lectures or his own reading. 

To stress once again a n important point, the activities 

to be performed by students are investigative because, among 

the various steps involved in the process of biological 

enq u iry, the last phase interpreting data and drawing 

conclusions - is left out to the student . There are, however, 

other types of investigative laboratory activities depending 

on their "degree of openness" (criteria I) or the degree of 

student freedo m involved. As described above, practical 

activities included in the textbooks, excluding those of 
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t e ac h e r d e monst rati ons , ere wha t Ro mey ( 1 966 : 22 ) ca ll s 

··structured activities," in that the student is given 

"instructions that lead him through a procedure designed to 

produce certain specific results." Obviously, this type of 

laboratory activity is more open than activities in which the 

student confirms a concept or principle which is already known 

to him. 

Although these two types of laboratory activities have 

their proper place in any biology curriculum, their virtual 

use to the exclusion o f o ther more open types of labo ratory 

exercises 'w'111 in the end lead to a distorted view of the 

subject. As stated in Chapter One, the major objective of the 

model used as the basis of this study is to enable the s t udent 

understand the process of biological enquiry so that a true 

understanding of the subject could be aChieved. This is also 

the major objective of the writers of the biology curriculum. 

The "Biological Science, Enquiry Model" was thus developed as 

the proper meane for the achievement of this objective. 

Except phase one in which the 

investigation", the responsibility 

left to the student. 

teacher "poses an area of 

of finding a solution is 

There is, therefore, incongruence between the "Biological 

Science Enquiry Model" and the model used by the textbooks for 

practical activities . Instead of the student, the 

"structuring of the problem" and the method of "overcoming the 

problem" are done by the texts. As a result the student 

misses the training involved in the process of biological 

enquiry. A student who exclusively experiences laboratory 
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act i v ities o f th e type i nc l u d e d in th e t ex t book s wi ll no t 

follow in the foot steps of "research bio l ogists" or 

scientists, as claimed in the foreword given for the Senior 

Secondary School biology course . A research biologist doenot 

find a ready-made biological problem or a clear-cut method of 

investigating it. To offset the unwanted effect that emanates 

from the exclusive use of such laboratory activities, experts 

recommend that other more open types of activities should have 

a place in the Bio logy Curriculum 66:24;BSCS,1971:336). 

These are (1) laboratory activities in which the student is 

given the problem and hypothesis. The task of designing the 

experiment and the subsequent steps is given to the student. 

(2) Activities in which the student is given just the 

problem, the rest being his responsibility; and (3) activities 

in which the student is provided with a general area of 

investigation, such as a biological specimen (an aquarium for 

instance) , in which he is interested to work. In the last 

case the student is completely st liberty and close to 

the manner in which biologists conduct research. 

Before looking at ho w the tex ts attempt to provide 

provisions for the student to recognize problems, formulate 

hypotheses etc., it would probably be appropriate to say few 

s t a tements on these more open types of laboratory exercises. 

The reader might perhaps feel that inclusion of such exercises 

is irrelevant given the Ethiopian school situation. And more 

so when considered against the ability of high school students 

to conduct such investigations with the most minimum teacher 

guidance. If so, the writer believes that the scepticism is 
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jus tified . How e ver , if th e ques t ion is l i mited t o the 

th e oretical l e vel, with o ut s uch e xperi e nce s a school lea v er 

will not have achieved one of the fundamental objectives of 

biology teaching. Fortunately, laboratory experiences are n o t 

the only me a n s to h e lp students unders tand the pr o cesses of 

biologica l e nquir y (see s e ction 2 .1 . 3). 

The biology texts give an extremely inadequate provision 

for the type of experience outlined above in two ways. The 

first is th r ough questions that ask the student to peruse sn 

investigation beyond the point where the te x t left it: 

Example: "Describe one e x periment you would do 
in each of the following cases: a) to find out if a 
g reen p l ant f ormed s t arch in absen c e o f light, b ) 
in absence of carbon dioxide, (Grade 11 Biology 
Text, P. 2 24). 

In the second, along with text discuss ion the te xts 

introduce the student to an area of investigation and a sk him 

to f i nd a s olution: 

Ex ample : " Wh e n i nvesti ga ting the acti v iti e s of a cro p 
pest, it is necessary to know as much about the pest 
as pOssible .... Design and carry out an exper i ment to 
find o u t whether bean weevils will attack other s eeds 
than beans .... Write a report of the method you used 
on your work sheet. Include all yo ur observations 
and conclusions. " (Grade 10 Biology Text,P.174). 

However, the amount of material and questions related to 

the methods of science (biological enquiry) in which the 

student is made to experience through his own involvement is 

insignificant. Instead of allowing the student to eng a ge in 

the more open types of laboratory e x periences , for which there 

are very few provisions, the texts try to accomplish this more 

through the use of type I-A questions. So me of these 

qu e sti o ns, for in s tance, ask the stude nt to identify the 
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"cont.rol" and "experi ment.al ll groups while the atuden t is 

conducting the investigations, or to formulate a hypoth es is 

for an exper iment already completed. Although suc h questions 

are better than none, they are not as effective as allowing 

the student to pass through the process with conscious 

knowledge of each enquiry factor involved. 

Perhaps the greatest jeopardy that can spoil even what 

may be benefitted from conducting the activities included 

arises from the fact that labora tory activities are integrated 

into text discussion, which is different from integrating 

laboratory activities into classroom discussion. The later is 

a recent trend in science t eaching, the importance of the 

former hinges on one critical assumption: that text discussion 

following a g iven practical activity (where given) doesn't 

provide the conclusions which the student is supposed to 

arrive at after the completion of the activity. But thi s is 

usually difficult due to the nature of such textbooks. If the 

interpretat ions and conclusions of an activity, incorporated 

into subsequent text discussion, are not given; then it stops 

to be a text. It is a guide for practical activities or a 

laboratory manual. If the conclusions are given, what 

guarantee is there that the student does not read them before 

conducting the activity?, esp8cially if he/she has the 

opportunity to read it. Should this happ8n, it would be 

contrary to what Romey (1966:24) strongly 

.., 
"the students initial generalization should 

recommends: That 

be the result of 

his own reasoning. He must have no preconceived ideas forced 

on him by textbooks or teacher." 
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The Senior Secondary Sch oo l Bio l ogy Curriculum a l so 

clearly states that the activities are to serve sa a basie on 

which a student's understanding of a concept or princip l e 

would depend. This is indicated in the Teachers' Guide for 

Biological Science (Grade 9): 

.... Biology is a subject which is very well 
suited to such (D iscovery or Enquiry) an 
approach. In fact the process of discovery 
is as important to a child's development as 
the actual knowledge discovered. As a result 
the class work has been structured so that the 
pupils approach a topic with an open mind and 
are not in possession of any final or correct 
answer before they begin their activities. 

True to word, and as indicated previously, the texts do 

"structure" each and every topic in such a way that they begin 

with a problem Si tuation, followed by activities, whenever 

there are, which are Bupposed to be the source of the solution 

for the problem. The teacher is expected to foll ow the 

procedure as given in the texts. One msy thus ssy that the 

instructional procedure which a biology teacher is supposed to 

follow has been transplanted into the design of the biology 

course . 

The effo rt by the authors and editors of the textbooks to 

initiate a given topic or unit with observation and 

experimentatio n is of course, a commendab l e approach. As 

Richardson (1957:42) stresses , this would help to " integrate 

the actual textual material with the (direct) experience of 

the learner." However, for r 'eseo ne mentioned above,th18 

approach could as well be £ruitleea unless Borne conditione are 

met. In other words, the fact that laboratory experience have 

been integrated into text discussion doesnot guarantee that 

I 
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they wou ld be so during actual classroom teaching. This 

obviously depends on the t.eacher. 

The 167 practical act.ivit.ies have also been analyzed 

in terms of the amount of t.ime required to complete them, 

t.heir t.ype and whether "Result.s Tables" are given or not 

(t.ables 3.1.2-A, 3 .1.2-S and 3.1.2-C). 

Table 3.1.2-A reveals that among t.he t.ot.al number of 

pract.ical act.ivit.ies, t.hose which take eit.her less than an 

hour (68) or 1-2 hours (30) are by far dominant.. Together, 

t.hey account. for 58~ of t.he act.ivit.ies. This is fort.unat.e in 

t.hat. t.hese act.ivit.ies could somehow be performed, if ot.her 

conditions are fulfilled, wi t hin t.he time allot.t.ed for 

biology. 
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Table 3.1.2.A: Amount 0% Time Required to complete the 

practical activitiea included in the 15 

Units Analyzed 

Time Required 

-------------. , 
Grade Unit ~lhr 1-2 1-2 3-7 8-14 H4 

hrs days days days days Total 

U2 8 2 1 2 1 14 

U4 9 1 2 2 1 15 

U6 8 2 7 17 

Total 25 3 5 11 2 46 

U2 7 3 10 

10 U4 1 3 2 12 18 

U6 3 1 1 5 10 

Total 8 3 13 5 38 

U2 10 4 1 15 

U4 5 6 4 15 

U6 3 2 5 

11 U8 3 1 4 

Ul0 10 4 2 16 

U12 7 2 3 8 20 

Total 31 17 13 3 3 8 75 

U14 4 1 1 6 

12 U16 1 1 2 

U18 

Total 4 1 1 1 1 8 

-------------
Grand Tot. 68 30 22 28 5 14 167 
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Table 3.2. 2 .B: Type o£ Activities Included in the 15 

Units Anslyzed 

Type o£ Activity 

Grade Unit Controlled Uncontrolled Observation Total 

U2 2 12 14 

U4 7 4 4 15 

U6 5 5 7 17 

Total 14 '3 23 46 

U2 6 3 1 10 

10 U4 12 5 1 18 

U6 10 10 

Totsl 18 8 12 38 

U2 4 4 7 15 

U4 2 13 15 

U6 4 1 5 

11 U8 4 4 

U10 2 13 1 16 

U12 14 4 2 20 

Total 22 42 11 75 

U14 1 5 6 

12 U16 1 1 2 

U18 

Total 1 2 5 8 

Grand Total 55 61 51 167 



Table 3.1.2.C: Number of Activities for which "Results 

Tab l es " (RT' sl are Given 

----------------- -------
Activities for which Total No. of 

Grade Unit RT's are given activi ties 

-- --- ------ ~!! % 

U2 2 14 . 3 14 

9 U4 7 46.7 15 

U6 4 23.5 17 

To ta l 13 28.3 46 

10 U2 9 90.0 10 

U4 14 78.7 18 

U6 5 50.0 10 

Total 28 73.8 38 

-~~~-------- -------
U2 1 6 .7 15 

U4 3 20 . 0 15 

U6 5 

11 U8 4 

UI0 16 

U12 1 5 . 0 20 

Tot.a l 5 6.6 75 

- --- - - - ---_.--_ ._--------- - --------_._._--- ----

12 

Tot.a l 

Grand 

Tota l 

U14 

U16 

U18 

1 50.0 

1 1 2 .5 

47 28.2 

6 

2 

8 

167 



While those requ iring below an hour could be carried o ut 

within the allotted class time (40 minutes), those taking 1- 2 

hours could be performed by a rranging double periods, which is 

possible in grades 11 and 12. However, a significant number 

of the activities require more than this. Sixty-nine (42%) of 

the activities require time ranging from 1-2 days up to more 

than 14 days. Added to the overcrowded time schedule in the 

High Schools today, carrying out practical activities that 

require longer periods of time seems to be extremely 

difficult. 

It is worth noting here that the requirement of long time 

to carry out a given practical activity does not necessarily 

mean inconvenience 

planning beginning 

in as long as the teacher makes careful 

from the pre-lab phase. An activity that 

requires long 

continually . 

given property 

of bacteria 

investigation. 

time does not mean that it will be conducted 

For instance, if students are to investigate a 

of bacteria; the time required for incubation 

is not as important as the time of actual 

That is to say, the indispensable steps in 

activities of the above type are those in which students make 

the actual inoculation of the culture, regular visits of the 

cultures and the final result of their investigations. 

In short, many of the activities include a pre-lab phase 

involving preparation of solutions, growing of seedlings, 

, 
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setting up of apparatus 

done if there is a 

etc. Such pre-lab activities could be 

competent laboratory assistant , thus 

minimizing the amount of time required. Thus, unless there 

are specific rea sons to involve students in this phase, the 

time needed during the pre-lab period could be discounted. 

Table 3.1.2-8 presents the type of activities included in 

the 15 units analyzed. Practical activities are basically 

either experimenta l or observstiona l. In the former type an 

experimenta l variable is manipulsted while all others are kept 

under control. In the later, students find 

characteristics and features of biological objects 

out 

and 

phenomena without influencing or destroying objects or 

processes. In this study, however, a third group - the 

uncontrolled type has been included. While activitiea 

classified as either controll ed or observational are those 

which fall into the definitions given above, the uncontrolled 

type is mid-way between the two. As used here, it refers to 

activities in which a given variable is not manipulated, but 

the biological object or 

profoundly affected in the 

phen omena being investigated is 

process of the activity. It should 

be noted here that there is no clear demarcation between the 

uncontrolled and 

consider them 

significance of 

observational types. 

as belonging to the 

dividing them into two 

One might as well 

same group. The 

lies in the fact that 

it has implications in amount of time required, materials 

needed and the amount of student involvement. 

As the table reveala, each type of activity ia fairly 

represented in the texts. 

goes from the lower to the 

the number of controlled 

What is interesting is that as one 

upper grades, excluding grade 12, 

experiments increases, while the 

reverse is true for observational activities. Observational 

activities account for 50,31 .5 14.6 percent in grades 9, 10 

and 11 respectively. There seems to be a tendency o~ movement 

from more experience in skills of observation, which are basic 

to the other types of activities, in the lower grades to the 

more complex types of activities in the upper grades. 

It has been pointed out that one of the skills which a 
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high schoo l biology student should acquire is the abi l ity to 

present his findings in v arious concise a nd understandable 

ways. The Biology Textbooks analyzed try to accomplish this 

in two ways. In the first, a 12-page section entitl ed 

"presentation of data" is devoted to this skill in unit 1, 

grade 10 of the biology text. In the second, the texts 

suggest "model" methods of recording and presenting the 

resu lts of some of t he activities (table 3.1 . 2-C) . As the 

tab le shows, grade 10 

which model "Results 

has the largest number of activities for 

Table" is given. Eighty-seven percent of 

the activities in the two lower grades, where fifty-percent of 

the activities are found, have model results tables compared 

to thirteen percent in the two upper grades. This shows the 

emphasis given to this skill in the early stages of the 

course, the task of choosing the best ways of recording and 

presenting data being given to the studen t in the upper 

grades. 

3.1.3. "Narrations o£ Enquiry" 

The presence of materials descriptive or explanatory of 

scientific enquiry was the third major criteria by which the 

suitability of the textbooks for enquiry-centred teach ing of 

biology was determined. The phrase "Narration of Enquiry" 

refers to such materials. In such topics or sections of 

tex tbooks, a given concept, principle or law is developed 

through descriptions or narrations of the work(s) of a 

scientist (whose name(s) mayor may not be mentioned) 

stretching from the problem posed to the conclusions reached 

(see Chapter Two , section 2.2). 

For this purpose , every textbook topic in the 15 un its 

ana lyzed was read to identify the topics (passages) related to 

certain aspects of scientific enquiry. As indicated above, 

such descriptions may be done by the textbook writer together 

investigation. with the person (scientist) who made the 

Another aspect of narration of enqUiry is, therefore, the 
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d eg re e t o whi c h the te xts cite th e wo rks of promin e nt 

biologists who made landmark con t ribution 

of the discipline. 

to the d e v e l o pment 

Table 3.1.3-A. shows list of topics developed in the 

manner described above. Table 3.1.3-B . also shows list of 

biologists whose origina l works are used by the texts. The 

wo~cited may vary from pass ing rem a rk s or few s tatements to 

msjor parts of units such as that found in unit 16 Evolution. 

The largest number of s uch topics are found in Grsde 11, 

where the names of only two biol o gi s ts is mentioned. Gr a de g 

has no such topics or sections. A closer exam i nation of the 

topics reveals that, e xcept those in Grade 10, they a re either 

physiological, photosynthesis or evolution . 

Table 3.1.3-A: List of topics Developed Following the 

Format of "Narration of Enquiry" 

Grade 10: 

Grade 11: 

1 • The function of vitamins 

2. The theory of spontaneous generation 

3. Where do microorganisms come from? 

4. Controlling harmfu l microorganisms 

5 . Microorganisms a nd d isinfec t a nts 

6 . Evidence of gas exchange in lungs 

7. Constant temperature and variable 

temperature 1n animals 

8. Maintsining water b a l a n c e 
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9. How the urinary structures work 

10. The kidney as a regulatory organ 

11. The knee jerk reflex 

12. Observation of frog Ne rvous system 

1 3 . Constancy of 02 and C02 in the 

atmosphere 

14. C02 exchange in plants 

15. Proof of C02 uptake by green plants 

16. Plants and Ox ygen 

17. Plants and light energy 

18. Tracing the carbon atoms in sugar 

formation 

19 . Tracing the origin of 0 2 given off by 

plants 

2 0. Model to demonstrate the effect of size 

and number of stomata o n ... 

21. Effect of different concentration of 

Auxin in the development of plants 

22 . Effect of photoperiod on short-day 

plants 

23. Effects of photoperiod on long-day 

plants 

24. Plant growth hormones 

Grade 12: 25. Sexual reproduction in fung i 

26 . Darwinist theory of evolutio n ~ 

• The writer believes that · , unit 16 (evo l ution) is t h e 
most complete unit developed following the narration of 
enquiry format. The other specific descriptions of enqUiry 
(27 - 30) are incl uded so as to reinforce the evidences 
(arguments ) on which Darwin ' s theory is based. 



1 0 4 

2 7. D~econtinuous variation 

28. Natural selection in Biston betularia 

29 . Phenotypic variation 

30. Mutations 

31 . The origin of life 

32. Freshwater conservation 

Table 3.1.3-B: List of Biologists to Which References 

are Made by the Texts 

Grade 9: 1. Linnaeus 

Grade 10. 2. Stanley Miller 

3. Lois PS9.teur 

4. Francisco Redi 

5. Lazaro Spallanzani 

6. Robert Koch 

7. Eduward Jenner 

8. Antony Van Leewenhook 

9. Van Helmont, J • B. 

10. Alexander Fleming 

Gr ade 11: 11. William Harvey 

12. Pavlov 

Grade 12: 13. Lamarck 

14. Kettlewell 

• •• .. . 1 
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15. Darwin 

16. Canon 

17 . Lysenko 

18. Lederberg 

19. A.I. Oparin 

20. E.L. Tatum 

21. Harold Urey 

22. Stanley Miller 

In most of" the narrations, the problem, experi mental 

procedure e nd the results (data) are given. Very few have no 

stated experimental procedure. These correspond to the 

"uncontrolled" type of experiment (activity) mentioned in the 

previous section. For 28 of the topics listed in table 3.1.3-

A (except numbers 12,27,31,and 32), the experimenta l procedure 

is diagrammatically illustrated to the student. 

It would be recalled that questions based on such 

materials type II-A quee.tion2. have been found to be 

abundant in the upper grades. This is consistent with the 

relatively large number of such topics found in the two upper 

grades as compared to those in the lower grades. 

Now, the question is how much such material should be 

i ncluded in a given text to be labelled as s uited for enquiry-

centred teaching of biology. As this is only one aspect of 

the issues of the approac h it should not, of course, be taken 

as the sale criterion. However, the writer believes that the 

best rule with regard to inclusion of such materials is, if 

the topic or content area selected to be included in a biology 

course is well-suited to be developed in a historical manner, 
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it shou ld be so . The detai l into which the treatment s hould 

go depends on the nature of the topic and the specific needs 

of students for whom the course is designed. Thus, when th e 

number of topics developed in this manner ( table 3.1 . 3-A) is 

compared to available content area for which such an approach 

could ha ve been taken, and not the total number of topics 

included in the 15 units studied, one could say the texts 

(especially those for grades 11 and 12) share a fair share of 

narl··at~onB . Due to their very nature, such topics are 

a vailable only in some content aress (such as 

genetics,physiology and evolution). 

As indicated in section 3.1.2., the biology texts 

determine not only the content but also the organization of 

the course,and thus dictate the instructional procedure to be 

followed by the teacher. The topics li sted above are no 

exceptions. A problem is posed, followed by the experimental 

procedure and the results found. This is then accompanied by 

Viewed against 

such topics are 

question of the II-A type and text discussion. 

the model by which the texts were evaluated, 

perhaps the most suited for its use . Th is, however, depends 

on how the teacher conducts lessons based on such topice; 

since, as Romey(196e:S9) points out, while it is "entirely 

possible to lecture" in the enquiry mOde;' o teachers who stress 

activity and 

mode . 

discussion mayor may not teach " in the enquiry 

As painted out i n the literature review, this specific 

way of helping students understand the process of biological 

enquiry is probably the most effective of all the ways when 
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considered from a practical point of view or againgt the 

practical situationg in our secondary echoolB. In view of 

th1S the writer feelg it degerveg more elaboration. 

It has been reiterated that investigations (observation 

a nd experimentation) form the heart of science teaching. 

Referred to by some science educators as the "active method" 

of science teaching (Oria, M. and Baja, R. , in UNESCO, 

1966,77~78) , it involves the actual gathering of data by 

students as part of their search for a solution to a problem 

posed by the teacher or text. However, due to several reasons 

among which time and equipment requirements are the most 

important ones, conducting practica l activities as required 

becomes very difficult and at timeg virtually impoggible. 

Thig ig perhapg nowhere more true than in our own country. 

This problem could partially be overcome by including enough 

material, in texts, of the type degcribed above on which a 

biology teacher may base his teaching. We must not, however, 

loose sight of the fact that this approach, sometimes called 

method" of science teaching (Oria and Baja, the "historical 

Ibid ; Berger , M; in Romey, 196 9 :227-232) , doesn't replace the 

actual gathering of data 

procedure followed when 

by students . Nonetheless, since the 

a class engages in such topics is 

truly "scientific", Oria and Baja (Ibid) argue that "contrary 

to frequent assertion, it is possible to be " very 

experimental " and perfectly dogmatic; the active method could 

be uged without materials," Elaborating on their position, 

they add tha t: 
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It [the historical method) follows in the foot-
steps of scientists who contributed to solving these 
[biological) problems. In most cases, these footsteps 
stretch out in a logical fashion:from simple to complex, 
from observation to hypothesis, from hypothesis to 
experiment, and from experiment to law. The student 
thus participates in the difficulties and demands of 
research in biology by stepping in the footsteps of 
those who have made headway in biological research 
He sees the research mentally instead of being 
satisfied with just approaching its results .... The 
historical method, which dissects the mental 
processes of the scientist, is thus applied logic. 

This particular method could thus have an invsluable 

advantage in that it helps students understand the scientific 

spirit of enquiry without the material , eq u ipment and long 

time requirements that arise when students are made to engage 

in direct laboratory experiences. 

In addition to its practical advantage, research studies 

have also shown that students taught following this method had 

changed their wrong conception of science and scientists 

(Baumel and Berger, in Romey,196S:235). As reported by the 

researche~a typical comment received from one of the students 

who participated in the study was ·"·r got to feel as if I was 

in the scientist's shoes, making all the experiments and 

decisions.""(Ibidl 

3.2 . Teachers' Opinion on the Prscticality of the 

Present Biology Curriculum 

The proper implemen~ation of the Biology Curriculum for 

Ethiopian Senior Secondary Schools Vis-a' - vis the objectives 

and the nature of the course thus developed was evaluated in 

two major ways. These were (1) survey of teachers~ opinion on 
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Biology 

(2) observation of 

Curriculum through a 

the actual teaching-

learning process in biology classrooms by using a classroom 

observation schedule designed for the purpose. This section 

presents analysis and discussion of data collected through the 

first method. 

in section 3.3. 

Results of classroom observation are presented 

A questionnaire consisting of 17 items was distributed to 

40 teachers in the five schools where the study was conducted . 

The questionnaire was completed by two randomly se lected 

teachers £rorn each grade, making a total of eight teachers per 

schoo l. Among the 40 respondents, 36 were males and 4 females. 

Usable returns were received from all the respondents. A more 

detailed information on the respondents characterlstics is 

given in tables 3.2.A and 3.2.B. 
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No School 
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Number of Responde nts in Each Sc hool a nd 

Average Number of Years of Service 

Number of 

Teschers 

Year of serv ice 

Male Female 1-5 6- 10 11 - 15 16-20 2 1 -25 

1 Addis Ketema 

2 Nefss Si lk 

3 Kokebe Ts 

4 Entoto 

5 Medhsnialem 

Total 

7 

7 

6 

8 

8 

36 

1 

1 

2 

4 

3 

2 

1 

6 

4 

8 

8 

4 

6 

30 

1 

2 

1 

4 

Table 3.2.B Academic Cualification of Respondents 

No School M.Sc B.Sc. Diploma Other 

-----

1 Addis Ketema 1 5 4 

2 Neias Silk 4 1 

3 Kokebe Ts 1 6 3 

4 Entoto 1 4 1 

5 Medhaniale m 5 4 
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Table 3.2.C 

.School 

Addis Ketella 

2 Ne£as Silk 

3 Kokebe Ts 

4 Entoto 

5 Medhaniale .. 

'.- . ~ .... 

• -to' 
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··:·.~i·· .. 

bles ;' indicate reasonably qualified 
. . 

• 
studied and a rich experience in the 

ect·. Seventy-£ive-percent o£ th,e 

. -: 
the' ,' 'questionnaire aought to find out 

'.' 
The results are sum~arized in 
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Teaching Load o£ Respondent 

No o£ Average No 

o£ Sectionl 

teacher 

25 6 

24.5 6.5 

24.5 6 

22 

23 7 

Average 

cles8 

size 

82 

78 

87 

75 

82 

I 

I 
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The reat of th 
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teaching or lack o£ it. 
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in the questionnaire were designed 

o£ an enquiry approach to biology 
l 

The questionnaire especially focused 
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on practical constraints related to implementation. Teachers ' 

conception of the objectives of biology teaching, their use of 

the enquiry approach and/or problems limiting its use, and the 

types of other methods were surveyed through items 8-13. 

Items 14-17 deal with specific aspects of the textbooks, 

practical activities and teachers' suggestions on ways of 

improving biology teaching at the Senior Secondary School 

Level . 

of 
Item 8~ the questionnaire asked respondents to li st the 

objectives of biology teaching at this level. The following 

were mentioned with varying degrees of frequency: 

a) develop interest in and appreciation for plants 

and animals. 

b) understand the importance of maintaining 

ecological balance; i.e., conservation of natural 

resources. 

c) deve l op better food habits based on scientific 

understanding of foods and their composition; 

d ) under stand the causes and methods o f disease 

contro l. 

e) avoid beliefs that are not scientific. 

f) develop rudiments of medicinal and agr icultural 

concepts. 

g) produce researchers that could work in the 

Ministries of Agriculture and Health. 

h) produce future biology teachers . 

It is clear that unless the approach or basic aasumption 

that underlies a given curriculum is properly understood by 

;:. 
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the teachers who are the real implementers, any effort geared 

toward achievement of the object1ves might be in vain. It. is 

worth that no objective was mentioned by the 

respondents related t.o the development of scientific enquiry 

skills. All the object.ives listed are practical; objectives 

that have personal and social significance . Although these 

have no less importance for t.he biology st.udent, espec i al l y 

for t.he majorit.y of schoo l l eaver s who do not have the 

opportunity for further study at a tertiary level, teachers' 

failure to mention objectives related to the development of 

scientific enquiry skills and attitudes has a crucial 

implication . That 18, the object1ves which are accepted by 

the classroom teacher are more likely t.o .. descr·ibe the actual 

direction of biology t.<>aching than those postulat.ed by 

National Committees " (Hurd, 1'361:181). While the present. 

Biology Curriculum has been des1gned fol~ow1ng t.he enqUiry 

approach , albeit some deficiencies , the respondents do not 

seem t.o be sufficient.ly familiar wit.h it. . As a consequence, 

the instruct.ional objectives formulat.ed , t.he t.eachi n g 

procedures selected and the evaluat.ion techniques might be 

Rutherford;s observation o n this issue 

up t.hi~ point. ( 1n Rom<>y ,1 '368 : 270): 

.. .. From this t.here follows an inescapable 

conclusion regarding the feas1bilit.y of 

teaching science as enquiry : science 

will help sum 

teachers must come to understand just how 

enqUiry is i ~ fact conducted in the sciences . 

Unt.il SC1ence teachers have acquired a rat.her 

throug h understanding in the hlstory and 

philosophy of the sciences t.hey t.each, t.his 

kind of understanding will elude t.hem, in 

which event not much progress toward 

the teaching of science as enquiry can be 

expected. 
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Table 3.2.0: Teachers' Use of the Enquiry Approach 

Al ternat i ve 

Often 

Occasio nal ly 

Seldom 

Never 

Total 

Table 3.2.0. 

teachers (35%) never 

that the proportion of 

No of respondents 

8 

13 

5 

14 

40 

percent 

20 .0 

32 .5 

12.5 

35.0 

100.0 

shows that the largest proportion of 

use the approach. Thw writer believes 

teachers who said they use the approach 

either "often" or "occasionally" is highly doubtful for two 

reasons a The first is t hat among the eight teachers who said 

they use the approach " often " , five had been observed by the 

writer whil e conducting actual l essons. Although the lessons 

observed were l ectur e sess ion s , they were not even r e motely 

close to what might be called enquiry teaching (see section 

3 . 3 . ) . Secondly, in re s ponse to item 1 2 of the questionnaire, 

34 teacher (85%) said student laboratory work (virtually in 

the fo r m of demo nstrations) follow, a nd not precede, the 

classroom coverage of a pr inciple or topic. This shows the 

existence of discrepancies between teachers' responses to t he 

above item and other 

the enquiry approach . 

items that indirectly surveyed the use of 
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For the item which Baked respond e nts to list reasons for 

not lousing the enquiry approach fr-e:que.nt l y , a total of 13 

rea sane were given with varying degrees of frequency . These 

are listed in table 3.2.E. 
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Teble 3.2.E: Reaaona Given by the Respondents for Not 

Uaing the Approach 

Reaaon 

1 large class size 

2 excessive teaching load 

3 the approach, aa presented in 

the textbooks, is tied to 

practical activities 

4 the answer to .ost of the 

questions in the texts could 

not be fond eaaily (would 

take much tiMe). 

5 shortage of tiMe for pre-lab 

preparation de~onstrations 

and experi~ents 

6 shortage of expendable 

materials and equip.ent 

7 inefficient utilization of 

already available 

materials and equip.ent 

8 capacity of the laboratories 

9 absence of co.petent 

laboratory aasistanta 

10 vast content to be covered 

11 failure to take into account 

the ability of teacher a to 

use the texts as required 

12 failure to take into account 

the practical constraints 

related to iapleMentation 

13 students' low intellectual 

ability and their ever 

diMinishing interest to learn 

Total 

No of Tiaea Percent 

Mentioned 

32 

24 

12 

8. 

9 

27 

6 

9 

14 

18 

4 

4 

8 

175 

18.3 

13.7 

6.9 

4.6 

5.1 

15.4 

3.5 

5.1 

8.0 

10.2 

2.3 

2.3 

4.6 

100. 
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The r e a s ons liste d in table 3 . 2 . E as being the principal 

factors for impeding the proper implementation of the biology 

curriculum vary from those that are general; i.e., applicable 

to the general educational syatea at this level, to those that 

are specific to biology or, as the case may be, to other 

science subjects too. Each of the reasons are discussed 

together with their supporting data. 

1. Large Class Size: According to the writer, this is 

the aingle most important factor responsible for the huge gap 

between the envisaged standard of biology teaching and the 

actual practice. Large class sizes are a result of Student 

Overpopulation or as some people prefer to call it " Student 

Population Explosion" (Table 3.2.C) . 

2. Heavy Teaching Load: This is reflected by class 

size, total number of periods per week and the total numbe r of 

sections which a teacher has to handle. A glance at table 

3.2.C. raises the question of how the overburdened teachers 

can effectively use the various aethods, principles and 

techniques of teaching called for by the biology curriculum; 

i.e., appropriate for achieving the objectives of teaching 

biology as enquiry. Can a teacher properly use, for instance, 

principles related to individual differences when he is 

responsible for six or seven sections each contsining 80- 90 

students? Can he get enough spare time to plan his lessons 

carefully when he has to teach 23 or aore periods per week? 

At the same time teachers are often criticized for failing to 

make the necessary e ffort to e nrich the ir t e aching . The 
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result seems, however, a combination of such insurmountable 

problems which created a fe e ling of helpl essness and thu s 

indifference in our teachers a It is probab l y possible to 

justify most teach e rs feelings that they are fi ghting a losing 

battle. 

3 and 4. Presence, in texts, of too many practical 

activities and queationa linked to them: This haa already 

been discussed in aection 3.1. while the present conditiona in 

our Senior Secondary Schools have virtually hindered any 

modest teachi ng of science, which requires more than the 

indi spensable chalkboard and desks, the unrealistic nature of 

the textbooks ha s contributed in aggravating the problem. If 

students are not given the opportunity to seek a nswers to the 

questions by performing the corresponding practical 

activities, it would be difficult to say students h a ve taken a 

biology course. 

5. Shortage of time for pre-lab preparation of 

demonstrationa and experiments: As the 

overloaded during their normal teact,ing 

preparation before the commencement of 

may n o t be done unless the teacher is 

some time during his free shift. This 

cooperation of 

assistant. 

and proper coordination 

teachers are heavily 

shift, the nece,sasry 

a practical activity 

willing to sacrifice 

also depends on the 

with the laboratory 

6. Shortage of expendable materials and equipment: In 

all the schools where the study was conducted, expe ndable 

materials such as chemicals, test tubes are chronically short. 

No school has annual budget allocated for purchase of 
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materials and equipment. All of the r esponden ts , in fact, 

said t hat they are not s ur e whether their schoo l s h a ve annua l 

budgets or not. What seems a realistic response came from 

l a b o ratory assistants and biology department heads. According 

whenever a to them, 

certain 

there is no fixed annual budget; b u t 

material or equipment is found necessary or when some 

of the expendable materia l s run out, the laboratory assistant 

requests the administration for funds to purchase what is 

required . This seems a poor procedure for the writer, since 

the acquis ition of new materials and faci l ities o n a regular 

basis would be impaired. 

7. Inefficient util ization of the already available 

teaching biology without materials and equipment: Granted, 

some kind of laboratory would not be effect i ve. However, the 

guarantee its mere presence of a laboratory doesnot at all 

use. At times, shortage of expendabl e materials and eqUipment 

(other factors being constant) could cripple the practical 

aspects of biology teaching. The case in the schools studied, 

however, seems that even if laboratories are well-

furnished, it is possible to safely doubt their proper 

utilization. There are three evidences for this assertion : 

( 1) as the number of students per section and the number of 

sections is ,very high , individual and small g r ou p experiments 

are extremely difficult to conduct, leaving teacher 

demonstration as the most viab le option. This is apparent in 

most teachers response that they use teacher-demonstrations ae 

the prinCipal procedure for practical activities (32 or 80%). 

Only 5 teacher (1 2.5%) said they use laborato ry activities in 
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which 4-5 students are assigned per group. No teacher employs 

individual 

activitiee. 

student experiments or studente paired for 

2) 25 (62.5%) of the reepondente said that there 

ie not a regularly scheduled period for laboratory work. 

According to these teachers, it is not the specific topic or 

content area (as required by the curriculum) that dictates 

conducting practical activities, but the availability of the 

required material and equipment, time and the presence or 

absence of the laboratory assistant. 3) In section 3.1 . of 

this chapter, it has been shown that only 68 (40%) of the 

practical activities included in the 15 units analyzed could 

be completed in less than an hour. As a result, the time 

factor immediately rules out the possibility of conducting 

practical activities that require more than an hour. Although 

activities that require 1-2 hours ( 1 8%) could be conducted by 

arranging double periods, no such provision was found in all 

the schools. One can therefore conclude that, because of 

these problems, the question of how well the laboratories are 

equipped might be secondary, when seen against the li t tl e use 

made of wh a t is available at present . 

8 . Ca p aci t y of the l abora t ories: Except Entoto, all 

the schools have biology laboratories. Each were made to 

accommodate 30-35 students at a time . If they are used at 

present , they will have to accommodate more than twice their 

normal capacity. 

ind i vidual 

activities. 

student 

This immediately 

experiments and 

rules out 

students 

the use of 

paired for 

9. Abaence of competent laboratory technician.: All 
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the schoo ls have a n employed laboratory ass i stant. However, 

they are responsible for the three laboratories : bi ology , 

obviously chemistry and physics. This practice is 

inappropriate both on grounds of qualification and 

availability of time for pre-lab preparation of demonstrations 

and experiments. Moreover, according to information obtained 

from biology department hea ds of the schools, there is no good 

rapport between the biology staff and the · laboratory 

assistant. The following were mentioned as the 

responsibilities of a laboratory assistant: 

a) handling laboratory facilities with care. 

b) being available at any time during working 

hours (it seems that the labs sometimes get 

locked when t eachers wan t to use them). 

c) providing full cooperation whenever requested 

by teachers in the following ways: 

i) lending the necessary materials and 

equipment for teachers; such as when 

teachers want t.o make in-class 

demonst.rations. 

ii) helping the teacher in setting up 

apparatus for demonstrations or student 

experiments. 

iii ) cleaning and ordering materials and 

equipment used at the end of an activity. 

iv ) informing the Administration about the 

status of materials and equipment in the 

lab. 
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v) guiding members of the biology club (i n 

schoo ls where they exist) a nd 

vi) writing ann u al repo rt to 

administration . 

the 

vast content to be covered: While the number of 

periods ava ilable for biology is inadequate, the amount of 

cont~nt to be cover~d, esp~cially in grsde 11, is too much. 

Teachers of grades 9 and 10 have on ly two p e riods per week and 

approx i mately 45 h o ur s of con tact per year. In grades 11 and 

12, there are three periods per week a nd approximately 50 

hours o f contact. This estimate includes publi c holidays and 

In unforseen interruptions in the schools' normal schedu le. 

connection with i tem 14 of the questionnaire, which asked 

majority of respondents about coverage of content , the 

respondents (52~) affirmed that time is not at all enough to 

cover the allotted content. Among these eight (33~) were 

teachers in grade 11. Ten teachers (25~) said there is enough 

time. What is interesting i s the proportion of teachers (5 or 

15'0 so me of w.hom made additional comments, who said that time 

is not enoug h to finish the allotted content but there has 

never been backlog of content at the end of ev e ry normal 

semester or year. These teachers asked: how much content can 

be covered if we were to follow the enquiry approach as 

required by the curriculum when f ini shing it is very difficult 

even in the present way o f teachi ng it ? One may therefore 

conclude that the vast amoun t of content to be covered , 

co u pled with the small number of periods available, pr e ssures 

teachers to disregard student learning ; their emphasis being 

toward coverage of content. 
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11. Failure to take into account the ability of 

teachers to use the texts as required: Although the 

composition o£ Senior Secondary School biology teachers with 

regard to years of experience e x ists along a continuum, the 

number of those who begun teaching before the present biology 

t extbooks were released is not insignificant. The present 

textbooks we re issued for use between 1 974-1980 . As a result, 

unless teachers who completed their college work before the 

t extbook(s) they are using now were written have had the 

opportunity to be oriented toward the best ways of 

implementing them, together "ith the rationale behind, their 

implementation would definitely be "'hort of the desired 

standard . This wo uld hold true even if all the other 

necessary conditions are fulfilled. There are two wsys of 

doing this: ( 1) to involve teachers during the development and 

tryout phase of the new curriculum and/or (2) by organizing 

workshops an d seminars on a regular basis. Although the 

writer is not exactly sure about the first mechanism, 

opportunities for professional rejuvenation through 

p ar ticipation in programmes designed for the purpose has been 

mea gre. Except for a total of 5 teachers ( 1 2%) , o ne of whom 

had the opportunity to participate twice, the rest have never 

participated in s uch progra mmes ever since they left college. 

Considering the experience of 

training 

biology 

of biology teacher s, 

curriculum has not a~o 

the writer in the pre-service 

the Sen i or Secondary School 

been used as a basis in their 

training. This is perhaps one of the majo r issues that should 

be considered by future researchers in the effort to improve 

pre-service, training of biology teachers at A.A.U. 
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It is worth noting here that teachers have indeed been 

unable to implement the curriculum Be required due to reasons 

out of their con trol . However, as the above discussion might 

have suggested, teachers may not be sufficiently familiar with 

the rationale and objectives of the biology course. This 

indicates teachers may not employ the appropriate strategies 

and techniques . This means many teacher employ whatever 

method t hey have bee n exposed t o . This assertion has 

partially been substantiated by teachers' responses in 

connection with item 1& of the questionnaire , whic h asked the 

type of methods used by the respondents . The following were 

mentioned in decreasing order of frequency: 

a) pure lecture (involving no visual aids). 

b) lecture involving teacher-made diagrams. 

c) explanation in connection with models an d charts. 

d) textbook recitation and in-class exercisea. 

e) demonstrations which can easily be made in class. 

£) demonstrations in which, when ever possible, students 

are taken to t he laboratory. 

12 . failure of curriculum developers to take into 

accoun t the practical constraints related to implementation : 

This is perhaps one of the most important reasons for the 

deplorable state of biology teaching at present. At the time 

when the biology curriculum was designed, the school situation 

might not have been 8S worse as today; particularly with 

respect to student population (class size) and the number of 

periods available for the subject. However, since then school 

working conditions have progressively deteriorated making the 



curriculum ever unrealistic or irrelevant. As the respondents 

have properly put it, the individuals involved in its 

development had failed to project possible future problems. 

And as if to make things worse, the texts have not been 

substantially revised ever since they were released. 

13 The last reason is too general a problem and could 

be an area of interest for further research. What is 

importan t here is that the problem has had a tremendous 

negative impact on the performance of teachers, leading to an 

"I don~t care ll attitude. Coupled with other problems teachers 

have to face, this problem has significantly contributed in 

sapping what little motivation they have. 

The last item of the questionnaire asked respondents to 

their opinion on what should be done to improve the 

quality of biology teaching at Senior Secondary School level. 

These suggestions are summarized below: 

a) The available amount and quality of materials and 

equipment necessary to effectively implement the biology 

curriculum is below the minimum requirement. Moreover, the 

amount of content to be covered compared to the available time 

has made effective implementation very difficult. Therefore, 

the concerned authorities should either try to fulfil the 

conditions necessary for effective implementation or, if this 

is not possible, design a new curricu lum that takes into 

account the present practical problems with regard to the 

student popu lation, shortage of materials and equipment etc. 

b ) Any such endeavour toward revi sing o r changing the 

present curriculum should by no means be done without the 

participation of biology teachers . 
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c) The amount of content to be covered should be 

reduced, This could be done by discarding unrealistic 

experiments from the texts and including, instead, more 

textbook information. 

d) As far as possible, biology laboratories should be 

reasonab l y well-equipped and should ha vl2 their own highly 

ski lled laboratory assistants. 

e) Arrangement s hould be made in such a way that 

students can use their free shift f or practical activities. 

£) The number of periods per week allotted for biology 

in each grade s hould be raised by at least two periods from 

the present. 

g) Every effort shou ld be made to reduce teachers' 

load. 

h) Teachers should be given regular opportunities to 

participate in workshops and seminars. 

3.3. Analysis of Classroom Intersction 

The third and last, but perhaps the most 

method used to assess the presence of an enquiry 

biology teaching was observation of the actual 

important. 

mode of 

teaching-

learning process using a classroom observation schedule . 

It is known that several observation instruments 

been developed to study classroom interaction since this 

have 

mode 

of classroom research became the vogue some three decades ago. 

Developing a new or revis ing an existing instrument would thus 
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be unnecessary if one can find an instrument developed :for 

s imil ar purposes . However , among the very :few observati on 

instruments known to th e writer, none have been :found to b e 

best s u ited for the specific purpose which this pa rt of the 

s tudy set out to accomp li sh : assess in g the presence o f a n 

e nquiry-cantered teaching of biology within the confines of 

the :four walls o:f the classroom. In othe r 'Words, what is 

required was an observation instrument designed to assess 

non- verba l specific properties 

behaviour that could 

of classroom 

indicate the 

verbal and 

presence of an enquiry-

cantered teaching of biology or lack o f it. In the search for 

such an instrument, Eggl eston's "Science Lesson Observation 

Schedule" (in Bennet and McNammara, 1979:88) was :found to be 

the closest to the purposes of this study . However, as th e 

instrument was designed for, and used in, British Schools, it 

was found necessary to prepare an improved observation 

schedule, based on the ideas of Eggleston, th a t would be 

realistic in th e Ethiopian context. 

The first s tep in the develop ment of such an instrument 

involved an extensive review of the liter a ture to locate 

teacher and student verbal and/or non-verbal behaviours which 

are features o f claserooma that engage in enquiry t each1ng and 

learning. From this ef:fo rt emerged severa l t entative 

categories b ased on wh ich a preliminary schedule was designed . 

A pilot stu d y conducted using this schedule, h owe ver, 

necessitated a substantial revision . Si nce t he c ategories 

or iginally includ e d in the observation schedu le were only 

those related to an enqui ry mode of teaching , it was found out 
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that the instrument was not inclusive enough to describe what 

actua l ly happens in the classroom. In other words, the writer 

at this stage was convinced that if an enquiry mode of 

teaching is not to be found, it should be able to describe 

what actually exists in its place. The schedule was thus 

modified in such a way that it wi ll be possible to record 

behaviors that are not related, or even opposed, to features 

of enquiry teaching. As a result, a classroom observation 

schedule consisting of 5 major categories and 36 minor -

categories emerged . The final schedule is given in appendix 

III . 

In an attempt to establish the reliability of the 

()-
observation schedule, the writer trained j.. colleague graduate 

student in the department of Biology to use the instrument. 

This involved detailed discussions and sample observations 

until the coefficient of agreement (ratio of the number of 

categories on which the observers agree to the total number of 

categories marked) reached 0 . 8 or above. 

The actual coding of verbal behaviour was done every 

minute. During each mi nute of classroom discour se~ a mark i s 

placed i n the appropriate space when an utterance is heard 
(). 

belonging to that category . If during A particu l ar interval, no 

relevant utterances are made that can be classified in one of 

the categories, then the space remains empty . It is also 

possible that teachers and/or students make one or more 

utterances in any given minute . In such instances the 

observer makes two or more marks in the corresponding 

category. 
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The samp le consisted of 20 randomly selected biology 

teachers from the five Government schools . Except three 

teachers who were observed only twice due to unforseen 

interruptions in the schools~ normal schedule, each teacher 

was observed three times. Every observa t ion was made by the 

writer himself; i . e ., no trained observers were in volved in 

the actual collection of data . Si n ce five t eacher s were 

observed in each grade (one in each of the five schoo l s), a 

total of 57 lessons of approximately qO minutes duration were 

available for analysis at the end of the observation period. 

As indicated above coding was done every minute, and 

since a total of 57 lessons were observed, the total number of 

minutes observed, the total number of minutes observed was 

2280 (57 x 

classroom verbal 

Howev e r, not 

interaction 

all this time was spent in 

or non-verbal behaviour 

(activitIes in which verbal interaction is halted ) indicative 

of enquiry teaching. Breakdown of the amount of t ime spent i n 

different activities i s given below; 

Ta ble 3. 3 .1. Am o unt o f Time Spent in Diff er e nt Acti v ities 

Behaviour/Act i v i ty No of 

minutes 

Note giving/ta~ng 682 

T ime wasted 227 

Verbal interaction 1371 

Total 2280 

Average No of 

minutes/lesson 

12 

q 

2q 

40 

" of 

To t al 

30 . 0 

10.0 

60.0 

100.0 
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In table 3. 3 .1, "time was t e d" r e f e r s to unuse d time 

usually ranging from the fir s t 3 - 6 minutes. This happened 

in tho s e observations conducted during the first period of the 

afternoon 

period) . 

was late. 

ehift or those coming just after break (the 4th 

There were also few instances in which the teac her 

Thus, an average o£ 4 minuteaJlesaon were wasted. 

Since the objective of this part of the s tudy was to 

de s cribe the pattern and nature of verbal interaction that 

occurs in biology classrooms, the total average frequency of 

use of the various categories are expressed in terms of 

percentages. The results are then compared between categories 

and among the grades. This would then be evaluated against 

the Biological Science Enquiry Model. However, before a 

discussion of the d o minant p a tt e rn and n a ture of interaction 

in the observed cl assrooms, it would be in order to depict a 

hypothetical flow of classroo m interaction e xpected to o c cur 

teach i ng were to foll o w and enquiry if the 

that of the Biolog1cal Science Enquiry Mod"'l. 

in figure 3 . 3 .1. 

mode similar to 

Th1e. 1e. e.hown 
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Figure 3.3.1. Expected Pattern of Classroom Interaction 

Based on the Biological Science Enquiry 

Model 

1 

_. --_ .. __ ._-- -

B2 E2, E3, E4 , ES, E6 D2 ' 

B3 D3 

B4 D4 

A7 B5 D1 D5 

B6 lEi I D6 

B8 Cf c'- c3 
1>3 
DS 

! ---- - .- ------ ---~. ----- I 

J.-.---'---------Q.~--~_~___'i_'_-- .. ,--- .. 

Figure 3 .3.1. depicts the pat t e rn of classroom 

interact i on expec ted to occur if teachers were to follow 

an enquiry mode of teac hing similar to that of the 

Bio logical Science Enquiry Model. In this pattern of 

classroom di scou rse, teacher poses a problem (A7) which 

may require students to formulate hypotheses (B2) , 

interpret/analyze given or generated data (B3) , draw 

co n clus ion s/generalizati ons (B4) etc . Students would 
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then react depending on the nature of the problem posed 

( D2 - D9). In the process of solving the problem posed, 

it is possible that teacher asks knowledge questions 

(Bl) , students seek teacher's. help on factual 

information (Ell and teacher provides essential 

information ( All necessary to solve the problem as 

required. Teacher's efforts to sustai n the enquiry 

process thus started would then be accomplished by a 

proper u se of categories Cl, to C3. A correct use of 

these categories would help the teacher create what is 

called an appropriate "classroom environment". 

It is worth noting here that this pattern of 

interaction is not expected to occur under all 

circumstances and in al l kinds of lessons. For, this 

would mean enquiry teaching should completely replace 

didactic teaching. What is required is, as R. Shushman 

(in Nelson, 1969:219) point out: 

to find ways of keeping enquiry alive without 
discarding the invaluable accumulation of 
knowledge ... and there are many times and 
situations where didactic instruction is more 
appropr iate and other times when enquiry would 
best se rve the needs of the learner. 

Thus , the pattern shown above might be used 

throughout a given lesson;i.e., the teacher may present 

an area of investigation or problem at the beginning of 

the lesson, all subsequent activities of the class 

(discussion, laboratory activities etc.) being geared 

toward solving the problem . It is a l so possible that 

th is pat tern of interaction may not occur at all or may 
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be u sed several times during a single class period 

interrupted by didactic teaching. 

Tab les 3.3.2 3.3 . 5. presen t the average 

fr eq uency of occurrence of the various categories. As 

mentioned earlier, note that the fig ures presented in 

the following tables are averages of all the lessons 

observed in a give n grade . 

Table 3.3.2: Average Frequency of Occurrence of 

"Teacher Talk" and "Teacher Question" 

Minor Categories 

Category 

Grade A1 ~2 A3 A4 A5 A6 

9 

(N=14) 102 3 7 8 14 2 

10 

(N=15) 132 2 13 2 

11 

(N=l~) 58 6 16 19 4 

12 

(N :15 ) 90 7 7 32 5 2 

Total 382 16 42 72 21 8 
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II) Teacher Question 

Category 

Grade B1 B2 B3 B4 B5 B6 B7 B8 

9 

(N=14) 108 2 12 1 

10 

(N=15) 58 2 9 

11 

(N=13 ) 30 4 2 3 24 5 -

12 

(N =15) 47 11 8 7 16 2 

Total 243 17 10 12 61 8 

" of 

Total 69.24 4.84 2.84 3.42 17.38 2.28 
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Table 3.3.3: Average Incidence of the 9 Minor 

Categor ies Under .. ' ' Student 

Talk/Activity" 

Category 

Grade 01 02 03 04 05 06 07 08 

'3 

(N;14) 276 3 23 

10 

(N;15) 158 1 16 1 

11 

(N;13) 63 2 2 1 32 4 

12 

(N;15) 28 5 6 2 10 

Total 525 10 8 81 9 

" of 

Tota l 82.41 1.56 1.25 0 . 64 12.72 1.42 

-.-- ...... ...:..----

09 

A close inspection of the above two tables reveals 

that the most frequently used categories for all 

teachers observed were Al (teachers' statements of 

biological information ) , B1 (teachers' questi o ns 

belonging to the knowledge level) and 01 (student talk 
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predominantly in the knowl e dge category). Of the total 

instances of recorded verbal behavior 

teachers' talk", 382 (70.6") were 

biological information. The other five 

CA2 - A6) together accounted for 159 

instances . In addition, the relatively 

under "teacher 

statements of 

minor-categories 

(29.4,,) of the 

high incidence 

of A3, A4, and A5 compared to A2 (hypothesea) and A6 

(experimental procedure), suggests that teachers tend to 

make statements containing interpretation/analysis, 

conclusion and application without 

which they were derived. 

showing the data from 

The tables further reveal that 243 (69") of the 

problems posed by the teacher were to be answered by 

mere recall of information (Bl) . Among the other minor-

categories (B2 - B8), B5 was the next most frequently 

used. The high incidence of this minor category (B5) is 

explained by the fact that teachers asked several 

questions that require students to give exarrlplea to a 

concept, principle etc., discussed by the teacher. 

Tables 3 . 3 . 2. and 3 . 3 .3. also reveal an important 

relationship between the nature of the problem posed by 

the teacher (B categories) and student talk made ne a rly 

in response to the problems posed CD categoires). 

prominent in this relationship is that the frequency of 

01 and 05 categories exceeds the frequence of Bl and 

B5;i.e., the number of respo nses offered by students (Dl 

and 05) is by far larger than the corresponding number 

of questions. This relationship exists because to every 

teacher question requiring recall of information or 
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application o£ facts and .principlEta .to new situat.l,ona, 2 

- 3 students respond ' at a ti~e. Thia again is a resul~ 

o£ the fact that · . the questions (1). h.ave been open-end 

and ' il) the knowl·edge .category (e.g, What are . the lleJ.hoda 

us~d to control the spr~ad. of flies?), c~) ' .. r!'quired 

students ·to give aeveral examples " tQ , ~ single " .t"ac~er 

question (e.g. Can you ' name plants whose ~eavease~ve aa 

food for ' man?), .or , (3) the . ~esponse offered bya ~t~deD~ 

was , wrong, . the- , teacher thus inviting . the .cla!s '9~ ~ .tbe 

correct answer. · .Contrary to thia, ,'a . co~pa~~son , fI£ , th~ 

total occurrence o£ 82,83, 84 and 86 categoriea to the 

correaponding total, incidence · of: . . D2, ,: D3, . P<4" .' ~nd:,. R6 

categories ahows ... tat, on average, , almost; O~<;I, . •... re~pon.!,,~ 

wae offered to ,,!ach , t,,!acher . question, • . The rela,tipn.Bhip 
..: ... ' : - '. " ..... 

between 82 (teachera' hypotheses. , quest.iona) . . ".aQ.,d .' D2 
;. ~ . .., 

(student statelllents Of . hypotheses), . and , ~6 ., ., (~ache. 
_ . ~. . . t, . •. . • 

queati.ons of exper,1l1\ental procedure.). ,llnd" ,. D,l?, (~~u?,ent 

talk' in response to such quest-ions) ., is., , p:~r~,j.s::~l,arly 

strik.ing. That is, few . respon,aes " wer,e , of£,ered , .by 

atudents . c .ompared to the total number . of: q~eationa , in 
. , ' , . . 

·each : corr.esponding . ,category ~ .- Thia indicptes teachers .. . .. . ' , , '. .. '. 

tendency to give answers /solutions . to. que,stio~s.~?x;<:>ble:ms 

posed., " by . themssl vea when the problems hapP!'ned, ,t .o . be 
. '. . -

. jl.,st those which w,ould have initiated an .!"nqUiry mode o£ 

tQach~ng. It also shows tea.chers' .£si .. lure ,. to .prob,a/seek . . 
c;l,~r,i£.ica.t,ton (C2), the use of which wou,ld have , .. ,been a 

step ,fur.ther in .thia, : direct~on • . ' EVQll more importantly 
, - - " ' ., : . -. 

it .showa . that while few teachers begin .their lessons by 
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posing problems which, if persued, would have resulted 

in an enquiry mode of teaching, they failed to sustain 

it. 

As for practical activ ities, it hardly had a place 

in the teaching of the subject. This is evidenced by 

the near absence of instances in which sub-categories 

B7, B8, D7, D8, D9 and E7 were used. 

As the above discussion might have suggested, the 

teaching of biology is far from the actual methodology 

s uggested by the Biology Curriculum. The classroom 

teaching <verbal interaction) is marked by a majority of 

factual questions leaving little o r no room for enquiry 

and problem-solving. This form of instruction relies 

heavily on rote learning and passive comprehension of 

factual information. 

Teachers' attempts at creating what is called an 

appropriate classroom environment could be discerned by 

a close examination of tables 3 . 3 .4. and 3.3.5 . ; 

althoug the reader might have already formed an opinion 

on this aspect of classroom interaction from the 

foregoing discussion. 
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Table 3.3 .4: Average Incidence of the Five Minor­

Cate gories under "Teacher's Direction 

of Enquiry Processes" 

Category 

Grade C1 C2 C3 C4 C5 

9 

(N;14) 195 2 

10 

(N;15) 94 

11 

(N;13) 52 1 

12 

(N;15) 39 3 

Total 381 5 1 

y. of 

Total 80.54 1.05 0.54 

As table 3 .3.4. s hows, among the 

C1 is by far the most frequently used. 

11 22 

7 17 

5 12 

7 3 

30 54 

5.34 11.42 

(c) categories, 

Comparison of 

the frequency of use of this minor-category with B1 

(table 3.3.2.) and D1 (table 3.3 .3.) minor -categories 

reveals the existence of a relatioship between the 
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frequency of occurrence of the former an d the latter two. 

This relatioship is explained by teac h ers~ use of 

category C1 (praises/encourages) with an invariable 

"yes!", or "good! t. following correct response of a 

student. However, note that the average frequency of use 

of C1 is by far lower than the number of responses 

offered by students. This is a result of ( 1) teachers' 

criticism/disapprova l of a wrong answer (C5), (2) 

teachers' failure to give any form of feedback following 

a correct or wrong response of a student, and (3) 

teachers' repetition of correct responses of students, 

which only confirms tha t their r esponses have been right. 

Attempts at probing /seeking c larification (C2) a nd 

evaluation of student responses (C3) were extremely r are. 

This would not be difficult to understand given teachers' 

tendency to ask knowledge questions which usually have 

predetermined an swers. In those instances in which 

student responses had 

criticism/disapproval 

been wrong or partially incorrect, 

(C5) had taken the place of C3 

(eval uation of student responses) a nd C2 (probing) 

seeking clarification). 

Table 3.3.5. 

questions 

category 

asked 

( E 1) • 

exp l anation (E2 

straight answers 

also shows that the majority of 

by students were in the knowledge 

To few of the questions that needed 

E6) teachers responded by giving 

(C4) instead of reversing (e.g . "How 

would you find out ? ") or relaying it back to class, 
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Table 3.3.5: Average Incidence ox the 7 Minor-

categoreis under ··Student Ouest ions" 

Category 

Grade E1 E2 E3 E4 E5 E6 E7 

9 

(N=14) 8 1 

10 

(N= 15) 6 1 

11 

(N=13) 1 1 1 4 

12 

(N= 15 ) 5 3 

Total 20 5 1 5 

" ox 

Total 64.51 16.51 3.23 16.13 

The classroom climate/pattern of interaction 

de.e.cribed above clearly shows the absence ox two 

important components ox the Biological Science Enquir y 

Model: ··Social system" end "principles ox reaction ·· . It 

is also possible to sa y that, depending on o nes 

per spect ive, t hese components are present bu t in highly 

mi sd irected way ; i.e. , contrar y to the requirements of 

the model. 

I 
I 
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Chapter Four 

4. Summary, Conclusion and Recommendations 

4.1. Summary 

4 .1. 1. The object of this study was t02 valuate ' the 

Present Biololgy 

of Ethiopia and 

Biological Science 

or not it is in 

teaching . 

Curricu l um for Senior Secondary Schools 

its implementation in light of the 

Enquiry Model and thereby see whether 

line with modern trends in science 

4.1.2. For this purpose, the questions, practical 

activities and "narrations of' enquiry" included in even-

numbered units of the fo ur textbooks were analysed . 

Evaluation of it" .. implementation involved questionnaire 

aspects of the teaching of the subject 

of the actual teaching-lea rning process 
survey on various 

and observation 

in biology classrooms . 

4 .1. 3 . Among the 1052 questions analysed, 593 

(56.4 Y.) were a ctivity-bound (questions to 

performing an activity) , the rest, 459 

be answered by 

(43.6Y.) being 

activity -free (questions which do not require conducting 

Again, among the t ota l number of 

the 15 units, 370 (35Y.) were 

followed by comprehension (276 

1 6Y.) , application (152 - 14Y.) and 

practical activities). 

questi o ns analysed in 

knowledge questions , 

26Y.) , analysis 

synthesis (54 

(178 -

- 5 Y. ) questions respectively . 

questi ons shared the least proportion (22 - 2Y.). 

Evaluat ion 

4.1.4. The total number of practical activities 

included in the 15 units was 167 . Among these, the 

largest (68) 40~) could be completed in l ess than an 

hour. Thirty-one (18Y.) activities c ould be completed 

within 1 - 2 hours. The rest, 68 (42Y.) , require time 

ranging from 1 - 2 days upto 14 days or more . 

Except few cases, the practi c al activities included 

i n the units analysed help students little t o understand 
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the process of biological enquiry. Thia is because the 

texts use a laboratory mod e l in which the amount of 

student involv ement. has been reduced to ami nimum. 

4. 1.5. 

grades 11 and 

following the 

Except the two lower grades (9 and 10), 

12 contain sufficient. material 

"narration of enqu i ry" format. 

developed 

In such 

top ics and 

hypothetical 

sub-topics, the texts describe actual or 

experiment.a l 

which ask the studen t 

results followed 

to formulate 

by questions 

hypotheses, 

interprete/analyse the results or draw conclusion. 

4.1.6. The majority of teachers surveyed responded 

that they scarcely use the enquiry approach in their day­

to-day teaching . The ressons given for not using the 

approach vary from 

applicable to the 

level, to t hose that 

those that are general; 

general educational system 

are specific to biology or, 

i . e. , 

at this 

as the 

case may be, to other science SUbjects too. 

4.1.7. The verbal interaction is marked by a 

majority of 

for enquiry 

factual questions leaving little or no room 

and 

observed while 

frequently used 

of biological 

problem solving. 

conducting actual 

For all 

lessons, 

teachers 

the most 

categories were Al ( teachers' statements 

information), B1 (teachers' questions 

belonging to the knowledge category), D1 (student talk 

predominantly in the knowledge category) and C1 (teacher 

words o f praise/encouragement). Th ere was no recorded 

instance of use of categories B7, B8, D7, D8, D9 and E7. 

4.2. Conclusion 

Based on the major findings of the study presented 

in the preceed lng chapter, it is possible to Bafely 

conclude that the teaching of biology at thiB level is 

strictl y subject-matter-centered and is far from the kind 

of pedagogy suggested by the Biology Curriculum. In 

other words, it has drifted very much further away from 

the standard envisaged or stipulated by the developers of 

the Biology Curriculum. 
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It has been shown that the biology textbooks, which 

literally serve as the sale curriculum , overall follow a 

commendable approac h with regard to their abi lity to help 

students understand the process of bio l ogical enquiry. 

The texts~ould serve as" a supply of problem areas of 

investigation" for a teacher who uses them. However, 

their implementation h as been f o und to be very minimal at 

best <verbalism is too rampant) . Indeed, the immense 

distance between real (actual) and mythica l pedagogy 

could harldy be better illustrated. Three major 

interrelated reasons have been found to be responsible 

for this. 

The first; and probably the most important reason 

is related to the state of the genera l educa tional system 

in Ethiopia . At present, the student population, 

compared to available number of teachers and classrooms, 

is astounding . Teachers of most subjects are heavily 

overloaded and students, espec ially those in grades 9 and 

1 0 , are required to take upto 14 subjects. These 

problems that apply to the general educational system at 

this level have had a direct impact on the quality of 

biology teaching. Improvement in the other problems 

specific to the teaching of biology, the writer believes , 

is subject to changes in problems that affect the general 

educational system . In other words, even if we are able 

to produce good biology teachers, design an excellent 

curriculum, equip well the biology laboratories etc ., 

these general problems are bound to reduce their 
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contribution in improving the teaching of the subject . 

Second l y , the unrealistic n ature of the texts 

(despite their being overall good in as far as they go 

a l ong with the enquiry approach) with regard to 1) the 

tota l number of activities included, II) the amount of 

time required for their completion, III) the amount and 

quality of materials and equipement needed for their 

implementation , a nd IV) the amoun t of content to be 

covered (especially in grade 11), has severly compounded 

the already 

itself has, 

delicate problem. That is, the curriculum 

in part at l east, been r esponsible for the 

low status of biology teaching. 

Thirdly, 

approach, the 

teachers' unfamiliarity with the enquiry 

rationale and objectives of the curriculum, 

and lack of orientation on the best ways of implementing 

it seem partially responsible for the state of affairs . 

lack of effective modles for classroom Especially, 

discussion, laboratory and questioning strategies, and 

teachere l unfamiliarity wit~ the most conducive classroom 

climate for e nquiry-centered teaching of biology sta nd 

out as the most important reasons among those pertaining 

to issues related to competency of teachers. 

This huge gap between the planned Biology 

Curriculum and its implementation has, thus, made the 

actual curriculum students experience totally different 

from the former . According to Jones and Sherman 

(1980 : 554) the "actual curriculum is the one the teacher 

employes in the c l assroom. That is the one students 
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encounter." If the curriculu~ is the one actually 

experienced by students, then the existing curriculum for 

any given subject is the" aum total of dicisions Made 

about which activities are included in each classroos" 

(Ibid), 

Baaed on this concept of the "actual curriculu~", 

one might as well ask, "what constitutes the actual 

curriculum in biology?" According to the 
I 

wt4'ter it 

consists of lectures and sporsdic demonstrstions. 

Lectures conducted not in the enquiry mode but marked by 

passive transmission of information. Most of what has 

been included in the Planned Curriculum remains 

unexperienced by students. McInerny's aptly described 

observation (1987:26) on this point wit_ problably sum-up 

what the above discussion tried to convey: 

The best curriculum material is worthless 
unless it ~ used effectively by teachers 
and students. Many well-conceptualized 
curriculuMs quickly attain state-of-the­
shelf-status because they fail to attend 
to the realities of the classroom and the 
background of teachers for whom the 
Materials are developed. 

4.3. Recommendations 

4.3.1. Meeting the requirements necesssry for 

effective implementation of the present Biology 

Curriculum seems to be far-fetched. Therefore, either 

rigor#.ous revision o£ the present curriculum or 

developing a new one seem. to be an urgent need. In any 
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case, such an endovour should take into account the 

prob l ems in schools, teachere' capabili ty to practica l 

implement them and the needB of etudente . Bearing this 

in mind, the revised or n ew curriculum could take the 

following form: 

4.3.1.1. Prepare a sing le separate text for 

grades 9 - 1 2 containing all the necessary 

biological information. It is also possible 

to de v ide the text into two parts: Part I 

(vo lume I ) for the two lower grades a nd part II 

(vo lu me II) for the two upper grades. If the 

texts retain their present form (one for eac h 

grade), a separate reading material could be 

prepared . 

4 . 3 .1. 2 . Prepare a separate guide for 

practical activities. This may also be either 

single or in two parts depending on which of 

the above forms have been cho, sen. The 

prac tical activities gu ide could be prepared 

such a way that it conta ins ample practical 

activities in a given content area ( concept, 

principle etc. ) , from which teachers may 

choose the most feasible ones according to 

their local conditions an d requ iremen ts 

(s t udents' needs) 

4. 3 .1. 3 . Integ~ation of te x t discussion 

and student practical act i vi ty cou ld be 

done by a meticulously pl anned and 

in 



148 

written teacher's guide. 

4.3.1.4. It would be highly profitable 

if a "Biology Teachers' Handbook" 

~ncompassing the rationale and objectives 

of the IIRevieed lt or IINew" curriculum, 

philosphy of science, history of 

biological id~as, suggestions on teaching 

specific units etc., is made available to 

teachers. 

· , 

4.3.2. If the enquiry approach (teaching biology 

as enquiry) is still choosen to be the basis of the 

"Revised" or the "New" curriculum; prospective teachers 

need to be trained in the major principles of biology, 

philosophy of science 

process of teaching using 

etc. , and must understand 

the enquiry approach. And 

the 

if 

this background is to be provided during Pre-service 

training of biology teachers at A.A.U., the subject and 

prafeesional courses offered should be reorganized. This 

may be worked out by a joint effort involv ing University 

biology instructor, school biology teachers 

professional science educators. 

4.3.2.1. In this regard, establishment of 

permanent sub-committee within the Biological Society 

Ethiopia composed of the groups mentioned above would 

and 

a 

of 

be 

a great step forward. This would permit a continuing 

exchange of ideas, information and materials relative to 

the improvement of schoo l biology teaching. 

Until changes in the above mentioned directions 
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become practical, whi ch are , of course, long-term 

objectives, the following short-term measures will be 

necessary. 

4.3.3. Teachers' guides, student worksheetS and 

curriculum guides should be available in enough 

quantities . 

4.3.4. Th e present 2 periods per wee k for grades 9 

and 10 and 3 periods per week for grades 11 and 12 should 

be raised, at least to 3 and periods per week 

This would allow arrangement of double respectively. 

periods for practica l activities , thus minimizing the 

effect of 

teaching. 

time factor as an impediment to good Biology 

This could be done by reducing the number of 

subjects offered, especially in grades 9 and 10. 

4.3 . 5. The practice of employing one laboratory 

assistant for the three science subjects: biology, 

chemistry and physics, is inappropriate both on grounds 

of qualification and availability of time for setting up 

apparutus for l aboratory d e monstrations and experiments . 

Thus, proper ly trained aSs1stants for each science 

subject should be made available . 

4.3.6. Biology t eachers have no t been provided 

neither the incentive nor the mec hanism to upgrade their 

professiona l qualification . Workshops , conferences , 

seminars and refresher courses during the long summer 

vacations are t hus in order . 

4.3.7. A provision for f ol low-up study of 

implementation seems to be an urgent n eed. This woul d 
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proba bly bet>est done if the MOE assigns a "regional 

( zonal) science education supervisor" who oversees the 

proper implementation of science curricula together with 

a school committee involving the director (unit leader), 

the biology department head and the laboratory assistant . 
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Appendix I 

'. , ..... 

Units analysed for the study 

Units No 

2 

4 

6 

2 

4 

6 

2 

4 

6 

8 

10 

12 

14 

16 

18 

Unit title 

One kind of animal : The 

fly 

Soil and plant growth 

The growth of plants 

Hum a n nutrition 

Micro-organisms 

Insect pests of crops 

foods 

and 

----------_._----

Feeding and digestion 

Breath ing 

The regulation of the 

body 

The nervous system in 

ma mmals 

Plants and the atmosphere 

Re.sponses in plants 

----

Reprod uction 

Evolution 

Natural r esourc e s 

their conservation 

a nd 
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Appendix II 

Add is Ababa Uni versity, Faculty of Education 

Department of Curri c ulum and Instruction 

Questionnaire to be filled by Senior Secondary 

School biololgy teachers 

Objective: The p urpose of this questionnaire is to 

gat h e r information o n biology teachers ' opi nion r egarding 

the prac t icality (feasibility of 

present Curriculum for Senior 

imp l ementation) of 

Secondary Schoo ls 

the 

of 

Et h iopia . Since th e reliability of the survey depends on 

the objectivity of your responses, you are kindly 

r eq uested to be as fr a n k as possible . 

Directions: 1) Do not write your name 

2) Check ( L/ l on the space prov i ded 

corresponding to the item of your 

choice . 

3 ) In places where yo ur r esponse is to be 

1> Sex 

given 

brief . 

in 

A) Male 

2) Academic Qualification: 

A) M. Sc. 

C ) Diploma 

wri ting, 

( 

Ye ars of experience in teaching, 

pl ease try 

B) Female ( 

B) B.Sc . 

D) Ot her 

years . 

to be 

l 

l 

3) 

4 ) How many periods per week do you t each , ____ __ 

periods . 
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5) How many sections do you have at present? 

sections. 

6) On average, how many students do you have p er 

section? s tud e nts. 

7) What do yo u think are the objectives of biology 

teaching at the Senior Secondary School level? 

8) 

9) 

10J 

a) ______________________________________________ __ 

b) ____________________________________________ _ 

c) ____________________________________________ _ 

d) ________________________________________ ___ 

The biology textbooks in u se today have been written 

followign what might be called the 

approac h II. How frequently do you 

approach in your teaching ? 

A ) Often 1 

C) Seldom ( 1 

B) Occdssionally 

DJ Never 

" enqu~ry 

use this 

If your response to the above item is C or 0, please 

mention your reasons? 

a) ______________________________________________________ __ 

bJ ______________________________________________ __ 

c) ______________________________________________________ __ 

dJ ____________________________________________________ _ 

Does your school have annual budget allocated 

purchas e of materials and equipement necessary 

c o nductiong practical activities? 

for 

for 

aJ Yes b) No if yes, how 

much? B1rr . 

11) Is there a regularly scheduled period for biology 

laboratory work? 
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a) Yes b) No J; if yes, is it, 

c) Double period? d) Single period? 1 

12) Does the laboratory excercise provided to 

students: 

a) Follow class coverage of the corresponding 

content? 1 

b) Precede equivalent clssswork? [ 1 

13) which of the following procedure (s) do you use 

when conducting laboratory activities? 

a) Individual student experiments 

b) Students parired for activities [ 

c) 4 - 5 students per group [ 

d) Teacher demonstration 

14) Is the amount of content to be covered in the 

grade you teach: 

a) Much [ b) Average 

c) Little 1 

15) What other methods do you use in your teaching? 

a ________________________________________________ __ 

b) __________________________________________ __ 

c) ______________________________________________ ___ 

d) ____________________________________________ _ 

16) Have you ever participated in workshops and 

seminars designed to imporove your professional 

qualification? 

a) Yes bl No 1 if yes, how many 

times? cl Once 1 , dl Twice [ 1 , 

elThrice 1 , f) Four times 1 , gl More 

than four times 1 



ISS 

17) What, in your opinion, should be done in order to 

imporve the teaching of biology at the Senior 

Secondary School level ? 

'\ , 
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Appendix III 

Classroom Observation Schedule 

Sc hoo 1 ________________________ _ 

Grade and Section ______ _ 

Name of teacher observed 

Class size 

Observer's name 

Date of observation 

Number of observation 1st 

2nd 

3rd 

<circle one) 

Lesson topic (s) 

I. Introduction 

This observation schedule is designed to record verbal 

and non-verbal behaviors of both teacher and 

which may indicate the presence of an inquiry 

students 

mode of 

teaching in biology classrooms at the Senior .Secondary 

School level. Non-verba} behaior as used here does not 

refer to teacher gestures, postures etc.; it rather 

refers to situations where students and/ or teacher 

perform activities where verbal transactions may be 



161 

h 61ted for Bcme time. The abB~rvat1on schedule has four 

rrLs jor parsts: 1 ) Na ture of teacher's verbal statements. 

2) Nature (type) of problems posed by the teac her; 3) 

Nature of student r esponse, activity and initiation; 

4) Teacher' s direction of inquiry process . Each part 

contains 5 - 9 categories, with a total of 36 categories 

in all. Read the following directions carefully. 

II. Codi ng Directions 

1) Complet the information given i n the book at the top 

of this page before, if possible, beginning the 

observation. 

2) The teacher to be observed e hould be informed of your 

coming at least one day before the observation date. 

Subsequent 

dates. 

observations could ·be made on mutualy agreed 

3) If a selected teacher teaches in more th an one grade 

(say grades 9 - 10) choose either of the grades (i.e., 

grade 9 or grade 10) for observation. 

4) Teacher's reprimands, jokes; short periods of silence 

(excluding those before a student (s t u dents ) a ttempt (s) 

to answer teacher posed questions) and t eacher' s 

statements of rules of conduct are not recorded. 

5) Behaviors are coded every minute. 

6) If verbal traneactiol1a in the claeBroom 

discontinued (other than those in which students a nd /or 

teacher engage in practical activities), say due to 

students engagement in class work or teache r ~s engagement 



indicate the cause and in correction of class work, 

number of minutes spent on a separate piece of paper. 

7) Detailed suggest ion s for coding together 

illustrative examp l es are given next to the 

observation schedule. Read it very carefully. 

I. Teacher Talk , Initiation and Guidance 

A. Teacher makes statements of 

Al. Facts, Principles, Processes etc . 

A2. Hypotheses 

Teacher A3 . Interpretation/Analysis of actual or 

talk hypothetical data 

A4 . Concl usi ons/Generalizations 

A5 . Application 

Ao. Experimental Procedure 

A7. ProblemS 

B . Problem posed by the teacher requires 

students to : 

B1. Recall facts, principles etc. 

B2. Formulate Hypotheses to accoun t 

given or generated data 

B3 . Interprete/Analyse given or 

generated data 

with 

for 

Type of 

Problem 

Posed B4 . Draw conclusion/ generalization from 

given or generated data 

B5. Apply facts and pr inciples to new 

situations 



Teachers~ 

direction 

o:f 

enqu1ry 

processes 
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B6. Plan/desi g n an expe riment 

B7. Observe biological 

models etc. 

B8. Perform an activity 

C. Teacher: 

Cl. Praises/encourages 

specimens , charta, 

C2 . Appraises a wrong/incomplete response 

a nd probes further 

C3. Evaluates, or asks the class to 

eval u ate response o:f a stude n t 

C4. Gives stra1ght answers to student 

questions 

cs. Criticizes/disapproves 

responses 

student 

II. Studnt Talk, Acti v ity and Initiation 

O.Students: 

Student 

response 

01. Make statements of :facts , principles 

etc. 

02. Make statements o:f h ypotheses 

D3. Make statements 

interpretation/analysis o f give n or 

ge nel' sted data 

D4. Make statements of 

conclu sions/general izatone 

D5 . Make statements o:f application 

D6. Make statemets o:f experimental 

procedure 

of 



" 

St.udent. 

Ac+ivc4-'y 

St.udent. 

1 6 4-

D7. Perform an activity : observa tion 

0 8 . Perform a n act.ivit.y :confirmat.ory 

09 . Per form an activity :inverstigative 

E. St.udent.s ask quest.ions pert.aining t.o: 

E1. Fact.s, principles, concept.s et.c. 

E2. The formulat.i on of hypot.heses 

E3 . t.he int.erpret.at.ion/analysis 

init.iation of dat.a 

E4. Conclusions/generalizations 

E5. Appl i cat.ion 

E6. The plan/des~g~ Of an experiment. 

E7. Observation/activities[experiment J 

III. Suggest.ions for Coding and Illust.rat.ive Exaples 

The u se of t.he model in biology t.eaching requires 

t.hat. t.he teeacher presents an area of invest.igat.ion or 

problem at. t.he beginning of t.he leaeon. The problem i8 

s upposed t.o unify the whole, or at least a major part. of 

t.he lesson. All subseq uent activit.ies of t.he class 

(discussion, laborat.ory activities et.c . ) are geared 

towards solving t.he problem posed at t.he beginn ing o f t.he 

lesson . However, this may not always be t.he case . As 

of ten happens, t.eachers may s t.art. of lesson by import.ing 

information-statements of fa c ts, principles , 

generalizations and t.he quest.ions asked usually require 

lower-order cognitive proces s es. Even so, not.e t.hat. 

teachers , after introducing the lesson through didactic 
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exposition , may pose problems during the development o£ 

the lesson or even a t its concluding phase. Thu s , the 

critical distinction to be made by t h e observer is to 

note carefully ~hetehr the t eacher ' s verbal statements 

are statements of problems (category A. 7) pr ~jetjer t.jeu 

are s t a t ements belonging t.o a ny of the other categories 

(Al to A6) . 

1£ the teacher ' s verba l statements belong to the 

later categories, the observer continues coding in the 

appropriate cat.egory 

o£ pro blems. 

1£ a problem 

unt. il the t.eacher makes s t.at.ements 

is posed, the o bserver codes category 

A7 and any of the categories in (B) d e pending o n the 

nature of the prob l e m posed. We shall 

o£ ho~ t.he different kinds of problems 

now see examples 

(categories B1 to 

B8) may be posed by the t.eacher. 

For purposes o£ brevity , the types of problems 

posed by the teacher could be divided int.o t.wo groups: 

thos e bound to so me kind o£ activity per£ormed (or to be 

per£ormed) either by the tea cher or students (activity-

bound problems ) a nd those problems ~hich simply involve 

verba l transac tion s betwee n teacher and etudents 

(act.ivit.y-free problems) . There is, however, no distinct 

line ~hi ch dif£erentiates the t ~o t ypes o f problems. 

ActiVity-bound problems also involve verbal tr a n sactions 

a t some stage in their solution . A more detailed 

di scuss i o n of these two types o£ problems and how they 

may occu r is glven in the fol lowing pages. 
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Activity-free Problems 

Problems belonging to this group are 

involve no independent student activity 

those that 

(laboratory 

exercises, workbook exercises, teacher and student 

demonstrations). They simply refer to prob l ems the 

posing or solution of which requires no activity. Major 

portions of chapters and a lot of specific topics in our 

biology texbooks (grades 9 - 12) are developed following 

the " narration of inquiry", made and are best suited to 

engage students in enquiry processes 1f so directed by 

the teacher . Problems belonging to categories B2, B3, 

B<!, B5, and B6, if presented without involving 

activities. We shal l no~ embark on the discussion of the 

coding categories and their illustrative examples 

beginning with the simplest type of problems. 

Examples. The follwing questions if asked at the 

end of a lesson or after therir discussion (coverage) in 

class belong to category B1. 

I. " What are the four stages In the life cycle of 

the housefly?" <Details are given in the 

literature review. ) 

II. " What are the three distinct groups of 

bacteria?" 

III . " Define carrying capacity and productivity? " 

IV. " What is the function of Ptyalin?" 

In general, teacher questions that begin with words 

such as "What" , "Where" , "Def ine " , "Name?" or phrases 



161 

such as "Do you remember what we said about .. . ? , have the 

pu r'pose a f determining what et u de nts do a nd do no t 

remember an d belong to th e ca t egor y of recall questions 

( B1) • 

Questions that r e quire s tudents to apply facts and 

principles to prob l em-solving or to new s ituations, posed 

usual l y at the concluding phase of a lesson or given as 

h o mework, belong to category (B3) . 

Examp l es : 

1. After a discussion of bl ood groups a nd the 

concept of agg lutination, the teacher ma y ask: " Why is a 

doctor c areful to transfer to an injured person blood 

from the right type of individual ? " 

II, After a l esson on digestion (its processes and 

products), the teacher may pose this problem: "A man in a 

hospital has had a seriou s operation on the digestive 

tract, making it i mpossib le for him to eat food for ma n y 

weeks . Th e docto rs decided to gi ve him food by injection 

directly into the veins. 

in ject a nd why? " 

What kind of food should they 

The f o llowing two more examples have been taken 

fro m BIological Science (grade 11 student's tex t ) : 

III. " Wh y do athletes take sa lt tablets after 

l ntens ive exercises in training?" ( p. 97) 

IV . "Huamn babies have been known to die i n 

unheated r oome where an ad ult waB sleep ing comfortably. 

Ho w do you account f o r this? " (p . 97) 



In problems of this kind, where the studen t cannot 

get the answer directly from his textbook, th observe r 

codes category (8 5 ) • Note, however , that if these 

problems were posed at the beginning of a lesson, they 

would have belonged to category (B2) (formulating 

hypotheses) where student s speculate on possib le 

for each problem. 

The teacher can also pose problems which 

r easons 

require 

students to formulate hypotheses (82), analyse and 

and interpret data (B3) , draw conclusions from data (84) 

plan a n experimen t (86) without actually being involved 

in the gathering o r generation of the data necessary to 

test or formulate the hypotheses. However, if these 

problems require gathering of data , they become activity-

bou nd problems. As indicated before, the biology 

textbooks (especial lyt those for grades 11 and 12) 

provide several opportuniti es th a t lend themse lves well 

to these kinds of problems. Before such problems are 

posed, the teacher h as to presen t the necessa ry 

background 1nformation to students elther oral ly, o n th e 

chalkboard or by mea ns of p rojection equipment. Here 

again , as in (A) categories, the im portant distinction to 

be made is to note carefully whether the teacher himself 

is maki n g statements o f hypotheses (A2) , the disign of 

experiments ( A6 ) , analyses and interpretations of data 

(A3) , conclusions and generalizations (A4) or whether he 

is p osing them as problems, in wh ich case the observer 

codes categories 82, 86, B3, and 84 respectively 



depending on which 

problems. 

Examples: 

of 
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them had been presented as 

1) The following two examples have been taken from 

grade 1 1 Biological Science ( Student's text). 

Teacher to Students" "In experiments concerning 

th e movement of food 

shown that : 

subs t ances in the probl em , it can be 

a) movement can take place In both directions , 

b) the speed of movement i s grea t er than c an be 

accounted for by d1ffugion . On the bae1s of this 

knowledge what hypothesig can you make about the nature 

of trasport in the problem? " (p. 247) . 

For such problems , the observer codes category B2. 

- Teacher presents to class" " a graph showing the 

variation of the concentration of C02 over a period of 24 

hours, . " and asks them to formulate hypotheses to account 

for the data (category (B2) • 

teacher direct s students to 

If, on the other 

some aspects of 

hand, the 

the data 

thr o u gh se lecte d questions such as " At what t ime of day 

1s the C02 concentrat ion highest? At what ti me is It 

l oweet? Why? etc.", the observer c odeg category (B3) 

quegtions requiring 

data) . 

students to analyse and Interpret 

Another kind of ac ti vity-free problem that may be 

posed by a teache r is that which requ1res students to 

describe how they may design an experiment in order to 

investigate a biological problem. Note that it does not 
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require the actual carrying out of the plan or design. 

The following examples illustrate problema of this kind. 

Examples: 

Teacher to Students: 

i. "how can you find out if a green plant for~ed 

starch a) in the absence of sunlight? b) in the absence 

of carbon dioxide?" (Grade 11 Biology Text: p. 244) 

ii. "Suppose you wanted to know what percentage of 

raw materials for the growth of e plant comes from the 

soil in which it is planted. Suppose you also wanted to 

know what percentage of those raw materiala cornea from 

the air that aurrounds the plant. Plan a simple 

experiment that would begin to solve this proble~?" 

iii. "If you wanted to know whether the nucleus 

of cells is necessary for life, or whether cella could 

live without a nucleus, how would you ahow this 

experimentally?" 

When problems of this kind are posed by the te~chr, 

the observer codes category (B6). Here again, note that 

the teacher can also describe actual or hypothetical 

experimental results and ask students to formulate 

hy[ptjeses (B) ,analyse and interpret the data (B3) etc. 

It is also possible that the teacher, after posing the 

problem, describes the experiments done and the data thus 

found (A6) , makes the analyses and interpretations 

himself (A3) etc. 
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1T1J. 

Activity-bound Problems 

I£ a teacher has not 

puorpose of illustration or for 

problem, he may pose them 

illustrated below. 

used demonstration for 

colleting evidence on a 

as problema in Manner 

i) At the beginning of a lesson on circlation, the 

teacher may show to his atudents a "working model of the 

circulatory syst,n, with valuea included" and ask the 

students: "what e nables the blood to flow in the right 

direction?". 

11) In a l esson on digestion, the teacher aay 

demonstrate the effect of dia~taae on a thin suspension 

of starch and ask his students: "Where did the starch 

go?" 

i11) In a leason on enzymes, the teacher aay 

demonstrate the effect of sdding a few drops of blood in 

a beaker containing hydrogen peroxide and ask 

students" "Where did the released 

the from the hydrogen peroxide?" 

his 

froJA 

In a ll such cases, the obaerver codes category 

(82) , If the teacher presents biological speciaens, 

charts, models and othe visual aids and directs student 

attention to some aspect of the msterials through 

selected questions, the observer codes category (87). 

Student activities (investigations) for the purpose 

of collecting evidence/data in order to tast hypotheses 

or solve problema also belong to this group of proble .. a. 

After the tea~her has posed probleJAs orally, he directs 
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H2 
students to perform a pre-determined activity-simple 

experiments, controlled experiments , further reading 

etc ., in order to come out of the difficulty (problem) 

posed. It is also possible that teacher directs students 

to such activities for the purpose of confirming or 

illustrating something learned in class. In such cases, 

as the following exap l es illustrate, the observer codes 

category D8 or D9 respectively. 

Examples: 

The teacher may, after briefly introducing the 

topic "Breathing" , pose problems such as "How do we 

breath ln and out?, What are the forces that cause it? 

What are the structures involved? etc. ,. and provide 

students with a guineapig, frog or other mammal to 

dissect and investigate, or if students perform this 

activity in order to investigate the alimentary canal, 

the observer codes category D9 . 

ii) If the teacher allows students find out for 

themselves, instead of telling them, the components of 

exhaled air contains C02 i.e., water vapor and heat) 

and poses this problem. ., We have see n that exhaled air 

contains C02 . What other components does it contaln?" He 

may now instruct either to devise their own means of 

investigating the problem category B8) or provide them 

with a structured procedure of investigating the problem. 

The observer codes category (D9) for the later case. 

It is elsa possible that the students perform these 

activities after the respective lessons had been covered 
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in class; i . e . , as illustrations of the facts they 

learned. In such cases, the observer codes category 

(D8) • 

Another possibility is that the teacher himself may 

make these and other such activities by way of 

demonstrating to students the facts and principles alredy 

l ear-ned. Student behavior in this observat ion schedule 

has three possible parts: verbal responses to teacher 

;osed problems, investigations of so me kind to so l ve 

problems that require practical activities, and student 

initiation (student questions) directed to teacher and 

pertaining to any of the categories listed in (E) • The 

observer will not have difficulty in identifying student 

behavior either as response, activity or initiation and 

coding each behavior in the corresponding category. 

Posing problems may not be as difficult as what 

should .follow for the teacher. After posing 

the next step is progress toward its solution. 

problems, 

And it is 

here where the greatest demand on the teacher is made. 

The success o f the lesson depends on what the teacher 

does to sustain the inquiry process thus started. In 

short, he has to create the appropriate classroom 

enviornment where ideas can flow freely between him and 

the students or among students. Part (C) of the 

observation schedule is designed to measure this aspect 

of the model. 
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