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Abstract
In this study, an attempt was made to investigate the impact of'

a chemistry teaching program by "Instructional Functions

Approach" on student achievement. The study employed the "pre

test - post test control group experimental design" in which case

the treatment teachers received training in the use of the

instructional functions approach model.

The subjects consisted of 24 11th grade chemistry teachers

randomly selected from 8 senior secondary schools in Addis Ababa.

The students (1735) of these teachers were tested at the

beginning and end of the project.

The results of this experimental study suggest that the treatment

was generally effective in the sense that when the instructional

treatment is implemented, it has a positive impact on student

achievement.
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CHAPTER ONE

1. INTRODUCTION

In this chapter an attempt is made to briefly -describe the

problem or the study taking into considerat-ion its: background,

significance, specific objectives and scope. Mention is also made

about the general model employed in the study and the data

collection instruments.- Limitations of the study and definition

of terms are also included.

1.1 Background of the Study

The writer of this paper inspected,

Ethiopian Senior Secondary School

curriculum Guides and found that:

(1) all the five text books are full of facts, concepts, _

in the year 1990/91,

Chemistry Text Books

the

and

rules and/or generalizations;

(2) knowledge and comprehension (39% and 30%,

respectively) are the cognitive behaviours most

commonly demanded of the student by the activities of

the chemistry program;

(3) knowledge and comprehension (53% and 25%,

respectively) are the cognitive behaviours most

commonly demanded of the student by the objectives of

the program.
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He then felt that such contents can effectively be taught and

such objectives can effectively be achieved by treating the

subject in the form of explicit teaching or by instructional

functions approach. Rosenshine and Stevens also argue that:

These explicit teaching procedures are
most applicable in those areas where the
objective is to ma~ter a body of knowledge
or learn a skill which can be taught in a
step-by-step manner. Thus, these procedures
apply to the teaching of facts that students
are expected to master so that they can be
used with ne~information in the future ...

Similarily, the procedures apply to the
teaching of processes or skills that students
are expected to apply to new problems or
situations (1986: 377).

1.2 Statement of the Problem

It seems obvious that teachers vary in their effectiveness while

they are deal ing wi th the same subject matter of a certain school

system. Dunkin and Biddle expressed their opinions about this

variations in the following words: '1 If teachers vary in

their effectiveness, then it must be because they vary in the

behaviours they exhibit in the classroom. To shed light on this

point one must study the classrooms--- where the action actually

is" (1974: 13).

It is also argued that the teacher's ability.to cause pupils to

learn what they are supposed to learn is a direct indicator of

his/her effectiveness. In other words, teacher effectiveness and

pupil achievement are directly proportional to each other. " Yet

the early studies of teacher effectiveness seldom employed pupil

learning as a criterion" (Ibid.: 14) . Th is is, in the
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1.4 The Instructional Functions Approach Model

The detai Is of the instructional functions are presented in

Appendix I.

1. Review, check previous day's work (and reteach, if

necessary) .

2. Present new content/skills.

3. Guide student practice (and check for understanding).

4. Feedback and correctives (and reteach, if necessary).

5. Independent student practice.

6. Weekly and monthly reviews (Rosenshine and Stevens:

379).

1.5 Specific Objectives of the Study

1. To determine whether explicit teaching or step-by-step

teaching can contribute to the effectiveness of chemistry

teaching in Addis Ababa Senior Secondary School

conditions.

2. To select those teachers or instructional functions which

contribute highly to student achievement and thereby

recommend these functions as instructional guidelines for

our chemistry teachers.

3. To determine the extent to which teachers coverage of the

existing chemistry syllabus content contributes to student

achievement.
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1.6 Delimitation of the Study

The scope of the study was confined to randomly selected

eleventh-grade chemistry classrooms of Addis Ababa. The

classrooms were selected from both government and non government

schools: some of the reasons that forced the researcher to select

11th grade classrooms as the focus of his study were:

1. since the number periods for chemistry in grades 9 and

10 is few (two periods per week for each grade), it

might be difficult to apply step-by-step teaching in

these grade levels and since grade 12 students might

complete their study before the research work is over and

since it is felt that the classroom situation at this

grade level might be different from others---at least for

the reason that the students are preparing themselves for

the ESLCE---this grade was made out of the focus of the

study.

since streaming into science and social studies begin at

grade 11, the selected eleventh-grade students were

science students in general, and were attending chemistry

lessons during the time of observation, in particular.

1.7 Data Collection Tools

The study was primarily experimental in nature. Consequently,

various instruments were used to collect data relevant to the

problem.
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These instruments were:

- pre-test and post-test administered to 11th grade students

- a checklist used to code the instructional behaviours

recorded using the audio-tape.

1.8 Limitation of the Study

Since there was a problem of changing the schedule of the regular

classrooms, the study did not include grades 9, 10 and 12, in

which case the study would have been more comprehensive than it

was.

Itis a 1so fe It that the use 0 f a v ide 0- tap era the r th a n an

audio-tape would have improved the quality of the research to

some extent.

Due to scarcity of cO~PJter programs e~ployed in this study in

the university, the research~r u~~d a pockdt calculator in which

case the accuracy of calculations might not be as it is in the

computer programs.

finally, the scarcity of professionals both in the subject matter

of chemistry and the teaching of chemistry could be a problem of

reliability among coders while coding the instructional

behaviours recorded by the audio-tape.
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1.9 Definition of Terms

For most of the terms included in this study, a glossary is found

in Appendix I. Besides, the following term is defined.

Instructional Functions Approach--- refers to the small-step

approach using the six functions included in the inodel (see 1.4).

It is interchangeably used with the following terms: direct

instruction, explicit instruction, step-by- step instruction,

systematic teaching, active teaching and effective teaching.
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CHAPTER TWO

2.REVIEW OF RELATED RESEARCH AND LITERATURE

This chapter focuses on reviewing research findings and

literature deemed relevant to the present study. The contents of

the chapter are divided into three topics presented in the

following order: (1) an overview of effective instruction,

(2) synthesis of research on the various instructional functions,

and (3) summary of findings on instructional functions approach.

2.1. An Overview of Effective Instruction

The topic focuses on laying a conceptual framework of 'teacher

effectiveness' and the 'instructional functions approach'.

2.1.1. C~nceptualization of Teacher Effectiveness

Until recently, there can be no doubt that the teacher has been

examined as to who he is and what he does, but to a minor degree

as to what he produces. In other words, the earlier researches

on teacher's personal traits led to presage rather than

process-product studies (Brophy and Good, 1986; Galton and

Eggleston, 19'"'9; Schofield and Start, 1979/80). Although the

former approach produced some consensus on virtues considered

desirable in teachers such as qualification, appearance,

intelligence, etc. -- it failed to produce any information on
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linkages between specific teacher behaviour (process variables)

and student achievement (product variables).

From the above discussions, it is apparent that there couldn't

be consensus on what constitutes the operational definition of

teacher effectiveness in process-product research programs.

After taking into consideration

measurement, it

the problems

claimed that

associated with

the standardoutcome is

conceptual ization of teacher effectiveness in process-product

research has

1986:52):

1. Effectiveness assumes commonality of curriculum goals,

the following properties (Shavelson et al.,

objectives, and content coverage across classrooms

because one standard achievement test is" used to judge

the effectiveness (of instructions] in all classrooms.

Effectiveness is strictly summa:lve in its measurement

of subject matter knowledge. It is not what students know

or don't know tha: matters, but the accumulated quantity

of their knowledge in comparison with students in other

c!dssrooms.

J. Performance on the effect~veness measure is equated with

(subject ma t t e r Ti know led g e or ski "1 in subject matter.

There is no notion of "less than best effort", guessing,

partial knowledge, or test-taking skill.

~. Effectiveness is strictly aggregative across students

within a classroom. Operationally, regardless of how

student performance is distributed within the classroom,
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the class average is chosen to represent class

performance.

In particular cases, researchers have tried to compare the gains

of those students taught with structured curricula and those

taught with more individualized approaches, or who receive their

instruction directly from the teacher and those who are expected

to learn new material on their own or from each other.

Rosenshine's review of such correlational and experimental

researches helped pull together the following conclusions:

Thus, from correlational and experimental studies, we find

(a) a general patter of effective instruction;

(b) an advantage to direct, explicit instruction ... ;

and

(c) the importance of over learning, particularly for

hierarchically organized material (1983:337).

Based on the above conclusive remarks, Rosenshine and Stevens

(1986) developed a general model of effective instruction which

t hey named the IT Ins tr u c tiona I Func t ions" approach.

I the language of Bellon et al. (1992), Corno and Snow (1986),

Fielding et al. (1983), and Good (1979), the model is widely

known as a "Direct Instruct ion" approach. Hence the two names

h e re a f t e r interchangeable. The model is, therefore, presented and

G:5cussed in the ensuing pages.
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The Instructional Functions Approach Modell

The model consisted of the following six fundamental

instructional functions:
1. Review, check previous day's work (and reteach, if

necessary) .

~ Present new content/skills.

3. Guide student practice (and check for understanding)

4. Feedback and correctives (and reteach, if necessary).

5. Independent student practice.

6. Weekly and monthly reviews (Rosenshine and Stevens:379).

As can be seen from the model, the sequence of instruction

recognizes the importance of the teacher. According to both Lehr

and~ Baumann, a good working definition for instructional

functions approach is explicit instruction with an academic focus

led b y t e a ch e r s who interact directly w i t h their students (Bellon
~ 3'" ) .

The approach also represents an " .. effort by the teacher to

monitor and control student classroom attention and

persistence ... rather than to permit or encourage students to

control their own behaviour" (Corno and Snow: 622).

A number of researchers also recognized the instructional

functions approach as an active teaching in which each step in

For details of the model and the appropriate methods and
techniques for implementing each of t h e functions, see
Appendix T.
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the learning process is clearly articulated (Fielding et a1.;

Good) .

And since explicit instruction is unambiguous, clear and

detailed, teachers know what they want the students to learn and

consequently have a distinct academic fOCllS. The elements that

make up the direct instruction or instructional functions are

the ref 0 rei 1 Ius trat e d d ia g r amma tic ally as f0 I lows (B e I Ion eta 1 . :

237-38) :

Fig.l Elements of Dir~ct

.sX'
~v;:::.

(';~ ACADEMIC
\..:J-'(#

~ T!'STRl'CTIO. 'M. TXTER:\CTIO:.1

Clearly Defined Objectives

According ~o t~e authors, a s:rong 3cademic focus is found in the

direct instruction format .

... Teachers lead, tell, and show students
what they want them to learn. When students
have problems, teachers explain, give additional
examples, and reteach until they accomplish the
learning objectives ... but s:udents are not
expected to learn new content from ancillary
materials (Ibid.).
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2.2 Synthesis of Research on the Various Instructional Functions

In the following pages, research findings on each of the six

instructional functions are synthesized.

2.2.1 Daily Review and Che~king Previous Work

Although all teachers seem to review, the frequency varies. Good

and Grouws found that the experimental teachers, who received

training, implemented daily review in 91% of the observation time

whereas the control group did it in only 62% of the time (1978:

358). According to Rosenshine's report, the use of daily review

in maths classes gave teachers the opportunity to assess

prerequisite skills and improve student learning. Furthermore,

it has been reported that timely reviews that summarize or

abstract main points can in most cases help to improve student

learning (Bellon e t a1.: 245).

2.2.2 Presentation of New Content/Skills

It seems obvious that almost all teachers present new

information, concepts and skills in almost all if their lessons

(Bellon et a1.; Perrot, 1982; Rosenshine, 1983). But research

studies have shown that teachers spend different time in

presenting the new ideas. The following evidences are presented

to bolster the above argument:
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(i) the average teachers do 70~ of their teaching in primary

and secondary classrooms, in which case "Much of this time

is spent in presenting new concepts and information to

pupils using narration, description and explanation"

(Perrot: 19);

(ii) teachers spend about one quarter of their time

lecturing in the typical classroom, and presentation

increases at the upper grade levels (Dunkin and Biddle:

369) ;

(i ii) according to Everston, Emmer and Brophy, the most

effective teachers spent about 23 minutes per day in

lecture, demonstration, and discussion, compared with 11

minutes for the least effective teachers (Rosenshine,

1983: 339).

So what does one do in e f f e c t iv e lectures and p r e s e n t a t io r s ?

Presentations, or lectufE;S, u;e u~ually u~~d to transmi~

k~~~ledge from te3chers ~0 ~~udent5. 2oRe~er, content know!edge

is only one part of what makes some teachers more effective than

o t h e r s . ~:,achers must .1:"0 know how to teach their s p e c i f i c

content an~ must have an understanding of students diversity and

good presentation skills. " Effective lectures and

presentations, then, are d r e s i. l t of teachers' knowledge, t.he i r

understanding of instructional processes, and their presentation

skills" (Be l lo n et al.: ~-+1).

Of the presentation skills, recent research on teaching
e f f e c t iv e n e s s points to the importance of t e a ch e r clarity.
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Furthermore, clarity of instruction is identified as a

multidimensional factor (Bellon et a!.; MCCaleb and White, 1980;

Rosenshine, 1983; Rosenshine and Stevens).

Perrot also advocates the idea that fl ••• clarity of presentation

is an aspect of behaviour which has considerable influence on the

effectiveness of classroom teaching" (33).

Despite the above arguments, investigators of clarity have looked

at quite different behaviours as indicators of clarity. The rater

most often has been expected to supply his/her own definition of

clarity and specific behavioral components of the concept have

not been explained (Dunkin, 1986; McCaleb and White).

However! some progress was made during the 1970s in identifying

the low-inference correlates of clarity and in exploring their

relationships ~ith student achie~ement. :n what follo~s resear:h

evidences have been discussed.

Land and Smith employed a randomized control group, post-test

only, experimental design in which (1) the independent variable

consisted of two levels of teacher clarity --- a clear lesson

versus an unclear lesson and (2) the dependent variable

consisted of student achievement as measured by criterion

referenced test at the comprehension and application categories.

The findings s~ggest that the subjects (freshman and second year

students) in the "clear lesson" group achieved significantly more
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[t(48) = 2.28, p < .05] than students in the "unclear lesson"

group (1979: 196-97).

In another study, Land attempted to determine the combined effect

of six low-inference variables of teacher clarity --- emphasis

on content, clear transition, vagueness terms, ma~es, "uh", and

addi t ional unexplained content --- on student achievement. He

then reported the clarity main effect and the time of achievement

(immediate versus delayed) to be significant. However, he found

no significant differential effect of level of teacher clarity

on student retention (1979: 795-99) .

.\na.lysis of studies on teacher clarity by McCaleb and White

points to several critical dimensions for the o b s e rv a t io n and the

e v a 1u a t ion 0 f tea c her cIa r i ty. I nth e fir s t p la c e, the i r rev iew s

identified five low-inference components of clarity. These

low-inference compon'2nts clarity are: "understanding,

s t ru c t u r i n g , s eq u e n c i n g , explaining, and presenting." Secondly,

they claim that qualification of raters should include content

s~ecialization and teaching experiences. That is to say,

observers should have the capacity to judge the accuracy of

supporting materials and the appropriateness of terminology.

Thirdly, the researchers argue that teacher dynamism should be

separated from teacher clarity. A teacher who is supposed to De

dynamic is the one who appears more confident, uses fewer

non fluency, appears more expressive non verbally, has more eye

contact, u s e s greater vocal variety. finally, in order to

r e la t e teacher clarity to student achievement, a measure of
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student opportunity to learn should accompany the measure of

teacher clarity. This means that if student achievement is of

concern, the evaluator or observer cannot rely on a simple check

list of teacher clarity behaviours. Instead, it is claimed, an

allowance must be made for the decisions the teacher makes about

the inclusion and emphasis of content (27-9). Borg also reported

several significant correlations between emphasis or coverage of

content by the teacher and pupil achievement, ranging up to 0.67

(1979: 635-45).

At this point, therefore, it seems imperative to identify

categories which characterize the factors related to clarity.

According to the recent report by Be l Lon , Bellon and Blank,

teacher behaviours related to clarity can be grouped into three

main categories:

- substantive (factors related to the content to be learned)

- semantic (factors related to the way teachers use

language)

- strategic (deliberate use of strategies to improve

learning) [::!45].

2.::!.3 Guided Student Practice

Tn most successful experimental studies, it has been found that

presentat ion of new content or ski lIs is followed by guided

practice. After demonstrating the new content of the subject

matter, the teacher asks questions and ~s also standing by to

supply assistance and help, if necessary (Rosenshine, 1933;

Rosenshine and Stevens).
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From the above view, it is discernible that the guided student

practice function is usually dependent upon the teacher's

questions and the students' responses. In order to, therefore,

sy nth e s iz ere sea r ch fin din g son this fun c t ion, two top ic s are

considered below: teacher questions, and student response

opportunity during guided practice.

Teacher Questions During Guided Practice

Almost all teachers ask questions in their classrooms, and each

teacher question yields a (not necessarily correct) student

response (Bellon et a1.; Brophy and Good; Chewprecha et a1.,

1980; Perrot).

Whether the questions are factual questions or process questions

(which ask for explanation of how an answer is obtained), both

c o r re la t io n a ' and experimental s t u.iie s h a v e shown that the

~requency Jf q~estions is posili~eiy related to iearning (Bellon

et a1.; Rosenshine,1983; Ro se n sh in e and Stevens).

For instance,an experimental study by Good and Grouws trained the

experimental teachers to assess student comprehension by using

(1) process-product questions (active interaction), and

(2) controlled practice as part of the experimental treatment.

In the final analysis, the experimental teachers held the

students accountable for controlled practice in 33~ of the time,

whereas the control teachers did it In 20% of the time (358). In

other words, the trained group had mere guided practice and asked
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more questions than did the control teachers who continued their

normal teaching. Students in the experimental groups had also

higher achievement (pre-post gain = 31.01%) th~n the students of

teachers in the control groups (pre-post gain = 19.01%)[Ibid].

Similar results we r'e reported by Anderson and her associates'

experimental study (Rosenshine, 1983:341).

Kulik and Kulik also reported that for students in college

classes that had weekly quizzes, scores in final examinations

were invariably better than they were in classes that had only

one or t~o quizzes during a term. This suggests that additional

exercise is also helpful for college students (Rosenshine and

Stevens:383).

Based on the above studie-s, it is true to say that for a better

stu~ent achievement, it is not only useful to spend considerable

time in guided practice, it is also valuable to have a high

frequency of questions and problems.

Student Response Opportunity Durin2 Guided Practice

In effective instruction student participation is an important

variable. According to Levin and Long, and Morine-Dershimer and

Beyerbach, student achievement is positively related to

responding to academic questions during guided practice.

furthermore,pupils who participate frequently achieve more than

those who do infrequently. This implies that it is not only the

frequency of teacher questions ~hich is important but also the
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frequency or percentage of correct student responses (Bellon et

al.; Rosenshine and Stevens).

It is this influence of participation on achievement that led to

studies designed to determine which students have the most

opportunity to respond. The following studies are geared towards

addressing this question.

According to Brophy and Ev e r s t o n l s correlational study and

Anderson and her associates' experimental study, student

achievement was better if the teacher called on students in

ordered turns in primary grades. The reasons are that" ... ordered

turns insure that all students have opportunities to practice and

participate, and [that] they simplify group management by

eliminating hand waving and other student attempts to be called

on by the teacher" (Rosenshine, 1983:343; Rosenshine and

S t ev ens: 3S -+ ) .

However, Anderson and her associates in another study note that

the principle of ordered turns would be inappropriate to use in

whole-class instruction in most cases. They recommend that in a

whole-class instruction, the teacher has to select students to

respond to question or has to calIon volunteers than to attemp~

systematic turns (Ibid).

Brophy and Good's Review also supplement the finding that using

'patterned' or ordered turns is more effective in small group

settings i~ primary grades. However, the reviewers have taken the
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position that overt verbal participation is not an important

achievement correlate in upper grades. They recommend that

instead of interacting with the same few students most of the

time, it would be profitable if teachers in these grades

encourage volunteering and calIon non volunteers

frequently---especially when they are likely to respond correctly

(363).

Ornstein,on the other hand, argues that when teachers use random

order, decisions have to be made whether to calIon volunteers

or non volunteers. The reason behind is that always calling on

volunteers can favour the high-achieving, competitive students;

and, therefore, volunteers should not be called on more than 15%

of the time (Bellon et al.:329).

One final point is worth mentioning. During guided practice, it

is recommended by the "o re g o n Direct Ln s t ru c t io n ~10del" that

teachers ought to use a mixture of both cho ra l responses and

individual turns, with choral responding occurring 70% of the

time. The individual turns allow for ~esti~g of specific pupils

(Rosenshine, 1983; Rosenshine and Stevens).

2.2.~ Feedback and Correctives

from the instructional functions model, it is clear that

responding to student answers and correcting errors is a major

teaching function.



22

Recently, research on instruction has emphasized on the

importance of academic feedback (which means informing students

about the correctness of their answers). Researches in the field

further claim that such feedback is more strongly and

consistently related to achievement. Hawley and Rosenholtz, for

example, agree that this relationship is consistent regardless

of grade level (Bellon et a l . :277). However, Zahoric contends

that while the feedback is consistently related to student

achievement in basic skills at elementary school level, the

evidence in other grade levels is somewhat more complex but still

positive on the whole (Gage and Berliner, 1988:558).

Perrot,too, seem to take the position that feedback is a

necessary condition for the improvement of practical performance.

According to her, if students are given considerable amount of

p r act ice wit h0u t fee db a c k , the nth e i r per f o.r man c e doe s not

imp r o v e (10).

It s e e ms i t h e r e f o r e . clear that a classroom involves the following

t y pic a 1 co mrn un i cat ion c y c 1e : ate a c her que s t ion, a s t u den t

response, and some type of teacher reaction to that answer. This

raises the question, how should a teacher, during guided

pract ice, re-spond to a student's response (Be lIon et a1. ;Broph:.·

and Good; Rosenshine; Rosenshine and Stevens). Once the teacher

has asked a question, the student might give a correct response.

When a student response is correct: the teacher should simply ask

a new question, thereby maintaining the momentum of the practic~

(Rosenshine,1983; Rosenshine and Stevens); the teacher s ho u l c
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the

the

acknowledge the correct response

respondent knows that the answer
"

onlookers may not"(Brophy and Good: 364); it seems that

" feedback on the correct response has little effect on

subsequent performance, except perhaps in the special case where

the student has grave doubts about the correctness of the initial

answer" (Crooks,1988:456)

On the other hand, the student's response may be incomplete or

only part ly correct. In such a case, the teacher should affirm

or reinforce the correct part by telling the student what was

right, and then follow up by' giving clues or rephrasing the

quest ion or modifying' the incorrect part (Brophy and Good;

Perrott).

A third case might be when the student gives an incorrect

response. According to Rosenshine and Stevens, the teacher has

two options for remedying this problem: either provide the

students with prompts or hints to lead them to the correct answer

(when the student can correct the answer within 30 seconds or

less), or reteach the material to the students who do not

understand (usually while the rest of the class is doing

independent seatwork)[385]. Similarly, after indicating that the

response was not correct, research suggests that teachers should

try elicit an improved response by rephrasing the question or

giving clues (Brophy and Good, Ibid).
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Whatever the case may be, Rosenshine stressed that" errors

should not go uncorrected"(1983,1986). It is also argued that

errors should be detected and corrected early in the teaching

sequence. If this is not done, then errors will become extremely

difficult to correct later, and systematic errors or (misrules)

can interfere with subsequent learning.

of course, these suggestions also hold true for effective college

teaching as we 11. According to Kulik and Kulik college

instruction was more effective when (a)students received

immediate feedback on their examinations, and (b) students had

to do further study and take another test when their quiz scores

did not reach a criterion. Both conditions imply that students

Iear n b e t ; e r wit h fee db a ck - - -a s imm ed iate asp 0 s sib le ; and err 0 rs

should be corrected before they become habitual (Rosenshine,

1933, 1986; Rosenshine and Stevens).

In the final analysis, Crooks' reVIew lists three factors which

determine the effectiveness of feedback: (1) the correctness of

the answer, (2) the student's degree of confidence in the answer,

and (3) the nature of the task. The review further stresses that:

If the answer is correct, simple confirmation of its
correctness is sufficient. If the question was factual and
the answer is incorrect, the most efficient form of feedback
is probably simply to give the correct answer .... If the
question involves comprehension or higher cognitive skills,
however, more detailed feedback is desirable. Students who
answered such quest ions incorrect ly wi th high confidence may
need help to identify the source of their misunderstanding
.,., whereas students who answered the question incorrectly
with low confidence may need to be given conceptual help and
advised to restudy the ~aterial (Ibid).
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2.2.5 Independent Practice

During guided practice, students are expected to perform the

activities correctly, but hesitantly (Rosenshine, 1986:68). When

teachers are quite sure that the guided practice is successful

or that the students have prerequisite skills and knowledge, they

are expected to move to independent practice.

Independent practice is, therefore, the instructional function

through which students are provided opportunities to practice new

ski 11 s and to increase speed and conf idence (Be lIon et al., :369)

The students need these opportunities to become fluent in a skill

and to work on the activities without the cues given during

guided practice. Among the many procedures that are taught in a

typical school, the following are some of the most important ones

which need such fluency and independence: "use a ruler to measure

widths, add decimals, read a map, conjugate a regular verb in a

foreign language, complete and balance a chemical equation.

operate equipment, and apply procedures" (Rosenshine, Ibid.). He

further contends that the need for fluency is no exception to

facts, concepts and discriminators to be used in subsequent

learning.

Seatwork and homework are the two terms of independent practice

that students are expected to go through (Bellon et al., :369-

70).The merits of these two forms of independent practice have,

therefore, been discussed in the ensuing pages.
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Seatwork and Student Achievement

Seatwork is the most common form of independent practice. It is

an assignment that students are given to carry out without

continuous teacher supervision (Bellon et al., Rosenshine, 1983;

Roenshine and Stevens).

Although classes differ on measures of seatwork variables which

take the form of content covered, task orientation, academic

focus, and engaged time (Gage and Berliner:559), it has been

found that teachers must pay attention as to how to maintain

student engagement during seatwork (Rosenshine, 1983; Rosenshine

and Stevens).

One 'finding regarding student engagement is that the degree to

which students are adequately prepared to do the s e a t wo r k

e xe r c i s e s affect students' engagement during s e a t wo r k (Rcsenshi;-'.e

and S t e v ens: 3S 6 :. As c ompar e d tot he I e s s sue c e s s f u 1 tea c her s

who spent less time in presentation and guided practice, students

who are adequately prepared during teacher-led practice are more

able to succeed during the seatwork. In other words, if seatwork

ass i g nine n tis to bee;- fee t i v e, the n "... tea c her s [mus t] ex p l a i n

the work and go over practice examples with the students before

releasing them to work independently" (Brophy and Good: 364).

What ism o rei mp0 r tan tis t hat a n e gat ive cor rei a t ion i s f 0 u n d

between a good deal of explanation during seatwork and student

achievement .. vc co r d in g to Rosenshine, n ••• Having a good deal of

explanation during s e a t wo r k suggests that the initial explanation
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was not sufficient or that there were not sufficient practice and

corrections before seatwork " (1983: 346-47).

Another finding is that the management of seatwork activity

(keeping the students on task during seatwork) affects students'

engagement during seatwork (Rosenshine and Stevens: 386). Once

the students are released to work independently after teacher-led

practice, teachers who are successful managers of seatwork should

actively circulate, ask questions, and give explanations to

moni tor progress and provide help when needed (Bellon et al.;

Brophy and Good; Rosensnine, 1983).

Since a longer contact with one student poses a problem of not

helping others when they need help, Sparks and Sparks suggested

the "p ra is e+p romp t+ le av e ' strategy. " ... Teachers are encouraged

to emphasize ~hat is correct, be sure the student knows how to

proceed, and then go to an o t h e r student" (Bellon et al.: 3:-1).

Homework and Student Achievement

As explained earlier, homework IS form of the independent

practice function. As an integral part of the instructional

process, Butler stressed that homework should require students

to spend time out of class practising, reinforcing, or applyin~

knowledge and skills as ~ell as learning to study independently

(Ibid). But dc e s homework imp ro v e student a ch ie v eme n t ? In order

to g i v e an answer to this question, the following research
evidences are presented.
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According to Gage and Berliner's review: (1) the results of the

surveys done by the International Association for the Evaluation

of Educational Achievement (lEA) indicate that the number of

hours of homework per week and student achievement are

substantially related; (2) the findings of Keith's large scale

statistically controlled correlational study---which employed

twenty thousand high school seniors---indicate that homework by

itself correlated .32 with grades; (3) the results of Marshall's

review of twenty-three experiments in mathematics tell us that

homework caused higher achievement, particularly in higher grade

levels (7 through 10) and in problem solving as against

computat io n a I ski 1 s. "The impl icat ion is that homework can

improve achievement and grades" (Gage and Berliner: 458) .

•
On the o t h e r hand. Bellon. Be l lo n , a-id Blank's review of several

extant re~cd~ches on home~ork rev~a~s the follcwing findings:

~l) wh e r e a s i a rg e r e f f e c t s are f o un d in such subject areas a s

a ch iev e m n t also supports the p o s i t iv e effects of homework. The

imp] i c a t io n i s t h a t homework seem" t o h a v e grater effects in some

subject areas than in o t h e r s , but 0;1 the whole the results are

positive; (2: It seems that homework aiso has greater effects in

some g ra d c levels than in o t h e rs+-o-w i t h high school students

b e n e f i t in g mort! from homework t har; junior high students, a n d

elementary students are maki~g min~~al achievement gains (372).

In sum, l~ would be appropriate and nece~sary to summarize what

-has beel s~~d abcu: ir.depende~t practice in the following words:



.29

Independent practice is really a continuum in
which the students begin their work under
teacher supervision and conclude with homework
without supervision. When the material is
difficult, more time is spent in supervised
independent practice [seatwork]; when the
material is easier, more of the independent
practice can be done as homework (Rosenshine,
1986: 68).

~.~"6 Weekly and Monthly Reviews

Although there seems little experimental research evidence on the

benefits of periodic reviews, it has been argued that weekly and

monthly reviews also enhance the learning of new material

(Rosenshine, 1983; Rosenshine and Stevens). For example, Good and

Grouws guidelines for fourth grade Effective Mathematics

Instruction included weekly and monthly reviews as one of key

instructional b e h av io u r s , under the heading "Special Review", and

positive relation with student a c h ie v e me n t was reported (355-

Ta k ing into consideration t h e :ac~ . he t f r e q u e n t t e s t s could be

one of the techniques t c imp ement the weekly and monthly reviews

function, (see Appendix I ) Kulik a~d Kulik reported the

d i: fer e n t ialp 0s : t :.v e t: f fee t s t hat wee k 1y qui z z e s h a v eon c o i le g e

::\.osens;:~~:e , 19S6:

~.3 ~ummarv of f~ndinz of the rnstruc~i:~al functions Approach

The instructional f u n c t io n s a p p ro a c h . _=- ~iClI'e specifically direct

i ;l ~ t --'~c t io r; . l:; a i:":· c ~C ,,) s i~~\Y~l i '-::~..~: :.all y t h e tea c her t a k ~ ~

res p ()n < ~ '~ ~ 1 : t ~.
r _
" '- - ~ a s k and t her: he or she
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gradually relinquishes the responsibility to the student. This

progression, Rosenshine argues, can proceed sequentially from

teacher modelling, through guided practice using prompts and

hints, to independent fluent performance using seatwork and/or

homework by the learner (Ibid).

However, the most important question is that Does the

instructional functions approach or direct instruction approach

improve student achievement?

According to Good, the answer seems---yes it does! "That direct

instruction is associated with increased learning is q common,

almost universal conclusion of recent research"(55). Good

bolstered this conclusion by reviewing three experimental field

studies which presented teachers with the basic instructional

principles of the model. The findings of all these three studies

suggest that, after training in the use of the model, teachers

had an :"tudent a c hie v e rne n t and that direct

instr~ctional principles or instructiona~ functions can be used

to enhance student achievement (Ihid:56-62).

In the same year, Ebmeier and Good found that the effectiveness

of direct instruction is strongly related to teacher behaviours

in implementin~ the instruction. Within the trained group, let

alone the untrained or control group, teachers who implemented

most of the functions in the model had greater effects on their

students achievement (Janicki and Peterson, 1981:78).
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After reviewing such studies, Janicki and Peterson investigated

the interaction of student aptitudes with two treatments: the

instructional functions approach and a small group variation of

this approach. In their final analysis, they came to the

conclusion that the teacher is the most important factor for the

implementation and effectiveness of direct instruction. They'

further recommended the elaboration of the mechanism of direct

instruction in such a way " ... that variations can and should be

made within the direct instruction approach to meet the needs of

individual students and teachers and, moreover, that training in

direct instruction should be varied to meet the needs of

individual teachers"(Ibid:80).

Some two years later, Fielding et al., studied the comparative

e f fe c ts of in qui ry and ins tru c t ion a I fun c t ion sap pro a che s to

instruction at secondary school level in the content area 'legal

concepts and principles'. finally they recommended that

Jir~ct instruction can b~ adapted successfully
to the teaching of complex ~dS distinct from basic]
concepts and skills at secondary school level, at
least i~ this content area. Students in the direct
instruction performed significantly better on both
multiple choice and essay tests. ~oreover, knowledge
was retained over a two week period(291).

In an attempt to investigate the relative merits of the

instructional functions approach and the "experimental"

approach---characterized by flexible use of space, student choice

of activity, richness of learning material, integration of

curriculum areas, and more individual or small-group than large

group instruction---Kierstcad concluded that both approaches are
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not mutually exclusive but that, in the hands of teachers, they

are actually complementary(1935: 25-30).

It seems

recommended some modifications on the instructional functions

for . the reasons that Rosenshineabove several

approach so that the model will be adjusted to the particular

class and type of material being taught. For_ instance, when the

teacher meets faster or older students, or when he/she teaches

less difficult material, then review should be as brief as

possible and more time can be spent on presenting new concepts

or skills. Furthermore, in such cases, less time should be

allocated for both guided and independent practice, " ... and more

of the independent practice can be done as homework because the

students do not need as much help and supervisicn (Rosenshine,

1936: 69). This modification can be summarized. in the following

table (Ibid: 68).

Tablt: ~loclification~ tc 3:Ji: Differer:: ~~-,.:~en~s

Slcwer Students
~10 rere v iew
Less presentation
~ore guided practice
~ore independent practice

faster Students
Less review ~
More presentation
Less guided practice
Less independent practice

Finally, the following two statements, made by Bellon et al.,

will suffice to be a summary of this chapter (253-54):
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1. Direct instruction [or instructional functions approach]

is a systematic strategy designed to teach new

information, basic skills, and procedures that can be

applied to different situations.

However, such instruction should not be used to the exclusion of

other teaching strategies since i t may decrease student

involvement in the learning process.

When direct instruction is used appropriately, students

are actively engaged in processing information.

I tis r e co mm end e d that, w hen ev e r po s sib Ie, tea c her s s h0 u Id

pr~sent ne~ concepts and skills in small segments using concrete

examples that can be applied to the lives of the students, and

that the p re se n t a t io n should be a lt e rn a t ed with questioning,

discussing, a r.d checking f o r un d e rs t a nd ing so much so that

studen: dchievemen~ ~ill be improved.
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CHAPTER THREE

3.DESIGN AND PROCEDURES OF THE STUDY

The experimental design employed was the "Pre test--Post test

Control Group Design" represented schematically as follows:

The above design is also called one of the true experimental

designs (Campbell et al., 1963: 133).

In this design the X represents the exposure of the experimental

or treatment teachers to the six instructional functions and

their respective instructional behaviours ~ith the help of the

manual. It also includes the training of these teachers in the

USE:; of the manual. the e f f e c t s of t h e exposure (X) were measured

by using a~ audio-tare und a checklist.

The Os r e f e r to the testing process. Therefore, 01 and 0, refer
1

to the pre-tese auministered simultaneously to the experimental

and control group students, respectively. O2 and 04 were the

pose-tests administered to the respective groups.

The Rs represent the random assignment of the experimental and

control groups before the pretest was a dmin i s t e r e d . This specific

time for randomization was supposed to be a procedure for

achieving pre-treatment equality of the two groups.
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In addi t ion to the above two groups, there was another group

which received the treatment (X) and the pre- and post-tests

(Os), but not observed---hence the name treatment unobserved (TU)

group. This group was included in order to control the effect of

the presence of the observer on the implementation of the

treatment variables and, therefore,on student achievement.

Using the above design, the hypotheses tested in the null form

were presented below:

3.1 ,'ull Hypotheses

H~1: The proportion of implementation of teaching functionsv

by:

(a) treatment teachers in g o v e rnme n t schools is equal

to that in non government schools

(b) control teachers in government schools is equal to

that in non government schools

(c) the entire sample uf treatment teachers is equal to

that of control teacher~.

H:2: The adjusted population means of student achievement are

equal for treatment observed, treatment unobserved and

control teachers in:

(a) government schools

(b) non government schools

(c) entire sample.

H,3: There is a zero population correlation coefficient

between teachers coverage of chemistry content and

student achievement in that content for:

(a) government schools
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(b) non government schools

(c) entire sample.

H,4: There is a zero population partial and part correlationv

coefficients among fact achievement, comprehension

achievement and coverage of chemistry content for:

(a) treatment observed group

(b) treatment unobserved group

(c) control observed group.

These null hypotheses were tested against the alternative

hypotheses (p~esented in chapter 4) at the .05 level of

significance.

3.2 Selection of Subjects

In this study the subjects consisted of 24 11th grade chemistry

teachers randomly selected frJ~ a pop~lation of chemistry

tea che! s ::: Add: s .-\b a baS e n i0 r S E:C0 n d a ry S::. h 0 0 1s. Inor ci to: r tog e t

this sample, first S schools were ~ando~~~ selected f~om a total

of 25 senior secondary schools. Then, 3 chemistry teachers from

each of -he S schools Rere selected randoc!y. These teachers were

finally assigned randomly to treatmeni observed, treatment

unobserved and contr~: g~oups.

In ad d i t io n to the t e a c he rs , the s t u d e a t s of the randomly

selected 24 teachers ~ere made part o! t~e sample of this study.

Accordingly, a total 0f 1735 students (5-i, 559 and 605 in TO,

Tl' a n d CO, re sp e c t iv e ly ) pa r r ic ip a t e d in the study (i.e., in the

r:e-test and post-t~~t).
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3.3 Procedures

In the study 11th grade chemistry classrooms were used just as

they have been established as a result of administrative

scheduling.

The test items which consisted of knowledge and comprehension

levels of the Bloom's Taxonomy were first analyzed for their

discrimination index and difficulty level. Both knowledge and

comprehension items were constructed using multiple choice

questions.

The reasons for classification of the test into fact and

comprehe~sion were that upon inspection of the curriculum guide

for grades 11-1~ (Curriculum Department, 1934:44-46), the writer

of these thesis found that 8210 of the o b j e c t iv e s constitute

k n owl e d g e and comprehension (55% and ~..,~. r e s pe c t iv e l y ) : and that

of for grade (Curriculumthe dctivity l0pics

Division,19S3) constitute knowledge and comprehension. Thus, the

classification seems r e a s o n a b i e to the researcher (for particular

items, see Appendices III and IV).

Be f o r e Lhe pretest was administered, the 24 teachers were

randomly assigned into treatment observed (TO), and treatment

unobserved (Te) and contro. observed (CO) groups. The first twO

treatment groups (i.e., TO & Te) were given manuals explaining

the models (see Appendix I). They were also trained in the use

of the manuals for two days each lasting for two hours. In o r d e ;
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to create A 'Hawthrone control condition,2, control teachers

were told that they would not get details of the instructional

program or the manual until the end of the project. Furthermore,

in accordance with Good and Grouws (356-57) study, they were told

that it was hoped -that this information might be e sp e c ia l ly

useful to them then because at that time they would receive

individual information about the program itself. Finally, this

teachers were told to continue to instruct their students in

their own style. Since the control teachers knew that the project

was designed to improve student achievement, one can reasonably

feel confident that a strong Hawthorne control was created.

All the students of the three groups were pre tested in March 13,

1992. E~cept the Te group, both TO and CO were observed

periodically for six weeks. (~ote that teaching in high schools

and hence observations were interrupted during the ESLCE week).

Finally, the post te~t was arlministered on June S, 199~ for all

the :tree groups. At th~ same time each of the 2~ teachers wer~

given a copy of the post test and were asked to rate the coverage

of t h e content included in each of t h e items of the post test on

a five point scale using E = teacher emphasized content related

to the given item; DC = tectcher definitely covered content;

PC = tea c her pro b a b lye o v ere d cor.ten t : DR = tea cher did not

remember whether the content was covered; NC = teacher did not

,
'Hawt ho rn e effect is a n "increase in motivation deriving

apparent ly from an increase in a groups morale because the
group perceives itself as receiving special treatment or
consideration" (Good, 19~3). "ordinarily, ... , the
treatment effects w~1 I b~ more convincing when possible
Hawthorne effects are as strong in the control as in the

experimental condition" (linn, 1986:9-).
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cover content. These data were then quantified by assigning the

fol lowing numbers: E = 5; DC = 4; PC = 3; DR = 2; NC = 1.

3.4 Validity and/or Reliability of the Instruments

Prior to performing the analysis linking teacher behaviour and

student achievement, it was necessary to ensure that ratings of

teacher behaviour and student achievement used in the analysis

were reliable and/or valid. In other words, the reliability

and/or validity of the instruments employed in the study are of

crucial importance.

3 . 4 . 1 Val id i ty and ReI ia b i 1 i t v 0 f the _-\chi eve men t T est

The instrument or the pre test was believed to be examined for

both content and process validity. SeL-'arate ut identical
y-a ~ id a : ion

c h e m i s t ry (i.e., at l e a s i a d ip ic:n..•~:1 chemistry) content and

t E:a chi n g e X per ~c: ;1c e in h ig h s c h 0 0 ~) but not in V 0 IV e din the

determined :he content validity of the

ir.s t r ume n ; . 5 h ig n s c ho o l c h e.ni s t ry t e a c h e r s who met the above

criteria were s e le c t e d and asked to determine the extent of which

the given test n.e a s u r e s a r e p r e s e n t a t i v e sample of the subject-

.nat t e r content (chemical e q u i ! ib r iurr ) and the behavioral change

~~der considtoration (Appeadix III). All of them agreed that the

t est i s a 5 a ~ i sf? C tor. - mea sur e oft he con ten tan d be h a v i 0 u r .
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The process validity of the instrument was determined by a second

group of judges possessing a working understanding of the Bloom's

Taxonomy. 3 educators were given the test and the test

specification table and verified (with little differences) that

the items are constructed specifically for knowledge and

comprehension categories. The advisor of the researcher of this

thesis also seemed to agree with the classification.

Still, before the pre test was administered to the sample of the

students, item analysis was conducted by administering the test

to 115 students who were not participating in the project. The

results revealed that

(a) the discrimination index of the items ranged from 0.4

to 0.6, which implies that, as a pre test---a test

consisted of contents which the students are not exposed

to---it discriminated highly between the high achievers

and the low achievers.

(b) the item difficulty index ranged from 0.15 to 0.69. This

means that the proportion of the total group in which

each item was answered correctly ranged from 0.15 to

0.69.

Finally, after the pretest was administered, the reliability of

the test was measured using the split-half method.

The formula employed was (Gronlund, 1976:111):

2 X Reliability on half test
Reliability on full test =

1 + Reliability on half test
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The reliability coefficient on the half test was determined by

correlating the scores of the even-numbered test items with the

scores of the odd-numbered test items. Therefore,

2 X 0.65

1 + 0.65
Reliability on full test = = 0.79

The test is, therefore, said to be a reliable test with a

reliability coefficient of 0.79. That means, the extent to which

the sample of the test items is an adequate sample of the content

being measured was 0.79.

3.4.2 Reliabilitv of the Checklist for Coding Implementation of

Instructional Behaviours

Recognizing the fact that the observer agreement coefficients are

not reliability coefficients (Shavelson et al.: 60), the

researcher employed a two way A~OVA method for the determination

of the reliabili~y coefficients of the observational instrument

or the checklist.

Following the procedures outlined in Lindquist (1953:362-71), 4

teachers were randomly selected or drawn from the 16 chemistry

teachers (not including the treatment unobserved teachers for the

reason that there were no observational data for them). For each

of these subjects, 4 independent measurements of the

instructional behaviours outlined in the checklist (Appendix II)

were made by each of the 4 coders.
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Finally the reliability co~fficients among the 4 X 4 X 4 scores

of each of the 48 instructional behaviours were determined and

entered in the following table.

Table 2. Reliability Coefficients (r) for Items of the
Checklist

Item Item Item Item Item Item
No. r No. r No. r No. r No. r No. r ~1.1 .94 2.1 .92 3. 1 .82 4. 1 .61 5. 1 .72 6.1 .90

1.2 .91 2.2 .81 3.2 .85 4.2 .71 5.2 .80 6.2 .89
1.3 .85 2.3 .72 3.3 .75 4.3 .80 5.3 .73 6.3 .72
1.4 .73 2.4 .81 3.4 .80 4.4 .63 5.4 .88 6.4 .64
1.5 .92 2.5 .75 3.5 .81 4.5 .83 5.5 .61
1.6 .80 2.6 .76 4.6 .72 5.6 .81
1.7 .84 2.7 .69
1.8 .81 2.8 .90
1.9 .79 2.9 .85
1. 10 .49 2.10 .73

2. 11 .80
2.12 .74
2.13 .63
2.14 .60
2. 15 .64
2.16 .76
2. 17 .69

As can be seen in Table 2, the reliability coefficients range

from .60 to .94, with the exception of the variable 1.10 in which

case r = .49. Taken all together, one can say that the

measurement of each of the instructional behaviours included in

the checklist in each of the 4 observation days by each of the

4 coders (including the researcher) for all the 4 teachers was

highly reliable. Therefore, it can reasonably be said that the

effects of observers and number of observations in this study

were not serious.
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CHAPTER FOUR

REPORT AND ANALYSIS OF FINDINGS

This chapter is devoted to presentation,' analysis and

interpretation of data collected through the various instruments.

Its contents are presented under four subheadings each of which

is focusing on the test of a specific null hypothesis.

4.1 Test for the Proportion of Implementation of Instructional

Functions

The null hypothesis tested was that the proportion (p) of

implementation of teaching functions by:

(a) treatment teachers in government schools (P,) is equal to
1

that in non government schools (P2).

(b) control teachers in government schools (P,) is equal to that

non government schools (P,),

(c) the entire sample of treatment t e a c he r s (P,) is equal to that
i

of control teachers (p~).

or H~ 1: p, - P2 = 0

This hypothesis was tested against the non-directional

or

The level of significance was established at .05.

The sample statistic for this hypothesis is the difference

between the two observed sample proportions, Pi and P2. For

convenience, these sample proportions were presented in percent
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form in Table 3. The table also presents the calculated test

statistic (Le., Z value) which is to be compared against the

critical Z value at the .05 level of significance for two tailed

test (Zev = ± 1.96).

Table 3. Proportion of Instructional B~haviours in Percent

and Their Z-Values for the Various Groups

Zev(.05l= ± 1.96

Item
No.

Treatment
Observed

Control
Observed

Entire
Sample

%G %NG Z %G %NG z %TO %CO z
1.1
1.2
1.3
1 . ~
1.5
1 .6
1.~
1 .8
1.9
1. 10

93.3
3.3

66.7
6."'

53.3
56."'

0.0
" ".) . .)

10.0

94.4
5.6

61.1
11. 1
66."'
'"'7.8
55.6

0.0
5.6

30.0

-0.15
-0.38

0.39
-0.54
-0.91
-1.48
-~.~6

-0.38
-2.02

33.3 38.9
0.0

16 .....
11. 1
16.'7
~~.8

5.6
0.0
0.0
5.6

-0.39

0.80
-0.54

0.00
O. 16
O. 15

26.7 22.2 0.35
-0.38

93.8
4.2

64.6
8.3

58.3
64.6
35.4

0.0
~.2

12.5

35.4
0.0

22.9
8.3

16.-:
29.2

6.3
0.0
0.0
4.2

5.98
1. 31
4.13
0.00
4.16
3.54
3.46

1. 31
1. 51

2. 1
2.2
2.3
2.4
2.5
2.6., ..,~. /

2.8
2.9
2.10
2. 11
2.12
2. 13
:2 • 14
:2.15
:2. 16
2. 1 ..•

66.-
16. -:
20.0
46.'7
83.3
20.0
'<-' -10. :

86.'"
73.3
20.0
66."1

" ".) . .)

3.3
53.3
23.3

55.6
38.9
33.3
50.0
66.'7
22.2
16.7
77.8

" ".) . .)

6.~

66.7
38.9
55.6

0.0
11. 1
11. 1

5.6
55.6
33.3

0.77
-1.72
-1 .03
-0.22

1. 33
-0.18

0.00
0.36
0.49

-1. 42
0.7:-
0.7-;

-0.54
-1.08
-0.38
-0.15
-0."'''

0.0
26 ....

6.7
16."'
30.0

6.'7
0.0
0.0
3.3

3.3 5.6
6.7 16.7

23.3 22.2
26.'"' 16.'"'
56.761.1
33.3 '+4.4

-0.38
-1 . 10

O.oq
0.80

-0.3C
-0.--

16.7 33 ..J -1.33
10.0 11.1 -0.12

3.3 5.6 -0.38
23.3 33.3 -O.~5

0.0 0.0 -
3.3 5.6 -0.38

13.327.8 -1.24
10.011.1 -0.12

6."' 22.2 -1.5-
3.3 a.o 0."''''

62.5
25.0
~5.0
4'"'.9
'77.1
20.8
16.7
83.3
70.8
:2 7 . 1
62.5

2. 1
8.3
6.3
4.2

54.2
~.., . 1

25.0
4.2

10.4
22.9
22.9
58.3

22.9
10.4
4.2

27.1
0.0
4.2

IS.8
10.4
12.5

~ . 1

3.68
2.39
1. 87
2.55
5.31

-3.75
-2.29

5.92
5.98
3. 10
3.47
1. 05
0.82

-1.84
-1.17

4.26
3.4'7
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3. 1 50.0 55.6 -0.38 23.3 16.7 0.55 52.1 20.8 3.16
3.2 50.0 50.0 0.00 20.0 16.7 0.29 50.0 18.8 3.22
3.3 23.3 16.7 0.55 3.3 5.6 -0.38 20.8 4.2 2.44
3.4 20.0 16.7 0.28 0.0 5.6 -1. 30 18.8 2. 1 2.65
3 .5 33.3 38.9 -0.39 6.7 5.6 O. 15 35.4- 6.3 3.51

4- • 1 16.':"11. 1 0.53 10.0 11. 1 -0.12 14.6 10.4 0.62
4.2 43.3 44.4 -0.07 13.3 11. 1 0.22 43.8 12.5 0.31
4.3 20.0 16.7 0.28 0.0 5.6 -1.30 18.8 2. 1 2.65
4.4 16. 7 16.7 0.00 3.3 11. 1 -1. 08 16.7 6.3 1. 60
4.5 33.3 33.3 0.00 6.7 16 .7 -1.10 33.3 10.4 2.69
4.6 23.3 16.7 0.55 3.3 5.6 -0.38 20.8 4.2 2.44

5 .1 33.3 33.3 0.00 6.7 5.6 0.15 33.3 6.3 3.29
5.2 30.0 22.2 0.59 3.3 5.6 -0.38 27. 1 4.2 3.10
5 .3 26.7 27.8 -0.08 0.0 5.6 -1.30 27. 1 2. 1 3.47
5.4 26.7 27.8 -0.08 0.0 5.6 -1.30 27.1 2.1 3.47
5.5 6.7 5.6 0.15 0.0 0.0 - 6.3 0.0 1.75
5.6 6.7 5.6 O. 15 0.0 0.0 - 6.3 0.0 1.75

6. 1 60.0 50.0 0.68 13.3 16.7 -0.32 56.3 14.6 4.26
6.2 56.7 38.9 1. 20 10.0 16. 7 -0.63 50.0 12.5 3.95
6.3 13.3 16.7 -0.32 0.0 5.6 -1. 30 14.2 2. 1 2. 19
6.4 13 .3 16.7 -0.32 0.0 5.6 -1. 30 14.2 2. 1 2. 19

II'

Now consider the first four columns of the first raw. It lists

the item number (1.1) of the instructional behaviour (Did the

tea c her con due t r e v i e Vi?) i nth e c h e c k i i s t ( APpen d i x I I ); the

proportions in percent (~) of t h e b e ha v io u r observed for

treatment teachers in government (~G = 93.3) and in non

government (%~G = 94.4) schools; and finally the calculated Z

value (Z = -0.15).

Since the III = 0.15, in the above examples, is less than the

critical value of Z (lZcvl = 1.96), the null hypothesis between

the treatment groups in government and non government schools was

rejected at .05 level of significance.

Similarly, by comparing the calculated Z-value for the control

group (Z = -0.39) with Zel = ±1.96, one can definitely say that
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there is no significant difference in implementing the behaviour

1.1 (i.e., conducting review) among the control groups.

So how can it be known: Whether there is a significant difference

between the treatment and control groups? Whether the treatment

was effective or not?

This can only be known by referring to the last three columns of

Table 3. In the table, while the treatment group conducted review

in 93.8 (%TO) percent of the observation time, the control groups

did it in only 35.4 (%CO) percent of the observation time. This

difference in sample proportions (p. P2 = 0.938 0.354 =

0.584) resulted in a Z value equal to 5.98, which is greater

than Zev = 1.96. Therefore, for this particular instructional

behaviour (1.1), the null hypothesis of no difference was

rejected in favour of the nondirectional alternative at the .05

level of significance.

Based on analysis and interpretation of data discussed above,

generalizations can be ma d e abc u t the 48 instructional behaviours

listed in Table 3 under six categories:

(a) Of the 4S b e h av io u rs , the treatment teachers in government

schools differed significantly from those in non government

schools in only two behaviours (1.7 & 1.10, see Appendix II for

these particular b e h av io u r s ) . Although there is no empirical

evidence which suggests that teachers with fewer number of

students make the studen~s correct each other homework paper, it

seems to the researcher that the significant difference (Z = -
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2.26 for 1.7) is attributable to the smaller number of students

in government schools. However the significant difference for

1.10 (IZI = 2.02 > 1.96) seems to the researcher a matter of lack

of skill in coding this particular behaviour. The evidence can

be found from the reliability of coding this behaviour, which is

equal to 0.49 (see Chapter 3).

(b) Similarly, in fact with no exception, the null hypothesis of

no difference between control teachers in government and those

in non government was accepted.

(c) However, the entire treatment teachers did not differ

significantly from the control teachers in the following 14

instructional behaviours (see Appendix II): 1.2, 1.4, 1.9, 1.10;

2.3,2.12,2.13,2.14,2.15; 4.1,4.2,4.4; 5.5,5.6. That means,

these behaviours did not indicate IZI values greater than 1.96.

Some re a so n s can be advanced for the acceptance of the null

hypothesis for the above 14 variables: (1) the short period of

training time (two days each lasting two hours) may not be

sufficient for experimental teachers to master the skills

necessary for implementing these behaviours; (2) the relatively

few number of observations per teacher may not be sufficient to

get enough data on these behaviours. This is so because some of

the variables may be experienced or mastered towards the end of

the observation days; (3) due to the overlap of indicators of

so m e be h a ~-i0u rs wit hot her s, cod e rs 0 f the au d i0 re cor d m igh t

have over-coded some variables and under coded the others.
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But the most important point is that does the difference in

implementation of the 34 instructional behaviours have any effect

on student achievement? This is the focus of the second null

hypothesis.

4.2 Test for the Adjusted Population Means of Student Achievement

The null hypothesis tested was that the adjusted population means

(~') of student achievement are equal for treatment observed

(~'1)' treatment unobserved (~'2) and

teachers in:

control observed (~';)

(a) government schools

(b) non government schools

(c) entire sample.

and the alternative hypothesis is, H,2 :~

To test the above null hypothesis, analysis of covariance

(A;\COVA), with the pretest (X) serving as a covariate and t r.e

post test (Y) as the criterion variable, was employed and the

level of significance was established at .05. The data for ;\;\CO\'A

is presented in Table 4. As can be seen from the table, the means

of the X scores in TO, Tt.;and CO group are almost identical in

each of the three school types (4a, 4b and 4c). This means that

at the beginning of the project, the groups are said to be

comparable. This can be substantiated by looking at the

comparable X standard deviations (SI) of the groups in each of

the three schools types (government, non government, and entire
schools).
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Table 4. Data for ANCOVA

(a) For the Government schools

TO TU CO Total

• X YX Y X Y X Y

n 449 432 480 1361

X,Y 8.63,17.47 8.60,17.16 8.65,13.49 8.63,15.97

SI' Sy 3.19,4.78 )3.24,4.45 1 3.30, 4.851 3.30, 5.12 i
,

( b ) For the ~on government Schools

n 1:!2 1:!7 125 374

X,Y 8.:5, 9. "'5 8.99,19.68 8.72,13.15 8.82,17.52

-,», 2.27,3.10 12·53,3.11 2.36,4.1-+ 2.39,4.67

(c ) For the Entire Sa rno l e

I n 5 -1 55e 605 1735

X,Y 8.66,1'.96 8.68,1"'.73 8.6"', 3.42 8.67,16.30

sl' SJ 3.01,4.5~ 3.10,4.31 3.13,4.71 3.03,5.00

Above all, the nature of the design of the experimental research

itself ensures pre-treatment equality among the g r o u p s (see

Chapter 3).

In terms of raw scores each group showed a substantial increase

In achievement. fo~ example, in Table 4a the TO group began the

project with a mean (X) of 8.63 and com~leted the project with
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a mean (Y) of 17.47, the net gain score being 8.84. Similarity,

the CO group has a net gain score of 4.84.

However, the most important point is that: are these two gain

scores (in fact others, t oo ) significantly different to reject

the null hypothesis of no difference? The answer to this question

lies in determining the test statistic for ANCOVA and comparing

it with its critical value. The test statistic for ANCOVA is the

F ratio, and the following are summary tables for A~COVA.

Table 5. Summary AN CO VA

(a) For the Government Schools

Source SS df MS F L" ~~
" I

Covariate 25864.07 1 25864.07 8536.00 3.84

Between 4601.50 2 2300.75 759.32 3.00

Within 4112.0" 135"" 3.03
, Total 34577.64 1360

(b) For the ~on government Schools

Source SS df MS F Fcv ;
Covariate 2658.77 1 2658. .,., 439.64 3.84

Between 3415.16 2 1707.58 314.47 3.00
Within 2007.44 370 5.43

Total 8081.37 373
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(c) For the Entire Sample

Source SS df MS F Fev ~I.
Covariate 28620.33 1 28620.33 6980.57 3.84

Between 7649.90 2 3824.95 932.91 3.00

Wi thin 7093.91 1731 4.10

Total 43364.14 1734

It is easily discernible from the above three tables that all of

the calculated F ratios are greater than the critical F values.

Since the observed value of the F ratio for the covariate

(Fa = 8536, Fb = 489.64, & Fe = 6980.57) exceed the critical value

(Fcv = 3.84), the null hypothesis of no relationship between the

covariate and the dependent variable is rejected at the .05 level

of significance.

Similarily, since the obsezved F values for the adjusted

population me an s (L = -59.32, L = 31-+.-+7, &: F. = 932.91) exceed. "
the critical value (fcv = 3.00), the null hypothesis is rejected.

The conclusion at this point is that at least one pair or

combination of adjusted means differs. But which pairs? The TO -

Te, or the TO - CO, or the TC - CO?

In accordance with Hinkle et a1. (1988: 449), the Tucky/Kramer

(TK) method of multiple comparison test was employed to determine

which pair or combination of means differs. Table 6 presents

summary of the test statistic (Q) using the TK method.
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Table 6. Summary of Q Using the TK Procedure

Type of School QTO-TU Qro-co QTU-CO Qcv( .051

Government 3.25* 49.51 45.61 3.31

Non government 1 .59* 31.57 30.14 3.31

Entire Sample 2.91 * 53.53 50.59 3.31

* Those Q values which are less than the Qcv'

The data in Table 6 is interpreted in such a way that if the

calculated Q value is greater than the Qcv' then one can be sure

that there is a difference between the adjusted population means

of the groups which are compared.

Accordingly, the data in Table 6 led to the following

conclusions:

1. The adjusted population mean of the treatment observed

group (11'1) is different from that of the control observed

group (11'·) in all school types.
J

") The adjusted population mean of the treatment unobserved

group (11'2) is different from that of the control observed

group (11'3) in all school types.

3. There is no difference in the adjusted population means of

the treatment observed (11'1) and treatment unobserved (11'2)

groups in all school types.

The conclusions might be substantiated by answering the following

que s t ion: 1st her e any co mm0n mea sur a b 1e va ria b 1e for all the

three group of teachers (since implementation data is not present

for TC group) that can bring any significant difference in
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student achievement? One variable that the researcher found to

be common to all the three group of teachers is the extent of

coverage of chemistry content included in the items of the post

test. This is discussed in the ensuing pages.

4.3 Test for a Population Correlation Coefficient Between

Content Coverage and Student Achievement

The null hypothesis tested was that there is a zero population

correlation coefficient ( p ) between teachers coverage of

chemistry content and student achievement in that content:

(a) for the government schools

(b) for the non government schools

(c ) for the entire sample.

That means, H03 : p = 0 and Ha 3: p > 0

In this case teacher coverage scores for each teacher were

correlated with student achievement scores of that particular

teacher using the linear regression analysis model. Table '7

presents the results of the analysis.
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Table7. Means (Standard Deviat ions), Correlation Coefficients-

and t-values for Content Coverage and Achievement

Mean (Standard Deviation) Statistic

Group Coverage Achievement r t

TGO 89.00 17.47 .880 3.213
(7,87) (1.78)

TGU 89.40 17.16 .978 8.076
(7.13) (2.47)

CGO 64.40 13.49 .488 0.968
(9.97) (1.72)

TNO 88.33 19.75 .999 22.338
(4.16) (2 .08 )

4TNU 85.33 19.68 .986 6.001 I(5.13) (2.56)
CNO 60.10 13. 15 .532 0.628

(3.92) (1.03)
ETO 88.75 18.30 .686 2.310

(6.36) (2.20 )
ETU 87.88 18. 11 .642 2.051

(6.49) (2.66)
ECO 62.79 13.36 .500 1.414

(8. 13 ) (1.42)

As can be seen from Table 7 except for the control groups in all

the three school types (i.e. CGO. CXO, and ECO), all the

t rcd tint: n : g r0ups (0b ser \i ed and uno b se rved ) have s ign i f ican t

correlation coe f Li c ien t s (and t+v a lu es between the teachers'

coverage scores and their students achievement scores.

However, the achievement tests were constructed in such away that

they are composed of fact questions and comprehension questions.

So which one of these two question categories contributed more

rev and tCY for TGO, TGU, and CGO are .805 and 2.353,
respectIvely.

rev and tey for TNO, TNU, and CNO are .988 and 6.314,
respectIvely.

rev and tcv for ETO, ETU, and ECO are .612 and 1.943,
respectively.



·.'" .-...: "~.. . .. ~... )... .~.-------.

55

to the relationship existing between teachers' content coverage

and pupils' achievement? The answer to this question is the focus

of the next topic.

4.4 Test for Population Partial and Part Correlation Coefficients

Among Fact Test, Comprehension Test and Content Coverage.

The null hypothesis tested was that there is a zero population

partial and part correlation coefficient (p) among the fact

achievement test (X), comprehension achievement test (Y) and
"teachers' coverage of content (2):

(a) for the treatment observed group

(b) for treatment unobserved group

(c) for the control group-

That means, H 4: p = a and Ha4: p > a

_dsed on the test specification table (Appendix III), students'

achievement data were splitted into fact (X) and comprehension

(Y) scores. These scores were then correlated with teachers

content co v e rag e (Z) between t h ems e lv e s . Finally, partial and

part correlations were calculated. These data are presented in

Table 8.
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Table 8. Means (Standard Deviations) and Correlation

Coefficients for Content Coverage, Fact and

Mean

Standard Deviation Correlation Coefficients6

Group X Y 2 rly rIZ ryz ryz.1 rz(y.1) rIZ.y rz(x.y)
ETO 10.70 7.60 88.75 -.17 .23 .60 .67 .65 .42 .33

1.07 1.99 6.36

ETU 8.63 9.48 87.88 -.19 .18 .59 .65 .64 .38 .30
1. 81 2.33 6.49

ECO 7. 12 6.24 62.79 -.33 .41 .16 .35 .32 .50 .49
1.27 1. 19 8.12

Comprehension Test Achievement.

As can be seen from Table 8, the calculated partial and part

correlations between Y and Z (r
YZ

•1 and rz(y.z)' respectively) are
greater than the critical value (.62) for both treatillent observed

and unobserved groups. This means t ha c when the effect of t h e

fact achievement test (X) i~ removed from bOLh the compreh~nsi0n

achievement test (Y) and content coverage (2), the co r r e Ia t io n

between Y and Z raises (a) from .60 (r.,") to .67
J"

for the ETO;
and (b) from .59 to .65 for the ETLJ. Had it not been for the

removal of the effect of X from both Y and Z, the original zero

order correlation~coefficients (.60 and .59) would have been

insignificant as compared to the critical value (.62).

Fur~hermore, when the effect of X is rem~ved only from Y (i.e.,

part correlation), the correlation between Y and 2 still raises

r~v = .62
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for both treatment groups [rz(y.I)= .65 and .64 for ETO and ETU,

respectively]. But these increases are not as high as in the

partial correlation cases.

The above phenomena may be explained in the following ways. First

of all, little negative zero order correlations were observed

between X and Y. Secondly, little positive zero order

correlations were observed between X and Z. Therefore, the

removal of these little correlations from both will increase the

partial correlation as compared to the removal of the little

correlation from only the variable that is negatively related.

In the case of the control group, no significant partial and part

correlations were observed. However, one important fact is worth

mentioning. While both treatment groups have greater zero order

correlation coefficients between Y and Z than between X and Z,

the reverse is true of the control grCJp. It might be possible,

if not necessarily true, to say t h a t t e a c h e r s who did not receive

training in the use of the direct instruction approach are less

able to contri ute to the compreh osion level of student

achievement as compared to those t e a ch e r s who received the

training. But this requires furthe: :esearch to prove its

validity.
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CHAPTER FIVE

5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS'

This chapter summarizes the major findings of the study and then

concludes on the basis of these findings. Finally. feasible

recommendations are provided.

5.1 Summary

Summary of the findings are made based on the null hypotheses

discussed in chapter 4.

1. The null hypothesis of no difference

for treatment teachers in government and non government

s ch 0 0 1s was ace e p t e d a t the .0 5 !e v e 1 0 f s ig n ifie a nee. T hat

m~ans, the treatment teachers wtre alike irrespective of the

school type. This was also true for control teachers of the

two school types.

However, the null hypothesis of no difference for the 34

variables (out of 43) between the entire treatment and entire

control teachers was rejected in favour of the nondirectional

alternative hypothesis,

In other words, there were significant differences in

implementation of teaching func~ions between treatment and

control teachers. The treatment teachers were also found
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implementing the behaviours more than the control teachers

did.

2. It was also found that students of the treatment teachers

(both observed and unobserved) were better in achievement than

students of the control teachers. Furthermore, the presence

of the observer was found to have rio significant effect on

implementation of instructional behaviours and student

achievement.

3. The null hypothesis of no difference

between teacher's content coverage and students' achievement

in that content was rejected for the entire group in favour

of the directional alternative,
•

Ha: p > o.

That is to say, there were significant correlations between

teachers' content coverage and students' achievement in that

content for those teachers who received training in the use

of th~ instr ctional functions approach.

4. The null hypothesis of no difference

among the fact achievement, comprehension achievement and

teachers' content coverage was rejected in favour of the

directional alternative,

for treatment observed and unobserved groups. In other words,

significant correlation~ were found among the above three

variables for treatment tea~hers (both observed and

unobserved).
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5.2 Conclusions

Given the relatively short period of treatment program and the

relative ease of implementation, the results of this study are

important.

One can, in most cases of this study, say that the experimental

treatment worked very well and brought significant differences

between treatment and control teachers, irrespective of the

school type under investigation.

Although the results suggest that the treatment was generally

effective, the most reasonable interpretation, at this point, is

that the instructional treatment, when implemented, has a

positive impact on student achievement. The importance of

particular variables. as in the study of Good and Grouws (361-2),

~dn only be evaluated in subsequent studies that delete certain

aspects of the instructional program.

For example, the variables that showed insignificant

differences would seem to need clarification in future research.

Associated with these instructional variables is the need to

improve the observation scale for them.

In general, continued efforts to improve and refine the entire

treatment are necessary if more insight into the teaching of

chemistry In Ethiopian Senior Secondary Schools is to be

achieved.



· .• r .•..
.. ~ - -'" - .•... - ...- ---

61

5.3 Recommendations

As explained earlier, the results of this study are important.

Particularly, the large magnitude of the treatment effect is

important and offers convincing proofs that it is possible to

intervene successfully in Ethiopian high school chemistry

programs.

More important for student achievement, as far as this study is

concerned, are that:

(a) an exhaustive training of experimental teachers

(b) a good mastery of the skills involved in ea h

instructional functions on t~e part of teachers.

However, considerable follow up a c t iv i t y is necessary. For

example, the impact of the program on different types of students

and t~ache~~ needs to be in~estigated more fully.

It seems also important to get detailed information about the

relationship between individual a sp e c t s of the program and

student achievement gains.
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APPENDIX I

MANUAL OF METHODS AND TECHNIQUES NEEDED TO IMPLEMENT THE SIX

INSTRUCTIONAL FUNCTIONS BY ELEVENTH GRADE EXPERIMENTAL

CHEMISTRY TEACHERS

Table of Contents

Preface

1. Guidelines for Eleventh Grade Chemistry Instruction

2. ~ethods and Techniques for Implementing Each of the Six

Instructional Functions

3. Suggestions on Questioning Techniques

4. Suggestions on the Use of Algorithms for Solving Generic

and Harder Problems in Chemistry

Glossary

Preface

This manual of methods and techniques is prepared for eleventh

grade h em is t ry teachers who are participating as treatment

t e a c h e r s or experimental groups in t h e research program entitled:

The impact of Chemistry Teaching by "Instructional Functions

Ap p ro a c h " on St ud en t Ac h ie v eme n t : An experimental Study of Grade

Eleven.

In the first part of the manual, the six "Instructional

Functions~ Rith their instructional activities are listed. The

teacher is allowed or advised to select among the very activities

those which he/she considers important and feasible to his/her

studtnts, to the specific content and to the time allotted for

the specific function.
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The second part is aimed at providing methods and techniques for

implementing those activities outlined in the form of a pattern

in the first part. this part is deemed important in view of the

fact that the teacher wi 11 get a clear picture of what the

instructional functions are and also how they are going to be

implemented. But by no means the teacher is required to use all

these methods and techniques in a single lesson or period.

In the third part of the manual, a specific technique of

teaching--questioning technique--is discussed. this technique is

important for teachers in almost all of their lessons.

The last part deals with the use of algorithms in solving

mathematical problems in chemistry. Whenever the t e a ch e r- is

dealing with mathematical problems, s(he) is advised to use a

specific a!gorithm reLevan· to the problem. this part is also by

no means considered to b~ ~xhaustiv~ rather it is considered as

a guid~line or an xample fo~ the use of aJgorit~ms.

Finally, a glossary of important terms and phrases is provide.

February 1992

1.GCIDELI;>';ES FOR ELEVE:TH GRADE CHDIISTRY I STRCCTIO~

The following guidelines inv o lv ed a set of instructional

principles organiz d into a model or pattern (shown in Table I)

calling ~C~ briskly paced whole-class instruction supplemented

by homework assignments.
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Table 1. Summary of Key Instructional Behaviours (Functions)

1. Daily review and checking homework (first 5
minutes except the first meeting of every week).
a. Review the concepts and skills associated

with the homework.
b. Collect and deal with homework assignments.
c. Ask several questions.
d. Reteach when necessary.

2. Presentation or Development (about 20 minutes).
a. Provide short statement of objectives.
b. Provide overview and structuring.
c. Proceed in small steps but at a rapid pace.
d. Focus on meaning and promoting student

nderstanding by' using lively
explanations, demonstrations, process
explanations, illustrations, and
so forth.

3. Guided practice (about 6 minutes).
a. Initially guide students using control ed

practice.
b. Cse high frequency of questions.
c. Also use covert rehearsal, restating and

reviewing.
d. Check for understanding (CFC) by evaluating

student respo~ses.
e. Continue guid~d practice until students

are firm.

4. Correctives and feedback.
a. Ask another question or provide a short

acknowledgment of correctness (i.e.,
..T hat isri g h t:') aft e r qui ck , fir m

and correct responses.
b. Provide process feedback (i.e.,··Yes,

x e t s ane t , that is right b ec a u se ... ") after
hesitant correct answers.

c._Try to elicit an improved response when
the first one is incoriect.

d. Try to obtain a substantive response
to each question.

e. Use praise in moderation; specific praise
more effective than general praise.

5. Independent practice or seatwork (about
9 minutes)
a. Provide uninterrupted successful practice.
b. Maintain momentum; get ev~ryone involved,

then sustain involvement.
c~ Alert students to the fact that their
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work will be checked at the end of the
period.
Promote accountability--check the students
work.
Practice until responses are firm, quick,
and automatic.

Weekly review.
Conduct during the first 20 minutes of
each of your first-day meeting within
the week.
Focus on skills and concepts covered
during the previous week.
Include review in homework.

Monthly review.
Conduct every fourth first-day meeting of
the weekly periods.
Focus on skills and concepts covered since
last monthly review.
Use frequent tests.
Reteach material missed in tests.

b.

Homework assignments
Should be assigned on a regular basis at
the end of each chemistry class except the
last meeting of your weekly periods (for
example, except friday). .
Should involve about 15 minutes of work to
be done at home.
Sh 0 U 1din c 1u d e 0. e 0 r t ,\0 re v iew pro b 1ems.

( ., \
.: I

six (:) ctemo~stration or presentation,functions.

guided practice, and (J) independent practice form the

:~str~c~icnal core. The first step is the demonstration of what

is to be learned. This is followed by guided student practice in

which the teacher eads the students in practice, provides

prompts, checks for understanding, and provides corrections and

repetitions. When the students are firm in their initial

learning, the teacher moves them to independent practice where

the students work with less guidance.

For example,how would one teach balancing of chemical reactions

using these steps? The first step would be teacher demonstration
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(or presentation) of the steps followed in solving problems which

involve balancing of chemical reactions. For instance, the

teacher would model the use the steps by using some problems on

the chalk board. This is followed by guided practice in the

students work one or two problems and the students are guide

through the rules with teacher prompts. The teacher circulates

and checks for understanding as they do the problems. As the

students become more proficient, the prompts are diminished. The

frequency of student errors during guided practice gives the

teacher an indication of whether any student needs reteaching on

the material. When a student or subset of students make frequent

errors, the teacher would review or reteach the skill or process

for the students or the entire class. When the students are firm

in the guided practice, and are making ~ew errors, they are moved

to independent practice where they practice learning how to do

the skill (of b a la n c irg c h em ic a ' reactions) accurately and

~apidly.

EACH OF THE SIX

I.'STRCCTIO~AL FC,CTIO:':S

2.1. Dailv Review and Checking Homework

In order to carry out this function, the teacher can use anyone

or more of the following suggestions:

Ask questions about concepts or skills taught in the

previous lesson.

Give a short quiz at the beginning of class on material

from previous lessons or homework assignments.



• • - 't _ -_. _'. _., • •• ~ ~ • '.

+.l -; ::¥i~:•.• ,b..~ -_' ~..--._~_.-.:-..._ _

71
Have students meet in small groups (2 to 4 students per

group) to review homework.

- Have students prepare questions about previous lessons or

homework and ask them of each other, or have them the

teacher ask of the class.

- Have students prepate a written summary of the previous

lesson.

- Have the students ask the teacher about problems o~ homework

and the teacher reviews, reteaches or provides additional

practice.

2.2. Presentation of .1aterial t o be Learned

All teachers, of course. Jemonstrate (or present) new skiils dnd

materials. But t h e clarity of p re sert a t io n differs from one

t e e ch e r to a n o t h e r . F0r ~ .a:. r e a so n t o C(;: an effective teacher,
>\-,-

C 1 tl:: 1 t y 0 f go a :s •...•. , ..•. ~~~ .-1-'U .Llt ••. .::>.1
L •

d. State t~e goals or objectives of the presentation.

b. Fo cu s on one thought (point, direction at a time).

C. .-\''-c ide ig res s ion s .

d. Ambiguous phrases and pronouns.

Step-by-step presentation.

a. Present the material in small steps.
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b. Organize and present the materiai so that one point 1~

maste:ed before tr.e ne~~ po:~t ,5 given

c. Gi\e E;XP:':'('~\. s{\;;t::-L:,-::>tet.Ji~rt;::,el.~Q.:lon (when possible).

Pr St;n: dn outli~c ~h~~ the ~aterial s complex.

?r0~~1e a pa::ern tht: s;';:i or proces;, (when
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w - ..J:3 , :or 3 seconds after asking a question,

'='e~ore caJ I i n g 0;1 a pup i 1 fo:- e x a np le , immedia:e 1 .'

f o l l cw i:g v e r b a l prompt c a r

"F ;t:!set:l ink c v e r :.0 Ur a ~ sw e r car e f u 1 1r" ,

"Wht:~ 1...1:1 o n YO.1, want you ~u giye me a comp:ett:!

answ.::[ then pause for 3 to 5 seconJs before you ca:

Oil someon

3. CalIon a s p e c i f i c s t u d e n t b y name I - is n e c e s s a r y to

- '-:.,,-.
d~ r-... ~ liO same S t- 1 1 w ..... - -

\.. ~U""ll ",.:J

s t u J en ...~ w J ~ ..) j 0 ~...)~

J

5 ~ t' d e ~ : 'S T~ere ere ~ - "':! - • ,-... ~ c::.
\ ~~ J. .J.. V ...,.-'

The pupil might giye:
..J •

"J n

: "-' 1.1 c •

..:, - .., "Tl·'.-·'
11 •••.• ........\,.c ....

,
0. J. .•. t:: '- (.1 •...• I • Similariy, Y0L.. a.i't::
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1 t :

, T' '- •••• . '- .

t h t: I' aLe u J. '- [1 ~ nl ~ Ca.: r t L. '" J. ...., i~ :>

r " . T
i. ~ VIII

., ..
lIV"

, . ,
.•.....11'- I~I .•. '- U 1
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••.• I 1. I 1( •.

c : ;;d ~'
t,

•..•.-0.1. l.i.
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'-"
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{. .... -, ..~ .. Uv.r.1.;:"
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to a~swer a q~e~t!o~ ah' ut tr.~ effects f

electrone;3:ivity d ~r~re~~e ~pon the chemica and

• c! sn

a toms k "'C/--,.."":l...... \ -

t: 1t:; ~ L r I.,} i 1 t: 6 ~ ~...V J. L 1.e ~ .-,,t by "Why c o u l d very sma:
1 v 1 t Y

•••...1 .• :"-.'\C is SInd 1 -, ..
1." s ..:'! h~n;"5,

_:.: .....r r n e
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u. Kilc:l. d id Du i t o n formulate h i s atomic theory:

f " ..... ,.. \..."\ =
r ,.....•-.. 1
• ••..• ...1111...1

, 1.
YOJr purpose ~::, :'0 he l p pupils organize

se:1se

of t h e a. , a s k comprehension q u e s t io n s

i l.c s e of c o v a i e n t compo n d s .

b. f r c.n

rno d e r n a r o.u ; c i h e o r y

~01 ' d.1 •. "C

.; !~ J 1 i '- .A : 1.) :-.: i -

I •• U ••. ~-'... ........•• ., ~. -'.. \.. . , ,

! C <...4.&.11'- •...•. .... ',''':'''VJ.V,-.J..

...... .:. .... '-- ••. .J. -- ..:: -' I..

r .. ~, ~ .••. ,-,.' •....• 1 • - -1 '\.., t,

0' •• __ J.. •• .::

.... ~ \. :~u~ i) t..!~
t- :. ;'t;; p r s~ "I ;, ~t\ :~d L i , ~ ::, L ric.:

[0 1 1 1 c. , ,.
v", L i'-=:. ~,.: ....;,,, , ::, .. '- ~~ -' ..:.;\.. .•.

T

.J. ., .1 ~ ~~

..........·II.~ ....' ,-.1 \...-' .&.I1 ~0 ilPP:Y w ha ;

t ,
.IlL •. ..;) ~, " . -c....v •....__

r
1 v r; 4 J to .:> tie r:o u1't.:

\ •....,1
• '!.' L

,-..' r .'
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-+ .~:: a I\'S i :3 Wh~n your pJrpose is La ~~lp pupils Dot only to

remember and organ:: information, but a l s c to

d. 'v,'nCiL f a c i o i s in Ll u e n c e the I i r s t e l e me n t in

d i f f e r e n t I r o.n the

~ r
v1 a n e 1e IIi c n t :

-, f',-,1 of :he

- '-,

r _

s: r···' ;-. r. .

.•..• .1.. 1...:;:J , ••... i. I

, ." 1.

"1 ~ :.. -
H I ~ '--... !J... v...... • ;;,;. II .:'

• h '.\ ~.3

moving orbits

f

c. pur;:~SE: : .)
• 1ne ...p pupils choose

f' ;1 1. •.. S
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e:ement." Should this statement be defendt;d
o r r e j e c. t e d " for w i 01 t rea son s ':

;-;e i s e n b e r 6 . S 'J n 2 e r t din t y p r : n C : p ~e ':

\' a : u &. : iJ il q ..i t! c» t iG n s ~n C 1 u d t!: - d g e A s s e s s

Dc;::i~lc: Justify.

:; .) t 2 : ha t tho s e ~ .; e s ~ i C :i S .vhi::: h r '= qui r e ~ J-: to r e c a .

-- ;) I" •• -,~
- - .•...~ __ - I '_ ~i..!p: to compare.

CO:-. ~ r a::, L, e;~ ~ : CJ. : n . .:> J .;-•.;i~ r i z t:. a n a 1 y :3 t:, S Y nth :::,i z Eo G r e v a 1u ate a r '"

l:SE
.:.\?D:-R

:.- :; •...•...T., •...• .- .•... .::
.: :. t:

.. 1-,: 1

"

\\ : t !-. (~ar.i L J

,- t. ~"' _ ~. : _'ro b 1 ,=:r.< a ; 2 OS: a !1,.:a r -J I' r c 'J I to: • ] 5 t h a ; S t u d t; n :.3 are e x p e c :

rna :: h 1:;y use of

c. : .;.:; r .:.l h in, d S e r i e S 0 f 5 ~ e iJ S : ~l t. .• t d.;;;:: P c I" ~ o r I'i1 t; d , ins e Ciu e nee, t o

, ,
i-:~J12::-1~:
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P7"oblem 1: How many k i Lorne t r e s is equivalent to 10 rni ie s ?

". How rr.any moles of S.:.=='. s

6.0':: x , I' •..•
~ v

, .
!;tC j. 1.; ..........• .10 •••• .':)

Th e s c d.r~ c o nv e r s ic r. =<..l~:'C:- p r c c i e.us ... -\11 me mb e r s of this class

G~~c~ s ~e3~~~e~e~~ of J ~u~nt~ty. transform the descript:o~

in t 0 a n a 1 t e r n a : iv E:, but e qui v ale n t des c rip: i0 Il 0 f the

u S e a s~:::~dard process,
i..Lan c r e e t in g

p~ocsss salving c0~version fact.:):-

:3. T .?' -r ';"' ,1"""'"
C' ..•..~I.. =

,., ,.,
__ .""'1'"

o,J • .L • l.. • I

.\ . .. " - .
.... .• 1.;

r r . _

c • rV.

'-, .'j I '__ ~. their m in d ) ~+v . • 1- .
••. 1 ~ .::

.i... ., -. '" , ~
.1

". ~escrip~:~:-:s

<,
u:: i t

C' •.•.••...... , •
."--"

.,.....,. =
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Step 4: An a lyz e the wan t e d and Stai.eJ Descriptions for Properties
a~d ~ystems of ~easurement.

" mg = 1 1 . ~ L

rne t r ic mass metric yolume
Tt~s key s~ep abstraci.s th~ nature of th~ conv~rsion,
1 . to ., \\ h d t P r o per tie s are ~0 bet ran s for m e d. A

p re req u i s i t e skill is the a o i Li t y of students to id e n t i f y

T.\" ~ ic h pro P e :-t y is d e s c r ib e d each u n i t . For insta:-:c~,
li:re (~) ~ust bt r~cognizeJ as a unit that measures the

~~crcrty ~f v~lu~e of gas i~ the metric system.
Stt:p f~:-:~ and Ar.a iyz e Co n ve r s io n f a c t o r s In the Pr o b l e m .

J~ g of ~xygen = ~2.~ ~ oxygen
ne t r ic volume

~1,"\T

~

Metric" .-'.~ ¥.:.. •..•....

~'- 0 = :.:.-+

g r 3.;;~- ~ C.- i~ii : 1 ig :-am con v t: :-~ ~0 n [a c tor tOE; n d w i t h the ;7l ass

~!:..:l~:p~y t h e S~atec Dr::~<c:"i:--t:o:3 by the Re q u i r e d

" = 1 1

:::~.4L ac:
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Errors in Rriling conversion factors upside-down are

self-correcting.

Step 2: Compute the final ~nswer.

? mg = 16000 mg

Students mus~ compute accuf3te!y and check :or correct

units and number of s ig n i f i c a n t figures (when necessary).

As s:uden~s become more accompl~she~ ;~~blem sol~~~s. short c~ts

dnd omissions must ~2 justified.

J.2. Inst;."uctiof.:'.l Sequ'2::ces :0-:- ~21chin:, an

T r . .

fac:or

t l.e case a p r o b l err;

_ "r, , .

p r o b l e :;.

f()rG1U1c"1 , , = nRI relates these four

. ,- ~, ,he 0; wh e n to use an

•.•lg o r i t hrn , t h e f o i lowing possible ins t ru c t io n a 1 sequences for

1. Confr,)::~ students Ri~h mu!ti~le examples of the generic

problem; discuss the simi:dri:ies and differences of thest
problE:ms.

?resent t~e a!g ~ithm in wr~:t~~ o u t Li n e f o rn to
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students an overview of the solution process.

3. Work through the algorithm using a simple example, disc~ss

ho~ [0 perfofffi each Sl~p and its ratlonale.

~. Re~:e~. 35 necessary, the rrerequ:site information an~

skills needed for each step.

5. Gi\e students practice in using the algorithm to solve :~o

or three relevant problems wi~hout assistance.

6. Discuss contexts i:1 which the algor:'thm can and canr:ot ue
u s e d , using examples w h e n a p p rc p r ia t e .

'Y\..on generic) ?rohlems an~ rxtending Aloorith~5

.-\ n .....n g e ne r .!. C hardt:r) fjrob: illustrated by

;::~~)slt.::n ..J.: -:-!,t; r.e a t of c c.ubu s t io n o f o n e .t.o le of ;icetylene is

-;:;00 i(:/iTIo]::-. "" - _ 1""':0"':' p r od uc e :

1-- _.

, 1

, f"
U. the; student

c o n v e r s i c r:

:- 3.~ ~;) r 1 ~ r. t: :.n g a .n0 Un ; 0:- h eat and a men...n t a f co. I and the nap p iy

~l-.,.::. f a c t o r ~R~e~ a l g o r i t hn. c c r r e c t l y W~ilt: d e a l in g .••.i t h more
.~: f f ::.:'.:I t the ~ : :1 c. e :1 t w i 1 1 :; l s o req~i~cd to c omb ir.e
:1 : g0 r i~hm s . a: t era see p wit h inth e l g c r i t hrn, or extend t;-:e;

a !go:' ; t hrn t C' (j 11' W con te: : It's alsJ re~cgni:~j that studen:s

._ .' ....•t, ..:...~.:
• '••• J ~ ••••••• L • .,) •

t. cf
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1. Presentation and mastery of the basic algorithm.

~ Confro~tation with p~oblems t~a~ have a single difference

from the standard probl~m.

3. Inbtructor explica:ion of the adap~ations needed.

~. Student-generated a~aptatio~s on new set of problem.

5. Confrontation with problems that ta~e multiple differences

from the standard problem.

5. Instruc~or/stude~t-ge~era~eJ 3j2~~~tions.

"C',"'\ ." fact ....'7"' pro~e

statements (as in p ro b le m 5):

< o lu t ior: at t h i s t e n.p e r a t i. r e wcu l ....~ from tOe complete

diss
.1 - . -. 1 •.•..• -
- -1 - ...- ~ ~ v ; , • .:=. ..•.. ~ '-- "" ,

••••.•• }. ~ •• - L' r -..- ...I

_ r fir S l

translating conversio~

GLOSSARY

.\l,sc::-i:hm:- a series of s t e p s t h a i <lr<:: performed, in sequence,

to accompl ish ~'-_c' g,-~::l c r c b j e c t iv e s of a problem.

G,::n 'r i c. Fro 1.;1e .J; : - 2. ~ t c1;1 Jar cl pro b 1 em. Sue hap roo l e IT; doe s no '-

'-. ~"' ... - ~
- \"."'";'- - !

~ t-, ,C>
I. •• _ stuc1ei'~
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s e r i e s 0: s t e p s ( a n a igc r i t hm ) in order to master

t'le problem.

r- ,- .: "~ e l~ Practice Oile fcr:r. of ies of lessens in

the teacher directly controls the students

activities by giving examples, a s k i n g a n umo e r o f

questions, etc.

~. Higher- Order Questions:- questl~~S ~hich ~equire the studc~t

...J : ('.r
.•••• _ .l.. : 1:

r __
-.\ J. J.. '- .i. 1

F'-, - to

r ., r
.I. \.... J.. .IJ .•.•'--': ::.~ ,-/J.. "I~ \. ~n vIdel

'- •••.• II> 1-' ,i. •. :;:; , ~,
.J _ •... " __ ,1 r"

--'-'-----" ~"":--'

J. V.L. III

....:...:.".:::... =- J J '- '-_ ..; •• '-

- .••••.•. '-. - . I '- ..•.
- .. ~ -' '-- ..
..L.l.\.J. J...l •.•...•....\. ,

'1 •• _ 2..nC .::>hort

pre'. io u s l y t a ug h t

t .:: a b i l i t y of a

z e a c h e r to product: r-.~61Jer-~han-pr<:;!dic.:e-': g a in s o n
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APPENDIX II
i\ CHECKLIST FOR CODI'IG IMPLE"fL'TATTIJ".;OF INSTRCCTIONAL

BEHAVIOURS

,2 a ::.hc::-:

, .-
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~'.• '. '" 0
L-' .•.•..••• -

~ '.1 t: 'L,

L
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Appendix IV

Chemistry test for Grade 11

th~ space provi~~d_

1_ ~~en did Le Ch~telier fO::-T.ulate ~is

( a ) 1633 (b) 1'"'88 ( c ) 1QQQ
Vu'J (d) 1933

~ What is the name of the catalyst used In the product~on

of ammc n ic from hy d r o g e n .i r.u o x y g e n .

(a) 1ro:1 : T - \
\ 1 ~ I ox:de f " ,

\ ~ I Potassicm dichromat
(c) rlBti;--'':T:

Ans~er q~est£ons 3 tc - bdsed on ~he follo~ing grapts.

T T" .

', ..

= :-£l:e
,_ r-
v. .... ..• •. , ....•...•

..L _ ~~ ••••• ' 1.

c + ",;

.J. The v a r ia t io n 0[ the rate of the ;orv.ard reaction with

do. I b. I I
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-t, 'T"ln~ -, r-

01 tht: Ia..:,e cf

T j.,, .
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j r + ~ ,', r

.\ + Bt ~ •

.-\ + '0 c + D ~ + :3
6. a very hig~ rate at the

react ion'; Why?

u, Ye s , C2Cduse t h e c o n c e n i r a t io n of the pr o d u c t s IS

much h ig h e r than t h a t of the reactants.

~, ~J, because ~he concentration of the reactants is

much bigher . i1 .-. I'~... 11 <...l 11 that of the products,

c . S'2cause ~he ;:eactants : s

2uch hlghe;: than the prcducts.
,~

much ~ighcr than the reactants
T T T

.:
J.. t., -, r , --

I sa: 3. s : 3. : : c '== q \...:1 1 ib; i .; .r:

\... , 1 )-

and the produc~s,
1 .. _~ . ...., ,"""
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.•• ' :) •.• : -. 1\".,neld i La 1. l:C .Jcc.J.r:
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a . fi.;~c heating CO. in t h e c"';;t:: un t i lC IS red-ho •.

b. in the' . ,-

heat.lng t.he tube
.

u. t ':

: ..J.. ',n', ~~ ;~ Gn t.. 0 f t h e f o l i. 0 \ in g l S n 0 t a c h a r act e r i s tic 0 f

e q u i l ib r : ·,.Tl .
_ '- It •

'3ystern IS at a dynamic process

b. Jc t , composition of

element y iquit at
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