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ABSTRACT

This research set out to examine initial teacher training programmes for school
mathematics in institutions in Nigeria with the aim of establishing their characteristics,
quality and appropriateness. The focus of the study was the curricula of colleges of
education and the understandings and expectations of student teachers at the terminal
paint of their training in these colleges.

The study sought to determine:

a) the characteristic features of programmes that exist in Nigeria for the initial training of
school mathematics teachers;

b) the differences among the training programmes;

¢) the relationship between the training curricula and the school mathematics
curriculum in Nigeria;

d) the level of understanding of school mathematics subject matter among trainees who
have completed the training programmes.

Data were coliected and analysed from three sources to allow triangulation of findings.
The first sought information from curricular provisions in initial training programmes, in
terms of the knowledge components expected to be understood by a mathematics
teacher. The second, a school mathematics contents test, was used to identify
prospective teachers’ level of understanding of school mathematics at the end of their
training. The third, a questionnaire, was used to seek mathematics teacher trainers’
views about the training programmes in their institutions.

The research drew the following conclusions:

1) There are differences between mathematics teachers training programmes in
Nigeria. The initial teacher qualifications awarded by different colleges of education
cannot, therefare, be said to be of the same quality.

2) Mathematics teachers training programmes in Nigeria are not achieving their
intended objectives because there are contradictions between their stated aims and
the curricular provisions for training.

3) The level of understanding of subject matter by prospective teachers in Nigeria is
low. Over 30% of student teachers cannot be relied upon to teach the school
mathematics syllabus with confidence.

4) There is low understanding among teacher trainers of the objectives and philosophy
of teacher education in Nigeria. Most teacher trainers believe that the main purpose
of training is to help student teachers develop enthusiasm and intellectual ability for
further mathematics.

In summary, it is suggested that the curricula for training school mathematics teachers
at colleges of education in Nigeria are not related to the subject matter of school
mathematics nor to the needs of trainees and they need substantial revision.




ACKNOWLEDGEMENT

1 wish to express my sincere gratitude, first and foremost, to my supervisor, Professor
Celia Hoyles, especially for her intellectual guidance and invaluable advice throughout
the course of this research. She was always patient and kind and never stopped
encouraging me to finish this work. To her, | owe the inspiration and motivation that
sustained me throughout this work.

Sincere gratitude is also expressed to Mr Geoff Woodhouse of the Mathematical
Sciences Group at the Institute of Education, University of London, for agreeing to proof
read most of the drafts for this work, for his assistance with procedural details and for
his outstanding suggestions on methods for data analysis. To him 1 am immensely
grateful.

| am also grateful to Professors Peter Lassa and L. S. O. Liverpool, Mr Olorunwaju and
Mrs Christy Ugodulunnwa, who helped as judges in the construction of the SMCT, the
TAMP and the checklist; the three instruments used to collect data for this study.
Thanks also to, Miss Juliet Nkechi Igwenagu, the staff at the Kashim lbrahim Library at
Ahmadu Bello University Zaria, University of Jos Main Library, and University of London
Institute of Education Library, without whose help it would have been impossible to
collect materials for this study.

Special thanks is extended to 1994 final year student teachers and their lecturers who
participated in this study, Heads of Departments at the colleges of education who
allowed the author to administer the test to their students and colleagues at colleges of
education who assisted the author in administering the tests and questionnaires at
various centres.

To the staff of the Mathematical Sciences Department, especially Ms Alison Shapton,
Ms Wendy Robbins , Ms Rita Forde, Ms Sue Cranmer and my research colleagues -
Joe Ichongiri, Agapi, Newman, | say thank you for all the support and co-operation |
enjoyed. | am also grateful to Ms Julia Simson, head of research degrees section, for
her kindness and care.

Immense thanks is owed also to Dr Anthony Pettrilo of the ECWA computer centre Jos
and Mr Lindsay Whittome of the University of London Institute of Education computing
service, both of whom taught me how to use various computing software for this work.
Special gratitude goes to my wife Florence whose endurance, understanding and
encouragement stood behind this achievement.

TO GOD BE HONOUR, GLORY AND PRAISE. AMEN




DEDICATION

TO

MY GRANDPARENTS:

Chief Anakwuo Okeke-Ogo (Akwuo-Nwazulu of Awka)
Nnekwu-Ogodo Ekemma Anakwuo (nee Mbonu of Nnibo)
Chief Eze Igwenagu (Amasiamasi lfufe-apa-Ugwu | of Awka)
Ojiefi Mgbankwo Igwenagu (nee liodigwe of Amawabia)

MY PARENTS:
Engineer Chief Festus Nwachukwu Anakwue (Nwazuluaru)
Madam Catherine Nwezelagbo Anakwue (nee lgwenagu of Umudioka-Awka)
(Agbo eji eje mba | )

MY WIFE AND CHILDREN
Obidie Mrs Florence Nwamu Anakwue (nee Obuekwe of Umuzocha-Awka)
Vanessa Chinyelu Obianamma Anakwue
David Kenechukwu Anakwue
Anthony Onyemaechi Chukwuemeka Anakwue
Christopher lkechukwu Anakwue

MY COUSIN
Juliet Nkechi lgwenagu




h

GLOSSARY OF INITIALS AND ACRONYMS

ALG Algebra component of the NNMC

AMP African Mathematics Programme

CESAC Comperative Education Study and Adaptation Centre

CoE(s) College(s) of Education

CPE Certificate of Primary Education

DGK Definitional and General Knowledge

FDS Federal Department of Statistics

FGN Federal Government of Nigeria

FME Federal Ministry of Education

GCE General Certificate of Education (Ordinary Level)

GCSE General Certificate of Secondary Education

GEOT Geometry and Trigonometry component of the NNMC

HNC Higher National Certificate

HND Higher National Diploma

INSET In-service Education for Teachers

IPMSR intervention Panel for Mathematics Syllabus Revision of
WAEC

JsC Junior Secondary Certificate

JSCE Junior Secondary Certificate Examinations

JSMC Junior Secondary Mathematics Curriculum

JSs Junior Secondary School

NCCE National Commission for Colleges of Education

NCE Nigerian Certificate in Education

NEDRC National Educational Development and Research Council

NERC National Education Research Council

NN Number and Numeration component of the NNMC

NNMC Nigerian National Mathematics Curriculum for schools

NNTEP Northern Nigeria Teachers Education Project

NPE National Policy on Education

NT! National Teachers' Institute

ONC Ordinary National Certificate

OND Ordinary National Diploma

PS Process Skill



PsAS
SMCT
SSC
SSCE
SSMC
SSMC(fm)
SSMC(gm)
SSS

STAT
TAMP

TC2
UPE
WAEC
WASC

Problem solving and Application Skills

School Mathematics Contents test

Senior Secondary Certificate

Senior Secondary Certificate Examination
Senior Secondary Mathematics Curriculum
Further mathematics component of the SSMC
General mathematics component of the SSMC
Senior Secondary School

Statistics component of the NNMC
Teacher-trainers Assessment of Mathematics Programmes
Questionnaire

Teachers’ Grade two Certificate

Universal Primary Education

West African Examinations Council

West African Schools Certificate




TABLE OF CONTENTS
Page

QL =T - T = O ST 1
ADSEIACK......coo i s mereerrerereeeerer s s sr s s an 2
AcCKNowIedgement...... ...t e e 3
[T [ o= oY T PO 4
Glossary of initials and acronNyms...........ccc. i 5
Table of CONLENES........c.coiivicirirrcrrriicists crerierrerr e e e s assar e rrr s ae s ensaes 7
TS 0 -1 o TS TSR 12
LiSt Of FIQUIeS......iiiriiiiiirnriinesiiiiiiiiiiiiss svreasrsesssssn s rseerennnsenssneensnnssnsnnesssns 14
List Of APPENAICES......o it iiiicins esesmmssacmsmasemcr e rareeraesrsareaaanananesannn 11
CHAPTER 1 BACKGROUND AND STATEMENT OF PROBLEM

14 INrOGUGHION. ..o 15

1.2. Purpose and scope of the study.......................c.ocoi 21

1.3. Research questions. ... 23

1.4, Significance of the StUAY. ... 24
CHAPTER 2 THE NIGERIAN CONTEXT

2.1, Introduction........... 26

2.2. The educational structure in Nigeria.................................... 26

2.3. Development of school mathematics in Nigeria.................... 31

2.4. Emergence of teacher education in Nigeria.......................... 39



CHAPTER 3 LITERATURE REVIEW

CHAPTER 4

CHAPTER 5

3.1
3.2
3.3.
3.4
3.5.
386
3.7.
3.8.

INtrOdUCHION. ..o
Contentknowledge. ...
Pedagogical content knowledge..............ccoooo
General pedagogicat knowledge...........................coo
Contextknowledge..................cocoooiii
Practical skill.............co.cii
Nigerian government policy on teacher education....................

SUMMEIY. ...,

RESEARCH DESIGN AND METHODOLOGY

4.1,
4.2
43.
44.

4.5.
46.
47.

INtrodUGHION. ...
The population...........ooo e
The SamPIe.....c..oooii i
Methods of data collection............................
4.4.1. The school mathematics content test (SMCT)..............

Construction 89
Structure and 90
Validation 92

4.4.2. The contentchecklist.................ccooi
4.4.3. Teacher-trainers Assessment of Mathematics
Programmes (TAMP) questionnaire.....................c......
Administration of instruments for data collection.....................
Procedures for dataanalysis......................cooei

SUMMAENY ..

ANALYSIS OF MATHEMATICS PROGRAMMES FOR TEACHER
EDUCATION IN NIGERIA

5.1.
5.2
53.
54.
5.5.
586.
5.7.

INtrOAUCHION. ...
Definition of categories of programme contents.....................
Definition of coding units............ooococcoi
Description of enumeration systemused.................................
Description of the coding instrument.................................
Validity and reliability of the coding instrument.......................
FINAINGS. ..o

5.7.1. Programme structure

Entry requirements and selection process.................. 132
Scheme of studies and evaluation procedures.............. 133
Certification standard and destination after training....... 134

45
46
54
59
63
69
70
74

77
80
82
87
88

98

98
100
104
107

108
110
119
120
120
124
131
131



CHAPTER 6

CHAPTER 7

5.7.2. Curricular proviSions................cccieiiiiiii
Knowledge of mathematics................... 136
Knowledge about mathematics............. 137
General pedagogical knowledge........... 138
Pedagogical content knowledge............ 138
Context knowledge.............cc.cccoennn. 138
Practical skill..................c..con 139
5.8, SUMMANY. ...

ANALYSIS OF SCHOOL MATHEMATICS CONTENTS TEST

(SMCT) SCORES

6.1, Introduction............

6.2. Thetestinstrument. ...
6.2.1. Structure andcontent ...
6.2.2. Validity.............
6.2.3. Reliability...............

6.3. Definition of criterion for competence.......................ol

B6.4. Analysis Of SCOreS ...
6.4.1. Difficult topics/concepts.............c.ooiiii
6.4.2. Levels of understanding of school mathematics

subject matter

6.4.3. Differences in overall competence between

Programimes.............oi

6.4.4. Differences in performances in content areas and
behavioural skills between programmes......................
6.4.5. Comparison of differences between programmes........

6.5 SUMMANY. ...

ANALYSIS OF DATA FROM TEACHER TRAINERS
74 Introduction...........c.coii
7.2. Background of teacher trainers............................................

7.3. Perception of objectives of mathematics teacher education by
teacher trainers. ...
7.4. Perception of mathematics programmes in own institution......

7.5 SUMMEIY. ..o e

136

140

142
143
143
148
148
153
156
156

157

163

168

171
179

182
183

184
186

190



CHAPTER 8 DISCUSSION

8.1, Introduction. ...

8.2. Characteristics features of mathematics teacher training
programmes in Nigeria.................
82.1. EntryrequirementS............cccccoviiiiiii
8.2.2. Selection ProCess. .. ..o
8.2.3. Certification standards................ccccccciiiiiiiii
8.2.4. Method and mode oftraining.........................c..
8.2.5 Target destination of student teachers after training

8.3. Levels of understanding of school mathematics by
prospectiveteachers. ...

8.4. Relationship of curricular provisions to school mathematics
andtothe needs of trainees...................cccoeooiiiiii

8.5. Findings

CHAPTER 9 CONCLUSIONS AND RECOMMENDATIONS

9. INtroducCtion. . ...
9.2. Restatement of problems and purpose of the study.................
9.3, COoNCIUSION. ...
9.4. Recommendation. ...
Admission policy and requirements.....223
Review of fraining programmes.......... 224
In-service (INSET).........c.ooooeviins 226
Practical component of training.......... 227
Materials and teaching personnel....... 229
9.5, LimItations. ...
9.6. Suggestion for furtherresearch. ...
REFERENCES . ... . e
APPENDICES
Appendix A-1. Nigerian National Mathematics Curriculum (NNMC)...............

for Junior Secondary Schools

Appendix A-2.  Nigerian National mathematics Curriculum (NNMC).................. ...
for Senior Secondary Schools.

Appendix B. item objectives for the SMCT ...l

10

191

194

194
196
197
200
201

202

209

215

217
217
220
222

233

235

237

247

248

279

299



Appendix C.
Appendix D.

Appendix E.

Appendix F.

Appendix G.

Appendix H-1

Appendix H-2

Appendix |.

Appendix J

The School Mathematics Contents Test (SMCT)..........................
The Content Analysis Checklist.......................................

Teacher-trainers Assessment of Mathematics

Programmes (TAMP) questionnaire...................ccccoe,

Computation of Concordance and Cohen’s

Contingency tables for calculating Chi-square for
the analysis of datainchapter6........................ii

Sample programme for mathematics teacher education in Nigeria...

Information under eight headings extracted from sample

PROGIAIMIITIES  ......c. ettt ettt et et

Student teachers’ raw scores on the SMCT

Map of Nigeria (indicating fieldwork centres for each zone)

11

305

329

330

333

335

344

350
354

367



12

LIST OF TABLES

Table 3.1. Knowledge components of a teacher education.........................

programme. 71
Table 4.1.  Universities and their affiliated colleges of education................. 81-82
Table 4.2.  Distribution of sample programmes.....................cooi 86
Table 4.3.  Distribution of student teachers...................... 87
Table 4.4. A taxonomy of behavioural levels in mathematics achievement.. 91
Table 4.5.  Distribution of 100 test items of the initial SMCT........................ 93
Table 4.6.  Distribution of 87 test items of the corrected SMCT................... 97
Table 4.7.  Sample population for pilot study..................oco 100
Table 4.8.  Zones and centres used for the field work............................... 103

Table 5.1.  Definition of categories of courses and activities in programmes

for mathematics teacher education in Nigeria.............................. 117-119
Table 5.2.  Contents analysis results across programmes............................ 122
Table 5.3. Summary of contents analysis results across programmes. ........ 123
Table 54  Confusion matrix for programme J................L 128
Table 5.5. Cumulative Confusion matrix for all programmes........................ 128
Table 5.6. Distribution of units across categories..................c.cccoeeeeii. 129
Table 5.7. Distribution of courses across programmes.................c.ccoccoeeeene. 130-131

Table 5.8. Summary of entry and selection requirements across
PrOGIAMIMES. . ..ottt ittt ettt 132
Table 5.8.  Summary of duration/scheme of studies across programmes.... 133

Table 5.10. Summary of certification requirements and target destination of

trainees after graduation......................... 135
Table 6.1. Distribution of 87 test items of the corrected SMCT.................... 144
Table 6.2. Distribution of the 13 discarded items ofthe SMCT........................ 145

Table 6.3. Actual and expected distribution of test items in the SMCT............. 146



Table 6 4.

Table 6.5.

Table 6.6.

Table 6.7.

Table 6.8.

Table 6.9.

Table 6.10

Table 6.11.

Table 6.12.

Table 6.13.

Table 6.14.

Table 6.15.

Table 6.16.

Table 6.17.

Table 6.18.

Table 6.19.

Table 6.20.

Table 6.1.

Estimates of reliability coefficients for the SMCT and its sub-tests
Number (percentage) of competent student teachers according to
three performance levels across programmes by content areas of
the NNMC . ...
Number (percentage) of competent student teachers at 80%
performance level across programmes by areas of the NNMC.......
Number of student teachers at 80% performance level across
programmes by behavioural skills........................
Relevant statistics associated with scores on the SMCT................
Two-way contingency table: programmes by competence at 80%
level of subject matter understanding............................
Number of competent and not-competent student teachers in
three content areas of the NNMC at 80% performance level.......
Number of competent and not-competent student teachers in
three behavioural levels at 80% performance level.......................
Calculated Chi-square values fassociation between
programmes and each of six variables......................o
Mean performance in three content areas across programmes......
Mean performance in three behavioural skills across programmes
Tukey-HSD test with significant level 0.05 (means of aggregate
SCOres by programmes)........c.ccccciiiiiiiiiiiie e
Tukey-HSD test with significant level 0.05 (means of aggregate
scores in GEOT by programmes)..........occcoooovviiiiiii
Summary of results. ...
Analysis of data across programme sets.................coocii i
Tukey-HSD test with significant level 0.05 on programme set.......
Two distinct programme groups identified by this research........
Teacher trainers experiences in mathematics and suitability to the

job of training school mathematics teachers.............................

13

152

157

159

160

164

166

169

169

170

171

172

173

174

175

177

178

178

183



LIST OF FIGURES

Figure 1.1. The Educational Structure in Nigeria

Figure 3.2. Essential features of a mathematics teacher
education Programime. ...
Figure 6.1. Percentage of competent student teachers at three
performance levels across programmes..............ccccccivieni i,

Figure 6.2. Distribution of aggregate scores on the SMCT...........................

Figure 7.1. Categories of objectives for mathematics teacher

education iIN Nigeria...................ccoii

30

76

158

164

185

14




CHAPTER 1

BACKGROUND AND STATEMENT OF THE PROBLEM

1.1. Introduction

Since independence in 1960 Nigeria has, for various reasons, continued to expand her
educational provision. The most spectacular expansions occurred between 1973 and
1980 following the introduction of the universal primary education at the national level in
1976: and again between 19390 and 1992 after the increase, from 21 to 30, in the
number of semi-autonomous political states making up the federation and consequently
the establishment of 9 new state ministries of education ( Adesina, 1993).

One unfortunate by-product of this expansion was thought to be the steady decline in
the performance of students at public examinations in various school subjects (Omeni,
1992; WAEC' 1990, 1991, 1992, 1993 1994, etc.). This was to be blamed on teachers,
particularly at the junior secondary school level, recruited by state ministries of
education at various points to meet the demand created by the expansion (Yoloye,
1992). The goal of the federal government, since then, has been to raise teachers’
skills at this level via two main routes: in-service programmes in English, mathematics,
sciences and design and technology; and increase in the number of teacher training
institutions in the country.

Unfortunately, the latter consisted of unplanned sequences of events culminating in the
proliferation of colleges of education, some of which were described by Denga (1992) as

“signboards carrying the names of the ambitious proprietor - usually a state or local

' The West African Examinations Council (WAEC) with its headquarters in Accra,
Ghana, is the body responsible for Secondary School Certificate (SSC) examinations for
five former British colonies in West Africa; viz. Nigeria, Ghana, Sierra-Leon, Gambia
and the Cameroon.
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government or a community”. So that, since 1990, one of the most pressing issues in
Nigeria's educational debate has been the need to examine and harmonise training
programmes at these institutions. This is because these institutions are responsible for
preparing teachers for secondary schools in the country. (FMEQ, 1990; Omeni, 1992;
Abatan, 1993; Ohunche, 1990; Lassa 1992; Fafunwa 1993).

The concern continued even after the curriculum harmonisation exercise ordered by the
National Commission for Colleges of Education (NCCE) in 1991 through its Policy
Document on Minimum Standard. This was because the academic community,
industrial and political interest groups suspected that the harmonisation was “hushed-
up” for political reasons and that secondary school teachers were still not properly
trained; that they were not altogether competent to teach the contents of the national
curriculum; that colleges of education, through their training programmes, were
producing “subject matter incompetent graduates” (llori 1993).

The pressure was more pronounced in the area of mathematics teacher preparation
because students' poor results in this subject in public examinations worsened over the
years (FGN Chief Examiner's, Report 1994), heightening vigorous public concern and
debate about the relevance and quality of mathematics teacher training programmes in
colleges of education and attacks, such as that by Fafunwa (1993), the then Minister of
Education, published and given substance by the Federal Ministry of Education, on
mathematics teachers in Nigeria. Another reason was the special position occupied by
mathematics in the country's education and employment services. For instance, entry to
almost all university courses and other non-university professional training (e.g.
accountancy) requires a credit pass in mathematics in the senior secondary school

certificate examination of the West African Examinations Council or its equivalent.

% Federal Ministry of Education, Lagos, Nigeria.
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Given this situation, the need is clear for the educational community in the country to take
stock of what is known and not known about teaching and learning and especially about the
process of becoming a mathematics teacher in Nigeria. For instance, what programmes
are in place for preparing teachers who are expected to help children learn mathematics as
it is described in the Nigerian National Mathematics Curriculum (FME, 1982, revised 1990)?
Is the claim that colleges of education, through existing programmes, are producing subject-
matter incompetent graduates in fact valid? A good starting point, in this stock taking, would
be to examine programmes employed in various colleges of education for preparing
mathematics teachers for the secondary school level in order to see whether the
programmes are relevant to school mathematics content or suitable for preparing teachers
for their roles in schools in the country.

This, however, raises many questions. For example: What is meant by a suitable or
relevant mathematics teachers training programme? What knowledge must such a
programme aim to inculcate in trainee teachers? What kinds of knowledge do teachers
need to become effective teachers of mathematics? What sorts of experiences are needed
for teachers to acquire this knowledge? Is a relevant or suitable programme the same for
all countries or are there other situational factors to be considered? What level of
understanding of school mathematics by teachers makes them “subject matter competent™?
What does it mean to be educated in order to become a teacher of mathematics? And of
more fundamental interest to a researcher who sets out to investigate training programmes
in colleges of education: how is teaching or the field of teacher education conceptualised so
that existing programmes can be evaluated and compared to see if they are helping the
trainees acquire the skills and knowledge that are intended.

Brown and Borko, (1992), tells us that research on becoming a mathematics teacher has

been conducted from three perspectives: learning to teach, teacher socialisation and
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teacher development. The leaming-to-teach perspective includes research on teacher
knowledge, beliefs, thinking and actions, with major emphasis within the discipline of
psychology and grounded in the assumptions of cognitive psychology. One of these
assumptions is that "good mathematics teaching” can be identified and described and, by
implication, that it is possible to identify and describe the qualities of a good mathematics
teacher and consequently activities and experiences that can be included in a programme
for the training of such teachers. If this is accepted, it is then possible to identify, classify
and analyse components of a mathematics teacher education in a training institution. And,
thus, possible to describe and compare training programmes at different institutions, decide
whether or not they are suitable and relevant and, more important, determine if they are, in
fact, achieving the objectives of mathematics teacher education of the country as envisaged.
The question, however, is: What is good teaching? What knowledge is essential for good
teaching?”

Cognitive psychological theory states that knowledge is organised and structured and that
teachers' thinking is directly influenced by their knowledge. Their thinking, in turn, guides
their actions in the classroom, so that being properly trained (capable of rendering good
teaching) entails the acquisition of a system of knowledge or schemata which will influence
student teachers to think "correctly” about their discipline in order that their activities in a
classroom are guided towards the best approach to help children learn the specific subject
without difficulty. For example, being a well trained mathematics teacher (and by implication
a good mathematics teacher) will entail the acquisition of essential knowledge systems or
schemata, cognitive skills and observable teaching behaviours. A relevant training
programme would, thus, be one that provides activities and/or experiences that enhance the

acquisition of this knowledge system, skills and behaviours. The question is: what are these
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teacher essential knowledge, skills or behaviours? In other words, how is teacher
knowledge conceptualised?

Several theoretical models have been developed to represent teachers' knowledge systems
and their cognitive processes. For instance, Shulman (1986) hypothesised that teachers
draw from seven domains of knowledge - sets of cognitive schemata - as they plan and
implement instructions. His research focused primarily on two domains: knowledge of
subject matter and pedagogical content knowledge. It provided us with elaborate definitions
of subject matter knowledge and pedagogical content knowledge. Shulman’s analysis and
his emphasis on pedagogical content knowledge has been particularly appealing to the field
of mathematics education.

Bromme (1994) further differentiated Shulman’s analysis by considering "both the concept of
‘philosophy of content knowledge’ and a clear distinction between the knowliedge of
academic discipline and that of the subject matter in school” and created a topology of
teachers’ professional knowledge that attends to the nature of mathematics. Also Ball
(1990a) developed a conceptual framework for exploring teachers' subject matter knowledge
specifically in the area of mathematics. She claimed that understanding mathematics for
teaching, for instance, entails both knowledge of mathematics and knowiedge about
mathematics.

There are other variants of this conceptualisation (e.g. Lappan and Theule-Lubienski, 1994,
Fennema and Franke, 1992; Behr, Harel, Post and Lesh, 1992; etc.). The unifying theme,
however, is that teachers’ knowledge base exists, is multi-dimensional and can be classified
into identifiable domains.

It is certainly helpful, therefore, in determining the quality of training received by pre-service

mathematics teachers in any situation, to study school mathematics teacher training
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programmes in institutions in terms of the domains of mathematics teacher knowledge that
are identified by research.

Furthermore, findings from several research ( e.g. Anderson, 1989; Scardamalia, 1987; Ball,
1990b etc.) confirm the importance of strong preparation in one's content area prior to
teaching. What level of school mathematics content knowledge do prospective teachers in
Nigeria possess? Such information will provide additional clues which will help in making
decisions about the quality and relevance of training programmes for mathematics teacher
education in the country - a question which, as was pointed out earlier, has been the subject
of vigorous public debate in Nigeria since 1990.

However, in spite of its importance, in spite of public concern about it, in spite of official
government acceptance that all was not well with mathematics education in the country
(Fafunwa, 1991)3, there has been very little educational research bearing on the
adequacy of mathematics teacher training programmes in Nigeria (Abatan, 1993). The
assessments that exist (e.g. Ohunche, 1990; Omeni, 1992; Lassa, 1992, and so on)
tend to be impressionistic.

It seems basically unsound to be expanding teacher education provisions, as is now the
case in Nigeria, with so little knowledge of what teacher education programmes in the
country are currently like. There is, therefore, need for a systematic study of teacher
education programmes in that country. This study is an attempt to fill this gap. It is a
survey of the institutionalised training programmes for pre-service teachers of

mathematics in junior secondary schools (JSS) in Nigeria.

® Alhaji Babatunde Fafunwa was the Minister of Education 1989-1992.
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1.2. Purpose and scope of the study

The study set out to determine:

a) the characteristic features® of programmes that exist in Nigeria for the initial training
of school mathematics teachers;

b) the differences among the training programmes;

c) the relationship between the training curricula and the school mathematics
curriculum in Nigeria;

d) the level of understanding of school mathematics subject matter among trainees who
have completed the training programmes.

The conceptual models of teacher knowledge explained earlier provided us with a

framework with which to do this. For example, Shulman's domains of essential teacher

knowledge provided us with a framework with which to define categories of teachers’

knowledge and then classify and analyse contents of a mathematics teacher training

programme according to these categories in order to be able to say whether or not, in

general, a particular programme is or is not a "good or relevant programme’. Ball's further

differentiation of subject matter knowledge can then be applied to examine, in particular, the

relevance (and quality) of the mathematics content of the training programme to the subject

matter of school mathematics.

* The ‘characteristic features’ of a training programme, in the context of this research,
are defined, in chapter 5 (section 5.2), in terms of three factors: presage, process, and
product; and was taken to be concerned with the:
e entry requirement for candidates wishing to be trained for mathematics teaching;
» selection process for admitting the candidates for the course;
level of education for which the teachers are being trained (i.e. target for graduates
after training);
¢ method and mode adopted for training;
» |ength of time for which training was to be undertaken,
» total experiences of the student teacher in terms of the taught contents
(mathematics, educational studies and pedagogical courses)
¢ actual behaviour expected of a trainee at the end of training and how this is to be
measured.
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The study was focused on training programmes at colieges of education (CoEs) in
Nigeria because these colleges are responsible for training over 80% of the teachers for
this level of schooling. It, therefore, examined the type and nature of training for
teachers of mathematics - what was being done, how it was done and perhaps, reasons
for doing it that way.
The decision to carry out this study was fuetled by two main convictions:
N The place of the teacher is indispensable in education;
(ii) unless systematic thought and research is devoted to
the question of teacher education in a country, it is unlikely to
achieve the quality in teachers expected by the education
leadership in that country.
While acknowledging that there are several components of the teachers’ knowledge
(Carnegie Task force, 1986; Holmes Group, 1986; Shulman, 1986; Harel, 1994;
Fennema & Franke, 1992; Grossman, 1990) the study takes the view that a central
component of the effectiveness of secondary school teachers is what Boyer(1990)
termed “their strong foundation on the knowledge taught’. Shulman (1986) called it
subject matter knowledge. The design of this study is, thus, pivoted on the premise that
at the end of their training teachers must know whatever it is they are to teach. Or as

Kerr (1981) rightly observed:

“....no matter how skilful one might be in getting students to learn
things, the quality of one’s teaching depends in important part
upon one’s understanding of the subject well enough both to
choose appropriate learning and to design plans that do not
violate the nature of the subject matter” (p. 81).

It is essentially for this reason that this study, in addition to attempting to identify trends

in the training of junior secondary mathematics teachers in Nigeria, sought to measure
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the level of prospective teachers’ understanding of mathematics contents of the Nigeria

National Mathematics Curriculum (NNMC) - the content they are fo teach - at the

terminal point of training at a college of education.

1.3. Research questions

Specifically, this study will attempt to answer the following six guiding questions:

1)

5)

What conditions or programmes exist for the training of school mathematics
teachers in Nigeria?

In what respect do school mathematics teachers training programmes in
Nigeria differ among themselves? In other words, if they differ how are they
different?

in Nigeria, is there any relationship between the mathematics teacher
training curricula and the school mathematics curriculum for which teachers
are being prepared to implement?

What level of understanding of school mathematics subject matter in Nigeria
do student teachers possess, at the terminal point of training, as their basis
for teaching the NNMC?

Are there any differences between programmes in the level of subject matter
understanding of student teachers passing out from different colleges of
education in Nigeria?

In Nigeria, is there any relationship between curricula provisions for the

training of school mathematics teachers and the needs of the trainee?
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1.4 Significance of the study

Concern is today being expressed in UK, USA, Australia and many other countries in
western Europe about pupils’ performances in mathematics in public examinations.
Often the quality of teachers and their training is cited as a possible cause. Chris
Woodhead’s (1997) article, “Why we must take back our schools” in the Reader’s Digest
(Feb. 1997 pp 49-54), is but one example. Similar concern was also expressed about
prospective teachers in Nigeria, by moderators from various universities after observing
students on practice teaching for NCE certification. (Adepoju, 1991; Omeni, 1992).
Teachers are one of several indispensable elements in our educational system.
Schools are no better and no worse than the teachers who strive to accomplish the
goals set forth by those that have been given this responsibility. Teacher in-service is
assumed to be preparing serving teachers for changes in mathematics contents and
instruction through in-service workshops, college courses, and personal study. But what
about prospective teachers, those that are now preparing for a career in teaching?

The adequate preparation of teachers in the mathematics now being taught in schools
is, therefore, a natural next step after recognition of the need for a new mathematics
programme. Continuation of teacher preparation for carrying out the new programme
has many aspects that need to be explored. Two aspects that concern us in this study
are the nature of training programmes and the relevance of the content of training to the
subject matter of the school curriculum.

In identifying the general objective of any course for the training of teachers of
secondary school mathematics, it must ensure familiarity with the materials and function
of secondary school mathematics. We can never come to understand this unless we go
out and find how prospective teachers are prepared and what they really know about the

subject they will be expected to teach. It will be interesting, for instance, to know how



much mathematics background secondary school teacher in Nigeria have as their basis
for teaching secondary mathematics.

Currently, initial training of teachers for the junior secondary level takes place in 53
colleges. Each college is affiliated to a university which develops and recommends a
teacher training programme to it. Each of these validating universities has developed its
own style of teacher training and a variety of different patterns of training has evolved as
aresult. Notwithstanding the value of institutional freedom in professional matters, and
the value of variety and experiment in the curriculum of teacher education, there is a
widely recognised need for agreed guidelines on the content of training, and a
guaranteed level of preparation in the subject or aspect of the curriculum which a
teacher offers to teach. One of the most pressing concerns today in Nigeria is,
therefore, the need to consolidate, streamline and simplify programmes for preparing
and upgrading teachers, which take into account Nigeria’s particular requirements.

These concerns underscore the significance of this study.
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CHAPTER 2

THE NIGERIAN CONTEXT

2.1. Introduction

In order to bring into perspective the significance of this study it is necessary to have
some knowledge about three aspects of the Nigerian educational system: the
educational structure, the development of the Nigerian school mathematics curriculum
and the emergence of teacher education in Nigeria. It is hoped that this way the reader
will be provided with background information without which it may be difficult to
appreciate the present situation, the reason for embarking on this study, the rationale
behind certain decisions made in the design of the study or the contribution of this study
to mathematics education in general and mathematics teacher education in particular in
the Nigerian context. What follows in the next three sections of this chapter, therefore,
is relevant background information which it is thought a reader, not entirely familiar with
educational provisions in Nigerian, needs in order to appreciate the place of the study in

the present situation.

2.2 The educational structure in Nigeria

Education in Nigeria followed the pattern established by the British until certain
modifications in 1982. The system of education currently in operation in Nigeria is
known as the 6-3-3-4 system; which numbers identify the number of years spent in
successive phases of education in the country.

The child starts schooling at the age of six years and attends six years of primary

school. Upon completion of primary school, the student is awarded the Certificate of
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Primary Education (CPE) and is then moved to the junior secondary school (JSS) for a
three-year programme. All students are expected to move from primary to junior
secondary. There is no selection examination at the end of primary schooling.

Upon completion of the junior secondary school, students are awarded the Junior
Secondary Certificate (JSC) on the basis of which their post-junior secondary education
will be chosen. Each of the 30 states of Nigeria sets, administers and validates her own
Junior Secondary Certificate Examination (JSCE). The Federal Ministry of Education’s
JSCE is for students of the 49 Federal Government Secondary Schools (Unity Colleges)
owned, run and financed by the federal government. In a system such as this and given
the pluralistic nature of the Nigerian society there is bound to be differing standards.
That, however, does not concern us in this study.

On the basis of the JSCE, children’s preference and interviews, students may continue
their education in one of three types of post-junior secondary institutions: a further three
years senior secondary school leading to the achievement of the Senior School
Certificate (SSC)1; a five-year course of study at a teachers’ college leading to a Grade
Il Teachers’ Certificate (TC2)2 or a three-year course of study at a craft/vocational
school. The junior secondary is, thus, both a terminal point and a foundation for the
senior secondary stage or teacher training. Students who choose to ieave school at the
junior secondary stage may also go on to an apprenticeship or some other scheme for
out-of-school vocational training.

Students who pass the SSC examination with credit grades in at least five subjects
(including English and Mathematics) may then continue their studies in a university

where they would follow four-year courses leading to Bachelor's degrees. Senior

" The SSC is awarded by the West African Examination Council (WAEC) and is
considered to be higher than the former WASC/GCE “O” level but fower than the
HSC/GCE “A” Level awarded by the same Council between 1963 and 1989.

2 The Grade Il Teachers’ Certificate (TC2) is one of the non-degree level professional
teacher training award qualifying the holder for primary school level teaching in Nigeria.
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secondary school graduates who are unable to gain university places, for one reason or
another (e.g. academic deficiency), may continue their studies in a college of education
or a polytechnic.

On the other hand, students who enter Grade |l teachers’ colleges, after junior
secondary school, if they pass their examinations for the TC2, with merit grades in the
two core subjects (English and Mathematics) plus one more merit in any one of the
options (e.g. science, nature study, social study craft etc.), may continue their education
in colleges of education.

The college of education programme runs for three years, leading to the Nigeria
Certificate of Education (NCE). The NCE is currently the highest non-degree level of
professional teacher training qualifying the holder for primary and lower secondary
levels of teaching. Badmus (1980) and later Omeni (1992) have, however, shown that
because of shortage of qualified mathematics teachers, over 85% of NCE holders taught
senior secondary schools classes in many schools. and that in most schools they
constituted more than 90% of the teaching personnel in the mathematics departments.
After a few years of teaching, an NCE holder may continue his/her education at the
university level for the BEd, BA(Ed) or the BSc(Ed) degree. This grade of teacher (the
university trained graduate) teaches at the senior secondary school level. This study
was concerned with the NCE teacher who constituted over 80% of school mathematics
teachers in Nigeria.

Craft/vocational school graduates may continue their training at technical training
centres for three years for the Ordinary National Diploma or Certificate (OND/ONC) and
then qualify for further education at polytechnic schools (usually a further five-year

course of study) for the Higher National Diploma or Certificate (HND/HNC).
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The bulk of college of education intakes is thus drawn from two main sources: senior
secondary school graduates and graduates of the Grade |l teachers college who had
entered training after their junior secondary education. The last constitute the majority of
entrants to colleges of education (NCCE, 1994).

There are, however, exceptions to these two main groups (e.g. mature students who had
normal entry requirements waived for them, and those who enter through alternate
quick-entry routes). But these form less than one percent of the total college of
education intake (Abatan, 1993) that it is not considered necessary to treat them as a
separate group for the purpose of this study.

Schools’ curriculum guidelines for the whole country are laid down in the 1977
(declaration of National Policy on Education (FME, 1977, 1981). The aims expressed
include the promotion of national unity and accepted Nigerian values, with special
emphasis on the achievement of universal primary education (UPE) as well as on
agricultural, technical, special and teacher education. The National Education
Research Council (NERC)3 deals with schools curriculum research and development
for the whole country, but state governments have introduced their own curricula,
especially in science and language at the primary school level.

In 1982, Nigeria adopted a national mathematics curriculum NNMC (FME, 1982, 1990).
This curriculum is in current use in all schools in the country and is examined by
WAEC for SSC certification. The school mathematics contents test (SMCT) used for
gathering part of the data for this research is based entirely on the subject matter of the
NNMC. The curriculum is discussed in the next section. Figure 1.1 shows the

structure of the education system described above.

® Now renamed National Educational Development and Research Council (NEDRC)
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Figure 2.1: THE EDUCATIONAL STRUCTURE IN NIGERIA
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2.3. Development of school mathematics in Nigeria

Mathematics in Nigeria, before 1963, was based on two syllabi recommended to
schools by the universities of Cambridge and London in Britain. The two universities
were the examining bodies and awarded, respectively, the London G.C.E and the
Cambridge School Certificates. Teachers whose only objectives were to produce
students capable of gaining admissions to higher institutions (all of which were in
Europe and America) adhered diligently to the recommended syllabi. School
mathematics in Nigeria, prior to 1963, could therefore be said to be dominated by ideas
from the two examining institutions.

The first move to seek local opinion in drawing up school mathematics syllabus in
Nigeria was in 1949 when the West African Examinations Council (WAEC) was
established. The main purpose of the council was to gradually take over from the
British universities the responsibility of examining the pupils in the schools of West
Africa and progressively adapt the scheme of the examination and syllabi to the
emerging needs of the areas served by it. In 1963 the major responsibility of awarding
the school certificate was transferred to the council.

The only visible effect of the creation of WAEC on school mathematics curriculum (as
indeed on other school subjects) was that instead of two syllabi being handed down
from Cambridge and London, one syllabus was drawn up in Accra in Ghana (the
headquarters of WAEC) and sent to schools in areas served by it. The syllabi adopted
by WAEC between 1949 and 1963 were not significantly different from their
predecessors from London and Cambridge. They were an amalgam of topics from both
syllabi. Teachers in Nigeria, possibly because of their poor background, never

questioned this influence. In fact, most welcomed the guidance given in the detailed
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syllabi distributed to schools by the council. So that, for a long time it was assumed in
Nigeria that the content of school mathematics was sacred and unalterable.

The second attempt was in 1963. it came as a fallout of the reform movement, initiated
in Africa by the Massachusetts Institute of Technology through the African
Mathematics Programme (AMP). After the AMP workshop at Entebbe, WAEC was to
invite teachers from local schools, for the first time, to join its Intervention Pane! for
Mathematics Syllabus Revision (IPMSR).

The panel influenced many changes in school mathematics. The most significant of
these was its recommendation that WAEC should consider, and if suitable examine,
special mathematics syliabi submitted to it by countries or groups of schools served by
it.  This innovation enabled countries (such as Nigeria) and schools (such as
Comprehensive School at Aiyetoro, Christ School at Ado-Ekiti and International School
at Ibadan) to embark on some fruitful mathematics reform projects without being
inhibited by external examination demands.

Following this Nigeria in 1971, through the Nigeria Education Research Council
(NERC)4, in conjunction with the Federal Ministry of Education and WAEC, developed
a ‘modern mathematics” programme to be used in schools all over the country.
However, under pressure from such wide oppositions as parents, academicians,
employers and teachers, the federal government withdrew the modern mathematics
programme in 1977. The minister responsible for education at the time announced to a
shocked Conference on Mathematics Education in Nigeria, meeting in Benin in January

1979 that:

“...modern mathematics offered at the moment will be abolished,
traditional mathematics will be reinstated (italics mine), and the

* Now renamed Nigeria Educational Development and Research Council (NEDRC) in
1992
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government envisages that 1978 will be the last year that modern
mathematics will be offered in school certificate examination in the
country...” (Ali, Col. 1977)

in response, the Benin Conference,

1. affirmed that the teaching of mathematics is and should be a continuous process from
the primary through to the secondary school,

2. urged that, in the light of this and in the light of the national objective for mathematics
education, a thorough reappraisal of the existing curricula should be initiated
immediately with a view to programming the mathematics syllabus to suit the planned 6-
3-3-4 educational system, while at the same time maintaining a pedagogical continuity;,

3. recommended (a) that the Federal Government should give a lead by co-ordinating the
works of various curriculum development organisations in the country (e.g. CESAC,
NERC, NNTEP, etc.)s; funding these organisations adequately to enable them produce a
curriculum which could meet the national objectives. (b) that the Federal Government
launched a special scheme for producing, retaining, encouraging and upgrading
teachers of mathematics;

4. urged the Government to help teacher training colleges and secondary schools to set up
mathematics laboratories. (Nwosu, 1978)

The Benin conference is now generally regarded as the beginning of the third and

genuine attempt by Nigeria to reform her school mathematics programmes. The first

and second failed because teachers were neither taken into confidence nor involved in
its planning and development ( Nwosu, 1978; Badmus, 1992). This third attempt was
initiated by delegates (over 80% of whom were mathematics teachers in secondary

schools in the country) at the Benin conference.

® Definitions of abbreviations are given on pages 5 and 6 of this thesis.
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At subseqguent conferences workshops, task forces, panels, committees, critiques, were
planned, organised and held in various locations in Nigeria from 1977 under the

auspices of the Nigerian Education Research Council

“to develop a school mathematics curriculum that will take into
cognisance the needs of the child, the needs of the nation (Nigeria)
and the purpose of education at each level as outlined in the
National Policy on education” (NERC, 1977)

The outcome of this nation-wide consultation is the Nigeria National Mathematics
Curriculum (NNMC) which came into use in all schools in Nigeria in January 1982. The
curriculum was later revised in 1990. (see Appendices A-1 and A-2)
Before the adoption of this curriculum in 1982, mathematics at the primary school level
consisted of arithmetic - pupils’ mechanical manipulation of numbers and signs with
little understanding of the processes involved. At the teacher training colleges “the
mathematics consisted mainly of arithmetic because, it was argued, the students were
being trained to teach elementary school arithmetic and, therefore, only needed
arithmetic process’ (Lassa, 1977). The secondary school mathematics, however, did
go a bit beyond only arithmetic, and included algebra, geometry and trigonometry, but
these were taught as separate subjects. WAEC, in fact examined them singly in three
separate papers.
However, the new Nigeria National Mathematics Curriculum (NNMC) represents a clear
departure from this. It is a product of conscious and painstaking attempts to achieve or
create worthwhile and meaningful mathematics curricula.
Among its essential characteristics are:
(a) its layout has five headings:-topic, objectives, content, activities/materials and
remarks.

(b) The integration of all the relevant and useful ideas from the so-called "'modern' and



‘traditional' mathematics. (The curriculum avoided the artificial separation of
‘'modem’ and “traditional' mathematics topics. For instance, while set theory ideas
have been used as the building blocks, abstract formulations of set theory, which
had tended to confuse issues, is eliminated).

The attempt, as much as possible, to relate mathematics to other subjects as well

as to everyday activities.

its presentation of contents as activity packages: various essential activities

leading to the mastery of concepts are specified more than ever before; it provides
useful guides to the teacher without the slightest suppression of his initiative.

The syllabus is divided into two levels:

(i) the junior secondary mathematics curriculum(JSMC) for the first three years of
secondary education in Nigeria;, and

(i) the senior secondary school mathematics curriculum (SSMC) for the last three
years of secondary education in Nigeria;

Each level is compulsory at the appropriate level.

The SSMC is split further into two sections:

(i) The General mathematics [SSMC(gm)] and

(i) The Further Mathematics [SSMC(fm)]

The SSMC(gm) is designed to provide a background of mathematical thought and a
reasonable level of technical ability for those not wishing to take mathematics at
higher level. it is intended to provide a sound mathematical basis for those students
whose main interest lie outside the field of mathematics, for example, those
planning to pursue further studies in such fields as accountancy, economics,
geography and business administration. The programme, therefore, concentrates

on using mathematics in contexts related, as far as possible, to other curriculum
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subjects, to common general world occurrences or to topics that relate to home or
waork situations. This is in consonance with the two main objectives of mathematics
education in Nigeria, namely: to enable the learner acquire functional skills to cope
with the related problems of his world of work and to enable the less able leamer
cope with school mathematics.
The SSMC(fm) is intended for students with competence and high interest in
mathematics who intend to specialise in mathematics at the university. It is geared
towards: (i) helping students to develop conceptual and manipulative skills in
mathematics so as to prepare them for further studies in mathematics and its
application; (ii) reflecting continuity with the mathematics in the university and other
tertiary institutions, so that graduates of the syllabus have nothing to unlearn on
entering these institutions and (iii) preparing potential mathematicians, engineers
and scientists for further studies.
Students taking the SSMC(fm) were not to take the SSMC(gm) and vice-versa. This
rule has been glossed over recently and most students enter for papers in both
syllabi in the senior school certificate examinations. The two papers are, however,
not counted as separate subjects for the purposes of entry into higher institutions.
The mathematics areas covered in the JSMC are -

Number Numeration

Algebraic processes

Geometry and trigonometry

Everyday statistics
those in the SSMC are:

Number and numeration

Algebraic processes
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Plane geometry and Trigonometry
Statistics and Probability

There is a natural link between the primary school teaching and the junior secondary school
materials. This, it was intended, should make the transition from primary to secondary as
smooth as possible.
The school mathematics contents test (SMCT) designed for this study is based on the JSMC
and the SSMC(gm). This is because:
(i) the JSMC is compulsory at the JSS level;
(ii) the buik (nearly 98%) of senior secondary students take the

SSMC(gm) programme [WAEC Report, 1994}
(i) the subjects of this research (NCE mathematics student

teachers) are certain to teach both the JSMC and the

SSMC(gm) courses on graduation.
There has been a series of attempts to introduce the subject matter of the new
curriculum through INSET courses to teachers already teaching in secondary schools in
Nigeria (NT|6,1990,1991,1992 1993 and 1994). This has not, however, been the case
with pre-service teacher programmes. There has not been a consistent effort to
critically examine programmes in colleges for the education of pre-service mathematics
teachers (Waziri, 1991).
Under the “Affiliation Scheme”, imposed on colleges of education by the federal
government in 1976, universities are associated with colleges in their training
programmes. These “validating universities” assisted the colieges in curricular

developments, moderation of examination papers and in monitoring their progress.

® The National Teachers Institute (NT1) at Kaduna is responsible for INSET courses and
publishes details of courses available for serving teachers at the beginning of each
year-January.
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Each college, however, retained the freedom to decide on the choice of activities and
experiences to be included, the design of its own programme and method of assessing
its students. This resulted in a variety of different patterns of training and, of course,
differing standards.

In 1991, in an attempt to redress this, the National Commission for Colleges of Education
(NCCE) through its Policy Document on Minimum Standards urged colleges and validating
universities to ensure that all teacher education programmes “met the country’s educational
needs as outlined in the National Policy.” The outcome is the adoption of what is currently
referred to as “harmonised syllabuses” by each group of colleges affiliated to a particular
validating university - a sort of localised common teacher training programmes. These
efforts are, however, limited in the sense that a so-called harmonised syllabus can be
prescribed by the validating university only to colleges affiliated to it. This way there are still
today at least as many designs of training programmes as there are validating universities.
The concern expressed by Nigerians about the quality of these programmes is premised
on the fact that standards in pupils’ performance in mathematics has fallen and is
getting steadily worse. This view is shared by the national examination committee for
this subject. The view is that pupils’ performance in this subject is getting worse
because while mathematicians and mathematics educators are working together to
provide strong mathematics texts for students at all levels, the teachers who are
expected to implement those texts are being nurtured on programmes that, at best, are
oblique to the task they are facing in the classroom. This was exactly what happened in
the 1960s when Nigeria attempted to introduce the so-called “modern mathematics” into
the school curriculum and failed. There is, therefore, good reason to be concerned for

the background knowledge of teachers in mathematics for the new syllabus.
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2.4. Emergence of teacher education in Nigeria

This section gives a brief history of teacher education in Nigeria. This is necessary so that
the reader may appreciate the evolution and nature of professional teacher preparation
programmes in the country and hence the significance of this study.

Western education was first introduced into Nigeria by missionaries. This group derived
religious satisfaction in converting people to Christian religion. Their objective was to find
people who would read the Bible and teach religious knowledge. The emphasis on
education was therefore on how to read, write and spread Christian religions. This
necessitated the training of Nigerians who could read, write and teach the Bible. Nigeria's
first indigenous teachers of Western education were thus the catechises.

When the explorers with economic interests came onto the scene, the emphasis was again
on getting Nigerians who were sufficiently literate to serve as interpreters to and clerks for
the foreign traders. This also necessitated the training of a new group of Nigerians, who
could read, write and do simple computations to be able to keep records of trade
transactions. They were later employed to teach newly recruited employees and became, in
a way, Nigeria's second batch of indigenous teachers. It can, therefore, be concluded that
one phenomenon in the educational policy of both the missionary and the early foreign
explorer-traders who were the forerunners in introducing education to Nigeria is the absolute
orientation towards the need to produce literate Nigerians to serve their own ends.
Teaching, as a profession, which resulted from their educational policy was only accidental.
The educational policy of the British administrators with their indirect system of Government
did not show any significant departure from that pattern either. Clerks were needed to
collect taxes and interpreters were equally in demand to disseminate Government directives

to the chiefs and natural rulers.
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The 19th century however, witnessed a period of government intervention in education in
the country. This took the form of giving grants in aid to the missionary schools and quality
control by making use of inspectors. Educational policy during this period remained as
before, except that education started to be seen as a tool for living. Even up to the early part
of the 20th Century, educational policy continued to be based on the immediate needs of
our colonial rulers. Here, it is pertinent to quote Lord Lugard's conception of the aim of

Education in Nigeria in 1921.

"The chief function of government primary schoois among primitive
communities is to train the more promising boys from village schools
as teachers for those schools, as clerks and interpreters for the local
courts . (Fajana, 1975).

Thus, in the view of Lord Lugard, Nigeria was, some 76 years ago a "primitive community".
Astonishingly, he was also of the opinion that only the "promising" boys were to be
educated, while education was to be exclusively for boys. Little wonder then that between
the Catechistiteacher or clerk/teacher and the formally trained professional teacher even at
the elementary level there was a large gap.

However, opportunities were created for formal and informal professional teacher training
programmes. First there were the probationary teachers: this category of teachers consisted
of primary school products who were sent to serve in the classrooms for a number of years
after which they enrolled for further teacher training.

At the turn of the century, a number of formal teacher education programmes emerged. The
probationary teachers were requested to go to preliminary training institutions for a two- year
programme leading to the award of the Grade /il teachers certificate after which the teacher
taught for three years before enrolling for the “Higher Elementary” teachers programme for

the Grade Il Teachers certificate (TC2).
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After the Grade |l teachers' certificate the graduate was expected to aspire to the senior
teacher status. There were no specific institutions for training the senior teacher. The
aspiring teacher was expected to take external examinations set by the Federal Department
of Education and then would be inspected for teaching competence by inspectors appointed
by the department.

Towards the early part of the sixties, the senior teachers were soon eclipsed by a new-breed
of teachers: the Grade 1 teachers. These are those who had passed, beyond Grade |
teachers certificate, two subjects at the General Certificate of Education "A" level (GCE "A"
level) together with teaching practice. Again, a number of problems emerged with regard to
the grade 1 certificate. The first was that the certificate took a long time to acquire because
after passing the examinations there were long delays in arranging for teaching practice.
Also the Grade | teachers discovered that their certificates could not gain them entrance into
the University. There was also the fact that more and more grade 1 teachers preferred to
operate in the secondary schools and the primary teacher training colleges than in the
primary schools for which they were originally prepared.

There was also a group of teachers called Pivotal teachers. By definition a pivot is a person
or thing that chiefly determines the direction or effect of something, or an essential
component of a system, organisation or institution. What made these teachers pivotal was
not clear to teacher educators themselves. By qualification, the pivotal teacher, however,
was one who held the Grade |l teachers' certificate and later passed, in addition, three other
subjects at the General Certificate in Education Ordinary Level (GCE 'O’ level). It could also
be a West African School Certificate (WASC) holder who went through a two year
education programme in any of the teacher's colleges. Initially, the pivotal teacher was very
popular not only because he could teach at both the primary and secondary level but also

because he could be called a tutor rather than a teacher. But as pivotal teachers
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recognised that their programme was of a terminal nature more and more ceased to be
pivotal and pursued programmes that would lead to further education.

This brief review of teacher education in Nigeria will not be complete without reference to the
Associateship Diploma programme in Education. The idea about the Associateship
programme originated from Britain where a number of Nigerians obtained the University of
London Institute of Education’s Certificate in Education. Almost immediately a high standard
was accorded to the certificate and in 1957 the Institute of Education at the University of
Ibadan decided to introduce something similar.

Today, almost all Nigerian Faculties and Institutes of Education run the Associateship
Diploma Programme primarily to produce teachers that will strengthen the quality of primary
education. However, the Associateship Diploma, compared to the London Certificate, fell
very short in academic standard and took several forms with confusing interpretations.
(Adesina, 1993). First, whereas the products of this programme were intended for primary
schools, the Ministry of Education and the Schools Management Boards deployed them to
secondary schools where they experienced serious difficulties of adjustment. Because the
Ministries of Education utilised the Associateship diploma holders in secondary schools, the
Universities themselves began to make the programme reflect some secondary school
needs and introduced the teaching of subject content into the programme. In fact in Lagos
and Ibadan Universities, students in this programme were allowed to specialise in certain
areas such as Physical and Health Education, Special Education, Science and
Mathematics, Social Studies, and so on. In some other Universities the Associate Diploma
programme was confused with other diploma programmes in special areas that last two
years, such as the Diploma in Mathematics Education at Ahmadu Bello University Zaria or
the Diploma in Special Education at the University of Jos. The question of what standard to

accord the two-year and the one-year programmes are still unresolved. What is certain is
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that the original intention of the Associateship programme is lost and various institutions are
tinkering with the contents and objectives of the Associateship programme.

Perhaps the most revolutionary programme among all the innovations in teacher education

in Nigeria is that of the NCE teacher - the subject of this research. The Federal

Government of Nigeria established, more than thirty years ago, the Advanced Teachers'

Colleges (ATCs) -now called Colleges of Education (COEs) - on the recommendation of

the Ashby Commission on post-School Certificate and Higher Education. The main

objectives for establishing the colleges of education are two fold:

“To streamline and simplify the large and confusing number of
different grades of teachers existing at the time, in order to be able
to harmonise teachers’ condition of service and remuneration
procedure.

To produce, quickly and in large number, teachers who do not
possess university degrees but who would be needed to strengthen
the teaching force (woefully in short supply after the recent
expansion in educational provisions in the country) at the primary

and lower secondary school levels and the Grade ll teacher training
institutions.” (FGN, 1963)

However, evidence (Badmus, 1980; Omeni, 1992) have shown that the second
objective has disappeared. A negligible percentage of college of education products
(the NCE Teacher) opt for service in primary schools and over 85% now teach senior
secondary schools classes.

The NCE is awarded to students who successfully complete a three year post-senior
school certificate (or post-Grade |l teachers’ certificate) teacher education programme
in a college of education. 1t is the minimum qualification for secondary school teaching
in Nigeria.

Beyond the NCE, Nigerian universities offer courses leading to BEd, BA(Ed) or the

BSc(Ed) degrees for teachers who wish to teach post-junior secondary programmes at
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the senior secondary schools or post-secondary institutions (e.g. colleges of

education).
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CHAPTER 3

LITERATURE REVIEW

H
i
f

3.1. Introduction

The nature of teachers’ knowledge, of which mathematics teachers’ knowledge is a part,
has been debated at least in the last two decades and probably even before. These
philosophical debates centre on questions like: “What kinds of knowledge do teachers
need to become effective teachers of mathematics?” and “What sorts of activities and
experiences are needed for teachers to acquire this knowledge?” In chapter one, it was
argued that if we can find answers to these questions it may be possible to examine
current practices in initial teacher education to see if training programmes can provide a
secure base from which student teachers can become effective teachers of
mathematics. The goals of this chapter are, therefore, twofold: to review research
related to characterising teacher knowledge and to discuss implications of this for
teacher education and for the design of this study.

There is no consensus among researchers as to the knowledge necessary to ensure
that a mathematics teacher is effective. Many components of teachers’ knowledge have
been identified. Some scholars suggest that since one cannot teach what one does not
know, teachers must have in-depth knowledge not only of the specific mathematics they
teach, but also of the mathematics that their students are to learn in the future. Only
with this in-depth knowledge of mathematics can a teacher know how to structure his or
her own mathematics so that students continue to learn. Others suggest that knowledge
of cultural and ethnic diversity is essential for effective teaching. For instance, since
Nigeria is a multi-ethnic society, and since a student’s ethnicity or culture is a major

determinant of how the student learns (D’Ambrosio, 1984, 1985; Nunes, 1992), before a
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teacher can be effective in Nigeria, he or she must understand the ethnic and cultural
diversity of the students in that country. Still others suggest that knowledge of how
students think and learn is vital for teachers, while others believe that knowledge of
general pedagogical principles is a necessary component of teacher knowledge. Is
there then information that can be gained from research that will help us to identify the
critical components of teacher knowledge? Can past research indicate directions that
would help us examine mathematics teacher education programmes in any way?

While many have speculated on the components of teacher knowledge, only a few
components have received major attention from researchers: content knowledge,
pedagogical content knowledge, general pedagogical knowledge, knowledge of the

environment and practical skills.

3.2. Content knowledge

Within mathematics education, there exists much rhetoric that reflects strong beliefs
about the importance of content knowledge to teachers. One of the most widely offered
explanation of why students do not learn mathematics is the inadequacy of their
teachers’ knowledge of mathematics. For instance, in a study in Nigeria by Omeni
(1992) to ascertain which branches of mathematics students find difficult in senior
secondary schools and why, as many as 86% of the student respondents attributed their
difficulties in algebra and three dimensional geometry to their teacher's limited
knowledge of these topics. She was also to find that teachers are “prone to take the line
of least resistance by teaching only those topics that they can handie easily” and “as a
result, the content of three dimensional geometry was hardly ever covered in most
schools in Nigeria.” In a similar study, Adepoju (1991) was to identify inadequate

teacher knowledge of content as “the reason given by most respondents as the greatest
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factor affecting the performance of students in mathematics in Nigeria”, and concluded
that “mathematics teachers in our primary and secondary schools are made up of:-

(a) those teachers who do not know enough mathematics and do not know how

to teach;

(b) those teachers who know how to teach but do not know mathematics;

(c) those teachers who know mathematics but do not know how to teach; and

(d) those teachers who know mathematics and can teach mathematics.”
He estimated that those in category (a) are in the majority, followed by those in (b) , then
(c), and finally, but sadly (d). In other words, “the least competent teachers are those
teaching mathematics in our schools”. He cited Yoloye(1990) to show that the majority
(about 57 .5%) of these were recent graduates of colleges of education in Nigeria. On
the premise that a person cannot reasonably be expected to teach something which he
himself does not fully comprehend, Adepoju called into question the adequacy of
mathematics teacher training programmes in Nigeria and recommended that further
research is needed to find out whether, why and how colleges of education or
mathematics teacher education programmes are failing in their tasks.
Also debates about the quality of pre-service teachers in Nigeria were because of public
concern about students’ poor performances in mathematics. Similar explanations were
suggested in the current debate in UK for poor students’ performance in mathematics.
And in the USA certification requirements for secondary school teachers almost always
list the number and type of mathematics courses that must be completed before a
person is allowed to teach.
Underlying these attitudes is the belief that content knowledge is critical for teachers
before they can help students learn. The belief is shared by scholars in the field. This is

evidenced in the amount of research devoted to appraising teacher content
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competence. For example, work with pre-service primary school teachers (e.g. Graeber,
Tirosh and Glover, 1989; Mangan, 1986; Harel, Beher, Post and Lesh, 1985) which
show that primary school teachers possess the very same misconceptions that have
been identified with children. Like children's knowledge, pre-service and in-service
teachers’ knowledge include beliefs that are incongruent with the multiplicative
operation of rational numbers; e.g. “multiplication makes bigger” and “division makes
smaller.”

Post et al (1988) investigated 218 intermediate grade teachers’ knowledge about the
conceptual underpinnings of rational numbers and concluded that 20 to 30 percent of
the teachers knew less than 50 percent of the items on the overall instrument. And
Harel (1994) reported that his research indicated that “teachers’ mathematics
knowledge is below even the level expressed in the recommendations of the US
Southern Regional Educational Board’'s standards for high-school students”.

Other studies focusing on a variety of subject areas including history (e.g. Wilson,
1987), science (e.g. Carlson, 1990), English (e.g. Grossman, 1987), biology (e.g.
Hashew, 1987) have also provided evidence that teachers’ knowledge of content affects
both the content and the process of their instruction, influencing both what they teach
and how they teach; that teachers with more explicit and better organised knowiedge
tend to provide instruction that features conceptual connections and meaningful student
discourse. On the other hand, teachers with limited knowledge of content tend, in the

words of Stein et al (1990), to

“..portray the subject (mathematics) as a collection of static facts; to
provide impoverished and inappropriate examples, analogies, and/or
representations; and to emphasise seat-work assignments and/or
routinised student input as opposed to meaningful dialogue” (Stein,
Baxter and Leinhardt, 1990)
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In general, research suggest that teachers knowledgeable in the subject matter of a
discipline are better able to detect student preconceptions, to exploit opportunities for
fruitful digression during teaching, to interpret insightful student comments, and to
emphasise conceptual understanding. And, conversely, teachers with inadequate (or
less) knowledge of content may reinforce student misconceptions, may inappropriately
criticise correct student response, may avoid teaching critical materials altogether if
they do not know it well, and may be unable to appraise critically the adequacy and
accuracy of relevant texts. These teachers also tend to emphasise didactic lecturing to
avoid the embarrassment of difficult questions.

In spite of the beliefs in the importance of mathematical knowledge and the evidence
that some teachers do not have adequate knowledge of mathematics, research has
provided little support for a direct relationship between teachers’ knowledge of
mathematics and students’ learning. Historically the debate over the issue has been
on ideologicat rather than empirical grounds. However, there has been a huge amount
of work on the issue in the last two decades. Evidence seem to favour the notion that
while subject matter knowledge is an important prerequisite for effective teaching, it is
not sufficient in and of itself. For instance, while some (e.g. Darling-Hammond 1991);
conclude that there is little evidence to lead one to suggest a relationship between the
amount of mathematics studied by teachers and student learning, others (e.g. Brown,
Cooney and Jones, 1990; Ball and McDiarmid 1990, Ball, 1988; Post, Harel Behr and
Lesh, 1988; Harel, 1994 etc.) support the assertion that a thorough grounding in
subject matter is essential in the preparation of novices for teaching as well as the
argument that subject matter knowledge makes a difference in teaching. In fact Ball
and McDiarmid (1990) state that there is empirical support that subject matter

knowledge positively affects mathematics teaching and learning. In Druva and
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Anderson’s (1983) meta-analysis science courses were positively associated with
successful teaching. Hawk, Coble and Swanson (1985) offer further support in their
finding of negative effects for mathematics instructors teaching out of their fields.
However, regardiess of one’s viewpoint on the relation of mathematics knowledge and
teaching effectiveness it is still the case that students’ failure in mathematics is, first
and foremost, blamed on teacher inadequacy. The current debate in UK on education
standard is a case in point. The first answer to the question: “Why are students failing
mathematics?’, is usually (and before any thought of research or hard evidence)
“Standards of teaching have fallen”. It seems quite reasonable, in the face of this
tendency to blame students’ failure on teacher inadequacy, to expect programmes
designed for training school mathematics teachers to be positively oriented towards
inculcating adequate content knowledge. This need is exacerbated in the case of
Nigeria where, according to Omeni (1992), “the populace is largely uninformed about
outcome of research in education” and where, the popular belief is that teacher quality
has declined since the emergence of what Denga(1992) called “mushroom colleges of
education”.

What, however, is content knowledge? Grossman and Shulman (1988) defined content
knowledge as knowledge of the subject matter of a discipline. It consists of the key
facts, concepts, principles and explanatory frameworks in a discipline, known as
substantive knowledge, as well as the rules of evidence and proof within that discipline,
known as syntactic knowledge. [n mathematics, for example, substantive knowledge
includes mathematical facts, concepts and computational algorithms; syntactic
knowledge encompasses an understanding of the methods of mathematical proof and
other forms of argument used by mathematicians. Ball (1990a), who developed a

conceptual framework for exploring teachers’ subject matter knowledge specifically for



S1

mathematics, characterised mathematics content knowledge as comprising both
knowledge of mathematics and knowledge about mathematics. Knowledge of
mathematics is closely related to Shulman’s dimension of substantive knowledge. To

teach mathematics effectively, Ball argued:

“....individuals must have knowledge of mathematics characterised by an
explicit conceptual understanding of the principles and meaning
underlying mathematical procedures and by connectedness - rather than
compartmentalisation - of mathematical topics, rules, and definitions”.

(Balt, 1990)

Knowledge about mathematics is related to Shulman's dimension of syntactic
knowledge, and it includes an understanding of the nature of knowiedge in the discipline
- where it comes from, how it changes, how truth is established, and what it means to
know and do mathematics. Harel (1994) refer to content knowledge as “the breadth
and, more importantly, the depth of mathematical knowledge possessed by the teacher”
and insists that “it is a crucial component because it affects both what (the teachers)
teach and how they teach it

And in an attempt to specify what knowledge is essential to teaching mathematics,
Hilton (1990) claims that “there are features common to all worthwhile mathematics that
should be brought out” and that “it is unreasonable to anticipate a revolutionary change
of mathematical content - or, rather, intended mathematical content - at the secondary
level” (p.135). Then, on the assumption that every secondary curriculum shows an
awareness that we are living in the computer age, Hilton goes on to present what he
called “crucial contents” of a mathematics teacher education programme under five
heads: algebra, geometry, number systems, functions and rate of change, and finally
applications. He then prescribes, under each heading, what he insists is the “minimal

reasonable duties” for the secondary mathematics teacher as follows:
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e Ability to execute significant algebraic manipulations and
understanding of why they are significant.

o Ability to think geometrically (in two and three dimensions) and the
ability to prove geometrical statements both synthetically and
analytically.

o An understanding of how, why and with what consequences the
number system is built up, starting with the natural numbers.

¢ A clear, even if essentially intuitive, notion of function and rate of
change.

e An understanding of the role of application in simulating

mathematical activity and in simulating the study of mathematics.”

Hilton, however, warned us that these should not be seen as separate courses, but must
be treated as essential features of a “wetl-rounded mathematics teacher education”
Content knowledge or subject matter knowledge which, as we have seen, encompasses
knowledge of and knowledge about subject matter of a discipline is, therefore, seen
within mathematics education as crucial for teaching. The implication for teacher
education and teacher trainers is thus obvious. A retevant programme for the training of
school mathematics teachers should provide activities and experiences aimed at
inculcating in-depth knowledge of school mathematics subject matter.

Unfortunately, however, the means for increasing appropriate subject matter knowledge
is not as obvious as it might appear. General education programmes in teacher training
institutions vary substantially in quality and permit students wide latitude in avoiding
more demanding course work (Boyer, 1987, Galambos, Cornett, and Sopilter, 1985).
Even the requirements for a major field like English literature may vary substantially
from college to college, and studies of students with extensive preparation to teach
fields such as mathematics, physics, and history reveal wide gaps in their subject matter
understanding of basic concepts (McDiarmid, Ball and Anderson, 1989). In defining the

appropriate knowledge in the content area, several themes continue to emerge.
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One issue is the relevance of the knowledge taught in academic disciplines at the
college of education level to the content covered in secondary schools. Teacher
education courses in English, for example, focus on literature and interpretation:
language arts at the school level emphasises grammar, composition, and a full range of
language-related activities, such as dramatics, speech and reading. There appear to be
a similar gap between the college mathematics curriculum and what is covered in the
schools. For example, the emphasis on linear algebra and differential equations may not
adequately prepare students to teach arithmetic, geometry, and business mathematics
as they are offered in the schools. As Hilton (1990) emphasises, “the school
mathematics curriculum covers material that is dealt with nowhere else in the modern
world”.

Similarly in science, the specialised courses in chemistry and physics at the coliege
level may offer inadequate preparation for teaching the more integrated courses at the
school level, particularly the junior secondary school. Even if we expect school teachers
to focus on the experimental logic of science in their teaching, there is littie reason to
expect that they directly experienced scientific investigation as student teachers at
teachers colleges. Clearly, bridging this gap between the content of teacher education
programmes and the content of school teaching is a significant problem.

A second issue is the way to approach the content knowledge to be learned. John
Dewey (1983) once observed: “Every study or subject thus has two aspects: one for the
scientist, the other for the teacher as teacher. These two aspects are in no sense
opposed or conflicting. But neither are they immediately identical.”

Wilson, Shulman and Richert, (1987) suggest at least two dimensions of subject matter

knowledge essential for teaching: the subject content (knowledge of the facts,
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organising principles, and central concepts) and the subject method of inquiry - what
Morowitz (1990) terms “how we know the things we know.”

The substantive knowledge of all fields is large and growing, and teachers need to
comprehend the concepts and inquiry methods of a field so they can effectively make
selection decisions in content. Further, teachers must be able to plan their own future
learning and professional development in the content knowledge. Defining the best
means to educate for this type of deep understanding remains also another critical
issue.

A third issue derives from academic politics - how best to decide what knowledge in a
subject field is essential for teaching? Should the decision be made by those in teacher
education programmes, by those in the discipline (and by which faction within a
discipline?), by teachers and policy makers in public education, or by some amalgam of

all these groups? The process for defining the essential knowledge is itself unclear.

3.3. Pedagogical content knowledge

However, effective teaching requires not only command of subject matter but
understanding of sufficient complexity to enable the teacher to teach it. Another type of
knowledge that has, thus, received major attention from researchers is knowledge of
how the subject matter of a discipline should be represented in instruction. The more
encompassing term of ‘pedagogical content knowledge’ has been applied to describe
this and other types of knowledge associated with it. It first received widespread
attention in 1985 when Shulman' characterised it as “the particular form of content
knowledge that embodies the aspects of content most germane to its teachability”.

Shulman (1986) later defined pedagogical content knowledge to include,

' Lee Shulman’s 1985 presidential address to the American Educational Research
Association
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“...for the most regularly taught topics in one’s subject area, the most
useful forms of representation of those ideas, the most powerful
analogies, illustrations, examples, explanations, and demonstrations - in
a word, the ways of representing and formulating the subject that make it
comprehensible to others....[Also,] an understanding of what makes the
learning of specific topics easy or difficult: the conceptions and
preconceptions that students of different ages and backgrounds bring
with them to the learning of those most frequently taught topics and
lessons” (p.9)

This description rested on earlier formulations of the same idea, especially Dewey's
“psychologising” of the subject matter and Bruner’s “psychology of a subject matter”, and
it quickly became the standard definition.

Researchers in this area have used Shuiman’s characterisation of pedagogical content
knowledge productively but have done little to clarify it. Ball (1988), for instance, began
from the same basic assumption, taking “ ‘forms of representation’ ....to be the crucial
substance of pedagogical content knowledge” (p. 298). She then explored the more
dynamic aspects of this idea, examining pre-service teachers’ pedagogical reasoning in
mathematics as the process whereby they build their knowledge of mathematics
teaching and iearning.

Also, Carpenter, Fennema, Peterson and Cary, (1988) and Peterson, Fennema,
Carpenter and Loef (1987), investigating mathematics knowledge in first-grade teachers
accepted Shuiman’s definition, adding a distinction between pedagogical content
knowledge and pedagogical content beliefs. Their research focused on a small number
of specific knowledge measures emphasising teachers’ awareness of how their students
learn mathematics. In a study of high school English teachers, Grossman (1988)
developed an expanded definition of pedagogical content knowledge, based on four

central components: knowledge of students’ understanding, curricuium, instructional



strategies, and purpose for teaching. With this framework she then examined the
influence of teacher education on knowledge growth.

Bromme (1994) differentiated Shulman’s analysis by considering “both the concept of
‘philosophy of content knowledge’ and a clear distinction between the knowledge of the
academic discipline and that of the subject matter in school” (p.74). In so doing Bromme
introduced the idea of subject-matter-specific pedagogical knowledge which, as well as
Shuiman’s concept of pedagogical content knowledge, clearly has something to do with
knowledge about how specific content can be interpreted in teaching situations. How
crucial is this type of knowledge to teaching?

Pedagogical content knowledge involves taking complex subject matter and transtating it
into representations that can be understood by students. This translation of subject
matter into understandable representations, according to Fennema and Franke (1992),
“is what distinguishes a mathematics teacher from a mathematician”. Wineburg and
Wilson (1991) , discussing history teachers, noted that the aim of a teacher is “not to
create new knowledge in the discipline but to create understanding in the minds of
learners”. The subject matter that students are taught must, therefore be put into a
framework that is understandable by the learners.

Thus, the mathematics that students are taught to do must be translated for them so that
they can see the relationship between their knowledge and the new knowledge that they
are fo learn. Without this, the knowledge of mathematics ( or content knowledge)
possessed by a teacher is of little use to him/her in the classroom situation. For
example, one can have significant mathematical knowledge about the structure and
property of rational numbers, but it is the ability to interpret and represent rational

numbers as segments, points on a number line, parts of a whole, and parts of a set, as
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well as knowledge of the role that these interpretations play in children’s construction of
rational numbers that are crucial.

Besides it is believed that the use of both real-world situations and concrete or pictorial
representations help students learn the abstract ideas of mathematics with
understanding. Thus, for teachers to facilitate learning with understanding they must
know how to interpret or represent the mathematical ideas they wish students to learn.
The work by Hiebert and Wearne (1986) illustrates this type of representation; It is
concerned with the teaching of decimals and how Dienes base-ten blocks can facilitate
learning. Also the rich knowledge base developed from research on rational numbers
(e.g. Behr, Harel, Post and Lesh, 1992) is an important source of information for
developing pedagogical content knowiedge.

Some studies have investigated teachers’ knowledge of mathematical representation
and most have indicated that many teachers are lacking this kind of knowledge. For
example, Ball (1988) reported on 19 pre-service teachers’ abilities to develop a
representation of 1% divided by ': and found that none of the teachers could develop an
appropriate representation of the problem. Orton (1988) also investigated teachers’
knowiedge of representation of fraction concepts. He asked 29 in-service elementary
teachers how they would teach a fraction concept to a hypothetical student who had a
specific misconception about fraction. He found that most teachers relied heavily on
procedural and symbolic representation rather than on a representation that would
promote conceptual understanding.

Also research shows that pedagogical content knowledge is relatively undeveloped in
novice teachers and that experienced teachers, too, are likely to encounter difficulty in
their attempts to expand their pedagogical content knowledge base. In fact, growth in

content knowledge appears to be easier for experienced teachers than growth in
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pedagogical content knowledge. These patterns of findings support the recommendation
that the acquisition of pedagogical content knowledge is crucial for teaching and should
be a central priority in pre-service education programmes, and that it continue to receive
attention in in-service programmes, available to teachers throughout their careers.

Cobb and Steffe (1983) offer a different perspective on the development of pedagogical
content knowledge. Coming from a constructivist framework, they maintain that
teachers’ knowledge about teaching mathematics should be grounded in what we know
about how children construct mathematical ideas. This knowledge is generated more
from a psychological domain than a mathematical one and therefore mathematics
teacher education should draw more from research on children’s learning. Peterson,
Fennema, Carpenter and Loef (1987) seem to accept this when they used research
findings on children’s knowledge about addition and subtraction and how mathematics is
learned as a model against which to measure teacher pedagogical content knowledge.
There are, thus, at least two different approaches to developing teachers’ pedagogical
content knowledge: one that suggests that it be developed from a mathematical
perspective and one rooted in educational sciences. Nevertheless, the content of both
approaches is to develop the kind of flexibility in teachers’ thinking that allows them to
realise form in the teaching of mathematics.

In general, research emphasises the use of representation by teachers in mathematics
teaching and learning; that they know the representations of the content they ordinarily
teach; that they be able to apply specific methods of presentation of subject matter in a
particular discipline. To be able to do this a teacher needs to know how to plan and
present his/her lessons; to have knowledge of how children learn mathematics; have

knowledge of various teaching methods and approaches and be able to assess and
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evaiuate both his/her teaching and students’ learning - in other words to have what has

variously been described as pedagogical content knowledge.

3.4. General pedagogical knowledge

What we have described so far corresponds, to some extent, to the intuitive notion of
the qualities required of a good teacher: the teacher has to have something which (s)he
would teach and (s)he has to know how to teach it. Traditionally, his/her course in what
was referred to as teacher training coliege (TTC) was polarised into ‘teaching subjects’
and ‘methods’. However, as was pointed out earlier, recent thinking has recognised that
the professional knowledge required of a teacher is more complex than this. Method, for
instance, is not just the acquisition of a collection of different approaches to be applied
universally, when teaching a topic or concept, irrespective of the nature of the pupils
being taught, nor does it correspond entirely to what we have described, in the

preceding sections, as pedagogical content knowledge.

Researchers (e.g. Shuiman, 1986; Fennema & Franke, 1992; Ball, 1990a; Bromme,
1994; Harel, 1994; Cooney, 1994, Lappan and Theule-Lubienski, 1994 etc.) have
recognised this by subdividing teacher professional knowledge into two strands:
pedagogical knowledge/skill specific to the subject matter of a discipline and
pedagogical knowledge pertaining to the teaching profession in general. The former is
what we have described and contextualised previously as pedagogical content
knowledge. The latter includes knowledge of epistemology and those broad principles
and strategies of classroom management and organisation that appear to transcend
subject matter (e.g., curriculum studies, psychology, educational technology and

educational foundations, etc.). Recognising that teachers can no longer apply a set of
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skills like unthinking machines, colleges have also reflected this in their courses and
have changed their names to colleges of education, thereby removing the stigma
associated with ‘training’.
Another component of the complex knowledge structure of teachers that has, therefore,
received attention from research is teachers' general knowledge of their students, the
learning process, the teaching profession and teachers’ role in society. Various terms
have been applied to describe this type of knowledge and different authors have
included different skills and knowledge in it. Shulman, for instance, described it as
general pedagogical knowledge. Ferguson and Womack (1993), and a host of others,
prefer to use the term “educational course-work” to include this and all but subject
matter courses in a college of education. Harel (1994) includes in it knowledge of
epistemology. Teachers, according to Harel, must understand fundamental
psychological principles of learning:

“that students construct their own meaning as a result of

desequillibration while they encounter new knowledge, that the source of

any knowledge construction is an experiential problem solving activity

and that mathematics is a social construct students establish through a
negotiation process”. {pp 113-119)

There existed some controversy over the relative importance of this type of knowledge
in teacher preparation. For example, in A Nation at Risk, (NCEE, 1983) the authors
contended that teacher preparation programmes are too heavily weighted with “courses
in educational methods at the expense of courses in subjects to be taught”. Subsequent
reform documents, especially in the US (e.g. Holmes Group, 1986; Carnegie Forum on
Education and Economy, 1986; Murphy, 1990; Sikula, 1990) also expressed this view.

On the other hand, teacher educators argued, on the basis of conviction rather than
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hard evidence, that extensive pedagogical training is essential in the preparation of
effective teachers.

A considerable body of research, however, exists which confirms that general
pedagogical knowledge has a positive effect on teaching performance (Darling-
Hammond, 1991; Ashton and Crocker, 1987; Evertson, Hawley and Zlotnik, 1985).
Ashton and Crocker (1987), for instance, report that a positive relationship has been
found between the amount of education course-work taken by teachers and their
students’ achievement, implying at least a moderate benefit from credits earned in
professional education courses. Another group of studies ( e.g. Denton and Lacina,
1984: Grossman, 1990) demonstrated that teachers who were graduates of teacher
education programmes received higher ratings than non-education graduates on their
performance in the classroom. The abilities assessed were their ability to introduce and
conclude lessons, communicate effectively with students, and relate content to the
students’ needs and interests.

A large scale study by Kennedy (1991) of teacher education programmes conducted
with more than 700 teachers and teacher candidates revealed that majoring in academic
subject provided no assurance that teachers were prepared to be effective classroom
instructors. Druva and Anderson (1983) in their meta-analysis of 65 studies on the
effects of subject matter and education preparation on teaching of science teachers
concluded that both education and science courses are positively associated with
successful teaching. And research shows that teachers who entered the classroom
through alternate quick-entry routes had greater difficulty than graduates of traditional
programmes in attending to students’ motivation, differing learning abilities, curriculum
development, classroom management, and determining appropriate teaching methods

(Darling-Hammond, 1991; Grossman, 1989).
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Evertson, Hawley and Zlotnik's (1985) review of studies comparing the instructional
behaviours and the achievement of students of provisionally versus fully certified
teachers revealed that regularly certified teachers performed more effectively than
teachers with less formal training. Preparation in professional education has also been
found to be positively associated with increased teacher sensitivity, effectiveness in
dealing with divers student needs and the ability to teach in a style that facilitates higher
order learning (Ashton and Crocker, 1987). The effect of education course-work is
particularly noticeable when achievement is measured on higher-order tasks such as
students’ ability to apply and interpret concepts.

With reference to the progressive impact of general pedagogical knowledge, Skipper
and Quantz, (1987) found that as students passed through their professional education
courses they become increasingly student centred in their attitudes and more
knowledgeable about methods which are consistent with student development and
critical thinking. Studies have also shown that teachers without knowledge of classroom
management skills, for instance, have more difficulties managing routine tasks than
teachers with training in these skills. Thus, existing research strongly suggests that
general pedagogical knowledge or education course-work makes a difference in
teaching performance. The implication for teacher trainers is obvious. A suitable or
relevant teacher education programme must provide for, not only pedagogical
knowledge specific to the particular subject matter to be taught but, general pedagogical
knowledge: that is knowledge that pertains to the teaching profession in general. This
includes knowledge of the theory of education, philosophy of education, history of
education, psychology of education, child development, curriculum studies, and

management skills.
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3.5. Context knowledge

Survey studies (for example Cockcroft, 1986) as well as analyses of children’s
knowledge of mathematics (for example, Carraher, Carraher, & Schliemann, 1985, 1987;
Ginsburg, 1977; Ginsburg, Posner, & Russell, 1981; Hughes, 1986; Resnick, 1984)
have shown that much mathematical knowledge is acquired outside school. Also,
D'Ambrosio (1984, 1985) showed that much of what is learnt outside school is
influenced by the culture of the immediate society. He used the expression “ethno-
mathematics” to refer to the forms of mathematics that are embedded in cultural
activities. For example, everyday activities such as building houses, exchanging
money, weighing products, and calculating proportions for a recipe. These are
applications of mathematics which, though they often look different from those used in
school, involve numbers, calculations and, sometimes, precise geometrical patterns.
They vary significantly across countries, because of the differences in the numeration
systems used, for example, or the devices used for calculation. These differences may
be perceived as deep- or surface-structure differences, depending on what views one
holds of mathematical knowledge. Nevertheless their existence highlights the need for
different approaches (and perhaps different contents) in mathematics teaching in
differing situations.

Also, modern social sciences like psychology and sociology have shown that individuals
differ and so do cultures and subcultures. Besides, recent thinking about the qualities
required of a teacher has shown that there is a strong link between the work of a
teacher and that of other social workers and even personnel managers in industry.
Thus, teachers’ role, conceived in modern terms, requires a diversity of skills,

knowledge and personality.
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For instance, it has been known for years that teachers are concerned in part with the
socialisation of the child, although this awareness has not always been reflected in
teacher education programmes. In a society like that of Nigeria which is in a state of
flux and also essentially pluralistic there is great need for teachers to involve
themselves in the socialisation process even more than the parents. This need is made
greater by the realisation that modern Nigerian parents tend to abrogate some of their
own responsibilities in this area, and that many Nigerian secondary schools are
residential (boarding) establishments.
Craft (1971), develops an inter-professional thesis that there is both a mental health
process in teaching and also a social process. And quoting Tibble (1959) as follows:

(Teachers and social workers)......" are essentially engaged in bringing

about changes of one kind or the other in people, adults or children, who

are by definition in a state of need; either because of their immaturity

and dependence as children or because of some maladjustment
between person and environment.” (Tibble, 1959)

he argues that there are several continua which link the roles of teacher and social
worker and, thus, that there are good reasons to support the idea of their being
educated in a more closely integrated system. While the health visitors, community
health officers, industrial personnel officers and other professions, that are traditionally
described as social workers, are more concerned with using education as a means of
social control to alleviate the maladies of society, teachers are, on the other hand,
concerned with socialisation understood in terms of enabling the pupil to be apprenticed
to the norms of his own culture.

These differences in function, he pointed out (and | think rightly), could be seen as
differences in degree along the various continua and, therefore, that teachers and social

workers could benefit from the mutual interaction of being educated side by side in the
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same institution; an institution which would clearly have much broader function than that

of the present colleges of education.

Although Nigeria is yet to develop her social services, we are here concerned with the

long-term development of the system for teacher education. It seems pertinent, then, to

raise the possibility of a much broader-based college as the ultimate objective of the

training process we are concerned with in this study.

As is acknowledged, the teacher’s role, conceived in modern terms, requires a diversity

of skills and knowledge: a coliege of education should, in the words of Chambers,
“..challenge a student, further his personal education and give him
insights into his own development ... and equip him with skills,

information and focused attitudes to children, school and society.”
(Chambers, 1971, p.71)

The realisation that mathematical knowledge can be acquired outside school, that
cultural influences on mathematical activities are important to mathematics learning and
that the teacher has a social role to play, bring new variables into mathematics teaching
and learning. For instance, is the mathematics learned outside school the same as that
taught in school? How can teachers identify and capitalise on mathematics learned
outside school? And of more importance to teacher trainers is the question of the type
of activities to be included in programmes for teacher education in order to incuicate the
ability to identify and use mathematics that are embedded in cultural activities for the
benefit of their (i.e. the teachers’) pupils.

One further component of teacher knowledge that has, therefore, received attention is
knowledge of the environment/society in which school is situated or the context in which
teaching is to take place. Different people have used different expressions to described

this type of knowledge, for example, “situation knowledge” or “knowledge of society” and
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so on. Grossman (1990), however, used the term ‘knowledge of context’ and described
it as,
“....knowledge of the districts in which teachers work, including the
opportunities, expectations, and constraints posed by the districts;
knowledge of the school setting, including the school “culture”,
departmental guideline, and other contextual factors at the school level
that affect instruction; and knowledge of specific students and

communities, and the students’ backgrounds, families, particular
strengths, weaknesses, and interests” (p.9)

In this study, we used the expression “context knowledge” to represent it and defined it
as the character and culture of the community for which the trainee is destined;
including, apart from those components identified by Grossman, the needs, vocations,
aspirations and expectations of the community, district or school, the purpose of
education as envisaged by the community, the history, beliefs and religion of the
community; knowledge of how school is financed and administered in the particular
society. This aspect of teacher knowledge is very important in the Nigerian context
because social and cultural values in the country are varied, compiex and delicate;
especially in view of the disparities in education between the northern and southern
parts of the country and between the highly urbanised areas and the less urbanised
ones. Besides, over 75% of school teachers in the north come from the south.

As in most developing countries, a relatively small section of the population - urbanised,
to a large degree westernised in life style and employed in the ‘modern’ industrial and
administrative sector - exists as a definabie stratum above that mass of rural-dwelling,
agriculturally based, traditionally minded farmers, nomads and peasants. Cutting across
this basically economic division are social and religious divisions discernible along
ethnic and geographical lines. To the north of the Niger and Benue rivers approximately
half the population accept a feudalistic, hierarchical system, deriving from earlier

kingdoms whose driving and unifying force was, and still remains, Islam. In the south
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both the Ibo and Yoruba, together with their subgroups, adhere, again largely on
traditional lines, to a more dynamic, fluid, entrepreneurial and socially mobile society
than obtains in the north. This has meant that the north has continued to lag behind in
education. Despite the manifest differences, however, the south shares with the north a
pattern of strong traditional authority.

Linguistically, Nigeria is extremely diverse, a recent survey’ having isolated 400
languages. Of these, three major languages - Hausa, Igbo and Yoruba - are spoken by
approximately half the population although not necessarily as a mother tongue.
National radic broadcasts are put out in all of these major languages as well as in Efik,
Edo, Kanuri, Tiv, Fula, ljo and English. It has been estimated that 15% of the population
can speak English, although only a small proportion are fully literate in standard
English, the others being users of Pidgin varieties. Pidgin is used in multi-lingual areas,
especially in large towns and the “foreigners’ quarters” of the north. Arabic, the sacred
language of millions of Muslims, is used comparatively little as a contact language.
Although there is no official national language, all important announcements and
documents are produced in English, which can therefore be regarded as both the official
language and the lingua franca.

The implication to mathematics teacher education in Nigeria is the influence exerted on
school and college curricular by demands of these social and cultural differences. For
instance, in the north the Isiamic influence decidedly makes the teaching of the concept,
such as probability, particularly difficult; since the religion teaches that any pretence to
be able to predict the future by any means is blasphemy. Another example is the
concept of banking and interest earned as a result of investing a capital sum in a bank.

Muslims are by faith forbidden to accept interests for money invested in any bank and

2 Federal Government of Nigeria (1994), Survey of Participants in National Youths Corp.
Exercise for 1993/94 Year. Published by FGN in August 1994
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therefore many refuse to participate in any discussion on the concept of simple or
compound interest, which they see as unethical. Examples such as these abound. The
topics/concepts appear in the school mathematics syllabus which are examined by
WAEC for the SSC and, therefore, have to be taught and learned if success in the SSC
is envisaged. A prospective mathematics teacher destined for northern Nigeria should,
therefore, be given the opportunity, through training, to be aware of the existence of
these peculiarities and perhaps taught ways of presenting them that do not offend or
estrange his pupils.

A further example, of cultural variation in Nigeria that is, perhaps, useful to cite here is
the numeration systems of the two major ethnic groups in the south of the country: the
Yorubas and lbos. The Ibos count in “bundles of ten” - iri - and “bundles of twenties” -
nnus - adding or subtracting numbers up to nine. The Yorubas, on the other hand, use
a system which alternate between addition and subtraction depending on how large the
number is. For example, the Ibo would say “two-bundles of twenty without nine” and
“two bundles of twenty without one “ for the numbers 49 and 39 respectively, while the
Yoruba would say “fifty without one” for the number 49 but “thirty with nine” for the
number 39.

The designers of the national mathematics curriculum for Nigerian schools seemed to
have taken these cultural variations into consideration when they included topics such
as “An indigenous system (of numeration) of special relevance locally” and
recommended that pupils be encouraged to investigate “local counting and reckoning
systems including writing of essays and reports’. (FME, 1982, revised 1990). The
implication to teacher trainers is obvious. To be relevant in the Nigerian context, a
programme for the education of mathematics teachers must provide for, not only

knowledge specific to the mathematics to be taught or knowledge pertaining to
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educational principles and practices, but also knowledge about the culture and values of
the particular locality in Nigeria in which the student teachers are to teach. Teachers
must be aware of the particular context in which they teach and must be able to draw
upon their understanding of that particular context to adapt their more general
knowledge to specific school settings and individual student. To be of use for classroom

practice, a teacher’s knowledge must be context-specific (Lampert, 1985).

3.6. Practical skill

Finally, from what has been said in the preceding sections, it is clear that the education
of teachers is not a purely academic enterprise; it also requires the learning of
professional skills and techniques. Teaching is, thus undeniably, a practical activity
and, as such, requires that its practitioners develop practical skills in addition to
theoretical insights. Colleges of education are, very much like the universities,
concerned with the life of the intellect and with building a community of students
mutually engaged in the task of pursuing truth. Their orientation is, therefore, usually
academic and theoretical and not necessarily practical. Educators have realised this
fact for many generations and have, therefore, included a period of practical teaching in
teacher education programmes. More recently, initial teacher education have become
more practical and school based. There is disagreement, among educators in various
countries, on the structure and duration of activities for inculcating the practical skill
(see for example Young, 1994; Lawlor, 1990); what is, however, never in dispute is the

need for such activities.
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3.7. Nigerian government policy on teacher education

Published by the government in 1977, the National Policy on Education (NPE) appears
to have the authority of only a White Paper, but its recommendations are being
implemented both nationally and in the states. The policy it puts forward is in no way
revolutionary and confirms the tendencies which have existed since the seminar on
‘National policy on Education’ in 1973. The government makes clear that it regards
education as an instrument par excellence for effecting national development and that it
is for the government to spell out educational policy and to develop a uniform national
system. The recommendations, as they pertain to teacher education are as follows:

“Grade |l is to be the lowest teaching qualification and all teachers
practising at present must achieve this through in-service training. The
Nigerian Certificate in Education will eventually be the basic qualification
for all future teachers. In-service training will be systematically planned
and teachers will earn credits for increments or promotion. Teaching is
to be legally and publicly recognised as a profession. NCE holders will
be enabled to complete a university degree in two years”
(FME, 1977, 1981)

And, in the preamble of the 1981 revised edition it states that:

“...the curriculum of teachers’ colleges will consist of:

a) General studies (courses essential to Nigeria)

b) Foundation studies (principles and practice of education);

c) Studies related to the student’s intended field of teaching......and

(
(
(
(d) Teaching Practice’. (FME, 1981)

—r e

The National Commission for Colleges of Education (NCCE), a body charged with
regulating the activities of colleges of education in Nigeria, attempted to clarify this in
1990 through its Guideline on Minimum Standards (NCCE, 1990) by detailing examples
of course titles that, it thought, fit within each of the four headings listed in the National
Policy. This is shown in Table 3.1 together with the six components of teachers
knowledge identified by research and the Nigerian government national policy

recommendations.
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Table 3.1. KNOWLEDGE COMPONENTS OF A TEACHER EDUCATION PROGRAMME

Theoretical Components

Indigenous components

Nigerian National Policy

NCCE

Content Knowledge
(i.e. knowledge of subject matter
and
knowledge about subject matter)

Pedagogical Content
Knowledge

Specialist Subjects

It gives a list of 48 choices which
included mathematics. (Although not
made explicit it is assumed that this
includes methods and representations
of subject matter)

General Pedagogical
knowledge

Foundations

Theory, principles and practice of
education
Philosophy of education
Psychology of education
History of education

Context Knowledge

General Studies

Use of English
Philosophy and logic
History and philosophy of science
Nigerian peoples and culture

Practical Skill

Teaching Practice

Practical assignment equivalent to at
least 12 weeks teaching assignment
in a secondary school

From this table it is seen that ‘general studies’ as described in the policy couid be taken

to correspond to what we have contextualised in this study as context knowledge.

Foundation studies corresponds to general pedagogical knowiedge. Specialist subjects

are studies related to the student’s intended field of study (e.g. mathematics) and couid

be described as consisting of subject matter knowledge and pedagogical content

knowledge. The implication of these to us in this study is the recognition that an

optimum educational programme for the education of mathematics teachers, especially

a programme that is to do the best job in the Nigerian context, must provide activities
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that will enable trainees to acquire or develop the six components of teachers’
knowledge which is identified by research as essential for the craft of teaching.
However, the general issue relating to all the various knowledge components that we
have considered to be important in the education of teachers, are the question of how
we can justify their inclusion in the curriculum; how we can treat them in relation to one
another; what should be the appropriate time application or effort between them and
what do they look like in practice. That is what does a student do and what does a
teacher trainer do, etc.? It is most likely that the practice in relation to these
components in teacher education varies significantly between countries, colleges and
even with specific type of teacher education programmes. These are in fact the key
issues that need to be addressed in relation to the education of teachers of
mathematics.

Besides, as noted by Kennedy (1986), teacher education programmes are not variables
that can be manipulated in any simple way. They are formed by governments (state and
federal in the case of Nigeria), student bodies, and demands of client school proprietors.
Simitarly, what students learn about teaching while participating in these programmes
depends on what they aiready learned elsewhere, on their ability to learn, on their
beliefs about teaching, on their dispositions towards teaching, on their inclination to
learn, and on their concurrent learning experiences. We cannot control all of these
influences; indeed we cannot even measure all of them. In fact, fundamental concerns
have been raised regarding what one can expect teachers to learn about teaching
during a few semesters of college - relative to what they have learned about teaching
throughout their lifetime and what they will learn about teaching on the job.

Prospective teachers have had an average of fifteen years of schooling before they take

a formal course in teacher education. After leaving teacher education programmes
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students are exposed to immediate pressures (for example, career evaluation systems)
and to continuing internal (career ladder) and external constraints (education laws, the
media). These forces interact in complex ways with a given teacher's training, ability,
and philosophy so that it is hard to conceptualise linkages between teacher education
and classroom practices.

Besides, various experiences combine to influence actual teaching behaviour. For
example, in Nigeria, mathematics educators may find that their call for more emphasis
on problem solving, estimation, and measurement in primary school instruction may be
neutralised by a local government's implementation of a new mathematics testing
programme that emphasises computation and basic concepts. The testing programme
may be implemented because of the philosophy of local government administrators, but
it may be fuelled because of external pressures (newspaper articles, influential citizens).
However, independent of the antecedent that led to the development of the testing
programme, its presence will affect how much instruction is offered in various
mathematical topics and so on.

In Nigeria, as indeed in UK and many other countries, these are issues that plague the
teacher education process: the issue of relevance of the subject matter of a teacher
education programme to the subject matter of a discipline in a school; how to bridge the
gap (if any); how to select the content knowledge of teacher education, how to make
sense of the diverse approaches to teacher education adopted by different colleges of
education in the country and so on. Abatan (1993) pointed out that “There is hardly any
research in Nigeria concerning the education of secondary school mathematics
teachers” (p. 221). There is, therefore, a great need for studies which will look at least at
one of these issues in teacher education in the Nigerian context. The present study was

consequently embarked upon in order to provide the impetus and depth of
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understanding that will guide reform initiatives on mathematics teacher education in that

country.

3.8. Summary

To summarise a number of notions of teacher knowledge have been generated by
research that have tried to describe and delineate the knowledge base for teaching.
But, while researchers differ in their definitions of the various components, extensive
evidence indicates that teaching is best understood as an active practice in which the
teacher constantly makes decisions. The knowledge essential for this kind of thought
and role can be classified into two groups: subject matter {or content) knowledge and
pedagogical knowledge. These two, as well as one other, practical experience, which
although classified by various writers as a sub-component of the latter, are seen as the
pivots upon which successful teaching hinges.

The former consists of knowledge of subject matter (e.g. core topics/concepts,
procedures and relationships among them and how to present them) of a particular
discipline (e.g. mathematics) and knowledge about subject matter (e.g. history, purpose
and nature of mathematics). There is, in this case, a widely recognised need for agreed
guidelines on the content of training to reflect the need of school mathematics in a
particular context and for a guarantee of an acceptable level of preparation in the
subject or aspect of the curriculum which a teacher offers to teacher. The choice of
what is relevant content is, however, dependent on where and for what purpose the
training is intended.

The latter (a more complex component) presents difficulty because teacher educators,
and indeed the wider society, disagree on what should or should not constitute

pedagogical skills or the terminology used to describe its various sub-components or its
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relative effect on teacher performance. However, three sub-components - general
pedagogical knowledge, pedagogical content knowledge and knowledge of the
environment/society in which the teaching is taking place - are generally recognised, by
various authors, as the cornerstones of the emerging work on professional knowledge
for teaching. For want of a better term, it was decided to, henceforth, refer to the last of
these three sub-components as “context knowledge” in this study. Practical skill, which
could be regarded as the vocational strand of the professional knowledge, is experience
acquired through teaching, during training, in a secondary school or through one of the
more modern models of training, for example school-based model, micro-teaching, peer-
group teaching, etc. Figure 3.2 summarises the essential features of the

conceptualisation discussed in this chapter.
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Figure 3.2 ESSENTIAL FEATURES OF A MATHEMATICS TEACHER EDUCATION PROGRAMME

CONTENT
KNOWLEDGE

PEDAGOGICAL
KNOWLEDGE

CONTEXT
KNOWLEDGE

PRACTICAL
SKILL

1. Knowledge of
subject matter
(core topics, concepts, or
principles; procedures and
relationships among topics,

concepts or principles)

2. Knowledge about
subject matter
(e.g. history, purpose, and
nature of mathematics,
belief about mathematics,
etc.)

3. General pedagogical
Knowledge.
-Theory of education
-Learning theories
-Psychological principles
about learning (e.g. Human
Development, etc.)
-Philosophical theories
about education.
-Curriculum studies
-History of education
-Skills of management

etc.

4, Pedagogical Content
Knowledge
-Lesson planning in maths.
-Lesson presentation in
maths.
-Methods of teaching
specific topics/ concepts in
maths.
-Teaching methods and
approaches
-Theories of maths learning
-Assessment/evaluation
skills in math.,

etc.

5. Context Knowledge:
-Working of the group/class
-Governance of school
-Financing of school
-Character and culture of
the community in which the
school situates.
etc.

6. Practical Experience
gained during teaching
practice in the form of any
one or all of the following;-

-Traditional teaching
practice.
-Micro-teaching
-School-based training
model.

-Peer -group teaching
-etc.
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CHAPTER 4

RESEARCH DESIGN AND METHODOLOGY

4.1, Introduction:

The literature review presented in the preceding chapter, provided the background
understanding and the theoretical framework upon which this study is modelled; in the
choice of strategy, the design of the tools for data collection, and in the determination of
the procedure to be adopted for data analysis. However, certain state of affairs in
Nigeria also influenced the decisions about the sampling procedure adopted and the
data collection exercise; affecting particularly the size of the sample and the timing for
the administration of one of the research instruments used. It is necessary, therefore, to
begin this chapter with a brief account of the context under which the study was carried
out.

Between January 1992 and October 1994 there were a series of interruptions in the
research, due to some political unrest in Nigeria, in the educational system and civil
service of the country. All universities in Nigeria were shut down from January 1992 to
the end of June 1992 because students were protesting against the military government
which sought to extend its rule beyond 1992. In July 1992, all higher institutions
(universities, colleges and polytechnics) were again closed because lecturers
embarked on a national strike. They were protesting against the prevailing poor
learning conditions as well as the unfavourable conditions of service in the universities
and other institutions of higher learning in the country. The strike was called off in

October 1992.
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Barely a month after the lecturers’ strike, primary and secondary school teachers went
on strike in November 1992. They were also demanding improvement, similar to that
agreed for higher education institutions, in their conditions of service. The whole of
1993 and part of 1994 saw series of upheavals and disruptions in the day to day life of
all Nigerians. There was the petrol/fuel shortage which paralysed the transport system
for nearly two years; there was the acute shortage of car and motor parts which meant
that even if one was to find the fuel there were no cars to use it in; there were the postal
strike, electricity workers strike and so on. The climax came in November 1993, when
the country’s entire civil service, banks, custom officers, and immigration officers joined
secondary and primary school teachers in demanding a review of their salaries. This
continued until October 1994 when the researcher left Nigeria for UK.
During this period (January 1992 -October 1994) educational services suffered a great
deal. Work in the country was generally paralysed both in the offices and schools and
travel and communication were seriously hampered.
It was in the midst of all these confusions that decisions about sampling procedure,
sample size and the design presented in this chapter were made. Although colleges of
education were in session during the period May 1994 to September 1994, when the
actual fieldwork for this study was undertaken, the situation in the country was taken
into consideration in its design. Consideration about the feasibility of successfully
accessing the sampled colleges, meeting student teachers and executing a chosen
design, given the context described above, was a dominant factor.
The study set out to determine:
a) the characteristic features of programmes that exist in Nigeria for the initial training of
school mathematics teachers;

b) the differences among the training programmes;
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c) the relationship between training curricula and school mathematics curriculum in
Nigeria;

d) the level of understanding of school mathematics subject matter among trainees who
have completed the training programmes.

The specific questions addressed in the study were:

1) What conditions or programmes exist for the training of school mathematics teachers
in Nigeria®?

2) In what respect do school mathematics teachers training programmes in Nigeria
differ among themselves? In other words, if they differ how are they different?

3) In Nigeria, is there any relationship between the mathematics teacher training
curricula and the school mathematics curriculum for which teachers are being
prepared to implement?

4) What level of understanding of school mathematics subject matter in Nigeria do
student teachers possess at the terminal point of training as their basis for teaching
the NNMC?

5) Are there any differences between programmes in the level of subject matter
understanding of student teachers passing out from different colleges of education in
Nigeria?

6) In Nigeria, is there any relationship between curricular provisions for the training of
school mathematics teachers and the needs of the trainees?

This chapter describes the research design, (much influenced by the situation described

earlier) which was planned and carried out in order to provide data to help in answering

these questions. It tells the story of the efforts made to ensure that the research

population is reflected in the sample. It describes the instruments employed to collect



80

data for the study and presents some justification for the statistical procedures adopted in

analysing the data.

4.2. The population

The research population was made up of mathematics programmes for initial training of
teachers, student teachers in full-time attendance in colleges of education where the
Nigerian Certificate in Education (NCE) programme is being run for mathematics
teachers, and teacher trainers at various colleges of education. Initially a list was
provided by the Federal Department of Statistics (FDS) of addresses and locations of
educational institutions offering the NCE mathematics programme. Additional data
were obtained from the Federal Ministry of Education (FME) and the Nigerian Education
Research Council (NERC). During a follow up contact it became apparent that the list
and data were out of date. Although institutions no longer offering NCE courses could
be removed, additions could not be made for new colleges and institutions omitted from
the lists and data provided.

However, in the course of this preliminary search it was realised that, as a result of the
affiliation scheme ordered by the federal government in 1976, every institution in
Nigeria offering the NCE programme was affiliated to one university in the country. It
was, therefore, possible to obtain a complete list of these institutions from the Institutes
of Education of the universities. The distribution of NCE mathematics teacher training
colleges of education according to the university to which they were affiliated is shown

in Tables 4.1.
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UNIVERSITIES AND THEIR AFFILIATED COLLEGES OF EDUCATION

UNIVERSITY

CODE'

TOTAL

1. Obafemi Awolowo
University, lle-ife

2. University of ibadan,
Ibadan

3. University of ilorin,
liorin

18. Univel
. Maidu

OAU

IBADAN

ILORIN

UNN

ABU

1

codes.

\ AFFILIATE COLLEGES

37.
38.
39.
40.
. College of Education, Bama
42,

University ldentification ID codes

. Adeyemi College of Education
. College of Education, ljebu-Ode i
. College of Education, lkare-Ekiti 3

. Coliege of Education, Oyo

. Federal College of Ed.(Sp), Abeokuta ;

. College of Education, liesha 4
. College of Education, lla-Oragun :

........................................................ U PP VPEPSPRI ST PPPROTS SRS

8. Federal College of Education, Okene

i 9. College of Education, Horin
: 10.

College of Education, Oro

. Federal college of Education, Akoka
. College of Education, ljaniki

. Federal College of education, Umunze
. College of Education, Awka

. College of Education, Nsugbe

. College of Education, Eha-Amufu

. Alvian lkoku Coll. of Ed. Owerri

. College of Education, Enugu

. College of Education, Kano

. College of Education, Zaria

. College of Education, Azare

. College of Education, Ankpa

. College of Education, Kafanchan

. College of Education, Mina

. College of Education, Gindiri

. Federal College of Education, Katsina

. Federal College of Education, Kontagora
. Federal College of Education, Bichi

. Federal College of Education, Gombe

. Federal College of Education, Potiskum
. Federal College of Education, Gusau

. Federal College of Education, Obudu

. Federal College of Education, Pankshin
. College of Education, Katsina-Ala

. College of Education, Akwanga

. College of Education, Hong

Federal College of Education, Yola
College of Education, Maidugiri
College of Education, Waka-Bui
College of Education, Gasua

College of Education, Jalingo

14

used here are those published by the Joint
Admissions and Matriculation Board (JAMB) in its Brochure for 1991/92 academic
session. Subsequent reference to these universities in this study will use these ID
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9. Bayero University, BUK L 43, College of Education, Gumel

Kano

:10. Usm i ubu 44. College of Education, Sokoto

| Unive P

11. Univ. ' UNIBEN 45 College of Education, Asaba
Benir ‘ 46. College of Education, Eki-Adolor

47. College of Education, Agbor
48. College of Education, Warri

i12. Univi ! i UPORT 49 College of Education, Omoku
Harc : 50. College of Education, Afaha-Nsit
51. College of Education, Akamkpa
‘ 52. Federal College of Education, Uyo
53. College of Education, Port-Harcourt

4.3. The sample

In choosing the research sample and determining the manner in which the sample was
drawn, three factors were influential. The first was that the institution must have been
running the NCE mathematics training programme for at least three consecutive years.
This is the minimum duration for training as a teacher in Nigeria. The second was
limited finance because of the economic crisis and social unrest in the country at the
time. The study was entirely financed by the researcher. The third was considerations
of accessibility. Transportation which at normal times is very expensive in Nigeria
barely existed after 1992.

At the time when the fieldwork for this study was carried out in 1994, all the fifty-three
(53) colleges of education in Nigeria had been running NCE mathematics programmes
for at least three years.

The original idea was to collect and examine, one by one, all mathematics teachers
training programmes from the 53 colleges of education in Nigeria; interview as many
teacher trainers (especially the heads of mathematics departments) and student

teachers in each institution as possible about their training programmes. But because
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of the cost and the physical and transportation difficuities, which would have been
involved in attempting such a nation-wide survey, this idea had to be dropped.

The selection of a sample of colleges from which training programmes would be
analysed was thus made by a method similar to that of stratified random sampling.
First, the colleges of education were sorted into groups according to the universities to
which each was affiliated. This decision was based on the assumption that a group of
colleges, affiliated to the same university, operated the same or similar training
programmes. This was because, in compliance with the NCCE’s Policy Document on
Minimum Standard (NCCE,1991), colleges of education were obliged to adopt
programmes recommended to them by their respective validating universities. This
assumption was later tested and confirmed to be true by collecting and comparing three
programmes from three different colleges in university affiliation group 6 (ABU) and two
from group 5.

Second, from each group of colleges, one college of education was selected at random
and, provided that it was easily accessible, it was included in the sample. If a selected
college is not easily accessible another college was randomly selected to replace it. It
is realised that this could affect the representativeness of the sample but this is the best
possible option in the face of the difficulties and constraints imposed on the researcher
by the situation in Nigeria described earlier. Twelve training programmes were selected
for analysis through this process.

The selection of student teachers and teacher trainers was based on the original list of
53 colleges. From each programme group, final year students teachers were selected
at random in proportion to the number of colleges in the group. Lists of final year
mathematics student teachers were obtained, where possible, either direct from the

colleges of education or from the university of affiliation. Five student teachers were
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then selected at random from each of the lists. These were then invited to participate in
the research. This procedure was used to select student teachers in 47 out of the 53
colleges of education in the country.

For the remaining 6 colleges, where for very good reasons this was not possible, the
heads of mathematics department or their deputy was asked to send the names of five
of their student teachers to the researcher. The effect of this dependence on the ability
of these individuals to sample randomly (and other limitations) on the composition of the
sample is discussed later.

Also, one teacher trainer was selected at random from each college of education. To
control for experience, only trainers with at least five years of teaching experience were
selected. As for qualifications, only teacher trainers with qualifications in mathematics
education or in mathematics were selected.

This procedure ensured that the samples were representative of the population from
which they were drawn. For aithough there are thirty-two (32) universities in Nigeria, only
twelve (12) have colleges of education affiliated to them (Table 4.1). And since each
validating university does prescribe training programmes to their affiliate colleges, it was,
as said earlier, reasoned that a group of colleges affiliated to the same university is likely
to be using similar, if not the same, training programme. In fact three programmes from
each of the two largest programme groups (Groups 5 and 6) were found on comparison
to justify this assumption. The 12 sample programmes were, thus, selected, so that each
of the twelve groups of colleges of education shown in Table 4.1 was represented. The
sample was, therefore, typical of all programmes in the 53 colleges all over the country
and was a fair representation of them.

Also colleges of education in Nigeria, for reasons (economic and political), affiliate to

universities near to them (NCCE, 1994). So that, in effect, the two traditional divisions
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(north and south), in terms of educational provision and attainment, of the country are
represented in the twelve programmes groups and hence within the twelve sample
programmes selected for analysis.
The sample of student teachers was drawn randomly from all the 53 colleges of
education in the country; the sample is, therefore, a fair representation of the population
of all final year mathematics student teachers in all colleges of education in the country
at the time the field exercise was carried out.
The research samples are, therefore, as follows:-
o Twelve (12) NCE mathematics teacher training programmes;
o Fifty-three (53) teacher trainers (i.e. mathematics/mathematics education
lecturers in colleges of education in Nigeria).
e Two-hundred and sixty-five (265) final year NCE mathematics student
teachers from colleges of education in Nigeria.
Tabie 4.2. shows the distribution of sampled programmes according to the status” and
location of colleges, in the two geographical divisions of north and south from which the
samples programmes were collected. Table 4.3 shows the distribution of the 265

student teachers according to programme groups and some initial entry variables.

2 Status: of colleges of education in Nigeria are determined based on whether they are
owned by a state government or the Federal government. Private ownership of higher
institutions in Nigeria was outlawed in 1990. Established private colleges (e.g. The
Ecumenical College at Enugu owned by the Catholic Church) were either closed or
taken over compulsorily by the state/federal government in 1990.
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PROG UNIVERSITY COLLEGE FROM WHICH SAMPLE GEOG. STATUS
CODE PROGRAMME WAS COLLECTED LOCATION
A. OAU Adeyemi College of Education South State gowvt.
B IBADAN College of Education, Oyo South State govt
Cc ILORIN Federal College of Educ., Okene North Fed. govt
D UNILAG Federal College of Educ., Akoka South Fed. govt
E UNN College of Education, Awka South State govt
F. ABU College of Education, Azare North State govt
G UNIJOS Fed. College of Educ., Pankshin North Fed. govt
H UMAID College of Education, Jalingo North State govt
I BUK College of Education, Gumel North State govt
J ubu College of Education, Sokoto North State govt
K UNIBEN College of Education, Eki-Adolor South State govt
L UPORT Federal College of Educ., Uyo South Fed. govt
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TABLE 4.3. DISTRIBUTION OF STUDENT TEACHERS

PROG SEX AGE INITIAL ENTRY TOTAL
QUALIFICATION
MALE FEMALE <=25 >25 GCE® TC2! N=
A 5 10 7 8 7 8 15
B 12 8 14 6 11 9 20
C 12 3 5 10 8 7 15
D 10 0 7 3 6 4 10
E 23 7 20 10 17 13 30
F 52 18 39 31 30 40 70
G 17 3 10 10 8 12 20
H 29 1 13 17 9 21 30
5 0 3 2 3 2 5
J 5 0 3 2 2 3 5
K 13 7 12 8 9 11 20
L 19 6 17 8 15 10 25
TOTALS 202 63 150 115 125 140 265
76% 24% 57% 43% 47% 53% 100%

4.4. Methods of data collection
Three different instruments were used to gather the data for this study: a school
mathematics contents test (SMCT), a questionnaire and a content check-list. The use of

more than one type of data gathering instruments in a single study is not unusual (see

% Student teachers who had credit in mathematics at GCE ‘O’ level or the WASC or the
SSC but without any teaching qualification before they entered colleges to train as
mathematics teachers.

* Student teachers who had at least a merit in mathematics or optional mathematics or
other teaching qualifications before they entered college of education.
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Hakin 1987: Robson 1995). Where a diversity of information is sought, different
instruments are needed so that each can supplement the other to generate more
adequate and meaningful data. Robson (1995), for instance, believes that, to obtain
precise and generalisable data this approach to data collection is desirable because the
more the instruments differ the more the confidence a researcher has in any

relationships.

4.4.1. The school mathematics contents test (SMCT)

This instrument was developed by the researcher, to collect data which will provide
information on questions 4, 5, and possibly 6. The decision, by the researcher, to
construct the instrument was based on three reasons:

1) Efficient, reliable and valid instruments are, for reasons explained in the introduction
to this chapter, not easily obtained in Nigeria. These are published in foreign journals
most of which are not available in Nigeria. Investigators are, invariably, forced to go the
lengths of developing their own instruments; an exercise they would prefer to avoid
because it is usually time consuming and energy sapping.

2) The instruments that are available contain test items which are often not suitable
because they use terms that are not culturally familiar to Nigerian society; and

3) to modify or adapt them for the study would not be proper; since the main objective
of the decision to test was to measure student teachers’ level of understanding of the
contents of a specific mathematics syllabus: the NNMC. It was, therefore, necessary to
construct a test that is based entirely on the content of that syllabus.

The SMCT, thus, contained 100 multiple choice objective items and is based entirely on
the JSMC and the SSMC(gm) sections of the Nigerian National Mathematics Curriculum

(NNMC). No item was written on the further mathematics [SSMC(fm)] section of the
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syllabus. This is because NCE mathematics teachers in Nigeria are not officially
expected to teach further mathematics courses or classes in the senior secondary
schools. We now discuss how the instrument was developed and constructed, its
structure and validation.

(a) Construction

The construction of the instrument itself was carried out based on Thorndike and
Hagen's (1977 p. 216) steps for constructing multiple-choice items for a test as follows:
On the basis of the NNMC, some objectives have been stated in the syllabi guidelines of
many mathematics programmes in Nigeria, For example, the JSCE syllabi of the
various state schools boards; the WAEC syllabus for the SSC examination (Revised,
1992), the Joint Admission and Matriculation Board (JAMB) syllabus for university
admission selection, and the NTI primary school teachers’ mathematics training
programme (1992). Given these sets of objectives and the sample population, an
analysis was made of a selected number of reports and recommendations in order to
elicit the aims of mathematics programmes for secondary schools. The analysis was
carried out in three stages. First, the general and specific statements of objectives
were identified. Second, the aims were classified as to both content and behavioural
terms. Third, information on the frequency of the mention of objectives was recorded on
a content area chart in terms of average percentage of time spent on each topic.

In all one-hundred and thirty-eight objectives, in terms of behaviours that school
mathematics teachers should be able to demonstrate, were extracted. Also four major
content areas (number and numeration, algebra, geometry and trigonometry, basic
statistics) and application, which pervades the four content area, were identified.

To ensure that the test included items on a representative sample of the sampled

objectives, a test specification was prepared. It defined how many items would be
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included in the test and how they would be apportioned between the syllabus sections
and objectives. The proportion of the items allocated to the various syllabus sections
reflected the relative importance of the sections. The procedure followed was to
allocate a percentage weighting for each section and then to calculate the equivalent
number of items by reference to the test's length. The number of items allocated to
each section were similarly subdivided among the objectives. The time allowed (3
hours) for the test was generous because the test was not intended as a measure of
speed of work.

Test items were then written for each objective. Each item was made to test specific
objective(s) that a mathematics teacher should be able to demonstrate to show
competence in or understanding of the particular skill, topic or concept in a content
area.

(b) Structure

It was then decided to sort the items, in a content versus behaviour grid, according to
some behavioural outcomes which each item appeared to be measuring. The idea was
to allow mathematics content to be tested in relation to behavioural skills or knowledge
expected from a learner after exposure to training curricula content.

In the third international survey of school mathematics conducted under the auspices of
the International Association for the Evaluation of Educational Achievement (IEA) in
which 16 countries participated, four levels of behaviour, computation, comprehension,
application and analysis, were identified. The four levels of behavioural outcomes are
expected to guide the teaching of mathematics in the classroom. If teachers teach
mathematics bearing in mind the demands of these behavioural levels, it would be
expected that students would be able to operate and exhibit the behavioural outcomes

accordingly. To be in a position to inculcate these behaviours in their students,
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teachers must themselves be able to demonstrate the skills/knowledge associated with

them. The present study investigated student teachers’ ability to demonstrate three

skills derived from the behavioural levels identified for the international study. Key

words and phrases that describe these skills, are listed in Table 4.4.

Table 4.4, A TAXONOMY® OF BEHAVIOURAL SKILLS IN MATHEMATICS TEACHER EDUCATION

SKILLS KEY WORDS AND PHRASES
(/EA’s equivalent hierarchical levels)
1. Definitional and General Knowledge {DGK) Ability to:
(Knowledge and Comprehension) -identify by name.

-recognise symbols

-define meaning of symbol

-give a specific fact

-state concepts, rules or principles

-fecoghise concepts

-recognise principles, rules and generalisations
-transform problem elements from one mode to another
-follow a line of reasoning

-read and interpret a problem

2. Process Skill (PS)
(Computation and Application)

Ability to:

-read and interpret a problem

-display knowledge of terminology

-recall specific facts

-carry out algorithms

-to solve routine problems

-identify relevant and appropriate processes
-select and carry out correct operations
-recognise patterns, isomorphism & symmetry

3. Problem solving and
Application Skills (PsAS)
(Analysis, Synthesis & Evaluation)

Ability to:

-produce a plan

-apply principles to new situation
-apply abstract knowledge to practical situation
-identify unstated assumptions

-solve non-routine problems
-discover relationships

-construct and criticise proofs
-formulate and validate generalisation
-make comparisons

-analyse data

° Adapted from Osafehinmi, |. 0.(1992); “A study of the behavioural levels of operations
in the teaching and learning of mathematics” in Education for All: The Challenge of

Teacher Education, Vol. 1 No. 1 pp. 564-578
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(c) Validation

In order to establish content validity, the one-hundred and thirty-eight items and the list
of objectives were submitted for comment and suggestions to three judges who were
themselves concerned with mathematics teaching and mathematics preparation of
teachers. One of the judges was engaged in the training of NCE mathematics teachers
in Nigeria. One was a lecturer in mathematics education and was involved in the
preparation of mathematics test materials for the Comparative Education Study and
Adaptation Centre (CESAC) of the University of Lagos in Nigeria. The third judge was
a Professor of Mathematics Education and a former Dean of the Faculty of Education at
the University of Jos. This judge was originally appointed, by the University of London,
Faculty of Education, as the local adviser for this study. These three judges examined
the suitability of the mathematics contents of the test and the appropriateness of item
setting and method of questioning.

As a result, items were subjected to comments by these judges and those that did not
meet the requirements were revised, rewritten or discarded. One-hundred items, which
were later agreed upon as good and in agreement with the objectives and content areas
of the NNMC by the judges, were then used in the test. Table 4.5 summarises the
distribution of the 100 items of the SMCT according to the four main content areas and

the three behavioural skills.



Table 4.5 DISTRIBUTION OF 100 TEST ITEMS IN THE INITIAL SMCT
(content areas by behavioural levels)
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Content Areas
Behavioural Number and Basic
Skills Numeration Algebra Geom. & Trig Stats. Total
(NN) (ALG) (GEOT) (STAT)
{ item Total Item Total Item Total
Nos. Nos. Nos.
1, 5, 6, 25, 36, 38 45 64
9,10, 37,71 46 47 66
Definitional and 11, 12, 48 50 67
General Knowledge 28 8 4 61 63} 13 3 28
(DGK) 80 81
84 85
89
3, 4, 7, 23, 24, 40 49
8, 13, 31, 32, 51 52 65
14, 15, 33, 34, 55 56
16, 17, 35, 39, 57 58
18, 19, 41, 42, 59 60
20, 21, 27 44, 68, | 20 62 79| 19 1 67
26, 27, 73, 75, 82 86
Process Skill 43, 53, 76, 77, 88 96
(PS) 54, 61, 78, 90, 97 99
69, 70, 93, 95. 100
72, 74,
87, o1,
_______________________________________________ 92,98, |
................. Totals o382 %L
Problem Solving 2,20,22,29,30,43,60,72, 83, 94, 10
and Application
Skills (PsAS)
TOTAL 1056 **

* Five items (viz.. 20, 43, 60, 61, and 72} appear in more than one group. The total number of items in the test

is, however, 100
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The draft instrument was trial tested in a pilot study in July/August 1993. The response
showed that certain items needed to be rephrased and some needed to be explained
further because a large percentage of students did not understand or react to them.
For instance , the original question 54, which sought to test the objective that a student
teacher should be able to determine the actual dimension of a plane figure from a scale
drawing, which read:
54. What is the actual dimension to the nearest metre of the rectangular piece of
land below drawn to a scale 1 cm to 20,0007

Answer

was modified to read:
54. The actual dimension of the rectangular piece of land below drawn to scale 1
cm to 20,000m is approximately equal to:-
(a) 5.5m by 1.5m
(b) 15,800m by 40,000m
(c) 110,000m by 30,000m

(d) 17,500m by 30,000m ,

when participants pointed out that apart from the fact that the phrase “approximately
equal to”, is better than “to the nearest metre” the question, as it stood without the four
alternative responses, left room for different answers which would, inevitably, lead to
subjective scoring.

As the pilot study is to serve as a mirror or yardstick with which to measure the success
or failure of the main research, this first set of questions was re-examined and the
"offending” items were either rephrased or explained further as appropriate. The

instrument was then resubmitted to the judges in October 1993 for further comment.



The final draft of the test instrument was collected back from the judges in January
1994. This is the test instrument that was administered during the actual fieldwork to
student teachers in June 1994. The list of objectives and the SMCT appear in
Appendices B and C respectively.

However, on arrival in UK in October 1994, the researcher was encouraged® by the

availability of better research facilities, ready and helpful criticism to take a closer look

at and more detailed examination of the SMCT instrument. The exercise revealed that

the SMCT, as it was with the 100 items, could not survive the statistical requirement of a

good test. More careful analysis and examination of the items, making use of new

facilities, showed that:

i. typographical errors had:

(a) rendered some test items ambiguous (e.g. items 19, 25, 38 and 62);

(b) meant that some items had no correct answers or had more than one correct
answers among the alternative responses provided (e.g. items 28, 33, 46, 96,
and 88) and;

ii. because of the way they were worded some other items (e.g. items 26, 40, 41 and
78) were either too difficult or outside the scope of the NNMC syllabus and therefore
not fitted as items for the purpose of the research.

It was also discovered that the “scoring mask” used earlier to score student teachers’

response to the SMCT contained wrong responses to some items. A decision was then

taken to:

® The researcher here acknowledges, with thanks, his indebtedness to the advice and
helpful criticism from Mr Geoff Woodhouse of the Mathematical Sciences Department at
the Institute of Education, University of London. Much of the encouragement that
sustained this part of the study is owed to him.
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(a) discard 13 bad items out of the original 100 items of the SMCT, thus leaving
87 good items, (The discarded items are items 19, 25, 28, 33, 38, 40, 41, 46,
57,62, 78, 86, and 88);
(b) remark questions 20, 66, 73, 76 and 89.
It was reasoned that this is the best thing to do since it would have been financially
prohibitive and perhaps impossible to repeat the fieldwork. Possible effects of the
change to the instrument on the outcome of the analysis are discussed in chapter 6.

Table 4.6 shows the distribution of the 87 items after these changes were made.
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Table 4.6. DISTRIBUTION OF 87 ITEMS IN THE CORRECTED SMCT
{content areas by behaviour skills)

CONTENT AREAS
Behavioural Number and Basic
skills Numeration Algebra Geom. & Trig Stats Total
N (NN) (ALG) (GEOT) (STAT).
ltem Total ltem Total ltem Total
Nos. Nos. Nos.
Definitional and 1, 5, 6, 36, 37, 45,474 64
General Knowledge 9, 10, 7 8,5061 66
(DGK) 11,12, ,6380, 67
7 3 81 11 3 24
84,858
9
34,7, 8, 23, 24, 49,515
Process Skill 13, 14, 31, 32, 2,55 65
(PS) 15, 16, 34, 35, 56,585
17, 18, 39, 42, 9,6079
20, 21, 44, 68, ,8296,
26, 27, 26 73, 75,1 17 9799, 14 1 58
43, 53, 76, 77, 100
Problem Solving 2, 20,22, 29, 30, 43,60,72, 83,94, 10
and Application Skills
(PsAS)
TOTAL 92+

* Five items (viz.: 20, 43, 60, 61, and 72 appear in more than one group. The total number of items in the final
test is, however, 87
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4.4.2. The content check-list

This was a check-list for checking the contents of the mathematics teacher training
programmes ( see Appendix D). It was developed by the researcher to facilitate the
analysis of the 12 sample programmes. Its construction, validation and application is
described in detail in chapter 5. In it, provision was made for the categories of contents,
in a teacher education programme, defined in chapter 5 (see Table 5.1). Data collected

with this check-list was used to find answers to questions 1, 2 and 3 of this research.

4.4.3. Teacher-trainers Assessment of Mathematics Programmes (TAMP)
Questionnaire

One questionnaire was used for this study. This is the Teacher-trainer Assessment of
Mathematics Programme (TAMP) questionnaire ( see Appendix E, page 336). The idea
was to use the questionnaire to gather teacher trainers’ views on mathematics teacher
education in Nigeria in general and in their respective institutions in particular. It was
hoped that information from this would supplement information from the content analysis
check-list of section 4.4.2 in providing answers to questions 1, 2, 3 and possibly 6 of this
research. It might also, help in explaining some of the resuits of the analysis of data
gathered with the SMCT.

The first two parts (sections A and B) of the TAMP sought background information about
the respondents. The data obtained here were used to cross-check the sampling criteria
regarding the experiences and qualifications of selected teacher trainers. The third part
(section C) consisted mainly of the key questions, which sought to coltect information on
how respondents perceive mathematics teachers training programmes in Nigeria and in
their respective colleges and whether or not they are aware of the general objectives of
mathematics instruction and the behavioural levels which student teachers must

demonstrate at the terminal point of their training.
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The basic assumption underlying this part was that unless the teacher trainer is aware of
the goals of mathematics teacher education, as stipulated by the Nigerian Policy on
teacher education, neither the teaching of mathematics nor the training of mathematics
teachers can be handled meaningfully.

Some questions in the questionnaire are deliberately open-ended, and were considered
by the researcher as appropriate and suitable for obtaining what the respondents might
view as appropriate answers (opportunity for self expression), and to allow respondents
to answer adequately, in detail and if possible, to qualify their answers. Though open-
ended questions do have some disadvantages, such as difficulty in coding,
nevertheless, Bradburn and Sudman, (1979) suggest that they are rather consistently
superior to closed-ended questionnaire especially when threatening issues are being
studied as they allow respondents to express exactly what they want. A typical example
of a question of this type is question 10 which asked respondents to “Describe your
understanding of the objectives of mathematics teacher education in Nigeria” rather
than giving a list of objectives and asking them to select from the list.

The draft questionnaire was also trial-tested at thé same time as the SMCT in
July/August 1993. The draft questionnaires were sent out to six colleagues. The
instruction which accompanied the questionnajre requested these colleagues to advice
the author on the foliowing aspects of the questionnaire: length, clarity of questions
suitability for teacher trainers in CoEs, omissions and other relevant suggestions. After
three weeks these colleagues were visited to follow up the questionnaire. The visit
proved quite useful in identifying issues of ambiguity, clarity of statements and
omissions. For instance, certain status/ranks (principal lecturer and lecturer lll) peculiar
to colleges of education were omitted in item 6 of the questionnaire and the correction

was done appropriately. Second, they also suggested that item 15 be added to give
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teacher trainers the opportunity to express their suggestion for improving training

programmes.

4.5. Administration of Instruments for data collection

The first administration of the SMCT and the TAMP was during the pilot study. This was
carried out as a validation exercise specifically to refine and sharpen the instruments
intended for the main fieldwork. It was carried out in three colleges of education located
around Jos in the Plateau state of Nigeria and involved 30 students teachers, and six
teacher trainers all selected at random from the three colleges. Table 4.7 gives the

distribution of the sample population for the pilot study.

Table 4.7: SAMPLE POPULATION FOR PILOT STUDY

INSTITUTION STUDENTS TRAINERS
male female (sex)
College of education, Gindiri 8 2 2{(tm 1f)
College of Education, Akwanga 6 4 2 (1m 11)
Federal College of Education, Yola 9 1 1 (2 males)
SUMMARY 23 7 4m 2f

There were two reasons for choosing these colleges. First, they were easily accessible
to the researcher and second, they were each affiliated to a different university and
therefore used different mathematics training programmes. They were, thus, for the
purpose of the pilot study, considered as representing three distinct programme groups.
Five major benefits accrued from the pilot study. First it helped the researcher to
determine the feasibility of the test for the actual fieldwork and to ascertain the

appropriateness of the instruments. For instance, it was discovered that it would not be
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proper to send the questionnaires and test materials by post to Heads of Departments of

Mathematics of the colleges to administer to respondents. The benefit of personal

contact and on-the-spot involvement was made obvious.

Second the researcher was able to estimate the non-response rate to be expected in the

final study. It became apparent that the response rate was likely to be affected by

postal delays and/or by communication difficulties within the colleges. For instance, two

of the three pilot colleges had not received the packets after three weeks. In the one

which received the packet the head of department was unable to find time to distribute

the questionnaire or administer the test because of the rush to prepare student teachers

for the NCE final examination due in August. This was one of the reasons why a

decision was taken to zone the administration of the instruments during the actual

fieldwork. This allowed the researcher to deliver both the TAMP and the SMCT by hand.

The response rate was improved, in the case of student teachers, by the fact that it

became a part of the design of the research to undertake the administration of the

SMCT to this group in person. Although this was time consuming and expensive it,

nevertheless, had the following advantages:

a) It ensured that the tests reached the respondents and on time.

b) It gave very little opportunity for respondents to collude with each other and thereby
‘falsify’ their responses..

c) It produced a high percentage of instrument return rate in the case of the SMCT.

d) It gave an opportunity for the respondents to obtain clarification for questions about
which they had doubts.

The TAMPs were, however, sent through students teachers (who were present at the

centres) to teacher trainers who could not turn up at the centre. This inevitably affected

the response rate of the TAMP (see chapter 7)
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The third advantage of the pilot study was that it helped the researcher to determine the
adequacy or otherwise of the sampling procedure. The three CoEs used for the pilot
study represented three of the twelve programme groups proposed for the actual
fieldwork. A practice run of the research (for this is what the pilot study is) exposed
some difficulties about the timing for the administration of the tests. It was discovered
that the best time to administer the test was not July/August or January but in May/June.
This was because in July/August students had all gone off into bush and other hidden
places for private reading, in preparation for the final examination in August. In January
students would just be returning from long Christmas vacation and, therefore, very
unprepared for any test. On the other hand, preparation for the final examination in
August would be in earnest in May/June and students would be most willing (and still
available for lectures) to take any test, which, they hoped, might help them determine
how well their reading had prepared them for the final examination. And since the main
purpose of the SMCT was to determine student teachers’ ievel of understanding of some
skills and concepts in school mathematics it was best to test them in May/June; just
before they graduated.

Fourth, it influenced the decision to carry out the administration of the instruments in the
four zones chosen (see Table 4.8) which corresponded to the old geo-political divisions
of the country before independence in 1960 (see Map in Appendix J).

The overriding consideration for zoning and choice of centres was accessibility and
availability of facilities at the host centre. Also it reduced the number of test centres
(and therefore, the cost of the field work) substantially from a possible 53 to exactly 4.
The zones and centres and the distribution of colleges of education for the purpose of

the exercise is shown in Table 4.8
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Table 4.8 ZONES AND CENTRES USED FOR THE FIELD WORK EXERCISE

ZONE

CENTRE

COLLEGES

Zone A (NORTHERN)

College of Education,
Zaria

Kano, Zaria, Azare, Katsina, Bichi,
Gombe, Potiskum, Gusau, Maidugiri,
Waka-Bui, Gasua, Bama, Gumel

Zone B (EASTERN)

Alvian {koku College of Education,
Owerri

Obudu, Umunze, Awka, Nsugbe,
Eha-Amufu, Alvian, Enugu, Omoku,
Afaha-Nsit, Akamkpa, Uyo, Port-
Harcourt

Zone C (WESTERN)

Adeyemi College of Education,
Akure

Adeyemi, ljebu-Ode, lkare-Ekiti,
Oyo, Abeokuta, Hesha, lla-Oragun,
Okene, Horin, Oro Akoka, ljaniki,
Asaba, Eki-Adolor, Agbor, Warri

Zone D (MIDDLE-BELT)

University of Jos, Faculty of

Education, Jos.

Ankpa, Kafanchan, Mina, Gindiri,
Kontagora, Pankshin, Katsina-Ala,

Akwanga, Hong, Yola, Jalingo

Respondents who had to travel far to get to the centres had their travelling expenses
refunded’. This ranged from 15.00 Naira to 55.00 Naira depending on the distance from
a respondent’s institution to the centre. Each of the 265 participants was also paid extra
15.00 Naira for lunch at the centre. At the time when these payments were made the
gross monthly salary of an average university lecturer in Nigeria was 3400.00 Naira.
The total cost actually paid out from the researcher's personal resources for this

exercise was 14,475.00.

7| wish here to express my immense gratitude to the Provosts of colleges of education
at Kano, Zaria, Katsina, Gombe, Maidugiri Gumel, Eki-Adolor, Yola and Jalingo for
agreeing to bear the entire cost of sending students from their colleges to the centre for
the test. Their kindness made it possible for me to be able to pay other participants with
less difficulty.
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Finally, the lesson of the pilot study influenced the decision to make letter contacts with
the institutions and the centres to make arrangements well in advance. Bogdan and
Biklen (1982) had found that contacting respondents, before administering tests, had
increased the response rate in similar studies.
4.6. Procedures for data analysis
Two main factors usually influence the choice of procedures for data analysis.

a) The type of data obtained from research using specific tools.

b) The type of research questions being investigated.
However, irrespective of the type of data generated or the method used to collect data
the major task is to find answers to one’'s research questions. This had a major
influence on the kinds of procedures for data analysis chosen for this study.
Data for this study were gathered from different sources (documents, teacher trainers
and student teachers), using three different data collection methods (content checklist,
questionnaire and test). This was bound to generate data of different types and,
therefore, required different methods of analysis. The following procedures were
considered most suitable.
First (Chapter 5), in analysing the 12 sample programmes the content analysis
technique was considered most suitable. This was because it is a technique that can be
employed to collect data for and answer questions about category systems based on
selected recording unit(s).
The technique came to prominence in the social sciences at the start of the twentieth
century in a series of qualitative analysis of newspapers, primarily in the US. Since
then it has been profitably extended to studies aftempting to assess bias in school
textbooks, assessing written curricula and course outlines and other course documents.

It was therefore decided that content analysis technique would help o provide answers
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to questions about the characteristic features, the content and the structure of the
training programmes and their relationship to the school mathematics curriculum.
Second, each student was to circle one and only one response out of four responses in
each question asked in the SMCT. A correct response was then scored 1 (one) and an
incorrect response (or an omission) was scored O (zero). Aggregate scores were then
compared with set criteria (see chapter 6) to determine the number of competent
student teachers in each of the four content areas of the NNMC and each of three
named behavioural levels. Data generated from this was, thus, in the form of counts in
the cells of a multi-way contingency table. This could be analysed using nominal and
percentage scales.

it was, however, thought that because of the type of questions we sought to answer with
data from the SMCT, although nominal and percentage scales were useful first steps, in
studying relationships between the variables, they did not allow for quantification or
testing of that relationship. For this reason it was decided to consider some other
indices that measured the extent of association as well as statistical test of the
hypotheses that there was no association. The preferred procedures were the chi-
square, the Cramer's V statistic and Tukey’s Honestly Significance Difference®

The is because the data generated by the SMCT will result in counts in the cells of two-
way and multi-way contingency tables suitable for analyses by the chi-square method
and the Cramer's statistic. Also, Tukey's HSD test could be suitably applied to the
means of aggregate scores to compare differences between programmes in student
teachers levels of understanding of school mathematics subject matter.

The raw data coilected, using the SMCT, were tabulated as shown in Appendix I-1 and

the analysis presented in chapter 6.

® A description of Tukey's HSD test is given in section 6.4 of chapter 6
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Third, the questions asked in the questionnaire (TAMP) were mainly descriptive and
associative statements. According to Robson (1995) the aim of descriptive guestions is
to identify the characteristics of an individual, a group, several sub-groups, a system or
an object. Associative questions, he continued, focus on the pattern of the degree of
association or covariance between two or more variables.

Descriptive and associative questions allow two main types of statistics to be used:
descriptive and inferential statistics. Descriptive statistics, in this case, show the
frequency distribution of subjects’ responses on every item while inferential statistics
provide an idea about whether the patterns described in the sample are likely to apply
in the population from which they were drawn.

Because of the type of information being sought with the questionnaire and the nature of
expected responses, the qualitative data analysis procedure (descriptive and inferential)
was thought to be most suitable for analysing the data collected using the questionnaire.
This was because the type of questions asked were those which sought the
respondents’ views, opinions and understanding about mathematics teacher education
in colleges of education in Nigeria. In some instances, the respondents were asked to
provide factual data with the aim of establishing a status-quo. It is therefore, the opinion
of the researcher that data of this nature can best be made sense of through the
qualitative interpretation (see chapter 7)

Finally, charts and tables were used extensively in all the analysis presented because

they were considered useful and important in bringing out clearer pictures from the data.
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4.7. Summary

The methodology adopted for this research was dictated by the situation that existed in
Nigeria at the time when the fieldwork was carried out. The military interregnum, and
the instability that accompanied it, meant that decisions about sampling procedure
depended on the feasibility of accessing a chosen college of education in order to
collect a programme. This was because postal services were either not reliable or non-
existence in most areas of Nigeria at the times.

Because the decision to sample in this way was likely to introduce some bias in the
sample, it was decided to use more than one method to gather data for the research.
The reasoning was that this approach would enable triangulation, which is known to
reduce the effect of assumptions about representativeness of sample, to be applied.
The three methods employed were content checklist, questionnaire and a test. The
checklist was used to gather information on the contents of sample programmes; the
questionnaire was used to solicit teacher trainers’ views on training programmes and the
test (SMCT) was used to gather information on prospective teachers’ level of
understanding of the subject matter of school mathematics in Nigeria.

it was hoped that the information generated with the three instruments would
supplement each other and help the researcher to reach valid conclusions on the
relationship of training content to school mathematics and to the needs of trainees. The
data generated were analysed in chapters 5, 6 and 7 using appropriate statistical

procedures.



108

CHAPTER 5

ANALYSIS OF MATHEMATICS PROGRAMMES FOR
TEACHER EDUCATION IN NIGERIA

5.1 Introduction

One purpose of this research was to establish the practice in pre-service teacher
education for mathematics teaching in Nigerian schools. To achieve this, twelve written
programmes of mathematics teachers education in Nigeria were selected and examined.
Specifically, the purpose of this chapter is to analyse the data gathered with the content
checklist in order to describe:

(a) the conditions or programmes that exist in Nigeria for the training of school

mathematics teachers;

(b) the differences among the training programmes;

(c) the relationship between training curricula and the school mathematics

curriculum (The NNMC) in Nigeria.
The method employed to examine the twelve sample programmes was similar to the
content or documentary analysis procedure described by Holsti (1968) as a “technique
for making inference by systematically and objectively identifying specified
characteristics or messages”.
Krippendorff (1980) reports that the techniques was very useful in a series of
quantitative analyses of newspapers, especially in studies showing how ‘worthwhile’
news items were being increasingly dropped in favour of gossip, sports and scandals.
The technigques was, also, profitably used in the United States in studies that attempted
to assess bias in school textbooks, and the depiction of favourable or unfavourable

attitudes to blacks, females and homosexuals both in texts and other publications.
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Robson (1995) reports that it is a suitable method for gathering useful and important
data especially in a situation, such as the present, “where it is hard to see what other
method could provide the detailed information we require about programmes planned,
developed and written without the researcher’s presence”. Instead of directly observing,
or interviewing, or asking someone to fill in a questionnaire for the purpose of our
enquiry, we dealt with some artefact (document) entirely concerned with the specific
purpose of our research.
Holsti (1968), however, suggests three characteristics (objectivity, system and
generality) that distinguish content analysis from any careful reading of documents and
went on to explain that in order to achieve this the researcher has to consider how data
are to be coded. This should be done in such a way that the coding represents a
precise description of the content characteristics. Holsti suggests a procedure to be
followed in order to ensure that the analyses have the three characteristics. The
researcher should:

(a) define the contents of the document(s) in terms of categories that

represent the elements of the theory to be investigated. (The categories

should, as much as possible, be exhaustive, to ensure that every item

relevant to the study can be classified;, and mutually exclusive, so that

no item can be scored more than once within a category set.);

(b) define what units of contents are to be classified,

(c) describe the system of enumeration to be used.

The definitions of categories and units of contents, and the description of system of
enumeration used in this study are presented in sections 5.2, 53 and 5.4 of this

chapter, respectively.



110

5.2. Definition of categories of programme contents

Mitzel (1960) dealt with teaching in terms of three factors; viz. presage, process and
product. Later Clarke (1971) applying this terminology classified elements found in a
teacher education programme in terms of presage factors or prior decisions (such as
objectives of the training programme, entry requirements, methods of selection etc.),
process factors or the treatment proposed in order to achieve the stated aims and
objectives of the programme (e.g. duration and mode of training, method of
teaching/training, number of credit hours or credit units, prescribed courses and
activities) and product factors or the actual behaviour to be produced (usually given in
statements pertaining to criteria for certification and are catered for through the provision
of evaluation and assessment procedures to be used).

The elements of these three factors, together, constitute the characteristic features of a
training programme. These elements, with the possible exception of prescribed courses
and activities, are headings for specific basic information that appear in training
programmes. They, together, determine the structure of a programme. Their meanings
are fairly obvious and universal. We shall not, therefore, define them differently in this
study. Appendix H-2 is a record of information, under eight of these headings, extracted
from the twelve sampled programmes and given in full and exactly as they appear in the
programmes. We shall examine that Appendix in detail later.

However, prescribed courses and activities constitute the curricula contents or what is
referred to as the syllabus. They differ according to types, aims and objectives of
training programmes. Even within programmes with similar aims and objectives there
can be differences in their composition.

Besides, teaching is a complex activity and therefore teacher education is likely to be

even more complex; so that, attempting to select activities and experiences for inclusion
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in programmes of teacher education is a formidable task. The activities and experiences
selected by one designer might differ from those of another and classification of
selections in a programme by one researcher may also differ from that of another
researcher. These, therefore, present some difficulty in trying to categorise them.

But despite these difficulties, courses and activities can be grouped according to the
type of behaviours they claim to inculcate. In this study, we are interested in identifying
the characteristic features of programmes for training mathematics teachers in Nigeria.
In other words we are interested in identifying and classifying courses and activities in
teacher education programmes in Nigeria in terms of teachers’ knowledge components
that are identified by research as essential for effective mathematics teaching.

A good approach would be to define categories of programme contents, in terms of
these components, based on information and recommendations from various primary
sources such as research, reports, and policy documents on teacher education in
Nigeria. Our review of literature was of value in this respect.

To begin with, we noted in chapter 3 section 3.7 that the Nigerian National Policy on
Education (FME, 1981) gives four categories of knowledge which a teacher training
programme in a college of education in Nigeria needs to provide in order to ensure that
a student teacher is well prepared to implement the national curriculum. These are: (a)
general studies (defined as courses essential to Nigeria), (b) foundation studies
(defined as principles and practice of education, (c) studies related to the student
teacher’s intended field of teaching (e.g. mathematics) and (d) teaching practice. The
policy does not, however, give a clear guide on the nature or design model to be used to
construct the training programme, nor does it specify courses to be included or the

method of teaching to be adopted. Each training institution is left free to decide on the
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pattern of its design. Implicit in this recommendation, however, is an awareness of the
notion that a teachers’ knowledge base is multi-dimensional.
The National Commission for Colleges of Education (NCCE) Guideline Document to
CoEs No. 1 (NCCE, 1990a) goes a little further. It gives specific suggestions on what
courses should be included in the four categories recommended in the National policy.
The courses suggested by the NCCE are as follows : For

(a) general studies, it suggests: use of English, philosophy and logic, history

and philosophy of science, and Nigerian peoples and culture;

(b} foundations, it suggests: theory of education, principles and practice of

education, philosophy of education, psychology of education and history of

education;

(c) specialist subjects, it gives a list of 49 choices which included mathematics;

(d) teaching practice, it recommends that student teachers shouid spend at least

12 weeks in schools teaching mathematics as part of their training.
Again this document, like the National policy, does not prescribe. It merely suggests.
The choice of what courses and experiences are to be included in a particular
programme and how they are to be arranged and taught is still left to each institution.
Also, the Mathematics Curriculum Development Circular Vol. 3 No. 2 (NCCE, 1990b),
which was published immediately after the guidelines by the same Commission,
recommends that NNMC contents should be taught as a specific course to be
designated “School Mathematics Content” or “Basic Mathematics” in all mathematics
departments of colleges of education where mathematics teachers are being trained.
The reasoning is that some topics of the NNMC are new and, therefore, student
teachers are unlikely to have studied them during their secondary school years. It then

suggests that "the teaching of mathematics should be based mainly on lectures, tutorial
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and problem solving methods” and that “...discovery method be emphasised.” What
this means is not, however, very clear. Are student teachers to be taught using these
methods, on the assumption that they would become used to the approach and,
hopefully, employ it in their subsequent teaching after graduation? Or are there to be
specific courses on how and when to use each of the approaches in a mathematics
classroom? In other words, whether and what courses, in methodological approaches,
for example, should be taught in colieges of education for this purpose are not made
clear. Such vagueness, as is exhibited in the three documents cited above, resulted in
a wide variety of different activities and experiences and arrangements for the training of
mathematics teachers in Nigeria.

However, in 1991 the National Commission for Colleges of Education in Nigeria
(NCCE), through its second policy document “Minimum Standards: A Clarification”
(NCCE, 1992), directed all validating universities to ensure that all teacher education
programmes in colleges of education met the country's educational needs as outlined in
the National Policy and the various school curricula published by the Federal Ministry of
Education. The result of this directive is reflected in the recommendation and adoption
of “harmonised syllabuses” by each group of colleges of education affiliated to a
particular university - a sort of local common training programme. For instance,
students at CoEs Zaria, Kano and Kafanchan were trained using the same mathematics
teachers training programme from Ahmadu Bello University; students at CoEs
Pankshin, Akwanga and Katsina-Ala, use the harmonised mathematics programme from
University of Jos, while CoEs at Awka, Owerri, Nsugbe and Ehamufu subscribe to the
University of Nigeria programme, and so on.

These efforts were, however, localised in the sense that the so-called harmonised

syllabuses could be prescribed by a validating university only to colleges affiliated to it.
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In this way, mathematics teachers training programmes in colleges of education still
varied from college to college depending on the university of affiliation. To identify,
classify and compare activities and experiences in these programmes is the main task of
this section.
The first three policy documents cited above, provided us with four categories of
contents which, in the Nigerian context, it is thought that a relevant mathematics teacher
training programme should provide. This study is about teacher education in Nigeria
and the three documents are official policy specifications of what are considered
relevant contents of a teacher education programme in that country. Their
recommendations and suggestions are therefore important for our purpose. We list
these categories of contents once more, for clarity. They are:

e General Studies courses.

¢ Educational Foundation courses.

o Specialist subject (mathematics courses including courses in school

mathematics contents or basic mathematics, and courses on methods
of teaching topics in the specialist area etc.)

¢ Teaching practice.
Also, in our survey of literature, we noted that writers of all shades of opinion recognise
some features as broad components of knowledge for teacher education. (e.g. Carnegie
Task force, 1986; Holmes Group, 1986; Shuiman, 1986; Harel, 1994, Fennema &
Frankel, 1992; Grossman, 1990; Ball, 1990a etc.). For instance, we showed in chapter
3 that it is widely accepted that a teacher has to know how to teach and has to have
something which he would teach, so that there are two widely recognised dimensions of
a teacher's knowledge around which categorisation and classification of other

components of a teacher's knowledge could be organised. These are the what to and
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the how to teach. Traditionally these are referred to as subject knowledge and
pedagogical skills respectively. Recently, pedagogical skill is referred to as pedagogical
knowledge.

Ball (1990a) further developed a conceptual framework for exploring teachers’ subject
matter knowledge specifically in the area of mathematics. She claimed that
understanding mathematics for teaching entails both knowledge of mathematics and
knowledge about mathematics. She then defined knowledge of mathematics as
knowledge of topics and concepts including knowledge of procedures and relationships
among topics and concepts, and knowledge about mathematics as knowledge about the
purpose, nature, beliefs and history of mathematics (Harel, 1994). These two make up
the what to teach. Without these it is hard to see the purpose of going into a classroom
to teach mathematics.

Similarly, pedagogical knowledge is differentiated according to four types: general
pedagogical knowledge, pedagogical content knowledge, context knowledge and
practical knowledge. The first two are regarded as professional components of teachers’
knowledge base, the third as the vocational component relevant to a specific
environment/society. Practical knowledge is the skill acquired through actual teaching
or observation of expert teachers. These were explained in chapter 3 of this study.
Again, without these there will be no sense in talking about teaching as a profession.
There are, thus, six widely recognised components of a teacher's knowledge, the
possession of which, it is assumed, makes a good teacher. And by implication, a
mathematics teacher education programme aspiring to be relevant in a given context
must provide activities and experiences that will inculcate these component knowledge

in a student teacher. As shown in chapter 3, section 3.7 (see also Table 3.1) the four
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specific requirements of the three Nigerian policy documents cited previously are
accommodated within these six components.

Thus, elements to be found in a mathematics teacher education programme in Nigeria,
should be courses that will, apart from catering for school mathematics objectives of the
country, incuicate these components of teacher knowledge. It was, therefore, possible
to organise the definition of categories of elements of a teacher training programme in
Nigeria around these widely accepted components of teachers’ knowledge, to define
coding units based on those elements and to classify the units according to the
knowledge components using a specified enumeration system and a checkiist.

This ensured an objective analysis since it was carried out on the basis of explicitly
formulated rules which enabled two or more persons {o obtain the same or similar
results from the same documents (see section 5.6). It also ensured a systematic
analysis since the inclusion and exclusion of content or categories was done according
to consistently applied criteria of selection and thus eliminated analysis in which only
materials supporting the investigator's hypotheses are examined.

Also, courses found in the programmes were accommodated within the six components.
The definition of categories, therefore, represented the actual elements of our theory.
And by splitting the six categories into twenty-five sub-categories, that are easier to
described, it further ensured that every element of item relevant to the study could be
classified and that categories were, as far as is possible, exhaustive and mutually
exclusive.

The definitions of categories, with the full sub-category list and explanations, are given

in Table 5.1. This provided the framewaork for the analysis presented in this chapter.
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Table 5.1 DEFINITION OF CATEGORIES OF COURSES AND ACTIVITIES IN PROGRAMMES FOR
MATHEMATICS TEACHERS EDUCATION IN NIGERIA

DIMENSIONS OF A
TEACHER'S CATEGORIES SUB-CATEGORIES EXPLANATION
KNOWLEDGE
SUBJECT MATTER 1. Knowledge of 1.1 School math. School mathematics
KNOWLEDGE mathematics contents topics or concepts,

2. Knowledge about

1.2 Non-schogl
maths content

2.1 Purpose of

including knowledge of
procedure and
relationships among
these topics and
concepts, taught as a
course(s) in training
colleges.

Mathematics courses in
training colleges dealing
with topics or concepts
not in the Nigeria National
mathematics Curriculum
(NNMC)

Why we study maths.

mathematics math.
2.2 Nature of math. Structure, composition
and patterns in maths
2.3 Belief about What is maths?
math. Philosophical issues.
2.4 History of including history of
math. mathematics teaching in
Nigeria
PEDAGOGICAL 3. General 3.1 Theory of General principles and
KNOWLEDGE Pedagogical Education practice of education
Knowledge (e.g. General principles of

3.2 Philosophy of
Education

3.3 Psychology of
Education

instruction)

What is education? What
is an educated person?
What is learning? What is
moral education,
discipline and
punishment? etc.

Psychological theories
about learning (e.g.
Human development,
child development, how
children learn. and so on.
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4. Pedagogical
Content
Knowledge

5 Context
Knowledge

3.4 Curriculum
Studies

3.5 Management
Skills

3.6 History of
Education

3.7 General
Studies

4.1 Lesson
planning in
mathematics

4.2 Psychological
principles of
math teaching
and learning.

4.3 Teaching
Methods and
Approaches

4.4 Assessment
and Evaluation skills
in math

5.1 The Nigerian
people and
Culture

5.2 Governance of
school

Curriculum planning,
design, development and
implementation.
Curriculum and
Instruction.

Classroom management,
Discipline, reward and
punishment. etc.

History and development
of education in Nigeria or
in general.

Use of English,
philosophy & logic, history
of science. (Required by
the NPE)

Including taxonomy of
objectives and lesson
presentation.

Works of prominent
personalities in math
education (e.g. Bruner,
Gagne, Piaget, Dienes,
Sawyer, etc.

Methods of teaching
various topics, concepts
and skills in math
including common errors
in math.

Including diagnosis and
remedation of difficulty in
math learning.

Character and culture of
the community in which
the school situates. (This
is one of the
requirements of the
National Policy)

How to organise and run
a school and control
students and other
personnel.
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5.3 Financing of
school

5.4 Educational
Administration

& planning.
PRACTICAL 6 Practical 6.1 Traditional teaching Practical experience
KNOWLEDGE Experience practice gained during training
through having taking part
6.2 Micro-teaching in any one or all of the
four sub-categories in this
6.3 Peer-group category..
teaching

6.4 School-based
training

5.3. Definition of coding units

In addition to deciding on categories, it is necessary to select recording unit(s). Holsti
classifies recording units typically used in content analysis as either: the single word or
symbol; the theme, the character (person) or characteristic (thing); the paragraph,
sentence or other grammatical unit; and the whole item or other possibilities which
suggest themselves for particular tasks.

In this study, a unit was the title (theme) of each course listed in a training programme
and was defined as a word or a group of words denoting the type of activity or
experience to be carried out or the type of fact, concept or principle to be learnt. The
topics under each unit were examined for fit, in order to decide where in the range of
sub-categories the unit fitted logically. For example, if the group of words “history of
mathematics” was a title (theme) of a course denoting, at first sight, a unit in the content
category identified as “"knowledge about mathematics”, the topics: pre-historic
mathematics, development of mathematics in ancient times, the renaissance and
mathematics, etc. were each examined for fit in order to confirm that they together, in
fact, were suitable topics of the unit.

If a topic was found not to fit within a unit, it was examined to see if it fell within another

unit in the same or different category or if it necessitated the definition of a new category
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or sub-category. It was then treated appropriately. In the very rare case where it did not
fall within any of the defined sub-categories it was decided to define a suitable sub-
category into which it would fit and to classify it accordingly. No such case did, however,
occur.

5.4. Description of the Enumeration system used

According to Holsti, a decision has to be made between whether the unit of enumeration
is simply that a category has occurred, or how often it has occurred. The choice here
was to record in the latter way, with some slight modification, using a checklist as the
instrument for data collection. The modification was to record, also, the number of
credits allocated to a course in a programme. This gave us an idea of the weighting
(hence importance) attached to a unit in a programme. Also, apart from the impression
gained from the examination of a unit for depth of treatment, recording the weighting
given to a topic in the form of credits provided us with an index with which to compare
similar units in different programmes.

5.5. Description of the coding instrument

The checklist (see Appendix D) had four main column sections. The first section was a
list of the categories, the second was a list of sub-categories and had a tally grid for
checking (V) each time an appropriate unit occurred. The third section was for recording
the number of credits allocated to a unit checked in a sub-category in the preceding
section of the checklist. The last section was for totals of occurrences of units and the
sum of credits.

This way it was possible to say whether or not a category or a sub-category had
occurred and the “weight” of the occurrence. The two pieces of information helped the
researcher in making decisions on the question of the similarity or otherwise of the 12

programmes examined. Tables 5.2 and 5.3 show the summary of the information (data)
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gathered using the checklist. In these tables and in the discussion that follows,
programme are coded by uppercase alphabets from A to L; categories of contents are
code by numbers from 1 to 6 and sub-categories by 1.1, 1.2, 2.1, 22..... to 6.4 as the
case may be. The definition of categories and sub-categories are those described on

the content analysis schedule in Table 5.1.
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Table 5.3. SUMMARY OF CONTENT ANALYSIS RESULTS ACROSS PROGRAMMES

Dimension Category PROGRAMME Total mean sd range
D E F G H 1 J K L
Subject 1 c 24 24 23 24 21 17 20 20 20 20 18 21 252 21.00 235 20-24
Matter u 67 66 63 65 61 50 60 60 60 60 53 62 727 61.00 4.94 50-67
Knowledge
2 c 1 1 0 1 1 0 2 0 1 0 1 0 8 0.67 0624 02
u 2 2 ¢] 2 2 0 4 ¢] 2 ¢] 2 0 16 1.33 1.247 0-4

Pedagogical 3 c 9 9 9 14 12 12 10 1" 13 12 1" 12 134 11.00 1.64 9-14
Knowledge u 18 18 18 28 24 24 20 24 26 26 22 24 272 23.00 3.45 18-28
4 c 4 4 4 4 6 5 5 5 4 5 4 5 55 4.58 0.67 4-6
u 8 8 8 8 12 13 12 12 10 12 g 12 124 10.3 2.02 8-13
5 c 2 1 2 1 1 3 3 5 3 2 3 3 29 24 1.16 1-5
u 4 2 4 2 2 6 6 10 6 4 6 6 58 48 2.33 2-10
e R R g T e g e T R T GE Jyr
Skill u 6 6 6 6 6 6 6 6 6 6 6 6 72 6.00 0 6
TOTALS c 42 41 40 43 46 37 42 42 42 40 38 43 496 4100 2.39 32-51
u 105 102 99 11 113 97 108 112 110 108 98 108 1271 1060 5.60 97-113

Key: ¢ = The number of units (courses) in a category/sub-category.
u = Total credit hours allocated to a category in a programme. Categories and sub-categories are as defined in Table 5.1
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5.6. Validity and reliability of the coding instrument

When using a schedule (such as a checklist) as an instrument for data collection, an
important question is how good is the instrument. In other words, how reliable and how
valid is the instrument. The coding instrument used for collecting data for this study was
a content checklist (see Appendix D) designed by the researcher to facilitate the
analysis of the 12 sample programmes collected from colleges of education. The
validity and reliability of that checklist are discussed in this section.

Validity concerns about data collection schedules, are essentially similar to those raised
by any other method of investigation and can be established by having expert opinions
on the definitions of categories, units of coding and the rules and procedures for coding.
The steps leading to the development of the checklist are described below and it is upon
the soundness and appropriateness of this procedure that the claim of validity of the
coding instrument used for this study must rest. Besides, the definition of categories
and sub-categories (Table 5.1) were rooted in a developed theory arising from the
literature review of chapter 3.

However, an assessment of the reliability of data obtained from such a structured
schedule has attracted particular specialist approaches. Hence, there are now two Kinds
of reliability: intra-observer reliability (sometimes called observer or coder consistency)
and inter-observer reliability (or inter-observer agreement or reliability of categories).
Observer consistency is the extent to which an observer obtains the same results when
measuring the same behaviour on different occasions (e.g. when coding the same
training programme at intervals of , say, a week). Inter-observer agreement is the extent
to which two or more observers obtain the same results when measuring the same
behaviour (e.g. when independently coding the same training programme).

It was possible to estabiish observer consistency by repeating some coding at a later

stage to check that consistency coding was taking place. But as a further check on this
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and in order to test inter-observer agreement it was thought necessary to employ some
other statistical indices.

Several indices have been developed. They involve the calculation either of the degree
of correlation between two sets of measurements obtained with the instrument or of the
agreement (sometimes catled concordance) between approaches. Martin and Bateson
(1986) consider that “an index of concordance need only be used if there is some
reason why agreement over each occurrence of the behaviour is an important issue, or
if fhe behaviour is measured on a nominal scale” (p.92). However, Bakeman and
Gottman (1986) feel that this kind of agreement is generally valuable. They advocate
the use of concordance measure, such as Cohen's Kappa, which correct for chance
agreement. There would certainly be advantages for us in this study to compare results
obtained by different coders with the same checklist. This way of defining agreement
was, therefore, considered to be necessary. It is both simple and rigorous. The
validation exercise and reliability study proceeded, therefore, as follows:

First, a list of categories and one training programme, together with the definition of unit
of coding were submitted to experienced mathematics teacher educators. These judges
were to examine the categories t0 see whether they represented the elements in the
programme, whether they were exhaustive, mutually exclusive and relevant to the study
and, above all , to make suggestions where necessary. They were also to examine the
suitability of the unit for coding chosen. Appropriate adjustments to category definitions
and enumeration system to be used were then made on the basis of suggestions and
definitions agreed upon by the judges and the researcher. For instance, the six
categories were split into twenty-five sub-categories for easier coding. And the
enumeration system was redefined to cater for “recalcitrant” topics - these were topics
that did not fit within the units in which they appeared or topics that did not fit within any

of the defined categories.
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After this, the second step was to design the coding instrument, the checklist, based on
the refined definitions and suggestions. Coding was then done by the researcher using
this checklist. Also, the checklist together with a copy of a particutar programme already
coded by the researcher, plus the coding rules and procedure (see section 5.4) were
given to a second coder who did his/fher own coding. The twelve sets of coding were
then compared. It was found that there were some disagreements especially in the
identification of sub-categories. The discrepancies arose because some coders were
not careful in differentiating between some sub-categories. For instance, topics such as
“psychological principles of learning”, which should be in sub-category 3.3, were often
confused with “psychological principles of mathematics teaching and learning” in sub-
category 4.2. Also, sub-categories 3.5 (management skills) and 5.4 (educational
administration and planning) were misunderstood and sub-categories 5.2, 5.3 and 5.4
were mixed up.

A column of explanations was, therefore, added to the definition schedule in order to
remove the confusion in categorising units by different coders. Also a discussion on the
definitions of the categories and sub-categories, the unit of coding and the enumeration
system was held with the coders before coding started. After the discussion a second
trial coding exercise was carried out. “Confusion matrices” were then constructed for
each pair of the twelve programmes coded and the index of agreement (or concordance)
and Cohen’s Kappa1 calculated.

Construction of a “confusion matrix” has the advantage that it shows very clearly where
the two coders are differing in their judgement. This was valuable because it helped to

highlight the initial confusions already discussed. The checklist was consequently

! Appendix F illustrates the computation of an index of concordance (P.) and of Cohen'’s
Kappa (K) with simple data. Bakeman & Gottman (1986 pp. 70-99) give an extended
discussion with examples and further references.
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expanded and refined to include the categories, the sub-categories and, a copy of Table
5.1 The final coding was done with this improved version.
There are ways of assessing the significance of Kappa (K) (see Bakeman and Gottman,

1986, p.80). Fliess (1981), however, suggested the following ‘rule of thumb”™:

K < 040...............n. poor
040 <K < 060.............. fair
060 <K < 075...... good
K> 075 .. excellent

In all instances, the calculated index (or percentage) of agreement (P.) was greater than
87% and K was greater than 0.81 for alil pairs of coding compared. Also P, = 89% and
K = 0.84% when the twelve pairs of coding were taken together. Table 5.4 displays the
confusion matrix for programme J which produced the least reliability measure: Kappa
(K) = 0.867 for programme J. Table 5.5 is the confusion matrix for all the programmes
combined. Thus, the data gathering instrument employed for the content analysis could
be taken to have both intra and inter reliability to the extent that similar results were

obtained by at least two different coders in each of the 12 pairs of coding carried out.
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Table 5.4.. Confusion matrix for Programme J

Second Coder

Categories 1 2 3 4 5 6 Total

1 18 2 0 0 0 0 20

2 0 0 0 0 0 0 0

First 3 0 0 11 I 0 0 12
Coder 4 0 0 1 4 0 0 5
5 0 0 1 0 1 0 2

6 0 0 0 0 0 1 1

Total 18 2 13 5 1 1 40

Index of agreement (or concordance) = P. = 87.5%
Kappa (K) = 081

Table 5.5. Cumulative Confusion matrix for ALL Programmes

Second Coder
Categories 1 2 3 4 5 6 Total
1 235 17 0 0 0 0 252
2 0 8 0 0 0 0 8
First 3 0 1 116 16 1 0 134
Coder 4 0 0 12 42 1 0 55
5 0 0 2 4 23 0 29
6 0 0 0 0 0 18 18
Total 235 26 130 62 25 18 496
Index of agreement (or concordance) = P. =89.1%
Kappa (K) = 0.84
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In each of these tables, scores on the leading diagonal from top left to the bottom right
(shown emboldened), indicate agreement between the two coders, scores off this
diagonal indicate disagreement. The column of totals on the right hand side of each
table represent the results of the researcher’s coding.

On the whole, there were 363 pages of written documents relating to the material under
study across the twelve programmes which were read, recorded and analysed into 496
units of courses and 1271 credit hours distributed across categories as shown in Table
5.6. Table 5.7 is a summary of courses found in programmes for mathematics teacher

education in Nigeria.

TABLE 5.6. DISTRIBUTION OF UNITS ACROSS CATEGORIES

DIMENSIONS CATEGORIES No. OF NO. OF CREDIT | MEAN CREDIT
COURSES (%) UNITS UNITS/COURSE
1 Knowledge
Subject Matter of maths 252 (51%) 727 (57%) 29
Knowledge
2. Knowledge 8(1.6%) 16 (1.3%) 2.00
about maths
Pedagogical 3. Gen. Ped. 134 (27%) 272 (21%) 203
Knowledge Knowledge
4. Pedagogical
Content Kn. 55 (11%) 124 (9.8%) 2.26
5. Context
Knowledge 29 (5.8%) 58 (4.6%) 2.00
Practical 6. Practical 18 (3.6%) 72 (5.7%) 4.00
Knowledge Experience
ALL 496 (100%) 1271 (100%) 2.56
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Table 5.7. DISTRIBUTION OF COURSES ACROSS PROGRAMME

STATUS? OF A COURSE IN A PROGRAMME

COURSE TITLES /A B C D E F G H I J K L
Year One or 100-level courses ; ; ?

2

[N

¢” = This course is offered and is compulsory. = This course is not offered in this
g)rogramme‘ otherwise course is offered but is optional.

Number of credit allocated to a course. [This is not always the same in all programmes;
variation is indicated (e.g. 2/3) where it occurs].
“In all programmes Part | courses (e.g. Linear Algebra |) are pre-requisites for their
Part Il components (e.g. Linear Algebra Il).



Measurement and testing in
_mathematics .

Measurement and testing in
education

Total (a) + (b)

5.7. Findings

in section 5.2 we identified eight types of basic information which together determine the
structure of a programme (see Appendix H-2). We also identified three dimensions of
teachers' knowledge; defined six categories of a teachers' knowledge and twenty-five sub-
categories of knowledge which constitute the syliabus content of programmes for training a
mathematics teacher. These are now used to provide a framework for the following
commentary under two main headings: programmes structure and training provisions.

5.7.1 Programme Structure

Appendix H-2 provide us with information about the structure of the programmes
investigated. These are discussed below under the following three headings: entry
requirements and the selection process, scheme of studies and evaluation procedures in

operation, and certification requirements and intended destination for trainees after training.
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(a) Entry requirements and selection procedures
Table 5.8 is a summary of the information recorded in columns 2 and 3 of Appendix H-2
which gives details of the entry requirements and selection procedures for admission to

each of the twelve programmes analysed.

TABLE 5§.8. SUMMARY OF ENTRY AND SELECTION REQUIREMENTS

ACROSS PROGRAMMES
REQUIREMENT PROGRAMMES

A B C D E F G H | J K
Credit (or merit) in mathematics X X X X X X X X X X X
& English.
Additional credit (or merit) in 3 X X
subjects
Additional credit (or merit) in one % X X X
subject
Interviews before X X X X X X
selection
Entrance Exam and/or Aptitude X X X X
test

" This must be a science subject. An ‘X’ in a cell indicates a requirement.

From this table it can be seen that in all programmes the stated minimum admission
requirement include the possession of a credit (or merit) pass in mathematics and English
language. This is to be obtained in any of the Senior School Certificate examination
(SSCE), the General Certificate of Education Examination (GCE), the West African School
Certificate Examination (WASC) or the Grade Two Teachers Certificate Examination (TC2).
These gualifications are considered to be of equal status in Nigeria.

Difference in admission requirement occurr in the number of subjects, additional to
mathematics and English language, which are asked for at credit (or merit) levels. For
example to enter programmes A and E candidates are required to possess 3 credits (or
merits) in three additional subjects; for programmes C H and J the requirement is one
additional credit (or merits) in any other subject, while programmes B an L stipulate that the
one additional subject must be a science subject. Appendix H-2 show, however, that

programmes F and K would accept candidates with only two credits or qualifications, other
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than those listed in the programme, if considered appropriate by the Head of mathematics
department.

There are no restrictions to the number of examination sittings or time limit in which these
minimum requirements are to be accumulated.

Selection and admission to courses are largely by qualification and review of application
forms. Seven of the twelve programmes, however, interview candidates before final offers
are made. Only two programmes (E and G) include entrance examinations or aptitude tests,
in addition to the minimum academic entry requirements, as a selection process.

Apart from some entrants to programmes F and K, those entering colleges of education in
Nigeria to train as school mathematics teachers could be said to possess similar entry
backgrounds in mathematics.

(b) Scheme of studies and evaluation procedures

Table 59 is a display, in a more concise form, of the information about the duration of
training and schemes of studies across programme groups, taken from columns 4, 5, and 6
of Appendix H-2. It is seen from this that all programmes offer full-time training for
mathematics teaching. Five of the programmes offer part-time training also. The full-time
programmes are for a minimum of three academic sessions and the part-time programmes
spread over a period of five years with at least one contact session of 8 to 12 weeks in each

academic year.

TABLE 5.9. SUMMARY OF DURATION/SCHEME OF STUDIES ACROSS PROGRAMMES

Duration of training or PROGRAMMES
scheme of studies
A B C D E F G H | J K L sum

Full-ime (6 semesters or X X X X X X X X X X X X 12

9 terms)
Part-time (10 semesters or X X X X 4

15 terms)

Semester Programmes X X X X X X X X 8
Term Programmes X X X X 4
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Most (9) programmes operate the "semester' system while others (3) operate the “term’
system. In Nigeria one semester is usually 18 weeks long and there are 2 semesters (36
weeks) in one academic session. The remainder of the year (i.e. 16 weeks) is reserved for
holidays and private studies. On the other hand one term is 13 weeks long and there are 3
terms (39 weeks) in one academic session; the remaining 13 weeks of the year is also for
holidays and private studies.

Also, from column 5 of Appendix H-2 we notice that all programmes operate a scheme of
studies which offer their students a choice between modules at some point in the
programme. Itis also seen (column 6 ) that, except in four cases where the term system are
in operation, modules are assessed during the semester in which they are taught. In other
cases modules are examined at the end of each term. No programme operate the old end-
of-the-year one-off examination that characterised school assessment system in most

secondary schools in Nigeria at the time of this research.

(¢) Certification standard and destination after training

Table 5.10 is a summary of the information in columns 8 and 9 of Appendix H-2. It
summarises the minimum standards, in terms of number of credits, reguired by each
programme for NCE certification and the target destination of student teachers after their

training, as specified in the programmes.
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TABLE §.10. SUMMARY OF CERTIFICATION REQUIREMENTS AND TARGET DESTINATION

OF TRAINEES AFTER GRADUATION

Assessment Minimum credit required for certification in each assessment
components component across programmes

A B Cc D E F G H | J K L
Modules® 72 72’ 72 90 90 78 88 88 78 102 1027 T 727
Teaching Practice 6 6 6 6 6 6 6 6 6 6 6 6
Projects 4 4 4 4 4 4 4 4 4 4 4 4
Total minimum 82 82 82 100 100 88 98 98 88 112 112 82
credit
Minimum number
(%) of 36 36 36 28 28 20 30 30 26 26 23 36
credits from 50% 50% | 50% 33% 33% 25% 33% 33% 25% 25% 25% 50%
subject matter
component’
Maximum number
(%) of credits 36 36 36 62 62 58 58 58 52 76 67 36
from education 50% | 50% | 50% 70% 70% | 75% 66% 66% 67% 75% 75% 50%
coursework® %
Target destination
of students’ p/s p/s p/s s s p/s s p/s s p/s p/s pls

Explanations to entries in Table 4.11.

1

first year or 100 level courses and 48 credits from 200 and 300 ievel courses.

require 112 credits, while those with ‘A’ level or equivalent qualifications at entry

require only 62 credits from specified courses.

methodology courses which are regarded as education courses.

Teaching practice and project credits.

p = primary school.; s = Junior secondary school.

Including all compulsory mathematics courses but excluding mathematics

Including 8 compulsory credits from all four General Studies courses.

Must include credits for all compuisory education courses excluding

This must be made up of 8 credits from General Studies (GS) courses, 16 credits from

Candidates with TC2/GCE/SSC require 78 credits; those with lower entry qualifications

From this table, it is seen that eight programmes stated that they prepared students for

teaching mathematics at the primary and junior secondary levels (ages 6-12 and 12-14

respectively).

secondary school level.

Only four programmes prepare student teachers strictly for the junior

Also the Nigerian Certificate in Education (NCE) in mathematics is awarded to candidates

who obtained a total credit units ranging from 82 to 112. These include six credits for
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successfully completing the teaching practice exercise, four, for project and the remaining
credits are to be earned from courses in mathematics or education. The weight accorded to
each of the last two components vary from programme to programme and range between

25% and 50% for mathematics courses and 50% and 75% for education courses.

5.7.2. Curricular Provisions
This study also set out to collect information on what, in real terms, students undergoing
training for mathematics teaching at the colleges of education went through or were being
exposed to in the course of their training.
Tables 5.2 and 5.3 are summaries, in coded form, of information on training provisions in the
twelve programmes. Table 5.3, for instance, shows details of:

1) the number of courses in a category and sub-category offered by a

training programme;
2) the number of credits allocated to a category or sub-category in each
training programme.

What follows is a highlight of the information that can be discerned from the data of those
two tables.
Table 5.2 shows that there are differences (apart from those already highlighted in the
preceding section) among the twelve training programmes, in the manner in which they
chose to provide for and distribute modules/courses in the six categories. We shall now
proceed to discuss these differences category by category.
Category 1: Knowledge of mathematics
Two sub-categories (school mathematics content and non-school mathematics content)
were identified in this category. Table 5.2 shows that seven of the twelve programmes
provide opportunities for trainees to take at least a course in the contents of the Nigerian

National Mathematics Curriculum (NNMC) as recommended by the National Commission for
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Colleges of Education (NCCE). Out of these, five programmes offered three courses of two
credits each on school mathematics content; the remaining two programmes offered just one
course of two credits each. Five programmes (F, G , H, | and J) did not offer courses
dealing with school mathematics contents. That was in spite of the NCCE,
recommendations.

Table 5.7 shows that apart from the secondary mathematics content courses, which are
compulsory where they are offered, trainees are free to choose the mathematics courses
they study during training. Restriction seemed to come in the form of prerequisites for
courses and in the number of available courses in a particular level and, presumably, in
time-tabling.

Category 2. Knowledge about mathematics

This category is largely ignored by all programmes. For instance, no programme offers
courses that could possibly be classified as providing for knowledge about the nature of
mathematics or beliefs about mathematics as defined in the content analysis schedule of
Table 5.1. Only one programme offer one 2-credits course on the purpose of mathematics.
Seven programmes (that is just over 58%) offer one 2-credits course on the history of
mathematics. In all, only eight (approximately 1.6%) of the total courses on offer in all twelve
programmes, accounting for a total of 16 credit hours, are allocated to this category. Put
another way, the proportion of actual contact time devoted to exposing student teachers to
knowledge about the subject matter of their discipline to the time available for the entire
preparation of the trainee in all programmes is less than 2%. The impression one discerns
from this is that designers of mathematics teacher training programmes in Nigeria appear
not to have attached much importance to this domain of the teachers’ knowiedge in their
choice of courses to include. This is both interesting and surprising bearing in mind the
views of research about the possible effect of inadequate knowledge of subject matter to

teacher confidence.
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Category 3: General pedagogical knowledge

Seven sub-categories were identified and defined in this category. Data from Tables 5.2,
5.3 and 5.7 show this category, except for management skills, to be well provided for in all
programmes.. The number of courses and credits allocated to the courses, in this category,
range from nine 2-credits courses in programme A to fourteen 2-credits courses in
programme D. This accounts for over one-quarter (about 27%) of the total number of
courses on offer in all programmes or 21% of the total contact hours allotted for the training.
Two programmes (D and E), only, offer a course each in management skills. This is,
probably, because NCE teachers are not expected to be promoted, without further training,
to a level in the teaching profession where management skills would be required.

Category 4. Pedagogical content knowledge

Two very important sub-categeries of this category of contents are ignored by many
programmes. These are 4.2 (psychological principles of mathematics teaching and
learning) and 4.4 (Assessment and evaluation skills in mathematics). Only four programmes
(A, C, D and E) provide courses in sub-category 4.2 and only 6 programmes (E, G, H, J, K
and L) bothered to provide mathematics teachers with assessment and evaluation skills in
their subject area. This is something that should be of concern to mathematics educators in
any context. Teachers' activities in the school setting are largely concerned with assessing
and evaluating various components of the curriculum andlor their students. For a
programme geared towards their preparation to ignore this is surprising, to say the least.
Category 5. Context knowledge

Only two of the four sub-categories of this category are provided for in any of the
programmes. These are sub-category 5.1 (Nigerian Peoples and Culture) and 5.4
(Educational Administration and Planning). The first of these is part of what constitute the
General Studies Courses (GS) recommended in the National Policy and defined precisely in

the NCCE's (1990) guideline document, referred to earlier.



139

None of the programmes offer any courses in school governance or school financing. This,
again, is probably because this level of teachers are not expected to be promoted, without
further training, to a position where they will be faced with duties requiring these knowledge
or skills. This is, however, not made certain from the information discerned from the
documents.

Category 6: Practical Skills

Column 7 of Appendix H-2 and Table 5.2 both show three models of practical teaching
arrangements. The first, in programmes A, B, C, E, G, and L, is a two-six-weeks long
teaching practice in a secondary school; usually in the fourth or sixth semester (or sixth and
eighth term) of training. The second is a one-off twelve-weeks long teaching practice in a
secondary school in the last semester of training. These were for programmes D and K.
Finally, the third, programmes F, H, | and J, is a school-based model of one academic year
duration; usually the last year of training, to be spent attached to an experienced
mathematics teacher (a mentor - although the term "external supervisor" instead of mentor is
used in Nigeria) in a secondary school. A report on the student teacher, from the external
supervisor in conjunction with the report of the internal supervisor (usually a lecturer from
the college of education), is then used for final assessment of practical competence. One
thing that is not, however, clear from the data is the criteria applied in allocating credits to
the teaching practice exercise in different programmes. For instance, all programmes
assign six credits to the practical teaching component although duration differ; ranging from
12 weeks to 36 weeks. |t appeared, however, from arrangements of courses in the
programmes for the final year, that students teachers in the school based model still took
courses in their respective colleges at the same time as they were carrying out the teaching

practice exercise.
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5.8. Summary

in this chapter we set out to determine trends in in-service education of school mathematics
teachers in Nigeria and to find out if there were any differences in the activities and
experiences provided for trainees in the variety of programmes that existed in the 53
colleges of education in that country. Twelve training programmes were chosen at random
and their contents were analysed.

The analysis revealed that:

1. To train as a school mathematics teacher in Nigeria, entrants to colleges of education
are expected to have obtained a minimum entry qualification equivalent to two C-grade
passes in GCSE in mathematics and English language; plus C-grade passes in at least one
other subject, preferably a science. Two colleges accepted other qualifications provided
that these are considered adequate by the head of mathematics department in the college.
2. Final offers for training in colleges of education depend, in general, on review of the
application forms and/or an interview. Entrance examinations or aptitude tests are rarely
used as an admission process.

3. Approximately two-thirds of colleges of education in Nigeria, operate the two-semester in
one academic year system. The remaining one-third operate the three-terms in a year
system. All colleges offer full-time training programmes lasting 3 years (6 semesters or 9
terms). About one in three also offer part-time training for 10 semesters or 15 terms.

4. At the end of training the Nigeria Certificate in Education (NCE) in mathematics is
awarded to trainees who accumulate enough credits (ranging from 82 to 112), successfully
complete a practical teaching exercise in a secondary school (ranging from 12 to 36 weeks)
and submit an approved project in a topic in mathematics or mathematics education. The
proportion of the total number of credits between subject matter component and pedagogical

component required for certification differ between programmes. This appear to depend on
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the importance attached to a component by the trainers in a college and/or the validating
university.

5. Training packages include courses, activities and experiences designed to inculcate
some desirable mathematics teacher knowledge and skills. Some knowledge components,
identified by research as likely to enhance for good mathematics teaching, are either totally
ignored or glossed over by some training programmes. For instance, majority of
programmes seem to concentrate their effort in teaching non-school mathematics content
(e.g. higher education and university level mathematics) rather than on school mathematics
content and methods of teaching which their intakes (trainees) probably needed. Also
pedagogical content knowledge (e.g. teaching methods and approaches for school
mathematics topics), the one domain of knowledge unique to the teaching profession, and
which distinguishes mathematics teachers from other content specialists such as theoretical
mathematicians, appears to have been given minimal attention.

6. In particular, evaluation and assessment skills in mathematics, management skills and
knowledge about mathematics (e.g. purpose, nature or history of mathematics) are the three
sub-components of essential teacher knowledge that are inadequately provided for in all the
programmes.

7. Finally, the general impression gained, from analysing the sampled teacher education
programmes seem to be that training curricula and school mathematics curriculum, in
Nigeria, are not wholly related. Evidence from the analysis of data generated by the SMCT

in chapter 6 also seem to support this observation.
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CHAPTER 6

ANALYSIS OF
SCHOOL MATHEMATICS CONTENTS TEST (SMCT) SCORES

6.1. Introduction

In the preceding chapter we employed the method of content analysis in order to answer
the first three of the six guiding questions of this research. The next two questions
concerned the relevance of the training programmes to the subject matter' of the
Nigerian National Mathematics Curriculum (NNMC). The questions were about the
relationship between two variables: training programmes and the level of understanding
of school mathematics subject matter of student teachers after training. For

convenience the two questions are restated here. They are:

Question 4. What level of understanding of school mathematics subject
matter in Nigeria do student teachers possess at the terminal point of training
as their basis for teaching the NNMC? In other words, how well do student
teachers understand the syllabus which they are to start teaching in a few
weeks?

Question 5. Are there any differences at graduation in the level of
understanding of subject matter by student teachers passing out from different

colleges of education in Nigeria? In other words, does the level of

' The subject matter of a curriculum consists of the key facts, concepts, principles and
explanatory frameworks in the discipline, known as substantive knowledge, as well as
the rules of evidence and proof within that discipline, known as syntactic knowledge. In
mathematics, substantive knowledge includes mathematical facts, concepts and
computational algorithms; syntactic knowledge encompasses an understanding of the
methods of mathematical proof and other forms of argument used by mathematicians
(see also Chapter 3 - Literature Review).
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understanding of subject matter by student teachers depend on the programme

under which they were trained?

Data for answering these questions were collected using the school mathematics
content test (SMCT). See Appendices C and H-1

The goal of this chapter is to present the analysis of the data generated with the SMCT.
In section 6.2, we describe the structure, content, validity and reliability of the test
instrument (the SMCT). In section 6.3, we explain the criteria that were applied in this
study to reach a decision on the question of student teachers’ level of understanding of
school mathematics subject matter. And in section 6.4, we present the relevant
statistical procedures employed in analysing the data. Finally, section 6.5 is a summary

of the results of the analysis presented in this chapter.

6.2. The test instrument

6.2.1. Structure and content

The instrument used in this study for measuring student teachers’ level of understanding
of school mathematics subject matter, is the School Mathematics Contents Test
(SMCT)?>. The SMCT contained 100 4-choice multiple-choice items limited entirely to
the four major content areas of the NNMC: number and numeration, algebra, geometry
and trigonometry, and basic statistics. The items were further grouped according to
three behaviours, identified by research, which a mathematics teacher should be able to

exhibit at graduation: general and definitional knowledge, process skills, and problem

2 The steps leading to the construction of the SMCT were described fully in section
3.4.1. of Chapter 3. What is presented here is a summary of parts of that description
which are relevant to the analysis presented in this chapter.
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solving and application skills. These behaviours were explained and defined for this
study in section 4.4.1 (page 90) of chapter 4 (see also Table 4.4).

Thirteen bad items among the original 100 items of the SMCT were later discarded for
reasons already explained in section 4.5.1 ( see pp 95-97). The distribution of test
items in the corrected version of the SMCT, according to the content areas and
behaviour levels is displayed in Table 6.1. This table was extracted from Table 4.6
(page 97) by discarding 13 of the 100 items in the initial test. The distribution of the

discarded test items across content areas and behavioural levels is shown in Table 6.2.

Table 6.1. DISTRIBUTION OF 87 TEST ITEMS OF THE CORRECTED SMCT
(content areas by behavioural levels)

Content Areas
Behaviour Number and Basic
Levels Numeration Algebra Geom. & Trig Stats Total
$ NN ALG GEOT STAT
item Total tem Total Item Total
Nos. Nos. Nos.
Definitional and 45 47
General Knowledge 1, 5, 6, 36, 37 48 50 64
(DGK) 9, 10, 71 61 63 66
11,12, 7 3 80 81 1 67 3 24
84 85
89
3, 4, 7, 23, 24, 49 51
Process Skills (PS) 8, 13, 31, 32, 52 55
14, 15, 34, 35, 56 58 65
16, 17, 39, 42, 58 60
18, 20, 44, 68, 79 82
21, 26, 26 73, 75, 17 96 97 14 1 58
27, 43, 76, 77, 99
53, 54, 90, 93, 100
61, 69, 95,
70, 72,
74, 87,
91, 92,
98,.
Totals 33 20 25 4 82
Problem Solving and
Application Skills 2, 20,22, 29, 30, 43, 60, 72, 83, 94, 10
(PsAS)
TOTAL 92

* Five items (viz.: 20, 43, 60, 61, and 72) appear in more than one group. The total number of items in the
CORRECTED testis 87.
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Table 6.2. DISTRIBUTION OF THE 13 DISCARDED ITEMS OF THE SMCT

NN ALG GEOT STAT TOTAL

1 1 2 0 4
DGK

1 3 5 0 9

PS

PsAS 0 0 0 0 0

2 4 7 0 13

TOTAL

From Table 6.2 it is seen that the number of discarded items ranged from 2 out of 35
(approx. 6%) in the number and numeration content area to 7 out of 32 (22%) in
geometry and trigonometry. Also 4 (about 17%) of the 24 items dealing with algebra
were discarded.

If behavioural levels were the focus of interest, the range of discarded items was from 4
out of 28 (approx. 14%) in definitional and general knowledge to 9 out of 67 (13%) in
process skill; no items dealing with problem solving and application skills were
discarded.

It was thought that these changes might have disturbed the original weighting (in terms
of the number of objectives and average time spent on each topic) of the different
constituent areas which was meant to reflect the relative importance of each of the
areas. For instance the number of items in NN, ALG, GEOT and STAT occurred,
respectively, in the ratio 35:24:32:4 in the original test. In the corrected test their
distribution was in the ratio 33; 20:25:4. Are the differences between the original and
corrected frequencies significant?

Chi-square procedure was then applied to see if by discarding the 13 test items the
weighting of the content areas, as initially conceived, had been significantly altered; in
other words, whether the distribution of test items in the corrected version was different
from their distribution in the initial version.

The first row of Table 6.3 shows the observed (O) number of items in each of the four

content areas of the corrected test. The second row contains the expected (E)
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frequencies under H, (the number of items in the content areas occur, as originally

conceived, in the ratio 35:34:32:4). The expected frequencies were obtained from:

R
E. =—(82)
' 95(
where, R;is the share of a content area, /, in the distribution of items in the corrected test

, 35
and i= (NN, ALG, GEOT, and STAT). For example [/, = —é—5—(82) =302, and so

on.
Table 6.3. ACTUAL (O) AND EXPECTED (E) DISTRIBUTION OF TEST ITEMS IN THE SMCT
NN ALG GEOT STAT TOTAL
Observed
number of items 33 20 25 4 82
O
Expected
frequencies 302 20.7 276 35 82
under H,
(£

From Table 6.3 the estimated® »* (= 1.243) was less that y},s,, (=7.815). This
means that one was about 95% sure that the difference between original and corrected
versions of the test, in terms of the weighting given to different constituent areas, is not
significant. It was, thus, thought reasonable to assume that the relative weighting given
to the different constituent areas has not significantly changed.

However, the fact still remains that the validity of the test and, thus, the outcome of this
analysis might have been affected by the changes; since certain specific contents of the
NNMC which were intended to be tested by the 13 discarded items were left out in the
corrected test. It is hoped, in any case, that the advantage of using multiple methods of
data collection in this study, which permits triangulation in interpreting results, will help

us to get a better estimate of “the answers” to the specific questions of this research.

% Other contingency tables and ){2 calculations related to Chi-square tests in this
chapter are attached as Appendix G
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The SMCT was used to investigate student teachers’ level of understanding of school
mathematics subject matter in the four content areas of the NNMC and to identify which
desired teacher behaviours were not adequately enhanced during training.

The test was administered to 265 student teachers, chosen randomly from the 53
colleges of education in Nigeria, at the terminal point of their training. It required the
respondents to check the right answer to each of the 100 items. The test items were not
weighted and, therefore, a score of 1 (one) point or mark was credited to a student
teacher for every item got right and a score of O (zero) was credited for a wrong answer
Or an omission.

The feature of respondents (student teachers) measured with the SMCT was their ability
to demonstrate competence in the subject matter of the NNMC; that is, their level of
understanding of the mathematics content of the syllabus which they were expected to
teach after graduation. Respondents’ levels of competence were then measured by
their aggregate scores on the SMCT (here designated as their “performance”). A
respondent’s performance was later compared with a set criterion in order to determine
his/her level of understanding of (or competence in ) the subject matter of the NNMC.
Proportions of competent student teachers was then used to investigate variations
between programme groups and the relationship between training programmes and
levels of understanding of school mathematics subject matter. This procedure allowed
us to answer the two specific questions listed earlier at the beginning of this chapter.
However, in interpreting the results of this analysis one must take into consideration the
validity and the reliability of the instrument of measurement. A discussion of the validity

and the reliability of the SMCT is, therefore, presented next.



148

6.2.2. Validity

The validity of a test concerns what is being tested, and whether it is tested
appropriately. A test is valid to the extent that it does indeed measure what it attempts
to measure. In order to ensure the validity of a test, it is necessary to define the content
of what is being assessed. In this sense, the content refers not only to the subject
matter, but to the behaviour by which mastery of the subject matter is to be
demonstrated. Usually, syllabus objectives define both of these clearly. The steps
taken to construct the SMCT included a clear definition of both the subject matter of the
NNMC and the behaviour, in terms of item objectives, by which mastery was to be
demonstrated. These steps were described in detail in section 4.4.1 of chapter 4 and it
was upon the soundness and appropriateness of the procedure adopted that the claim
for the validity of the SMCT rested.

However, as pointed out earlier, the validity of the SMCT was, perhaps, reduced after
the corrections effected on it by discarding 13 of the original 100 test items. The result
of the analysis presented in the preceding section (see section 6.2.1 of this chapter)
suggests that the overall balance and weighting of the test has not been changed
significantly and that, therefore, the validity of the test is not adversely reduced to
invalidate the results obtained. What the reader needs to bear in mind is that, whatever
the degree of validity assumed, the results of this study (and, indeed, similar studies)

must be seen as only indicative and supportive.

6.2.3. Reliability
Results of a test provide information about its reliability, the consistency with which it
measures. Reliability information is usually summarised in a reliability coefficient.

There are several techniques for estimating reliability coefficients. The most
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6.2.3. Reliability

Results of a test provide information about its reliability, the consistency with which it
measures. Reliability information is usually summarised in a reliability coefficient.
There are several techniques for estimating reliability coefficients. The most
straightforward is called test-retest reliability, and involves administering the test twice to
the same group of respondents, with an intérval between the two administrations of, say,
one week. This would yield two measures for each person, the score on the first
occasion and the score on the second occaéion. A Pearson product-moment correlation
coefficient calculated on these data would give us a reliability coefficient directly. But
although this method is the most straightforward, there are many circumstances in which
it is inappropriate. For instance, the SMCT used in the present study is a knowledge-
based test and involves some calculation in order to arrive at the answer. For such
tests, it is very likely that skills learned on the first administration will transfer to the
second, so that tasks on the two occasions are not really equiv;':llent. Differences in
motivation and memory may also affect the results. A respondent’s approach to a test
is often completely different on a second administration (e.g. they might be bored, or
less anxious).

A technique, which at first appeared appropriate for our purpose is the parallei forms
method. Here we have not one version of the test but two versions linked in a
systematic manner. For each cell in the test specification two alternative sets of items
are generated, which are intended to measure the same construct but which are
different (e.g., 2 + 7 in the first version of an arithmetic test, and 3+ 6 in the second).
Two tests constructed in this way are said to be parallel. To obtain the parailel forms

reliability, each person is given both versions of the test to complete, and we obtain the
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reliability by calculating the Pearson product-moment correlation coefficient between the
scores for the two forms.

Many consider the parallel forms to be the best reliability measure; however, there are
pragmatic reasons why it was not used in this study. For a start, when a test is
constructed our main aim is to obtain the best possible items, and if we wish to develop
parallel forms not only is there twice the amount of work, but there is also the possibility
of obtaining a better test by taking the better items from each and combining them into a
“superior test”. This is generally a more'desirable outcome, and frequently where
parallel forms have been generated in the initial life of a test, they have later been
combined in this way, as for example in the later version of the Stanford-Binet. For
these reasons an alternative technique for estimating the reliability of the SMCT was
sought.

The technique considered most appropriate and used in this study was the split-half
method. This is because, apart from relating in particular to objecﬁve tests (i.e. tests in
which the scoring is completely objective), the split-half method, although a sort of
pseudo-parallel form, contains no systematic bias in the way in which items from the two
forms are distributed with respect to the specification.

For instance, in the present study, the 87 items of the corrected version of the SMCT
were divided into two by pooling odd-numbered items for one score and even-numbered '
items for another score. The odd-even splitting meant that two scores were obtained for
each of the 265 student teachers tested, one on the odd-numbered and the other on the
even-numbered items (see Appendix 1-2). The agreement between these two scores on
the same test as determined by Pearson’s correlation coefficient was then taken to be a
measure of the reliability of a half-length test. The correlation coefficient (r) between the

two half-lengths of the SMCT was approximately 0.71.
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The reliability of the whole test was obtained by applying the Spearman-Brown prophecy
formula, for estimating the reiiability of a whole test from that of its two halves. The
technique requires the substitution of the calculated reliability of the half test (in this

case 0.71) in the following equation in order to estimate the reliability of the whole test.
2r
r.o= ,
14+

where r, is the estimated reliability of the full-length test, and r is the calculated
correlation between the two hali-lengths inte which the test was split.

Thus, the reliability coefficient (rs) of the full-length SMCT was estimated to be,

2(0.71
This is larger than the calculated reliability of the half-lengthrtest because the reliability
of tests depends upon the number of functioning items they contain; hence the reliability
of a half test is lower than that of the whole. The longer of the half tests contains only
44 odd-numbered items while the full-length test contains 87 items.
Reliability coefficients, in general, fall between the [imits 00.00 and 1.00. The more reliable a
test, the closer the reliability coefficient will be to 1.00. On standardised achievement tests
reliability coefficients are, generally, found to be somewhat above 0.75, many being above
0.90. [Thorndike & Hagen, 1977 fourth edition].
From this estimate of the reliability we may derive an estimate of the (average) standard
error of measurement (sem) given by

sem = sV(1-p)

where s is the standard deviation of test scores and r is the reliability coefficient of the test.

For the SMCT used in this study,
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sem = (68)+v1-083 = 28,

where 6.8 is the standard deviation of the test scores taken from Table 6.4 below.
If we assume that errors of measurement are normally distributed, this implies that one was
about 95% confident that students’ obtained scores on the SMCT were no more than +5.5

(that is 1.96 sem) from their true scores. This meant that the true level of performance of a

70 64.5
student teacher who scored E (or 80%) on the SMCT lay between the interval _87— and

755
W (or 74% and 87%) - that is to say 80% * 7%. The criteria for making a decision on

student teachers’ level of understanding of school mathematics subject matter were defined
with this interval in mind. For this reason the interpretation of the results of this analysis was
treated with caution.

The reliability coefficients of the sub-tests on the constituent areas of both behaviour and
content were similarly estimated. Table 6.4. shows the results of these estimates. The
reliability of the STAT component, with only 4 items, was not estimated since that will be
meaningless. It was thought more profitable to look, instead, in detail at the four questions

(see section 6.4.4).

Table 6.4. ESTIMATES OF RELIABILITY COEFFICIENTS FOR THE SMCT AND ITS SUB-TESTS

ESTIMATES CONTENTS BEHAVIOURS
l SMCT NN GEOT ALG DGK PS PsAS
r (reliability of half test) 0.71 0.5 0.5 04 0.9 0.63 0.1
r, (reliability of whole test) 0.83 07 07 0.6 0.95 0.77 0.2
sd (standard deviation) 6.8 3 3 2 3 4 1
sem 37 2.1 2.1 1.55 0.95 24 0.95

From Table 6.4 it is seen that the estimated reliability of the sub-tests are (except for PsAS)
reasonable and (except for DGK) lower than that obtained for the whole test. This is not
surprising because, as pointed out earlier, the reliability of tests depends upon the number of
functioning items they contain. This must, also, account for the very low reliability obtained

for the PsAS sub-test. This sub-test contained only 10 items - that is, only approximately 9
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percent of the items in of the SMCT dealt with PsAS. Besides, the reliability coefficients are
based on arbitrary splitting of each of the tests into two-halves. Clearly, if one half of a short
sub-test contains an item which is aberrant, this will lower the apparently reliability of that
sub-test. However, again, for this reason more care should be and was taken in interpreting

the results of this analysis.

6.3. Definition of criteria for competence

Two criteria were adopted in making decisions'about éompetence:

(i) performance levels; and

(ii) differences in the averages of scores.
It is realised that there are some uncertainties about each of these. For instance,
performance levels set by a researcher depend largely on the researcher's personal opinion,
beliefs and biases and are, therefore, bound to be subjective. They are, thus, unreliable as
comparative measures. On the other hand, an unexpectedly extreme score (or outlier), in
either direction, in a group is sure to influence the group mean unduly. So that the mean,
although a good comparative measure, could, in certain circumstances, give a wrong
impression.
Applied separately both criteria have limitations. However, used together, their limitations
are reduced because they supplement each other. For this reason, it was decided to use
performance levels to determine student teachers’ levels of understanding of (or competence
in) content and to use the chi-square procedure, on number (proportions) of competent
student teachers, to investigate whether there were prima facie differences between
programmes. Tukey's method was then used to compare differences in averages of scores

in order to investigate differences in outcomes between programmes.
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When a test instrument is designed to measure mastery of the basic essentials in an
area and the questions (or items) are limited to those essentials (as was the case with
the SMCT used for this study), one expects that, if the area has been well learnt by a
group of students, all the items should turn out to be very easy for the group. In such a
test, it is reasonable to expect to have perfect or near perfect scores for most students,
with only a few of the students, or none, missing any given item. Mastery tests designed
thus could, therefore, be relied upon to give the desired information; that the students
have or have not indeed learnt the essentials in the area. The question, however, is
what level of achievement is to be accepted as signifying mastery?

Thorndike and Hagen (1977 pp. 215-216) gave a guide of 74% correct responses, on a
mastery test made up of 4-choice multiple-choice items, for deciding mastery (or
competence). In other words, if as was the case with the SMCT, a mastery test is made
up of 87 4-choice multiple-choice items on the subject matter of a particular syllabus and
is administered to a group of students who have studied the syllabus, one would expect
at least a score of 0.74 x 87 (or approximately 64 out of 87) correct responses as a
minimal level for mastery. One’s decisions on the levels of achievement among such
group would then be based on a consideration of this minimal expectation. Thorndike
and Hagen claim that this percentage allows for the possibility of getting right answers
by guessing, and for the typical finding that very difficult items are often ambiguous and
non-discriminating as between the more and the less able students. They then went on
to explain that the percentage they suggest will tend to yield a set of test scores that will
be maximally useful to a test maker who wants to discriminate levels of achievement
among students.

The SMCT, used for this study, contained 87 4-choice multiple-choice items limited

entirely on the subject matter of the NNMC but was administered, instead, to 265
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student teachers (not their pupils) at the terminal point of their training. These student
teachers were at the point of passing out (in a few weeks time) from training to take up
positions as mathematics teachers to teach the NNMC. One would, therefore, expect
them to exhibit a higher level of understanding of subject matter of the NNMC than is
recommended by Thorndike et al for pupils. For example, a score of, say, 80% or above
(i.e. 70 or more correct responses out of 87) in the SMCT would be a reasonable
expectation of fevel of achievement to be accepted as signifying mastery. The following
criteria were, therefore, defined and adopted based on Thorndike and Hagen's

recommendation and the sense implicit in the above reasoning.

(a) A student teacher was taken to have demonstrated a level of
understanding acceptable as signifying mastery of, or competent in
the subject matter of the NNMC or in a content area of the NNMC or
in one of the three behavioural skills measured in this study, if he/she

achieved a set performance level.

(b) If a pre-determined percentage of student teachers, exposed to a
particular training programme, demonstrated competence (by
achieving the set performance level), the answer to the question
about the relevance of the mathematics content of that particular
training programme to the schoo! mathematics curriculum in Nigeria

was taken to be in the affirmative (YES).

For the analysis presented in this chapter, the set performance level was 80%. This
meant that student teachers must have circled at least 70 out of the 87 correct
responses to the items in the whole test or 80% of those items allocated to the content
area or behaviour levels, as the case may be, in order to be declared “competent “ in
school mathematics subject matter or to be said to have achieved a minimal level of
understanding of the subject matter of school mathematics in Nigeria, or of an area of

the NNMC or of any of the behavioural skills.
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Also, it was thought that the least percentage of their intakes one would expect, as an
output of “competent” student teachers from a training programme, for an affirmative
answer to the question about the relationship of the training curricula to school
mathematics and the needs of trainees is 80%. The percentage for a “yes” answer to

questions 3 and 6 was, therefore, set at 80%.

6.4. Analysis of scores

6.4.1. Difficult topics/concepts

A measure of difficulty for each item was first computed and used to identify
mathematics concepts/topics which student teachers trained under different
programmes found difficult to cope with. The type of analysis employed in this
computation was difficulty analysis. It consisted of finding the percentage of student
teachers who made the correct response to an item. The nearer this value was to 100,
the easier the item was thought to be for the student teachers. A percentage value
which was less than 50% was regarded as indicating a difficult item. This cut-off point
was considered adequate because it was reasonable to expect that, notwithstanding
other factors which can affect performances (e.g. the nature of the test, item
construction, wording etc.) at least 50% of teachers should respond correctly to a test
item that was based on an area of the school mathematics curriculum. Nine difficult
items were identified in this way. They were, in ascending degree of difficuity, items 99,
100, 48, 26, 45, 72, 79, 93, and 81.

Out of these nine difficult items, six dealt with geometry and trigonometry. Three of
these six involved definitional and general knowledge in geometry and trigonometry.
Also six of the nine difficult items involved the demonstration of process skill across all

three content areas. Half of these were, again, items dealing with geometry and
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trigonometry. In general, it appeared that student teachers had difficuity responding
correctly to items on geometry and trigonometry and those requiring process skill. This
result seem to be confirmed by the result of the analysis in section 6.4.2. below. This

is dealt with in our discussion in chapter 8.

6.4.2. Levels of understanding of school mathematics subject matter

On the basis of the criteria defined in section 6.3, the numbers (and percentages) of
student teachers declared competent in each programme group were found and
tabulated as shown in Tables 6.5. (As pointed out earlier and for reasons already given
in the preceding section, this analysis used the 80% performance level as cut-off point
for decision making on competence. The 85% performance level is shown in Table 6.5
for illustrative purposes only.) Figures 6.1 is a representations of the same information

at 80% performance level in pictorial form.

Table 6.5. NUMBER AND PERCENTAGE OF COMPETENT STUDENT TEACHERS ACCORDING TO
THREE PERFORMANCE LEVELS ACROSS PROGRAMMES

Prog No of Number (percentage) of Competent subjects
Group subjects
tested 80% level 85% level

A 15 13 (87%) 9 (60%)
B 20 19 (95%) 12 (60%)
C 15 13 (87%) 10 (67%)
D 10 8 (80%) 7 (70%)
E 30 23 (T7%) 16 (63%)
F 70 37(53%) 21 (30%)
G 20 15 (75%) 11 (55%)
H 30 23 (77%) 14 (47%)
| 5 5 (100%) 1 (20%)
J 5 3 (60%) 2 (40%)
K 20 11 (55%) 4 (20%)
L 25 17 (68%) 12 (48%)

ALL 265 187 (71%) 119 (45%)
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Figure 6.1 PERCENTAGE OF COMPETENT STUDENT TEACHERS
AT THE 80% PERFORMANCE LEVEL ACROSS PROGRAMMES

DSeries1 |

% OF COMPETENT STUDENT TEACHERS

PROGRAMMES

Tables 6.6 and 6.7 show, respectively, the number (percentage) of student teachers in
each of the programme groups who were declared competent in each of the three
content areas of the NNMC and in their ability to demonstrate each of the three

behaviour skills tested in this study.



Table 6.6.

PERFORMANCE LEVELS ACROSS PROGRAMMES BY CONTENT AREAS OF THE NNMC
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NUMBER (PERCENTAGE) OF COMPETENT STUDENTS TEACHERS AT 80%

PROG | No. of
subjects Number and Numeration Geometry and Trigonometry Algebra
tested {NN) (GEOT) {ALG)
A 15 11 (73%) 5(33%) 14 (93%)
B 20 15 (75%) 3 (15%) 19 (95%)
Cc 15 12 (80%) 8 (53%) 14 (93%)
D 10 8 (80%) 4 (40%) 8 (80%)
E 30 25 (83%) 6 (20%) 25 (83%)
F 70 50 (71%) 8 (11%) 54 (77%)
G 20 19 (95%) 3 (15%) 17 (85%)
H 30 19 (63%) 3(10%) 24 (80%)
| 5 4 (80%) 0(0%) 4 (80%)
J 5 3 (60%) 0 (0%) 5(100%)
K 20 10 (50%) 0 (0%) 13 (65%)
L 25 20 (80%) 3 {(12%) 18 (72%)
ALL 265 196 (74%) 43 (16%) 215 (81%)
mean score 27 18 17
mode 28 19 17
median 27 18 17
sd 3 3 2
max. possible score 32 26 20
max. score 32 25 20
min. score 16 9 12
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Table 6.7. NUMBER (PERCENTAGE) OF COMPETENT STUDENT TEACHERS AT 80% PERFORMANCE

LEVELS ACROSS PROGRAMMES BY BEHAVIOURAL SKILLS

Prog No. of
Subjects Definitional and Generai Process Skill Problem solving and
tested Knowledge (DGK) (PS) Application skill (PsAS)
A 15 11 (73%) 8 (53%) 13 (87%)
B 20 15 (75%) 14 (70%) 17 (85%)
C 15 11 (73%) 10 (67%) 13 (87%)
D 10 6 (60%) 8 (80%) 9 (90%)
E 30 22 (73%) 15 (50%) 26 (87%)
F 70 36 (51%) 26 (37%) 48 (69%)
G 20 13 (65%) 10 (50%) 16 (80%)
H 30 22 (73%) 13 (43%) 25 (83%)
| 5 3 (60%) 2 (40%) 5 (80%)
J 5 2 (40%) 3 (60%) 4 (80%)
K 20 11 (55%) 5 (25%) 15 (75%)
L 25 15 (60%) 12 (48%) 22 (88%)
ALL 265 167 (63%) 126 (48%) 212 (80%)
mean score 19 45 8
mode 20 44 8
median 19 45 8
sd 3 4 1
max. possible score 24 57 10
max. score 24 54 10
min. score 10 27 5

The first of the two questions listed at the beginning of this chapter was about the level

of understanding of the subject matter of the NNMC by overall population of student

teachers passing out of colleges of education in Nigeria. That is

Question 4: What level of understanding of school mathematics
subject matter in Nigeria do student teachers possess at the

terminal point of training as their basis for teaching the NNMC?

In other words, how well can a teacher, after exposure to a mathematics teachers’

training programme in Nigeria, recall specific facts in school mathematics, display
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knowledge of terminology, recognise concepts, principles and rules in school

mathematics, carry out algorithms, and transform problem elements from one mode to

another and solve them with relative mathematical knowledge? These are some of the

specific objectives of mathematics instruction at the secondary school level. In order to

realise these objectives mathematics teachers must first be able to demonstrate them

by themselves. Teachers are supposed to know a ot more than their students to be

able to guide pupils through a lesson.

Table 6.5 indicates that only 187 (71%) of the 265 student teachers tested achieved

averall competence at the prescribed performance level of 80%. Put differently,

approximately 30% of prospective student teachers, at the point of graduating,

understood less than 80% of the mathematics content of the syllabus which they were

about to teach. This result may not, in any case, be entirely due to student teachers’

lack of understanding of content. Other factors such as, for instance, the nature of the

test (bearing in mind the degree of reliability obtained) could have contributed.

The proportion of student teachers found not to be competent is, however, sufficient to

raise some concern, in view of the fact that the 80% performance criterion used to

determine student teachers’ level of understanding, included all student teachers who

obtained the average “true” score of 66.5 (or 76%) and above.

Also, from Table 6.6, it is noticed that the proportion of student teachers who achieved
competence in geometry and trigonometry was very small. Only 43 (16%) of the 265
student teachers tested knew 80% of the subject matter in this content area.
Achievement in the other two content areas were not altogether encouraging either.
The highest number of competent student teachers was 215 or 81% in Algebra. In

number and numeration (arithmetic) only 74% demonstrated competence.
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In particular, nine questions (questions: 26, 45, 48, 72, 79, 81, 93, 99 and 100) caused
student teachers problems. Two of these (questions 26 and 72) dealt with number and
numeration. Question 26 tested student teachers' ability to apply the four basic
mathematics operations on numbers in a base other than the conventional base 10.
Question 72 dealt with sorting and classification using a Venn diagram. Both of these
are still considered to be “modern mathematics” topics in Nigeria. They also appear in
the Nigerian schools mathematics syllabus.
Six of the problem questions (nos. 45, 48, 79, 81, 99 and 100) tested various levels of
spatial knowledge: identification, definition and recall of facts. Four of them (45, 48, 81
and 99) involved Euclidean geometry while two (79 and 100) require knowledge of
school trigonometry. Question 81 tested the ability of student teachers to either apply or
follow deductive reasoning in proving riders in Euclidean geometry. The various
concepts and topics tested in these six questions also appear in the Nigerian schools
mathematics syllabus.
Finally, from Table 6.7 we notice also that the number of student teachers who
demonstrated the named behavioural skills with competence was small. This was
especially so in their demonstration of process skills. Only 48 percent of student
teachers demonstrated process competence. That is, less than half of the student
teachers tested were able to read and interpret a routine problem, display knowledge of
terminology, recall specific facts, identify relevant and appropriate processes, select
correct operations and then carry out algorithms needed to solve the routine problem.
The answer to question 4 is thus:

Answer 4: At graduation, prospective student teachers in Nigeria

do not understand school mathematics contents well enough to be

able to teach in schools with confidence.

(Only approximately 70% of student teachers, at the terminal point
of their training, understood 80% of school mathematics subject
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matter which they were about to teach in Nigeria. In particular,
student teachers found topics in geometry and trigonometry difficuit;
less than half (43%) understood 80% of the subject matter in this
content area. The towest level of ability was in the performance of
process skill; approximately 48% (less than half) of student
teachers demonstrated competence in process skill in school
mathematics.)

6.4.3. Differences in overall competence between programmes

The second question we set out to answer in this chapter, was about variations
between programmes in the level of understanding of school mathematics subject
matter by student teachers. That is

Question 5. Are there any differences at graduation in the level of

subject matter understanding of student teachers passing out from
different colleges of education in Nigeria?

In other words, did demonstrated levels of understanding of school mathematics subject
matter, by student teachers, vary from college to college according to training
programmes employed in their training? Were some training programmes producing
subject matter competent teachers while others were failing?

In addition to Table 6.5 and Figure 6.1, Table 6.8 shows some relevant statistics
associated with student teachers’ scores on the overall test. Figure 6.2 displays the

distribution of aggregate scores.
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Figure 6.2 DISTRIBUTION OF AGGREGATE SCORES ON THE SMCT
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Table 6.8. RELEVANT STATISTICS ASSOCIATED WITH SCORES ON THE SMCT
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Std. Dev =6.82
Mean = 72.4
N = 265.00

Standard Standard
Group Count Mean Deviation Error of MINI MAX.
Mean

A 15 76.1 6.9 1.8 64 86
B 20 749 45 1.0 66 86
c 15 742 83 22 55 84
D 10 75.2 6.0 1.9 66 85
E 30 74.4 6.0 1.1 61 86
F 70 703 72 0.8 47 86
G 20 733 5.1 1.0 66 82
H 30 71.8 8.0 1.4 49 84
I 5 722 33 1.5 70 78
J 5 71.8 52 23 65 77
K 20 68.7 6.3 14 53 77
L 25 725 6.7 13 60 81

Total 265 724 6.8 0.42 47 86
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From mere inspection of Table 6.5 and Figures 6.1 and 6.2, it appeared that there were
differences; that some programmes did better than others in producing competent
student teachers from their initial intakes. For instance, at the 80% performance level
programmes B and | seemed to be better in turning out more content competent student
teachers (95% and 100% respectively) than others and programmes F and K seemed
the least efficient. A 5% increase in performance level (see the last column of Table
6.5), however, showed programme D instead of B and |, as the most efficient
programmes. And, yet again, programmes F and K (and this time I) as least efficient.
Also, from Table 6.8 the overall range of scores on the SMCT as a whole was 47 to 86.
The mean score was 72. Focusing on the ranges, means and standard deviations of
scores of students, within programmes, the same pattern of differences was noticed.
For instance, the range of scores of student teachers in programme F is from 47 to 86
with mean 70 and standard deviation of approximately 7; while for students in
programme | the range is from 70 to 78 with mean 72 and a much smaller standard
deviation of less than 4; indicating that a student teacher chosen at random from a
mixed population of students from the two programmes, if declared competent, was
more likely to have been trained under programme |. There were other similar patterns
and differences that could be discerned by merely looking at this table. The overall
impression, therefore, was that there were differences, on graduation, between
programmes in the level of understanding of school mathematics subject matter of
student teachers.

Observations are, however, unreliable since it is difficult to discern associations (and
indeed only too easy to misinterpret what one does see) from mere inspection of a multi-

way contingency table. Was there, then, sufficient evidence to support the conclusion
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that competence was associated with programmes employed for training?. in other
words were the perceived differences statisticaily significant?
It was decided to test statistically whether competence depended on the programme
under which a student teacher was trained. Whether, for instance, the twelve
programmes could be regarded as representing the population of programmes in colleges
of education in the country. Also, whether the observed sample differences signified
differences among population or whether they were merely the chance variation that were to
be expected among random samples from the same population.
The Chi-square procedure was preferred for this test for two reasons:
a) The observed frequencies could be represented in the cells of a two-way
contingency table as shown in Table 6.9,
b) Although the two variables - competent and nof-competent - (see once more
Table 6.9) were not true dichotomies, but artificial ones created from interval
data (scores on the SMCT), they were, for our purpose, both nominal and true
quantitative variables.

Table 6.9. TWO-WAY CONTINGENCY TABLE:
PROGRAMMES BY COMPETENCE AT 80% LEVEL OF SUBJECT MATTER UNDERSTANDING

PROGRAMMES LEVELS OF UNDERSTANDING TOTALS
Competent Not competent

>

w

TOTALS
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The calculated y* (= 25.8) is greater than  x7,s,,, (=19.7) of 7., (=24.7). The chi-
squared test, thus, indicated that, at both the 5% and 1% levels, there was significant
association between the variables: competence (or level of subject matter understanding)
and fraining programmes. In other words, the probability that data as extreme as the
observed would arise less than 1% of the time if there were no differences between
programmes is significant. We therefore conclude that there are differences between
programmes. The implied Hy (that there are no association) was, thus, rejected.

The rejection of Hy by means of chi-square, however, only establishes the existence of a
statistical association between level of understanding of school mathematics subject matter
and training programmes used; it does not necessarily measure the strength of the
association.

Several measures of strength of association for nominal data have been proposed (see for
instance, Reynolds, 1984). One such measure, for a two-way contingency table involving
variables with more than two categories, that mimic the correlation coefficient by having a
maximum absolute value of 1 for perfect association and a value of O for no association, is
the Cramer’s V statistic. The Cramer's V statistic ( = 0.00542) obtained for the data of Table
6.9 showed that the association between student teachers’ level of understanding of school
mathematics subject matter and training programmes was strong. The answer to question 5

is thus:

Answer 5: There were significant differences between programmes,
in the level of school mathematics subject matter understanding
amongst student teachers at graduation when comparing the twelve
programmes. In other words, student teachers’ level of competence in
school mathematics subject matter depended on the training
programme under which a student teacher was trained.
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6.4.4. Differences between programmes in student teachers’ performances
in the content areas and behavioural skills

Because we have established the existence of a strong association between overall
competence and programmes it was decided to further investigate two questions implicit in
the design of the SMCT. These were questions about differences in the performances of
student teachers in the four content areas of the NNMC and in the three behaviour skills
adopted for this study. The two questions that were raised and investigated, as a result of

this, were as follows:

Question 5-1: Are there significant differences between programmes
in student teachers level of understanding of subject matter, at
graduation, in each of the content areas of the NNMC?

Question 5-2. Are there significant differences between programmes
in student teachers demonstration of knowledge/skill, at graduation, in
the three behavioural levels specified in this study?

Table 6.10 shows the number (and percentage) of competent students teachers, at 80%
performance level in three of the four content areas of the NNMC.

The number of items in the SMCT in Basic Statistics component is very small to justify either
a meaningful estimate of the reliability coefficient of the sub-test or a statistical comparison
of mean scores in that content area. However, items difficulty estimates (see section 6.4.1)
indicate that the overall percentage of student teachers who responded correctly to the four
items in this content area (that is items 64, 65, 66 and 67) ranged from 82% for question 67
to 89% for question 64. Also, looking at the distribution of student teachers who answered
the four questions correctly, suggests a tendency towards the conclusion that there were no
differences between programmes in student teachers’ performances in this content area.
Table 6.11 shows the number (and percentage) of competent students teachers at 80%

performance level in the three behavioural levels.
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Table 6.10. NUMBER OF COMPETENT (c) AND NOT-COMPETENT (nc) STUDENT TEACHERS IN
THREE CONTENT AREAS OF THE NNMC AT 80% PERFORMANCE LEVEL

CONTENT AREAS

PROG Number & Num.

Geom. & Trig

Aligebra

Table 6.11. NUMBER OF COMPETENT (c) AND NOT-COMPETENT (nc) STUDENT TEACHERS IN

THREE BEHAVIOURAL LEVELS AT 80% PERFORMANCE LEVEL

BEHAVIOURAL LEVELS

PS

PsAS

PROG DGK

The Chi-square procedure was used to investigate the relationship between programmes

and each of the variables: number and numeration, geometry and trigonometry and

algebraic; and between programmes and the variables: definitional and general knowledge,

process knowledge and problem solving and application. Table 6.12 shows the results of

the chi-square test.



Table. 6.12. CALCULATED CHI-SQUARE VALUES FOR ASSOCIATION
BETWEEN PROGRAMMES AND EACH OF THE SIX VARIABLES OF THIS STUDY
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CONTENT AREAS BEHAVIOURAL LEVELS
NN GEOT ALG DGK PS PsAS
Calculated 17.2 369 126 11.0 184 11.0
72
Decision n/s significant n/s n/s n's n's
Accept Hg Reject Ho Accept Hy Accept Hy Accept Hy Accept Hy
2
Hiyson) 197
2
K1iqaes) G247)

n/s = not significant

The results of the chi-square test (see Table 6.12 above) showed that the observed
differences in student teachers’ performances between programmes was only significant in
geometry and trigonometry content area. The differences between programmes in student
teachers’ performances in all the behavioural levels were not significant. In other words,
there was association between competence and programmes adopted for training only in
geometry and trigonometry content area. The Cramer’s statistic (=0.00042) shows that this
association was also strong. Thus, the answer to the two ancillary questions 5-1 and 5-2

are as follows:

Answer 5-1: There are significant differences between programmes
in the level of understanding of the contents of school geometry and
trigonometry by student teachers in Nigeria. But there are no
differences between programmes in their understanding of the
contents of number and numeration and algebra

Answer 5-2; There are no significant differences between
programmes in student teachers’ demonstration of knowledge/skills
in the three behavioural levels investigated in this study.

This is an interesting result because it appears to confirm an earlier result of the
difficulty analysis of section 6.4.1 which suggest that student teachers found items in the
same content area difficult and that there were significant differences between

programmes in the performances of students in this area. Again, it is pertinent to point
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out that this result is only indicative, because of the degree of the estimated reliability of

the various sub-tests. (see table 6.4 of section 6.2.3)

6.4.5. Comparison of differences between programmes

The Chi-square and Cramer’'s measures only established that there were overall differences
between programmes and that there was strong association between overall competence
and training programmes and between competence in geometry and trigonometry and
training programmes. Further analysis was, therefore, needed to pinpoint where, the
differences or associations there might be between programmes, were located. Tables
6.13 and 6.14 show, respectively, the means of scores of student teachers in each

programme group according to content areas and behavioural levels.

Table 6.13. MEAN PERFORMANCE IN THREE CONTENT AREAS ACROSS PROGRAMMES

Content
Area PROGRAMME
A B c D E F G H | J K L ALL
NN 275 276 { 269 | 277 | 280 | 265 28.1 267 | 268 | 268 | 26.1 275 272
(n=33)
GEOT 196 19.0 19.1 19.7 18.7 16.7 174 17.7 16.8 17.0 16.1 17.3 17.7
(n=25).
ALG 17.9 17.5 176 16.9 17.1 16.7 17.0 16.8 17.0 174 16.0 16.8 16.9
{(n=20)
Key: NN _= Number and Numeration

ALG = Algebra
GEOT = Geometry and Trigonometry
n = The number of items in a content category
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Table 6.14. MEAN PERFORMANCE IN THREE BEHAVIOURAL LEVELS ACROSS PROGRAMMES

Behaviour PROGRAMME GROUPS
Levels
A B c D E F G H | J K L ALL

DGK 201 19.7 | 197 | 189 | 196 | 181 194 | 189 | 192 | 188 | 182 | 187 | 189
(n=33)
Ps 469 | 468 | 460 | 48.0 | 462 | 444 | 456 | 444 | 448 | 448 | 426 | 452 | 452
(n=58)
PsAS 9.1 84 85 8.3 86 7.8 83 85 82 82 7.9 83 83
(n=10)
Key: DGK = Definitional and General Knowledge.

PS = Process Skill

PsAS = Problem Solving and Application Skills.

The number of items in a behavioural category

Tukey's Honestly Significant Difference (HSD) for multiple comparison of significance test

(see Kirk, 1982 chapter 3 or Snedecor, 1966 p.251) was used for this purpose; to compare

differences in performance between programmes found to be significant (i.e. differences in

overall performances and in performances in geometry and trigonometry)

The rationale of Tukey's HSD is that if the means are arranged in order of magnitude and

the smallest is subtracted from the largest the probability of obtaining a large difference

increases with the size of the array of means. The studentized range statistic (q) given by:

where n is the number of subjects in each treatment condition and MSg. is the ANOVA

error mean square, expresses the difference between a pair of means in any array as so-

many standard errors of the mean. Tukey's HSD test requires that, to achieve significance,




173

any pairwise difference must exceed a critical value which depends partly upon a critical

value of g, the latter being fixed by the values of two parameters namely:

(a) the number of means in the array and
(b) the degrees of freedom of MS¢ron.

The test is then made by computing a difference, D, given by

MS, ...
vith
D :q (within)
. n

where g, defined above (with v the degrees of freedom), is the upper a-percentage point of
the Studentized Range distribution. D, which is significant at the a-level, is then compared
with the a(a-1)/2 4 sample differences in the experiment. A comparison involving two means
is then declared to be significant if it exceeds D.

Tables 6.14 and 6.15 show the results of Tukey’'s HSD test with significant level 0.05.

Table 6.15. TUKEY-HSD TEST WITH SIGNIFICANCE LEVEL 0.05
(MEANS OF OVERALL SCORES ACCORDING TO PROGRAMMES)

Prog | mean K F H J I L G Cc E B D A

{(m) 69 70 72 72 72 73 73 74 74 75 75 76

POTMOO-—~cC INnX
~
w

‘Ina group of a means there are in all a(a-1)/2 potential differences.
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Table 6.16. TUKEY’S-HSD TEST WITH SIGNIFICANCE LEVEL 0.050
(MEANS OF SCORES IN GEOMETRY AND TRIG. ACCORDING TO PROGRAMME)

Prog | mean K F I J L G H E B c A D

{m) 16 17 17 17 17 17 18 19 19 19 20 20

O>PO0OUMIOr——"NX
»

in both Tabies 6.15 and 6.16 the group means were arrayed from low to high. The asterisks
in the lower part of the matrix in Table 6.15 indicate that there was a significant difference
between the overall performances of student teachers trained under programme A and
those trained under programmes F and K, but that there were no detected significant
differences among the scores of student teachers trained under the other ten programmes.
Similarly, from Table 6.16, programmes A, B, D and E each differed significantly from
programmes F and K, but they did not differ from each other.
This implied that, when overall level of understanding of school mathematics subject matter
by student teachers at the point when they are graduating from colleges of education is our
focus of interest, three levels of understanding of subject matter of the NNMC could be
distinguished. The three levels, in descending order, are demonstrated by:

(i) student teachers trained under programme A;

(i) student teachers trained under programmes B, C, D, E, G, H, I, J and L; and

finally,

(iii) student teachers trained under programmes F and K.
Similarly, if student teachers’ performance in geometry and trigonometry is considered,
three levels of understanding could also be discerned. The three levels, again in

descending order, are:
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(1) student teachers trained under programmes A, B, D and E;

(ii} students teachers trained under programmes C, G, H, |, J, and L;

(iii} student teachers trained under programmes F and K.
It is interesting to note that, in both cases, student teachers trained under programmes F
and K demonstrated the least level of competencies. Also students trained under the five
programmes (F, G, H, | and J), which did not offer courses in school mathematics contents,
were among those who achieved below the set performance level for competence in
geometry and trigonometry.
Applying the idea of a Carroll graph® to these results, training programmes were then

classified into four sets as shown in Table 6.17.

Table 6.17 SUMMARY OF PROGRANMES CLASSIFICATION ACCORDING TO TWO VARIABLES
(levels of understanding of overall NNMC contents and GEOT)

LEVELS OF UNDERSTANDING OF
........................................... NNMC CONTENTS
Level 1 i Level 2 : Level 3
Level 1 A B,D,E

LEVELSOF &
UNDERSTANDING Level 2 C,GHILJL
INGEOMETRYAND ¢

TRIGONOMETRY Level 3 F and K

The four programme sets are:
SET 1: Training programmes that turned out significantly higher number of
school mathematics subject matter competent student teachers from their initial
intakes and whose student teachers’ exhibited significantly higher overall level

of understanding of school mathematics subject matter than those student

® In a Carroll graph (or map) the outer rectangle represents the universal set (which, in
our present case, is the subject matter of the NNMC and test items of the SMCT). The
inner rectangles are the intersections of various subsets of this universal set. Two
examples of such subsets are the set of subject matter dealing with geometry and
trigonometry and the set of items testing problem solving and application skills, etc.
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teachers trained under other programmes. There is only one member of this
set. That is programme A.

SET 2: Programmes in this set turned out a percentage of school mathematics
subject matter competent student teachers from their intakes which is low when
compared with programme A. Student teachers trained under programmes in
this set, also, exhibited a lower level of understanding of school mathematics
than students in programme A, but demonstrated the same level of
understanding of school geometry and trigonometry as students in programme
A. Programmes inthis setare B, D and E.

SET 3 Student teachers trained under programmes in this set exhibited the
same level of understanding of the subject matter of the NNMC as those in set 2
except that they demonstrated a lower level of understanding of school
geometry and trigonometry than students trained under programmes in either
of the two previous sets. Programmes in set 3 are programmes C, G, H, |, J
and L.

SET 4: Programmes in this set turned out the least percentage of school
mathematics subject matter competent student teachers from their intakes and
students teachers trained under them exhibited the lowest level of
understanding of school geometry and trigonometry. Programmes in this set
are F and K

Relevant statistics, across these programme sets, is shown in Table 5.18.
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Table 6.18. ANALYSIS OF DATA ACROSS PROGRAMME SETS
Prog Set No (%) mean std. dev. min max. Number (%) of competent

score score score students
Set 1 15 (6%) 76.13 6.94 64 86 13 (87%)
Set2 60 (23%) 73.09 6.30 55 86 50 (83%)
Set3 100 (38%) 74.60 6.34 49 86 76 (76%)
Set4 90 (34%) 69.96 7.00 47 86 48 (53%)
All 265 (100%) 72.40 6.83 47 86 187 (71%)

Question 5.3 below was posed and investigated, as a result of the outcome of the data

analysis in the preceding sections of this chapter, in order to find out if the four sets of

programmes described by the data of Table 6.18 are indeed distinct sets when student

teachers’ level of understanding of school mathematics subject matter is the focus of

interest..

Question 5.3:

described above?
sets necessarily different?

Are there any significant differences between
programme sets in the level of subject matter understanding among
student teachers in the four sets (programme sets 1, 2, 3 and 4)

In other words, are the identified programmes

The X2 test was, again, used to establish the presence (or absence) of an association

between competence ( or level of understanding of subject matter) and programme set.

The calculated chi-square X2 = 20.87 and the Cramer’'s measures (=0.2806), indicate

that there are differences and that some associations between competence and

programme sets exist and that some of these are both significant and strong.
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Table 6.19. TUKEY'S HSD TEST WITH SIGNIFICANCE LEVEL 0.05
ON PROGRAMME SETS

Prog Set means Set 4 Set 2 Set 3 Set 1
(m) 69.9556 73.0880 74.6000 76.1333
4 69.9556 |
2 73.0880 *
3 74.6000 *
1 76.1333 *

Tukey’s HSD test (see Table 6.19), however, indicate that programme sets 1, 2 and 3
(i.e. programmes A; B, D, E; and C, G, H, |, J, L) all differ significantly from programme
set 4 (programmes F and K) but do not differ significantly from each other; so that the

answer to question 5-3 is as follows:

Answer 5.3 There is a significant difference between programme
sets in the level of subject matter understanding by student
teachers. Level of understanding of student teachers in sets 1, 2
and 3 (as one group) differ significantly from those of student
teachers in set 4 (as a separate and second group). This
difference was in favour of student teachers in programme sets 1, 2
and 3.

Analysis of SMCT scores, thus, revealed two distinct groups of mathematics teachers

training programmes in Nigeria. The two groups are shown Table 6.20.

Table 6.20. TWO DISTINCT PROGRAMME GROUPS IDENTIFIED BY THIS STUDY

GROUPS PROGRAMMES

Group 1 A B CDEGHIJandL

Group 2 Fand K
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6.5. Summary

Part of the aim of this study was to determine whether student teachers, passing out of
colleges of education in Nigeria, understood the subject matter of the Nigerian National
Mathematics Curriculum (NNMC) well enough to teach it in schools in that country;
whether there were differences in the level of understanding of this subject matter and
whether these differences (if they existed) depended on the training programme under
which a student teacher was trained.

A school mathematics contents test (SMCT), based entirely on the NNMC, was
constructed and administered to 265 student teachers chosen at random from 53
colleges of education in Nigeria. The analysis of the data, generated by the SMCT,
showed that:

1. At the end of their third year of training at colleges of education in Nigeria only about
70 percent of student teachers understood at least 80 percent of the subject matter of
the Nigerian National Mathematics Curricutum (NNMC) as their basis for teaching it. In
general, student teachers across colleges of education experienced difficulties with
items dealing with geometry and trigonometry.

2. There were significant differences between programmes in the levei of understanding
of school mathematics subject matter by student teachers. Competence in the subject
matter of the NNMC was strongly associated with the type of training programme
adopted. Student teachers trained under programme A exhibited a level of subject
matter understanding that was higher than that exhibited by student teachers trained
under programmes B, D, and E, who in turn were better than student teachers trained
using programmes C, G, H, I, J and L. Student teachers trained under programmes F
and K exhibited the lowest level of understanding of school mathematics subject matter.

This finding suggests that some mathematics teacher training programmes were more
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successful at producing content competent student teachers from their intakes than
others. Programme A appeared to be the best in the performing this function. This may,
however, be due to some other factors such as better teachers, better faciiities, higher
entry requirements or, indeed, better intakes, and so on.

3. There were also differences between programmes, in student teachers’
performances, in each of the four content areas of the NNMC. The differences were,
however, found to be significant for student teachers’ performances in the geometry and
trigonometry content area only. Programmes A, B, D and E were likely to produce more
student teachers with a higher level of understanding of school geometry and
trigonometry than did programmes C, G, H, I, J and |. Programmes F and K were the
least efficient in this respect also.

4. There were no significant differences, between programmes, in the level of
behavioural knowledge/skills demonstrated by student teachers. in general, student
teachers exhibited a lack of adequate process skill in mathematics. It is, however,
arguable whether this finding can be sustained, in view of the estimated degree of
reliability of the sub-test for this constituent component.

5. A marked significant difference existed, between programmes, in the level of
understanding of overall school mathematics subject matter by student teachers trained
under ten of the twelve programmes (taken together as one group) and those trained
under the remaining two programmes; F and K, (taken together as a separate and
second group). The analysis, thus, identified two distinct groups of mathematics
teachers training programmes in Nigeria, according to the levels of understanding, by
student teachers trained under them, of the subject matter of the Nigerian National
Mathematics Curriculum (NNMC) in general, and geometry and trigonometry in

particular.
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6. Finally, coupled with the fact that our criterion for an affirmative answer to the
question of relevance of training curricula to the school mathematics curriculum or a
content area of the school curriculum was not achieved by the overall sample of student
teachers or any group of students in any programme group (see section 6.3 of this
chapter), these results suggest, as was the case with the analysis in chapter 5 (see
section 5.8, page 140), the following answer to questions 3 of this research:

Answer 3. In general, the mathematics content of the curricula for
training school mathematics teachers at colleges of education in
Nigeria, may not be related to the subject matter of school
mathematics in that country. The programmes differed in the
amount school-level mathematics they offered and, probably as a
result, only 71 percent of student teachers exposed to these
curricula, were found to possess minimal content knowledge
expected of a school mathematics teachers at the terminal point of
their training.
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CHAPTER 7

ANALYSIS OF DATA FROM TEACHER TRAINERS ASSESSMENT OF
PROGRAMMES (TAMP) QUESTIONNAIRE

7.1 Introduction
The Teacher-trainers Assessment of Mathematics Programme (TAMP) questionnaire was
designed and administered to teachers trainers (in most cases, heads of mathematics
departments in colleges of education in Nigeria) in order to solicit their views on the state of
mathematics teacher education in the country. A copy of the questionnaire is attached as
Appendix E. (page 336)
The questionnaire sought to collect information from teacher trainers about their;

o background,

e perception of the objectives of mathematics teacher education;

¢ views on what they consider the most relevant issues for the curriculum for

training teachers of mathematics in Nigeria;

¢ views about the mathematics teacher training programmes in their institutions.
A total of 53 questionnaires were sent out or handed to teacher trainers selected at random
from colleges of education in the country. But because of the reasons and difficulties
already explained in section 4.1 of this study the response rate was very poor. Only 17
teacher trainers responded to the request to complete and return the questionnaires.
The analysis of the information gathered from this was, however, carried out in the hope that
the results would be useful in explaining the results of the analyses in the two preceding
chapters.
This chapter, therefore, analyses responses from college leciurers in Nigeria who were

responsible for the training of teachers to teach mathematics in schools.
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7.2. Background of teacher trainers

The qualifications, educational training and other experiences relevant for the job of training
mathematics teachers show that of the 17 respondents 13 were graduates and only 4 had
other qualifications (e.g. HND NCE/ADE) with years of experiences ranging from 2 to 21
years. Also, while there was a fair spread of graduates within eight institutions, six showed
shortages of graduate lecturers to the extent that mathematics and mathematics education
were likely to have been taught by non-graduates in those institutions.

From responses to item 7, which sought information about the qualifications and
experiences of other trainers in the mathematics department, more than 80% of the teacher
trainers at the colleges of education were found to be professional mathematics educators
with less than 20% not professional mathematics educators (i.e. they hold qualifications in
mathematics but not trained to teach).

This finding was not surprising since the colleges of education were established purely with
the objective of training teachers. Consequently their staff employment policy must have
given priority to graduates with educational expertise.

Also, nearly all mathematics teacher trainers were department based: that is they were all
members of the mathematics department in the institutions where they taught.

Table 7.1 displays the responses of the teacher trainers to items 8 and 9 which asked
whether trainers had taught mathematics at the secondary school level prior to joining the
colleges of education and whether they felt the job of training mathematics teachers was the

most suitable and enjoyable work in view of their qualifications.

Table 7.1. TEACHER TRAINERS EXPERIENCES WITH MATHEMATICS TEACHING AND
SUITABILITY TO THE JOB OF TRAINING SCHOOL MATHEMATICS TEACHERS

TAUGHT MATHEMATICS SUITABILITY TO
RESPONSES IN SECONDARY MATHEMATICS TEACHER
SCHOOL? EDUCATION?
YES 5 (29%) 11 (65%)
NO 12 (71%) 6 (35%)
TOTAL 17 (100% 17 (100%)
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The tabie shows that over 70% of respondents had no job experience involving teaching in
the secondary/primary school levels. However, only about 35% felt that in view of their
qualifications and experiences, their involvement in the school mathematics teacher training
exercise was not the most suitable job for them. Hence, for whatever reason such teacher
trainers were participating in the training programme, they strongly felt that they were in the
wrong place.
Most of the trainers who felt this way were graduates who neither held an education
qualification nor had any pre-college of education teaching experience that could have
familiarised them with the objectives, philosophy and perhaps the teaching strategies for
mathematics. If this is true, it could be an indication that the mathematics teacher training
programmes in Nigeria were taught by a substantial number of staff who were both
inexperienced and unenthusiastic about the job they were doing.
7.3. Perception of the objectives of mathematics teacher education by teacher
trainers
Teacher trainers' descriptions of their understanding of the objectives of mathematics
teacher education (item 10) reveal less wide range of descriptions than were present in the
preambles of the sample programmes analysed in chapter 5 or in the National Policy on
education. While the descriptions given in the programmes and the national policy could be
grouped into seven categories; those of the teacher trainers fitted into only three of the

seven categories (see figure 7.1).
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TABLE REDACTED DUE TO THIRD PARTY RIGHTS OR OTHER LEGAL ISSUES

Source: National Commission for Colleges of Education “Guidelines to Colleges of Education” Vol. 2, No. 1, 1995

Eleven of the trainers ( approximately 60%) described their understanding of the objectives
in the context of category two; many of these also believed that the main purpose of training
mathematics teachers was to help them demonstrate convincing enthusiasm and intellectual
ability for further studies in mathematics. However, six, all of whom were professional
mathematics teacher educators, were able to offer broader definitions of the aims/objectives
of school mathematics teacher education that spanned three categories and included
category seven. This narrow understanding, by a majority of the trainers, suggests that
teacher trainers in Nigeria had not yet acquired a holistic view of the range of interests which
mathematics stands for as embodied in the Nigeria national mathematics curriculum and as

reviewed in the first chapter of this study.
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7.4 Perception of mathematics programmes in own institution

items 11 to 14 of the TAMP requested teacher trainers to give their assessment of some
aspects of the mathematics teacher training programme in their own institutions. In
particular, item 13 asked them to list any three significant features of their training for school
mathematics teachers which they considered most important in enhancing the trainees
effectiveness for the job. In other words, the trainers were expected to list some
competencies that they hoped would be acquired by a student who goes through their
training course in order to build competence in handling the job of teaching mathematics in
schools. Surprisingly 10 (59%) of the 17 trainers did not attempt to respond to this question;
most of these were non-professional mathematics educators. All the same, a couple of
trainers with this background who had gone through some in-service (INSET) courses for
school mathematics teacher trainers gave impressive responses.

There was a significant number of mathematics education graduates among those that
offered no response to item 13. These, however, indicated that they had not acquired
enough experience to respond to the question adequately.

The responses of the remaining 7 trainers offered the following range of competencies
which they believe their students teachers would acquire in the course of their training to
teach mathematics effectively:

e understanding of the meaning and philosophical basis for mathematics, the
NNMC curriculum and its translation into lesson units and awareness of
methods/resources needed for teaching it;

e mastery of reasonable subject contents (knowledge) from various areas of
advance level and first year university mathematics in readiness for gifted school
pupils who may need help;

¢ mastery of reasonable subject content to be able to teach mathematics up to the

senior secondary level;
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o the concept of an integrated mathematics content, de-emphasising content area
boundaries and ability to present a holistic view of mathematics;
e acquire competence in teaching mathematics by enquiry (investigation) and
activity-based approaches;
e develop a scientific attitude and competence in mathematics process skills and
algorithmic skills;
e acquire competence in improvisation using locally available materials;
¢ rich educational background on how children learn mathematics;
e acquire skills of classroom presentation through practical teaching; and
o capability of curriculum development planning and implementation.
In item 11, which specifically asked trainers to assess their own programmes in terms of its
appropriateness for the task of preparing student teachers to teach the core contents of
secondary school mathematics, as many as nine said they believed their programmes to be
inappropriate but felt unable to influence any changes. All nine, in response to question 12,
chose primary and junior secondary schoolis as the leveis of the school system for which the
programmes were inappropriate.
Five trainers were certain that their programmes were appropriate and three felt unable to
answer the question; one claimed, in addition, that he had no expertise that enabled him to
assess that aspect of the programme.
In an attempt to find out what problems mathematics teacher education in Nigeria might be
facing, teacher trainers were requested in item 14 to assess the programme in their colleges
and list from their personal experiences three things considered as bottle-necks to the
smooth running of the mathematics teacher training. In other words, their observations of
what were to count as weak points of the school mathematics teacher training programmes
in their various institutions. They were also required, in item 15 to conclude this section by
further describing ways they thought their training programme could be improved.
Problems or weaknesses listed related to the curriculum, personnel, facilities/materials and

enrolment (admission). A summary of the responses are as follows:
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Lack of purpose-built mathematics laboratories. (Even when available they were often
il-equipped. Most laboratories do not have services of technicians/ technologists
particularly needed to assist the trainers in organising practical demonstrations and/or in
building concrete models to be used in training for practical teaching).

Lack of textbooks and library facilities.

A majority of the trainers lack the necessary training and experiences to participate
effectively in the programme and there is little provision or incentive for in-service
training.

Massive curriculum content that encourages rushed work instead of careful and
meaningful teaching. This view was particularly expressed by trainers in institutions
where mathematics still flourishes as a single major (i.e. combining it with another
discipline). Three of the 17 respondents claim their colleges run the “single major’
programme in mathematics. These are distributed amongst programme groups F, J and
K_ The time constraint for curriculum coverage has been more severe between 1992 and
1994; due largely to the unstable academic calendar caused by the incessant unrest that
has characterised Nigeria throughout this period.

The admission standard is quite low as even candidates with eminently weak results in
the pre-requisite subjects (mathematics and English language) or even worst still some
with none of the required basic mathematics background were admitted into the
programme. This, it was claimed, made the teaching of basic mathematics contents
tedious and most often, such weak students tend to find the course difficult to cope with.
On the other hand, there is the difficulty in finding qualified candidates to enrol for the
course; the reason being that such candidates resist putting in for the course fearing that
a career in mathematics teaching has a 'dead-end' - that is its graduates will be
restricted to teaching in secondary schools all their lives. Secondly they are at the same
time apprehensive of what the future holds for those who have ambitions for further

academic career in mathematics, bearing in mind the already existing apathy shown by a
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number of Nigerian universities towards admitting candidates with NCE qualifications into

other faculties apart from education.

The following are a selection of suggestions offered by the teacher trainers as ways the

training programmes could be improved:

employing and mounting intensive workshops for the teacher trainers particularly for
those without teaching qualifications to familiarise them with the meaning, philosophy
and teaching strategies for mathematics;

provision of purpose-built laboratories, where necessary, as well as equipping them
reasonably;

review of the curriculum to fit the time scale of training as well as reviewing the admission
standard/policy to match the demand of the course and maintain a reasonable student-
teacher ratio for effective teaching and classroom management;

provision of relevant textbooks and library facilities;

make all pre-service teacher training for mathematics full-time; in order to lay a good
foundation which is less likely with the part-time programme often suffering regular
interruptions from irregularities in the yearly academic sessions. (These incessant
disruptions, usually from unrest, have in the past had a lot of negative effect on part-time
programmes with the result that the students are rushed through the courses
disadvantaged.);

phase out single major mathematics programmes in favour of the double major

programmes.
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7.5. Summary

Analysis of responses reveal that:

1. in some training institutions in Nigeria, mathematics and mathematics education courses
are taught by non-graduate lecturers.

2. Most graduate teacher trainers have no teaching qualifications and no secondary school
teaching experience prior to joining the colleges of education and are dissatisfied with their
jobs as mathematics teacher trainers.

3. Teacher trainers appear, in general, not to be clear about the aims and objectives of
teacher education as embodied in the NNMC or the Nigerian National Policy on Education.
4. Most teacher trainers believe that schools mathematics teachers training programmes in
their institutions are inappropriate for the task of preparing prospective teachers for their
roles as mathematics teachers; particularly for the primary and junior secondary levels of the
Nigeria education system.

5. Some colleges of education offer mathematics in combination with one other specialist
subject, e.g. chemistry, physics, geography or biclogy.

8. Teacher trainers are not happy with the present admission system/policy which allows
candidates with little background in mathematics and English language to be admitted for
training.

7. Finally, teacher trainers point to weaknesses in their programmes, particularly “massive
curricular content” with little time and incentive, and inadequate facilities to allow proper
teacher training. They, also, made a number of suggestions and recommendations which

they felt would improve mathematics teacher education programmes in Nigeria.
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CHAPTER 8

DISCUSSION

8.1. Introduction

This research sought to describe the characteristics and quality of the training provided

for school mathematics teachers in Nigeria. Data was sought to answer the following six

questions:

1

What conditions or programmes exist for the training of school mathematics
teachers in Nigeria?

In what respect do school mathematics teachers training programmes in
Nigeria differ among themselves? In other words, if they differ how are they
different?

In Nigeria, is there any relationship between the mathematics teacher
training curricula and the school mathematics curriculum for which teachers
are being prepared to implement?

What level of understanding of schoo! mathematics subject matter in Nigeria
do student teachers possess, at the terminal point of training, as their basis
for teaching the NNMC?

Are there any differences between programmes in the level of subject matter
understanding of student teachers passing out from different colleges of
education in Nigeria?

In Nigeria, is there any relationship between the curricular provisions for the

training of school mathematics teachers and the needs of trainee teachers?
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Three different methods of data collection were used.
To address questions 1 and 2, data were collected by means of a content checklist and
a teacher trainers’ questionnaire. A school mathematics contents test was used to
provide data with which to answer questions 4 and 5. The analyses of the data
collected using these three methods were presented in chapters 5, 6 and 7. It was
hoped that the resuilts of the analyses would provide information with which to answers
questions 3 and 6.
There is virtue in employing this type of (multiple methods) approach that generates
both gquantitative and qualitative data. They can be used to address different but
complementary questions within a study. They can, also, be used to enhance the
interpretation of, for instance, a primarily quantitative study by a qualitative narrative
account. Conversely, a qualitative account may be the major outcome of a study, but it
can be enhanced by supportive gquantitative evidence used to buttress and perhaps
clarify the account.
Also, it is impossible to avoid the confounding effects of methods used on the
measurements obtained. With a single method, some unknown part or aspect of the
results obtained is attributable to the method used in obtaining the result. Because we
can never obtain resuits for which some method has not been used to collect them, the
only feasible strategy, according to Blaikie (1991), is to use a variety of methods.
This was the rationale that informed the use of the three different data collection
methods for the present study, which (as with all social research) relied on the *human
instrument”; in the sense that, as Miles and Huberman (1984) put it,

“...(the researcher) is a one-person research machine: defining

the problem, doing the sampling, designing the instrument,

collecting the information, reducing the information, analysing it,
interpreting it, writing it up...” (p. 230)
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The substantial body of research evidence on the fallibility of the human in making the
judgements involved in these kinds of activities was reviewed in Nisbett and Ross
(1980). Many pitfalls centre on representativeness being assumed when it is suspect;
so that, in general, social research has to face the criticism that the work is unreliable
and invalid. The present study falls within the same category for criticism. It used
samples that the researcher honestly assumed to be truly representative but which, for
reasons beyond his control and as already detailed in section 4.1, may not be so. It
also used one instrument (the test) whose validity may have been reduced because of
the corrections effected to it after it had been administered. Besides, this researcher,
being human, is like all humans, fallible.

Several techniques have, however, been suggested to reduce the effects of
assumptions on the validity and reliability of data gathering methods and, hence,
enhance the credibility of a research. One of the techniques is triangulation, which is
the use of evidence from different sources, or methods of collecting data or investigators
(where feasible) or even theories. Ilts main advantage is in the interpretation of resuits
of analysis of data where the trustworthiness of the data is always a worry. It provides
a means of comparing a result from one source of information with results from other
sources. If two sources give the same message then, to some extent, they cross-
validate each other. I[f there is a discrepancy, its investigation may help in explaining
the phenomenon of interest. In other words, it improves the quality and accuracy of
findings. This is the technique that is applied in the discussion that follows.

The analyses in chapters 5, 6 and 7 revealed a number of interesting results. These are
discussed in the following sections under three main headings: characteristics features

of mathematics teacher training programmes in Nigeria, levels of understanding of
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school mathematics contents by student teachers and, relationship of curricula

provisions to school mathematics and to the needs of student teachers.

8.2. Characteristic features of mathematics teacher training programmes

in Nigeria

The ‘characteristic features’ of a training programme, in the context of this research, was

defined in chapter § (section 5.2) in terms of three factors: presage, process, and

product, and described as concerned with the:

e entry requirements for candidates wishing to be trained as teachers;

¢ selection procedures for admitting the candidates;

o level of the education system for which the teachers were being trained (i.e. target
for graduates after training);

¢ method and mode adopted for training;

¢ |ength of time for which training was to be undertaken;

¢ total experiences of the student teachers in terms of taught contents (e.g.
mathematics, educational studies and pedagogical courses); and the

¢ actual behaviour expected of a trainee at the end of training and how this was to be
measured (e.g. certification standards and evaluation/assessment procedures).

These are now used as a framework for our discussion.

8.2.1. Entry requirements

The analysis of programmes contents in chapter 5 revealed that entry requirements vary
from as high as five credits in GCSE/SSC/GCE ‘O’ levels or five merits in TC2 or
equivalent qualifications to two credits or merits at the same or equivalent examinations.
Some institutions, however, insist on credits in one of mathematics, basic mathematics,

arithmetic processes, or a science subject and English language. This, to me, appears
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to be a reasonable requirement since, as was evident from tables 5.7 and 5.8 and the
Nigeria school mathematics curriculum description given in section 2.3 of chapter 2, the
subject matter to which the trainees are being exposed is largely mathematics. The
same analysis showed, however, that programmes F and K admit candidates with lower
qualifications.

Also, in analysing the data from the teacher-trainers’ questionnaire (chapter 7), it was
found that in response to item 14 about what they considered as major weaknesses in
mathematics teachers training programmes in their institutions, teacher trainers included
the calibre of candidates that come into colleges to train as mathematics teachers.
They claimed that, because majority of candidates have weak backgrounds in
mathematics, trainees tend to find the course difficult to cope with. They blamed the
policy which allowed candidates with little background in mathematics and English to be
admitted for training. This, to me, is “passing the buck”.

Presumably, most of the candidates admitted to programmes F and K, under their
concessionary admissions policy, are mature students who, although they studied
schoo! mathematics a long time ago, did not obtain grades good enough to qualify them
for entry to a college of education at the time. They invariably would, also, include
grade I teachers who had taught in primary schools for a long time and wished to take
advantage of training to upgrade to junior secondary schoo! teaching. Such candidates
were trained in what was known as teacher training colleges (TTC) before the advent of
the Advanced Teachers Colleges (ATC) in 1973. They were, thus, unlikely to have
studied school mathematics because, according to Lassa (1978), they only took courses
in arithmetic processes.

It is known (e.g. NCCE, 1994) that these potential non-qualified applicants number

between three and seven thousand and that they are scattered all over the country. |t
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stands to reason that they will continue for the foreseeable future to seek admission to
colleges of education. Would it, then, not be more profitable to take this available
source of potential applicants into consideration in determining entry requirements and
to consider their needs when planning the contents for training?

Teacher education is a goal-oriented educational activity, related to the equipping of the
individuals with a set of skills which will enable them to function more effectively in a
professional environment. Fortunately, this is also a reasonable working definition of
the goals of school mathematics; so that, rather than blaming the quality of their intakes,
teacher educators can profitably apply the principles of course design from school
mathematics, which focuses on and ends with a consideration of the needs of the
learner, as a source of ideas in the design of training programmes for teacher
education. (Incidentally, this model was applied by the NERC' in the design of the
national mathematics curriculum).

That teacher trainers feel as they do about the admission policy, which they themselves
implement, points to a clear mismatch between published entry requirements and what it
should be and between training provisions and the needs of trainees. The low level of
understanding of subject matter exhibited by student teachers on the SMCT points to
one possible effect of this situation on the products of training programmes that exhibit

this mismatch.

8.2.2. Selection procedures
Linked to the problems associated with the admission requirements is the selection
process adopted by individual colleges of education. The analysis of programmes

content revealed that in selecting candidates for training, almost all programmes depend

' Nigerian Educational Research Council
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largely on review of application forms and evidence of qualification(s) submitted by
candidates. Seven programmes were found to conduct interviews as an extra step,
probably, to ascertain candidates’ preparedness, convictions and understanding of the
implication for their choice of career. This is important, as it will help teacher educators
to select the most suitable candidates; not only in terms of paper qualification but also in
terms of interests in, potentials for, and attitude toward teaching as a career.

it is, perhaps, pertinent to point out that in Nigeria candidates, qualified (under existing
published entry requirements) for admission to colleges of education to train as
mathematics teachers, are usually very few. Training institutions compete with each
other for such candidates to the extent that persuasion, in the form of free tuition and
promises of college support for applications for maintenance grants from the federal
government, is used to entice suitable candidates. It is not surprising, therefore, to find
that not all programmes subscribe to using interviews or qualifying examinations as
instruments in their selection process. Training institutions, perhaps, see interviews,
and qualifying entrance examinations, as unnecessary in the circumstances This may,
also, account for the relaxed admission requirement for entry to programmes, such as F
and K, mentioned in the preceding section.

Teacher trainers gave fear of career stagnation in mathematics teaching, made worse
by the reluctance of a number of Nigerian universities to admit candidates with the NCE

certificate to faculties other than education, as a reason for this shortage.

8.2.3. Certification standards
Another interesting feature revealed by the analyses concerns the certification
requirements stipulated in the programmes for the final award of the NCE mathematics

certificate. It was found that there are differences between programmes in the minimum
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number of credits needed, by a student teacher, to graduate at the end of training and in
the manner in which these credits are distributed among the various training
components.

Programmes A, B, C, and L will award the NCE certificate to a student teacher who has
accumulated a minimum of 82 credits after three years of training, provided that at least
36 of these (or 50% of the credits from taught course-works) are earned from
mathematics courses; thus, giving the impression that the designers advocate a balance
between subject matter work and education courses. On the other hand, programmes
D, E, and K demand a minimum of 100 credits out of which only 28 (or 23 for programme
K) credits need to be earned from mathematics courses. While programme J will award
the same certificate to a student teacher who accumulate a minimum of 112 credits, but
with only 26 from mathematics courses. In each of the last two cases it appears that
emphasis was in favour of pedagogical knowledge or education studies.

Also, in collating questionnaire responses from teacher trainers it was found that some
programmes ( F, J and K) combine mathematics with other disciplines in what was
called the “single major” programmes. Majority of these institutions are also among
those that complained about “massive curriculum content” and lack of time.

These differences raise a number of questions. For example: “What criteria were used
in allocating credits to courses in a programme?”, “Is a credit in one programme equal
to a credit in similar course in another programme?”; If courses are equally weighted,
why the differences in minimum requirements for graduation?”; and more important,
‘Can the NCE certificate awarded by different institutions in the country be considered
as equivalent?”. What is the difference in status between an NCE in mathematics from

a “single major’ programme and one from a “double major’ programme?
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It is not possible from the data collected, using the content checklist and the
questionnaire alone, to provide answers to questions which arose as a consequence of
the differences revealed in the certification requirements of programmes that were
analysed. What is apparent, from the analyses, is that different programmes attach
different degrees of importance to different teacher knowledge components. This is
bound to create disparity in certification requirements and, consequently, some
difficulties in determining accreditation standards. These programmes were designed
and first implemented during the mid-1980s, when the controversy over the importance
of subject matter versus education course-work, in teacher preparation programmes,
was at its height (especially in the US). The controversy was intense and world-wide.
The emphasis at the time was on new methods and approaches to mathematics
teaching: how to teach rather than what to teach. Teacher educators in Nigeria who,
untit recently, had tended to follow and copy curriculum development efforts in
developed countries, seemed to have been influenced by the more vocally expounded
view at the time.

Also, analysis of student teachers’ performances on the school mathematics content test
revealed low level of understanding of subject matter mostly among student teachers
trained under programmes which gave prominence to education studies (e.g.
programmes E, F, G, H, H, J and K; see for instance Figure 6.1 on page 158).

However, literature shows that improvement in teaching performance, although
enhanced, will not be achieved by merely raising content knowledge requirements. A
balance, such as appears to be evidenced in programmes A, B, C, and L, between a
thorough grounding in subject matter and adequate preparation in professional skill and
knowledge, is essential in the preparation of novices for teaching. It is interesting that

this study, also, showed (see section 6.4.4 of chapter 6) that the differences between
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programmes, in the efficiency with which they produced subject matter competent
student teachers from their intakes, is significantly better in favour of programmes (e.qg.
programmes A, B, C and L) which exhibit a balance between subject matter and
pedagogy (see figure 6.1. for instance). The analyses, thus, reveal a disparity in

accreditation standards for the same qualification in the same country.

8.2.4. Method and mode of training

All programmes offer full-time training for mathematics teaching. Programmes E, F, H
and J offer part-time training also. The full-time training runs for a minimum of three
academic sessions. Part-time studies are spread over a period of five years with, at
least, one contact session of 8-12 weeks in each academic year, depending on the
programme.

Nine of the 12 programmes that were analysed, operate the semester system with actual
contact hours of between 180 and 210 per semester. The remaining three programmes
operate the term system with actual contact hours of between 120 and 150 hours per
term.

Except in the four cases (programmes F, H, J and K) where students are to spend the
last of the three years of the training in a school, practical teaching is to be undertaken
at varying periods, during the training, for twelve or six weeks. All programmes,
however, allocate six credits to the practical training component.

Apart from the disparity in certification standards mentioned earlier, the difficulty in
trying to generalise about the standard of the NCE certificate and the quality of student
teachers passing out from various colleges of education in Nigeria is, again, highlighted
in the differences between programmes in the intensity and the weighting (in terms of

credits) given to the same course component. The content analysis revealed, for
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instance, that the teaching practice exercises differ, in their intensity (in terms of the
actual number of hours a student teacher teaches during this exercise) and in their
duration (according to the number of weeks to be spent), by as much as twenty-four
weeks between programmes and yet every programme allocate six credits to the
teaching practice component.

It would not matter that the arrangements differ, if the sum total of actual teaching time is
the same or if the allocation of credits reflects the differences in duration and/or
intensity. What determines the number of credits that is assigned to a course or an
activity in a college of education in Nigeria or what goes on in teaching practice or the
nature of supervision received, is not made clear from the information gathered from the
programmes. This, again, points to the anomaly in trying to determine the status of the
initial teacher education qualifications for mathematics teachers awarded by colleges of

education in Nigeria.

8.2.5. Target destination for student teachers after training

Another interesting feature of mathematics teachers training programmes in Nigeria that
was revealed by the analyses is the contradiction between the stated intentions about
the destination of student teachers after training and the provisions actually made in the
programmes for their training. The published objectives of the federal government in
establishing colleges of education in Nigeria (see, for instance, FME, 1990) include,
among others things, “to produce quickly and in large numbers, teachers...who would
be needed to strengthen the teaching force at the primary and junior secondary
schools..”. All programmes claim, in their preambles, to be preparing their students for
the primary and/or junior secondary schools (see, for instance, Table 5.10 on page 135).

But in Table 5.7 (page 130), which shows courses on offer across programmes, the
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nature of these courses contradict this undertaking. Most of the mathematics courses
on offer in the programmes are not relevant to either the primary or secondary school
mathematics syllabuses in Nigeria (compare, for instance, Table 5.7 with Appendix A).
Very few programmes offer any mathematics courses that are relevant to either the
primary or secondary school mathematics (e.g.; basic concepts in mathematics, school
mathematics content, introduction to computers, elementary algebra and trigonometry,
or everyday statistics) as compulsory courses.

Given the varied backgrounds of their intakes, (acknowledged, apparently, by teacher
trainers) one would expect colleges of education to provide opportunities for a thorough
grounding in primary and secondary school mathematics contents. Courses, such as
number and numeration, counting and numeration systems in Nigeria, school geometry,
problem solving techniques in different cultures in Nigeria etc., would be more relevant
and useful to the primary or secondary school teacher in a classroom situation, than
Linear Algebra | , Il and i1l or Abstract Algebra or Differential Equations which appear to
dominate the mathematics aspect of the training packages on offer. The courses on
offer in most programmes do not, therefore, match the needs of the “target destination”
professed in the programme preambles. This finding is more poignant when one
considers, along with it, the responses of teacher trainers to items 10 and 13 of the
teacher trainers questionnaire (TAMP) which seemed to indicate that teacher trainers
were not certain about the objectives of mathematics teacher education in Nigeria or

their own role in achieving these objectives.

8.3. Levels of understanding of school mathematics by prospective
teachers

Two questions (questions 4 and 5) concerned the level of understanding of school

mathematics by trainees at graduation. The motivation for this aspect of the study was,
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as pointed out in chapter 1, fuelled by the substantial body of research evidence which
suggests that pedagogical content knowledge requires in-depth knowledge of content.
Anderson (1989), Scardamalia (1987); Ball, (1990a) and Post et al (1991), for example,
have confirmed the importance of strong preparation in one’s content area prior to
teaching. Unfortunately, the same research also suggest that prospective teachers
often do not have adequate content knowledge when they begin teaching. For instance,
Post et al (1991) investigated 218 teachers and found that 20 to 30 percent knew less
than 50 percent of the contents they were about to teach. Haret (1994) reported similar
findings when he tested prospective mathematics teachers on the S&E recommended
standards for US teachers.

Although the present study is not a direct replica of either Post et al (1991) or Harel
(1994), this researcher was, however, curious to find out whether teachers trained in
Nigeria knew enough school mathematics, on graduation, to be able to teach the school
syllabus in Nigeria (the NNMC see Appendix A) properly. It was reasoned that such
information would also help to determine the relatedness of training curricula provisions
to school mathematics subject matter. A school mathematics content test (SMCT),
based entirely on the mathematics content of the NNMC, was, therefore, designed and
administered to 265 mathematics student teachers just before they graduated. The
analysis of the data collected with the SMCT (see chapter 6) revealed a number of
interesting results.

First, it was found that only about 70 percent of student teachers tested could
demonstrate competence in school mathematics. In fact, 70 percent of prospective
teachers knew 80 percent or more of the mathematics they were about to teach in a few

weeks time.
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This is disturbing, especially if it is realised that the criteria for competence (i.e. 80
percent performance level), used for this study included the average student teacher
whose true score was 66.5 (or 76%).

This study, therefore, reveals that prospective teachers in Nigeria, like their counterparts
in other countries, do not have adequate knowledge of content when they begin
teaching.

If this is correct, and if the proportion is projected to the population of prospective
mathematics teachers in all colleges of education in Nigeria at the time when this
research was carried out in 1994, over 1500 inadequately prepared teachers (in terms
of their level of understanding of school mathematics) could have gone into schools in
Nigeria in December 1994 to teach mathematics. The implication for school
mathematics over several years is obvious, a considerable number of inadequately
trained mathematics teachers (in terms of their level of understanding of the content
they were to teach), would have been injected into the primary and secondary school
system.

This is not good enough for a country, like Nigeria, which is struggling to come to terms
with a number of bewildering new technologies which it had unwittingly embraced.
Besides, for a third of entrants to a profession (any profession) in any country to begin
their work deficient in as much as one fifth of the knowledge or skill of the profession is,
to say the least, a matter for concern. And, if we accept the evidence of research about
the role of content knowledge in enhancing pedagogical content knowledge, it is not
difficult to conceptualise the implication of this result to mathematics teaching and
learning in Nigeria.

This result could not, however, be attributed entirely to the inadequacy of training

programmes and should be (and was), for obvious reasons, treated with caution in
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making decisions about the outcome of this research; especially in view of what was
said earlier about the likely effect, on the initial test instrument, of the corrections made
afterwards. Also, one took into consideration the views of teacher trainers on a
numbers of issues. For instance, the quality of intakes, the question of the “massive
content” of the training curricular “which encourages rushed work”; time constraints; the
effect of trainee’s and trainers’ apathy towards mathematics teaching as a profession in
Nigeria and so on.

Besides these, there is also the possible effect on student teachers of the situation in
Nigeria when the test was administered, the very nature of the test itself and the degree
of reliability of the test and the reliability of its various constituent sub-tests. Student
teachers' performances could have been affected by any of these factors.

One of the findings of the analysis of data from the TAMP is the general problem of
finding prospective candidates who are well qualified to train as mathematics teachers.
Generally, intakes were said to have weak backgrounds in mathematics and unlikely to
benefit from the mathematics components of the programmes, especially as the content
analysis also revealed that, in spite of the recommendations of the NCCE, some
programmes made no provisions in their packages for courses in school mathematics
contents. This is one specific situation where low student achievement on the SMCT
could, with some degree of confidence, be attributed to programme inadequacy.
Students teachers performed poorly in the SMCT and showed low level of
understanding of school mathematics subject matter, probably because, although they
had very weak backgrounds in mathematics on admission, they were confronted with
higher mathematics for which they were least prepared and, consequently, did not

benefit from.
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Interestingly, two programmes (F and K), which admit taking students with weak
background in mathematics but did not heed the NCCE recommendation to offer
compensatory programmes in school mathematics contents, were found to have
produced the least proportion of competent graduates from their initial number of
intakes.

This, certainly is not an ideal beginning for student teachers contemplating entry to the
teaching profession. A prospective school mathematics teacher should be properly
grounded in the basics of school mathematics.

The point being made here is that a programme for training teachers, which admits
candidates with inadequate backgrounds in a discipline and undertakes to train them as
teachers, should endeavour to provide such candidates with an opportunity to upgrade,
while still in training, their knowledge of the specific content they are to teach. In other
words, teacher educators must take into account the nature of the students for whom the
training is planned when deciding on the contents to be included in their programmes.
This is the area where, it appears, these programmes are failing the trainees.

Second, the analyses appear to offer some explanation to Omeni (1992) which found
that pupils in Nigeria find geometry difficult. Both the difficulty analysis of section 6.4.1
and the analysis of scores on the sub-test in geometry reveal student teacher difficulty
with items dealing with this aspect of school mathematics. For instance, only 43 out of
the 265 student teachers tested (about 16 percent) were able to demonstrated
competence in this content area. Also two-thirds of the items, identified as difficult to
student teachers by the difficulty analysis, were items dealing with geometry and
trigonometry.

This result is in consonance with Omeni’s (1992), which concluded that as many as 86

percent of pupils in Nigeria had difficulty understanding topics in geometry (especially
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three dimensional geometry) and that these pupils attributed their difficulty to their
teachers’ limited knowledge of concepts in the area. Omeni found also that, although it
is included in the schools syllabuses, “....the content of three dimensional geometry was
hardly ever covered in most schools in Nigeria”.

If our finding is again true, it is yet further evidence to support the suggestion that
curricular provision for the training of school mathematics teachers in Nigeria may not
be related to needs of mathematics teacher trainees. Few programmes offer courses in
school geometry and trigonometry although most of their intakes come into training with
little or no background in these two areas of school mathematics, the importance of
visual and spatial skills (usually, inculcated and developed while learning school
geometry) to mathematics learning notwithstanding. This result suggests, also that
curriculum provisions in colleges of education in Nigeria are not related to the subject
matter of school mathematics syllabuses in that country.

Another finding of the analyses concerns the extent to which student teachers are able
to demonstrate certain behaviours. Research has shown that students’ learning
outcomes can be classified into three interacting groups: thinking, feeling and acting
(Bloom, 1956). These correspond to the cognitive, affective and psychomotor domains
of learning. Six hierarchical levels of cognitive learning outcomes which relate to levels
of difficulty and complexity involved in learning process have been identified. These
are: knowledge, comprehension, application, analysis, synthesis and evaluation (Husen,
T (ed.), 1967). This order has provided a general guideline for classifying behavioural
outcomes in many school subjects. If teachers teach mathematics bearing in mind the
demands of these behavioural levels, it is thought that pupils would be able to operate

and exhibit behavioural outcomes accordingly
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The present study adapted three behaviours from those identified for the International
Association for Evaluation of Educational Achievement, which were expected to guide
the teaching of mathematics in the classroom. It was hypothesised that, to be able to
inculcate these behaviours in their students, teachers must themselves be able to
demonstrate them. The SMCT was structured so that student teachers’ ability to
demonstrate these three skills could also be measured. (see section 4.4.1, from page
88). The idea was to find out which of the three behaviour skills’/knowledge prospective
teachers in Nigeria are able to exhibit with competence.

The analyses revealed that student teachers were weak in demonstrating process skills
and that this weakness is the same whatever programme was employed in their training.
This is interesting because WAEC? subject reports (e.g. 1993, 1994) on pupils’
performances in mathematics at the JSCE® and the SSCE* had used words and
phrases, similar to those used in this study to define this behaviour (see Table 4.5), to
describe the factors which, they thought, contributed to pupils’ poor resuits at the SSCE.
Could it be that teachers’ exhibited level of behavioural outcome is filtered down to their
pupils? Because of the reliability estimates of sub-test (see section 6.3.2 and Table
5.4), and what was said earlier about the validity and reliability of those sub-tests,
especially the sub-tests used to obtain data on student teachers' ability to demonstrate
the behaviour skills, this result is treated with caution.

Finally, the analyses also suggest that there are differences, in the level of subject
matter understanding of student teachers passing out from different training colleges in
Nigeria. In other words, that competence depends on the college, and consequently the

programme, under which a student is trained. Programme A was shown to be better

2 West African Examinations Council (WAEC).
® Junior Secondary Certificate Examination (JSCE).
* Senior Secondary Certificate Examination (SSCE).
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than other programmes in this respect. Two programmes, F and K were found to
produce the lowest percentages of competent student teachers, especially in geometry
and trigonometry, from their respective intakes.

Again, as pointed out earlier and for more reasons explained in section 9.5 (Limitations)
in the next chapter, this result must be regarded as indicative rather than definitive.
Other factors, not investigated because they are not the subject of focus in this study,

may have contributed to this.

8.4. Relationship of curricular provisions to school mathematics and to the needs
of trainees

The last question of this research, (question 6) is about the relationship between
teacher training curricula in Nigeria and the needs of student teachers who are expected
to implement the school curriculum on graduation. The question is concemed with the
issue of the different total training packages which student teachers of mathematics go
through in the course of their training in Nigeria; particularly, provisions in the
programmes for inculcating certain teacher essential knowledge components which are
generally acknowledged as essential for mathematics teaching.

The discussions in the preceding sections provide some clue as to the direction of the
answer to this question. However, the analyses provide further evidence to suggest
that the training packages are not particularly informed by research on teacher
education nor by a proper consideration of recognised fundamental issues in
programme design; and that consequently training curricula for mathematics teachers in
Nigeria may not be related to school mathematics or appropriate for the needs of
prospective teachers.

Research on teachers’ knowledge identifies some knowledge components which are,

generally, considered essential for the teaching profession. These components were
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sorted out for the purpose of the content analysis into six categories: knowledge of
content, knowledge about content, pedagogical content knowledge, general
pedagogical knowledge, context knowledge, and practical skills.

This study has argued that each of these components is critical for teaching, especially
for mathematics. This is because the first three components represent generally
accepted intuitive notion of the qualities required of a good teacher: the teacher must
have something to teach (content knowledge) and must know how to teach it
(pedagogical content knowledge). The fourth component represents this researchers’
agreement with the general view of recent studies which have recognised the complex
nature of the professional knowledge required of a teacher and has, thus, sought to
distinguish between pedagogical knowledge/skill specific to the subject matter of a
discipline and pedagogical knowledge pertaining to the teaching profession in general;
both of which are considered important for good delivery of a lesson in any discipline.
Context knowledge was used, in this study, to represent those aspects of pedagogical
content knowledge which require the use of the kind of knowledge peculiar to, or
embedded in, the culture of a specific society/environment to enhance pupils’
understanding of contents; distinguishing it from that aspect which requires the
illustration of the subject matter of a discipline by using a collection of methods that
have been tried and handed down by “master teachers” in that discipline. The
importance of this knowledge component to mathematics teachers, especially to
teachers in societies with diverse population which adopted western style education in
place of their indigenous education system, is highlighted in recent studies (e.g.
D’'Ambrosio, 1995, Nunes 1992) on the influence of culture on mathematics teaching

and tearning. Nunes (1992), for instance, show how they influence the acquisition of
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certain mathematical concepts and skills, especially in the primary and junior secondary
stages.

The analysis of programme content sorted training curricular provisions according to
which of the six knowledge components it was thought each course, on offer in a
programme, aims to inculcate. The rationale was that a training programme which
relates to the needs of teachers should provide courses that aim to inculcate these
essential knowledge components, and, if a training programme relates to school
mathematics and to the needs of the trainee, any product of it (prospective teachers)
should be able to demonstrate (e.g. on a test such as the SMCTS) the minimum level of
understanding (e.g. our criterion for competence) of the subject matter of school
mathematics

The content analysis of chapter 5 revealed, first, that two very important sub-categories
of pedagogical knowledge specific to mathematics teaching and learning (“psychology
of mathematics teaching and learning”, and ‘“assessment and evaluation in
mathematics”), are either glibly treated or completely ignored. This is surprising;
educationists must know that teaching largely involves, among other things, the
assessment and evaluation (formative and summative) of the curriculum and the pupils
at various stages of development. Also, the immense contributions of psychology to
mathematics teaching and learning are well recognised within the education community
all over the world.

Second, despite the fact that there are diverse cultures and subcultures within Nigeria
and variations among these cultures in, for instance, numeration systems used or

beliefs that affect the choice of what is to be taught in schools and how they are to be

’ Context knowledge, in the sense in which it is conceptualised in this study, was not
tested because, although it is an essential component of teachers’ knowledge, it does
not appear as a content area of the NNMC on which the SMCT is based. The aim of the
SMCT was purely to ascertain student teachers’ level of understanding of the subject
matter of the NNMC. Anything otherwise is outside the scope of this study.
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presented (see section 3.5 of chapter 3), there are no courses on offer in any of the
programmes that are aimed at making teachers formally aware of the types of cultural
beliefs, activities and knowledge within the society that are likely to influence (enhance
or otherwise) the teaching and learning of mathematics in any way.

It is realised that all colleges of education are required by the federal government,
through the NCCE, to provide courses on what is referred to as "Nigerian Peoples and
Culture” (see sections 3.7 and 5.2 of this thesis); but closer examination of the contents
of these courses show that, in all cases, they are of a general type; dealing with the
history of the different communities in Nigeria, their cultural values, their different
religious practices and so on - nothing like, say, the different numeration systems,
counting and recording procedures, measuring units, calculation methods or even the
way they approach solutions to problems; all of which, although not specifically
mentioned in the school syllabuses, are present in everyday activities about the home in
Nigeria; which, if properly integrated into classroom activities, could be utilised to
promote pupils’ awareness and understanding of various mathematics concepts. For
instance, the numeration system of the Ibos, which is based on multiples of twenty and
sixty, could be used to explain the idea of counting bases and hence addition of times in
the twenty-four hour clock system. Also, the Yoruba numeration system which relies on
alternating adding and subtracting different values, depending on whether one is
approaching multiples of ten which are also multiples of twenty or other multiples of ten,
could be used to promote clearer conception of multiplication as continuous addition
and division as continuous subtraction.

Third, the specification of course contents on offer by the training programmes reveals
that their curricula were basically developed from a substantial synthesis of content

materials from the core mathematics courses of the first (and in some cases second)
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year undergraduate mathematics courses of the validating universities. This is hardly
the best approach to designing a training programme for prospective teachers of
mathematics in primary and/or secondary schools. By simply adopting mathematics
courses of the validating universities, college programmes failed to take conscious
account of important basic issues and, thus, missed an important aid in design and
implementation of programmes.

Fourth, provision was not made (through adequate courses or, for instance, an
assessment based on the contents of school mathematics) to ensure that, after training,
a teacher was sufficiently equipped to teach the subject matter at the intended level:
primary and/or junior secondary schools. These suggest that, in formulating a framework
for designs for programmes for the education of teachers in Nigeria, proper
consideration may not have been given, as is standard practice, to the objectives of the
training, bearing in mind the context in which the final product of training is to work.

The analysis of questionnaire responses from teacher trainers provides further evidence
for this. Perhaps, the most basic process in the design and implementation of training
programmes require decisions to be made about what and how, about content and
methodology. The “what” part is usually met by detailing contents based on a clear
definition of the objectives of the programme. The “how” part, besides mentioning the
method(s) to be used etc., includes a statement about the quality of personnel that are
likely to implement the programme successfully and, thus, achieve the intended
objectives of the programme.

The analysis of data from the teacher-trainers’ questionnaire in chapter 7 reveals that an
appreciable proportion of those put in charge of mathematics teacher training in Nigeria
(the lecturers) know very little about the objectives and philosophy of mathematics

teacher education. This is not surprising because the same analysis also reveals that a
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substantial proportion of the teaching force in mathematics departments of colleges of
education in the country is made up of non-graduates or graduates without proper
training or no training at all in education. Over 71% of trainers, most of whom admitted
to being dissatisfied with their jobs as teacher trainers, were also found to have had no
pre-college of education teaching experience, say in the primary or secondary schools
system.

This is a clear recipe for non-performance. There is unlikely to be any correlation
between the aims and objectives of the programmes and the performance of such
fecturers in the lecture rooms. It is also unlikely that they will be well-placed to either
identify or deal with the needs of trainees. It is not surprising that most of the trainers
were unable to mention one feature of their training that could enhance the trainees’
effectiveness.

Teacher trainers were also shown to have poor perception of mathematics teachers’
programmes in their respective institutions to the extent that up to 53% believed that
programmes under which mathematics teachers are trained are inappropriate.

Analyses of results suggest, therefore, that programmes for the training of school
mathematics teachers in Nigeria are not appropriately targeted to the needs of the
student teachers nor to the needs of the school system for which the student teachers

are being trained.
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8.5. Findings
In summary, this study revealed that:

1. There are differences between programmes in entry requirements to colleges of
education in Nigeria to train as a mathematics teacher. Final selection depends
largely on review of paper qualifications.

2. There is a contradiction between stated aims (in terms of the destination of
student teachers after their training) and curricular provisions (in terms of
planned courses).

3. There are disparities among programmes in the requirements for final
certification.

4. There are inconsistencies and differences within and between programmes in
the weighting of courses, in terms of the number of credits allocated to courses
in a programme or similar courses in different programmes.

The above four findings make it difficult to determine the standard of, or to accord
equal status to, the initial teacher qualifications (i.e. the NCE certificates) awarded by
different colleges of education in Nigeria.

5. The level of understanding of school mathematics by prospective teachers in
Nigeria is low. Over 30% of student teachers were found to have understood
tess than 80% of school mathematics contents.

6. The fevel of understanding of school mathematics by prospective teachers
depends on the programme under which a teacher was trained.

7. Some programmes (particularly programme A) appear to be more efficient than
others in turning out, from their initial intake, prospective teachers with
acceptable level of wunderstanding of school mathematics contents.

Programmes F and K stand out as the least effective in this respect.
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8. In general, prospective teachers in Nigeria have difficulties understanding the
contents of school geometry and trigonometry.

9. ltis likely that prospective teachers in Nigeria, in general, have difficulty solving
problems which require substantial use of process skills. However, a more valid
and reliable test than the SMCT is required to confirm this finding.

10.There is a mismatch between training provisions and the needs of initial student
intakes.

11.Programme designs may not have been informed by research, particularly in
their selection of courses for the mathematics component and pedagogical
knowledge specific to mathematics.

12. And finally, neither the overall sample of student teachers tested nor any group
of student teachers in any programme group met the criterion for an affirmative
answer to the two questions (questions 3 and 6) about the relatedness of
training curricular to school mathematics contents or to the needs of trainee
teachers.

As a consequence, it appears that

13. In general, curricular provisions in colleges of education in Nigeria, are not
related to the subject matter of the school mathematics syllabus in Nigeria nor to
the needs of student teachers for whom the training is meant.

Some conclusions have been reached, based on these findings, about the specific
questions asked in this study. These, together with suggestions for improving
mathematics teacher education programmes in colleges of education in Nigeria, are

presented in the next chapter.
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CHAPTER 9

——— amem— w—— — sasm—— o
—— me——— — ——- sr—— ——

CONCLUSIONS AND RECOMMENDATIONS

9.1 Introduction

In this final chapter a brief review of the problem and purpose of the study is presented,
followed by the conclusions reached. Recommendations and suggestions, for improving
teacher education programmes in Nigeria, are presented in section 9.4. In section 9.5
problems and limitations associated with educational research of this kind are
discussed. Suggestions for further research in this area complete the chapter and the

thesis.

9.2. Restatement of the problem and purpose of the study

The main thrust of this research was to find out the practices that went on in the training
of teachers of school mathematics in Nigeria. In 1973, Nigeria introduced universal
primary education and between 1960 and 1992 she embarked on a massive expansion
of her educational provision at other levels in order to meet the demands of her new
status as an independent sovereign state. But because the expansion was not properly
handled two problems emerged. First, there was an acute shortage of trained teachers
for the new schools and second, students’ performance in nearly ali subjects at public
examinations declined (see, for instance Denga 1992). The decline was noticed more in
mathematics because of the importance attached to the subject by both the society and
the individual. It is needed for progression to higher education and for entry into all

aspects of training or employment.
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The federal government acted to combat the shortage of teachers by calling on
individuals, local communities and state governments, where they could afford it, to
establish colleges of education of their own. It further promised very attractive financial
incentives to such private proprietors. This resulted in the proliferation of colleges of
education, many of which were teacher training institutions only in name. Even up to
1992, when it was apparent that the problem of shortage of teachers was nearly
overcome, students’ performance in mathematics (and indeed other subjects, especially
the sciences) continued to deteriorate. This prompted public opinion (as always in such
situations), which was convinced that the problem lay with teaching standard, to call for
government control, adequate planning and improvement in the quality of teacher
preparation in the country. The claim was that because the expansion in teacher
education had been rushed, uncontrolled and largely unsupervised, these institutions
were turning out graduates who were not properly equipped to teach the subject matter
of various Nigerian national curricula for schools, especially the Nigerian National
Mathematics Curriculum (NNMC).

This research was initiated as a reaction to that claim. The researcher, who was a
lecturer at a college of education in Nigeria, wondered whether this claim was, in fact,
true in respect of prospective secondary school mathematics teachers. What
programmes were in place for their training? How well did they understand the subject
matter of the NNMC at the point when they were about to be sent out to teach that
syllabus?

To shed some light on some of these questions this study examined and anaiysed 12
randomly selected mathematics teacher training programmes from colleges of education
in Nigeria in terms of six components of a teacher's knowledge, which have been

identified by research as essential for the craft of teaching: knowledge of subject matter,
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knowledge about subject matter, general pedagogical knowledge, pedagogical content
knowledge, context knowledge and practical knowledge. These components were used
to define categories of essential contents of a mathematics teachers’ training
programme. The categories were further divided into twenty-five sub-categories of
content.

A content checklist was then used to gather data which could be used to answer the first
three of the six specific questions of this research, which it was thought needed to be
explained before a statement about the mathematics teacher education programmes in
the country could be attempted. These were questions about: (a) existing conditions
(e.g. admission requirements, duration, scheme of studies, evaluation and assessment
procedure, certification requirement, and so on), (b) contents (activities and
experiences) in programmes for teacher training; (c) differences/similarities in curricular
provisions at different institutions; and (d) the relationship between curricular provisions
and school mathematics content. The data collected, with the checklist, were presented
and analysed in chapter 5.

Furthermore, because of the contemporary concern in Nigeria and indeed all over the
world (for instance current debate about standards in mathematics in UK, etc.) about
content knowledge of prospective teachers, it was decided to find out whether the
outcome of research in other countries concerning the level of understanding of school
mathematics contents by prospective teachers was also true of prospective teachers in
Nigeria. Student teachers’ level of understanding of the subject matter of the school
mathematics syllabus in Nigeria (NNMC) was, therefore, tested using a school
mathematics content test (SMCT). The SMCT was constructed based entirely on the

mathematics content of this syllabus and was administered to 265 student teachers
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selected randomly from all colleges of education in Nigeria. The data collected with the
SMCT were presented and analysed in chapter 6.

The specific questions which the SMCT sought to answer were those concerned with
competence, after training, in the subject matter of a discipline (mathematics). In other
words: how well do student teachers passing out of colleges of education in Nigeria
understand the subject matter of a mathematics syllabus which they were about to
teach.

It was hoped that armed with this information the researcher would be in a position to
make a statement about student teachers’ levels of understanding of the subject matter
of school mathematics and, perhaps, be able to shed some light on the quality of the
training received by student teachers in colleges of education in Nigeria.

Also a questionnaire was administered to teacher trainers in order to solicit their views
about mathematics teacher education programmes in Nigeria. It was hoped that,
together with other resuits of this study, this information would help the researcher to
reach a sensible conclusion on the question of the relationship between training
curricula and school mathematics curriculum and between training contents and the

needs of trainee mathematics teachers.

9.3. Conclusions

From the findings of this study (see section 8.5 of the preceding chapter), there is
substantial evidence to show that:

1. Programmes that exist in Nigeria for the training of school mathematics teachers may

not be achieving the intended objectives because:
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a) there is a contradiction between stated aims (in terms of the level of the
school system for which training is being provided) and the training
provisions (in terms of the type of courses offered);

b) there is a mismatch between curricular provision and the mathematical
needs of intakes to the programmes;

c) programme contents appear not to be related to the subject matter of school
mathematics nor to the needs of trainees;

d) programme designs appear not to be informed by research, particularly in
the area of knowledge essential for mathematics teaching.

2. In general, the level of understanding of school mathematics by prospective teachers
in Nigeria is low. A substantial number of newly qualified teachers in Nigeria could not
be relied upon to teach the subject matter of the Nigerian National Mathematics
Curriculum (especially the geometry and trigonometry components) with confidence.

3. The Nigerian Certificate in Education (NCE) awarded to mathematics student
teachers after their training by different colleges of education in Nigeria cannot be said
to be of the same quality because of the differences in curriculum content, method and
mode of training, quality of their intakes and above all the disparity among colleges in
the requirements for final award..

4. There appears to be low understanding, among teacher trainers, of the objectives
and philosophy of mathematics teacher education in Nigeria. Most teacher trainers
described the objectives in terms only of ability of the student to solve abstract problems
and believe that the main purpose of training is to help student teachers develop
enthusiasm and intellectual ability for further studies in mathematics.

In the light of the above conclusions the following recommendations are made.
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9.4. Recommendations

It appears that the specific future needs of prospective secondary school mathematics
teachers in Nigeria are not served by the type of training that is available for their
training in colleges of education in Nigeria at the moment. This view rests specifically
on findings related to three aspects of the present study. First, the quality of candidates
available for training; second, the level of understanding of content exhibited by
prospective teachers and third, the relationship between stated aims/objectives and
curricular provisions.

Teachers need to understand the significance, mathematical and real world, of the
mathematics they are teaching, and it is in the nature of the dynamics of good
mathematical instruction that this understanding comes from studying the sequeis to that
mathematics; thus, for the secondary school teacher, from studying undergraduate
mathematics, especially the core curriculum. Also, the teachers mathematical
understanding must always go beyond the fevel at which he or she is teaching, in order
that the teacher be confident to present new materials, to encourage questions, and
foster experimentation. The only good teacher is one who welcomes divergent trends
among pupils; convergence, which leads to easy classroom management and sterile
atmosphere, is the refuge of the teacher devoid of in-depth knowledge, fearful of finding
himself or herself out of his or her depth.

However, it is doubtful whether we can ever attract quality candidates to train as
mathematics teachers if the present policies, which teacher trainers claim discourage
candidates from seeking to take mathematics teaching as a profession, are not
reviewed. The low quality of entrants to mathematics teacher training institutions in
Nigeria will not allow the type of good teachers that we described in the preceding

paragraph to emerge. It is even doubtful, if the present system, which allows
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mathematics teachers to be trained away from other mathematics majors, in special
colleges of education, could ever encourage the right calibre of students to seek
admission to train as mathematics teachers.
On the other hand, appropriate training programmes could be designed to take into
consideration the needs of entrants to training. But to achieve this requires a high
calibre of teachers educators or curriculum developers. To attract such high quality
personnel demands attractive incentives which, in turn, would mean a change in the
policy that results in a situation in which teacher trainers to feel dissatisfied with their job
(as they showed in their responses to the TAMP).
Mathematics teacher education in Nigeria, therefore, needs to by modified in at least
three aspects:

o review of admission policy and requirements;

» review of training programmes to reflect the needs of potential entrants and

those already in the field;
* improvement in conditions of service of teaching personnel in colleges of
education to encourage quality and retention.

The author would, therefore, like to make the following recommendations.
Admission policy and requirements
The admission of candidates to be trained as teachers of mathematics must be based
on some sound policy and selection processes that ensure the admission of suitably
qualified candidates. It is suggested here that while it is necessary to place emphasis
on candidates possessing sound foundations in the basic pre-requisite concepts in
school mathematics, the interest and aptitude of the candidates must not be neglected.
This points to the invaluable involvement of interviews in the final selection process of

candidates. But, how does one get over the lack of supply?
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Also, in order to attract more competent candidates, it might be necessary to change the
attitudes of both the public and the educational system towards mathematics by, for
instance, taking steps to dispel the fears associated with the subject in the society. It is
realised that both recommendations are not easy to implement, but we can start
reviewing the general policy relating to the treatment of and status accorded to
mathematics teachers in Nigeria so that well qualified candidates are attracted to train to
teach mathematics.

Review of training programmes

There should be an immediate review of mathematics teachers training programmes in
the country to project a notion of mathematics that sees the subject in its unity and
essence as a discipline; not a set of skills (though its practice requires and inculcates
skills), nor a set of separate disciplines that could be put in compartments such as is
evidenced in the programmes that were analysed in this study.

And because of the low mathematics background of potential intakes, secondary
content courses, that aim at reviewing thoroughly the mathematics that is basic to the
topics in the secondary school syllabuses, should be included. The aim should,
however, be to expose the future mathematics teacher, not just to disjointed courses in
some areas of mathematics, as is presently the case with some programmes that offer
secondary contents, but a single unity comprising many interrelated areas of study. For
example, that algebra at the secondary level (that is, until abstract algebra is
encountered) is simply arithmetic made mathematical - arithmetic expressed in an
appropriate mathematical language. This language leads to systematic procedures for
getting answers to mathematical questions, but it is unlikely to lead, of itself, to the
formulation of natural, interesting questions. Such questions arise from modelling the

real world, very often mediated through geometrical presentation. An aspirant to
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mathematics teaching should, thus, understand that it is a fundamental pedagogical
blunder to teach algebra or geometry in isolation. An exclusive diet of the former
produces boredom, of the latter, frustration. There are other examples to illustrate what
is meant here; for instance the link between calculus and the real number system with
its several interrelated structures, and so on.

Secondary contents courses should, also, deal with contemporary beliefs in the nature
of mathematics, history of mathematics and those other aspects of the content
knowledge that were described by Ball (1990a) as constituting knowledge about
mathematics subject matter. Every prospective school mathematics teacher should be
encouraged to take these courses while in training. Courses in pedagogy should then
be carefully co-ordinated with these courses.

Perhaps, the most difficuit issues in undertaking such a review are decisions to be made
about what and how, about content and methodology. For instance, in mathematics
teaching there has been much debate, in recent years, about what the content of a
teaching programme should be. Should the syllabuses be prescribed or negotiated?
What are the elements of which they should be composed? How are these selected
and graded? Are courses of a pedagogical nature important in teacher education? The
answers one arrives at will be different in particular circumstances, but the issues are
constant.

However, a specification of intermediate and terminal objectives for mathematics
education is now an accepted part of good programme planning. Their value is seen as
two fold: firstly they act as a chart to student teachers of their progress through the
course and an incentive in terms of setting an attainable goal; secondly, they help to
reduce, for the trainer and the trainee, the infinite possibilities of mathematics into

something more tangible and realisable. What the objectives of a particular programme



226

should be cannot be pre-judged in vacuo and indeed may be amended as the training
progresses. But there should be objectives and these should be clear to student
teachers and teacher trainers.

An objective, which must be the fulcrum upon which the rest must be hinged, is the
inculcation of the knowledge essential for effective teaching. The results of the
analysis, in chapter 7, of responses to the questionnaire revealed that teacher trainers
in Nigeria did not fully comprehend the importance of this or other similar objectives.

The federal or state ministries of education, the universities and all colleges of
education should, therefore, organise a panel of mathematics experts to study and
review the existing programmes with a view to developing programmes that will be
suitable for the training of school mathematics teachers that Nigeria needs. The author
recommends that this panel includes members of the committee that designed the
present secondary school mathematics syllabuses.

In-service training (INSET)

Initial training programmes, whatever their merits, however marvellous their curriculum
provisions may be, and whatever their duration, cannot by themselves alone be
expected to equip a teacher with all the qualities needed for good teaching in any
discipline. This is why another recommendation of this research is that the review of
existing programmes, in the manner suggested above, should be accompanied by
properly planned in-service workshops for mathematics teachers already in the field.
This is important in the light of the implication, to school mathematics education, of one
of the findings of this research; that prospective teachers have low understanding of
content. If it is accepted that as much as a third of newly qualified teachers in 1994
(when the field work for this research was carried out) lacked adequate knowledge of

school mathematics, then it is only reasonable to conclude that, since nothing changed
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or has been changed to improve the situation, the same was the case over the years
before and after 1994. The implication is that a good number of teachers already in the
field lack adequate content knowledge. We cannot, therefore, start to arrest the decline
in pupils’ performance in mathematics unless we tackle the problem of the competence
of teachers already in the field. More workshops and in-service programmes need to be
organised to make those secondary mathematics teachers already in the field aware of
the content and requirements of new syllabuses and conversant with pedagogical
demands of the new topics and concepts.

it is known (Chapter 3, for instance) that teachers’ pedagogical skill continues to
develop with experience but that knowledge of content is not always so enhanced;
especially if it was not properly inculcated, in the first instant, during training. Properly
planned INSET programmes that emphasise content knowledge is thus necessary as a
matter of urgency.

Practical components of training

One of the disparities between existing programmes, revealed by this study in the
training of mathematics teachers in Nigeria, is in the manner in which practical teaching
is organised and carried out. |t was pointed out that apart from the inconsistencies
found in the way this component was weighted in different programmes, the exercise
itself was faulty and inadequate in more than one sense.

Teaching is undeniably a practical activity and, as such, requires that the practitioners
develop practical skills in addition to theoretical insights. In this connection one was
concerned that the systems in operation in most colleges (in which students go out into
schools for only 12 weeks in their three years of training) do not afford student teachers
sufficient experience in the classroom to allow them to develop, test, revise and expand

their practical skills.
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The scheme being operated by colleges using programmes F, H, and K do not, in my
view, solve the problem either, since it runs the serious risk of minimising the time spent
on developing subject knowledge, with the consequent danger of producing highly
skilled teachers who have a weak knowledge of what they are to teach - a situation
found by Adepoju (1991) to exist among teachers already in the field, who were trained
in the old TTCs in Nigeria.

There are several ways in which this problem might be overcome, not ail of which have
equal merit. The first might be to have more contact with local schools and either bring
a class of children from one of the schools into the colleges for a whoie day during
which they would move from department to department to receive their lessons from
student teachers. These lessons, and student teachers who teach them, wouid then be
guided, supervised and regulated by lecturers at the college. This would go on
throughout the three years of training.

A second option, which could perhaps be seen as being complementary to the first,
would be to take students teachers from a given subject department (in this case
mathematics department) into schools in small groups, introduce them to a class and let
them teach that class between them for a term. They could either adopt a team
teaching approach (where appropriate) or one student teacher could teach a lesson
white his/her colleagues observe and criticise him, possibly using the same format as
that used by lecturers to assess teaching practice performance at the moment. The next
lesson would then be taught by a different member of the team and so on. This would
be done, at least, once a week throughout the duration of the training.

The third suggestion reflects the practice adopted by many universities in the country
when dealing with undergraduates in modern tanguage departments. Undergraduates

are required to go and live for one year in the country whose language they are
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studying. In the case of mathematics student teachers, after having spent two full
sessions in college, they could go out into the field (schools) for one session. During
this year, they should be supervised and guided both by a college of education staff and
by an experienced mathematics teacher in the co-operating school. Student teachers
should be required to collect data for short dissertation which should be compiled and
presented on their return to college, for a fourth session of their course. This fourth year
would afford them an opportunity to thoroughly debrief themselves of their individual
teaching experiences under the guidance of their lecturers and afford them more time to
develop subject knowledge.

The final suggestion involves revitalising something which existed before in Nigeria:
confirmation of appointment. If during the first one or two years of their teaching career,
newly qualified teachers were more closely supervised by the staff of the training
institution or their employers, than is the case at the moment, they would be able to
continue to develop their practical skills under guidance. If one’s development during
this period is satisfactory one’s appointment can be confirmed, otherwise, the period of
probation could be extended, to enable one to make the grade, or the appointment
could be terminated. The probationary period can be seen as the equivalent of the
period of “housemanship”’ required of doctors or the period which accountants or
lawyers spend articled to established firms of accountants or solicitors before they can
go out and practise on their own.

Materials and teaching personnel in colleges of education

In Nigeria the role of teacher training could be said to rest ultimately on the universities.
Universities validate programmes used in colleges of education. At the same time, they
supply teacher trainers to colleges of education. Uniess Nigerian universities address

themselves to the question of producing qualified mathematics graduates for the training
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institutions, the country will continue to face the problem of non-graduates teachers
teaching mathematics and mathematics education in colleges.

Most lecturers in colleges of education were found not to understand, properly, the
objectives of teacher education or able to mention features of their training programmes
that is most important in enhancing the efficiency of their students. This is inadequate.
it is, therefore, recommended that universities endeavour to equip intending teacher
educator to be able to:

e set up a goal for themselves in educating mathematics teachers for
secondary schools; evaluate their knowledge of and competence in
mathematics in light of curriculum requirements of courses they teach and of
recommendations of professional groups; determine the further study (formal
or informal) they need to increase their competence; have sufficiently
positive attitudes and a good academic background to be able to learn
appropriate further mathematics and to relate the advanced information to
increasing their effectiveness as lecturers;

e relate the new mathematics they study and discover to the level of
mathematics they are teaching; help their students teachers understand
human development and the nature of learning mathematics sufficiently well
so that they are able to recognise how existing conditions are related to
learning and how models of teaching use and change these existing
conditions; to understand such models as concept attainment, inquiry
training and group investigation and to recognise under what condition each
is most effective;

e help their students gain sufficient knowledge of the variety of cultural

backgrounds from which children in schools originate in order to be sensitive
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to variables affecting the learning processes of children of different ages,
ethnic backgrounds, languages, geographic origins and living conditions;

o help their students teachers gain sufficient knowledge of the history of
education and mathematics and of the institutions in one’s society, to be
aware of the decisions made at local, state and federal levels that influence
a teacher’s capacity to teach mathematics well and to determine the nature
of that influence;

e Use appropriate texts in order to continually re-evaluate their own philosophy
and competencies; to diagnose the variations in the learning abilities of each
of their student teachers and then prescribe for each student teacher
appropriate learning materials, Iaboratory experiences, sources of
information, sources of supporting help, and processes to be used to meet
the student’s need in each section of mathematics.

On the support material or facilities for teaching mathematics the following
recommendations are made.

« Relevant text material for the lecturers and trainee’s guides for the teacher
training curricula should be produced and made available to the institutions;
especially for the NCCE curriculum guidelines.

e Government should make more finances available for the procurement of
essential facilities, texts, and guides which the individual student teacher find
quite difficult to procure because of the prohibitive commercial prices.

Remuneration and conditions of service for lecturers’ and school teachers’ must never
be ignored or trivialised, as has been the case in recent years. These two are very
important factors that affect the zeal and morale of the teacher in his job performance.

An observation made by Efa in this respect and quoted in Bajah (1993) reads:
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“Teachers have seen a massive decline in their status they are
asked to work long hours for a salary that has rarely kept up with
inflation; they often work with only a few materials of very poor
quality; contact hours with their students are reduced; and more
and more time is spent on neediess administration brought
about by constantly changing government policies.”

In summary, it must be concluded here, that no effort should be spared in the proper
training of mathematics teachers both at the initial and in-service stages. Desirable
competencies of a mathematics teacher have been exhaustively discussed in chapter 3.
Enough well-qualified teachers, it is said, are a sine qua non of successful curriculum
implementation, as no curriculum material is teacher-proof. Deliberate effort must,
therefore, be made to familiarise teachers with the nature, development and history of
the subject they are about to teach, different views (or beliefs) about the subject and
materials they are expected to use in the class room. Experience has shown (see for
example, Lassa, 1992) that no matter how well an education programme has been
developed, the success in the final analysis depends on the classroom teachers. Their
training are, thus, crucial.

Finally, based on a careful consideration of the findings of this research, the author has
here shared with the reader some thoughts on what he felt were some areas of concern
for the mathematics training of secondary school teachers in Nigeria. Most of them
were directed at services the mathematics education community must render to
individual secondary school teacher. The author has made no pretence that this list of
suggestions is all-inclusive. He may well have missed the reader’'s own favourite issue.
Though personal bias and hopes for certain developments are reflected in some of the

commentary, he has no intention to propose solutions to every issue.
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9.5. Limitations

The fieldwork for this research was undertaken during the most critical point of the
political crisis in Nigeria (see section 4.1 of chapter 4), which did not guarantee the
nominal condition for data collection. Programmes were chosen because colleges that
offered them were accessible to the researcher and were, therefore, easier to obtain. It
was possible that these programmes differed systematically from those that were not
analysed. It is likely, therefore, that any of the findings of this study could not be
generalised for all colleges of education in Nigeria.

Also, for the same reasons, a completely random sampling of students teachers for this
study was not possible. The study relied on the co-operation of individuals and
institutions.  In some cases, heads of departments of mathematics in some of the 53
colleges made the selections and sent names of student teachers to the researcher.
This, coupled with time and financial constraints, meant that the data coliected was
influenced by the degree of reliability, to sample randomly, of some co-operating heads
of departments. This is bound to introduced another threat to the validity of the findings.
Hence, much more caution was and should be taken in interpreting some of the findings;
with a consequent limited application and implication of such findings for the whole
country.

A number of critical comments about the use of multipie-choice test as a measure of
achievement or behavioural skiil have been made. Among the criticisms are the
crudeness in the construction and validation of the test, the difficulty posed by the
reliability of the test, the inadequate control of extraneous variables which could have

influenced performance or failure to use inadequate measures of gains, the
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susceptibility of multiple-choice test to be influenced by luck (guessing). This study falls
into the same categories for criticism.

Although there are queries about the validity of measures of content competence; the
fact remains that a number of techniques, similar to the SMCT, are available and have
been used to measure achievements, even though they are not exact measures. But
since the usefulness of results is frequently limited by the precision with which outcomes
were measured, it is accepted that something need to be done to improve both the
validity and reliability of the SMCT. The criterion measures used were, however,
reasonably satisfactory and certainly up to an acceptable standard in the circumstance.
The results of this research could reasonably, therefore, be relied upon in most
respects.

The use of an index of statistical significance, as a criterion for judging that a difference
was worth attending to, presents all educational researchers with serious difficulties. A
study with great statistical power can be designed merely by including large numbers of
students and classes in each group. If any differences exist at all, no matter how smail,
a sufficiently powerful design would show statistically significant results. Yet these
results might be of no theoretical or practical value whatever. Even with the most
efficient mathematical model to answer questions, the problems of the educational
significance of the criterion chosen would remain. Unhappily, the researcher followed
the established precedence of accepting the criterion of statistical significance and
hoped for the day when results would be reported and compared in a different way.
Notwithstanding these difficulties and limitations, the results of this study depict the
typical situation in Nigeria and, at least, provide a reference base needed at the moment
in Nigeria for future/further research in mathematics teacher education. This way it

would have contributed to mathematics education by providing mathematics teacher
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educators, in Nigerian, with insight into proper understanding of the state of
mathematics teacher education in that country.

The one caution that is sounded is that care must to be taken in extending the results to
other countries because of the likely differences in regional variations. For example,
training programmes in other parts of the world may vary according to local traditions
and facilities. The results should, however, be useful for reference and comparisons

since their interpretation is informed by the titerature review.

9.6. Suggestion for further research
This investigation has brought to light a number of problems in the area of mathematics
preparation of secondary school teachers. It might be necessary to conduct follow-up

studies on the following issues in the same area.

1. A case study of some programmes (e.g. programme A}, found in this
study to be more efficient than others, under actual classroom
situation may prove profitable.

2. An accurate picture of the required curricula for pre-service training
of school teachers in terms of specific experiences for students cught
to be obtained. Such a study must include a detailed analysis of at
least the most frequently required courses.

3. Studies might very profitably be made of the academic requirement
for certification. One phase of the investigation might well deal with
the correlation of such requirements with actual need for such
learning on the part of secondary school mathematics teachers.

4. Better evaluation instruments and techniques need to be developed
in order to more adequately check students’ growth towards the goal
of the secondary school teacher.

5. This investigation studied only pre-service teachers as a group. It is
suggested that some research into the level of competence of
teachers already in the field would be a valuable addition to this area

of knowledge.
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The studies are to be undertaken with a view to gaining more information on the
usefulness of the training. The information gained will not only serve as relevant
indicators of the success of the training but will also provide useful data for any possible

over-hauling of the curriculum and the training materials.
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ITEM OBJECTIVES
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SCHOOL MATHEMATICS CONTENTS TEST (SMCT)
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TEST ITEMS OBJECTIVES

The student teacher should be able to:

1. name and identify some common number systems.;
2. solve problems involving basic arithmetical processes;
3. demonstrate an understanding of the hierarchy of arithmetic

operations as applied to fractions;

4. apply basic arithmetical processes to decimal fractions;

5. identify, add and subtract integers;

6. make a sensible estimate of a measure used in everyday life;

7. make use of estimation and approximation to check that the results of

calculations are of the right order;

8. represent large numbers practically in visual items;
9. express a positive integer as a product of primes;
10. identify the set of all factors of a number,

1. identify the multiples of a given number:;

12. identify a specified perfect square;

13. express a fraction as a ration;

14. convert fractions to decimals;

15. convert fractions to percentages;

16. find one number as a percentage of the cother;

17. calculate using ratios in a variety of situations

18. use decimals in everyday practical problems;



19.

20.

21.

22.

23

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

use percentages in everyday practical problems;

use proportions in everyday practical problems;

approximate using a specified number of significant figures or
decimal places;

interpret tables and schedules;

multiply and divide directed numbers;

recognise the multiplicative inverse (or reciprocal) of a number;
recall facts about identity elements;

add, subtract, multiply and divide binary numbers;

solve problems involving inverse proportions;

identify non-rational numbers;

interpret statements given in symbolic form;

translate word sentences into mathematical statements;
simplify algebraic expressions (including those involving fractions);
substitute values in algebraic expressions;

solve simple equations (including those involving fractions);
expand algebraic expressions;

factorise completely algebraic expressions;

identify linear inequalities;

solve linear inequalities;

plot points in the rectangular Cartesian plane,

complete tables of values;

sketch graph from tables;

obtain information from graphs;

solve simultaneous linear equations in two variables;



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

solve problems involving joint variation;

change subject of a formula;

identify some 3-dimensional figures;

identify properties of plane figures;

explain the perimeter of a polygon;

explain the area of a given plane figure;

find the volume of some common 3-dimensional figures;

identify adjacent, alternate, corresponding and vertically opposite

angles;

recognise which combination of fengths cannot be used to construct a

triangle;

find the number of sides of a convex polygon given either interior or

exterior angles,

draw plane objects to scale;

determine actual dimensions of plane figures from scale drawing;
identify and use angles of elevation or depression in calculating
distances;

use a scale drawing to locate the position of objects on the earth
surface;

use a scale drawing to find distances;

use Pythagorean’ rule on right-angled triangles;

calculate surface area of some regular 3 dimensional figures;

calculate dimensions, capacity, quantity. etc. for a given situation;

recognise similar triangles given certain dimensions;

recognise correct description of a geometrical construction;



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

303

determine the sine, cosine, and tangent of an acute angle;
determine the mode, median or mean of a set of data;

find the probability of obtaining any of (H.H), (H,T), (T,H), (T, T) when
two coins are tossed;

Explain the mean, median and mode of any set of data;

define the term standard deviation;

use the laws of indices in calculations and simplifications;

apply the relationship between indices and logarithms in simplifications;
use logarithms in calculations;

make mathematical statements using set notations;

use Venn diagrams to solve problems involving classifications;
identify the pattern of a sequence and find any term of the sequence;
identify and apply basic rules of logarithms

solve quadratic equations by factorisation;

solve quadratic equations by completing the square;

solve a pair of simultaneous equations involving fractions;

put word problems in the form of mathematical statements inveolving
simultaneous equations;

determine lengths of arcs and areas related to the circle,

recall some basic theorems in Euclidean geometry;

apply the skill of deductive reasoning in proving riders in Euclidean
geocmetry;

determine distances along lines of latitude and longitude;

use the tangent, sine, and cosine rations in relation to sides of the right-

angled triangle in pictorial problems;



84. recall the trigonometric ratios of special angles e.g. 30°, 45°, 60°, and
90°%

85. identify the graphs of sine and cosine for angles of 0°to 360°;

86. identify the general equation of the lines perpendicular to a given line;

87. find the angles of a triangle by applying the idea of the angle sum of a
triangle;

88. find the general equation of all lines parallel to a given straight line;

89. identify the locus of a point in two dimensions given the rule of
movement;

90. find the sum of the roots of a quadratic equation;

91. convert numbers from one base to another:

92. express numbers in the standard index form using positive and negative

powers of 10,

93. manipulate simple surds;

94. generalise arithmetical relations in symbols;

95. solve equations with variable indices:

96. apply the sine or the cosine rule to solve a triangle;
97. find the area of a triangle using any of the rules:

Area = 1/2 base x height

Area = 1/2absinC

Area=  Vs(s-a)(s-b)(s-c)
98. present data in pie chart or bar chart or histogram;
99. recall facts about the angle sum of a polygon:

100.  calculate the lengths of arcs.
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APPENDIX C

THE
SCHOOL MATHEMATICS CONTENTS
TEST (SMCT) =



SCHOOL MATHEMATICS CONTENTS TEST
ANSWER SHEET

Instructions: (1) In section A give the information requested.  (2) In section B circle
only ONE correct option in each case.

Section A
Your name (optional) Sex Age
College of Education Year of traing

Your highest qualification before entering college for training:

Section B

1. ABC 2 ABCD 3. ABCD 4 ABCD 5 ABCD
6. ABCD 7. ABCD 8 ABCD 9. ABCD 100ABCD
1MABCD 12ABCD 13ABCD 14ABCD 15ABCD
1ABCD 17ABCD 18ABCD 199ABCD 200ABCD
21{7ABCD 22 ABCD 23.ABCD 24ABCD 25 ABCD
266ABCD 27Z.ABCD 288ABCD 20ABCD 30,ABCD
31TABCD 32ABCD 333.ABCD 34ABCD 35ABCD
36AB CD 37.ABCD 38ABCD 39 ABCD 40ABCD
41ABCD 42 ABCD 43.ABCD 4 ABCD 45 ABCD
46ABCD 47.ABCD 48.ABCD 49.ABCD 50ABCD
5TABCD 52ABCD 53.ABCD 54 ABCD 55,ABCD
56.ABCD 57ABCD 58.ABCD 50ABCD 60ABCD
61ABCD 62.ABCD 63.ABCD 64 ABCD 65 ABCD
66.A B C D 67 ABCD 68ABCD 89.ABCD 70ABCD
71TABCD 72ABCD 73ABCD 74ABCD 75 ABCD
76ABCD 77ABCD 78ABCD 79ABCD 80.ABCD
81ABCD 82ABCD 83.ABCD 84 ABCD 85ABCD
86ABCD 87ZABCD 88.ABCD 89 ABCD 90.ABCD
91MABCD 922.ABCD 93.ABCD 94 ABCD 95.ABCD
9B6.ABCD 97. ABCD 98.ABCD 9.ABCD 100A B CD




ANSWERS TO SMCT ITEMS'

............. oA 2 ¢ 3B’ 4b 5B
_____________ e B r P 8B S B WEB |
LI O T 12 A ve MB s b
Loxee LA S L S S
_____________ A b 78 . BD %D B A
_____________ % ¢ j..%B . ®bB B  ¥D
............. A e (0 BE BB L BE
_____________ v c....3 A o ®C o ¥®B L AA
............. mB L AA 8B 4D B A
_____________ 4 p BB 8B e
_____________ MoA 2B 8B MC S B
_____________ 6 ¢ .S A 8D ¥ B 80D
_____________ ¢+ B .. 82 8B 8B ®#D 8B
,,,,,,,,,,,,, 66 b & B 8 A ®B®A 0 A ]
_____________ nmA 2A WD TMB B C ]
............. wvA mEe  w®e o MWEB 8L
_____________ pw B 2B 88D 8sCc 8 A
_____________ 66 ¢ ... 8% A 8D [ B®E ¥ E
_____________ ne %28 0 BA A 8D
96 B 97 D 98 D 99 D 100 B

' Shadded items were discarded and not used in the analysis (See chapters 4 and 6).



7.

MATHEMATICS =

DIAGNOSTIC TEST

1. The system of writing numbers we now use is called the
A. Hindu - Arabic system
B. English system
C. Sumerian system

D. Egyptian system

2. A man drove from A to B a distance of 120km at an average of
80km/h, and then from B to A at an average spced of 48km/h where
AD = BA. What was his average speed, in km/h, for the whole journcy?
A. 64
B. 32
C. 60
D. 66

3. Simplify ¥ + ¥ x 2% - 2/3 x 7/8 < 1%

A. 1 5/8
B. 1 8/15
c. 8/15
D. 5/8

4; Evaluate 11.5 + 5.21 x 0.001 |, corvect to 4 decimal places.
2.55 - 1.703

A. €.00393

B. 0.0393
c. 0©.197
D. 0.0197

5« You are given the following list of numbers

<42, 1,2, 3, 3.6, 7/22, -1, -2 Find the sum of all the integers
in the list.1

A. O
B. 3-
C. 6
D. 9.6

6. The capacity of a beer bottle in Nigeria is
Ao 10 litres
3. 0.72 litres
C. 72 litres
D. 7.2 litres.

What is the mosi seunsible esiinate of the answer to Liis pronlom?
6.25 x 3.
5.7
A. 30 or 40 B. 300 or 490 Ce 0.3 or 9.4 De 3 or 4

. /2,



10.

11,

i2.

-2-

How many digits are there in (68709)15? <

A,
De
C.
D.

FExpress 147 as a
A

B.

75
73
60 7~
19
product of primes.

2
3" x 7 C. 3 x 49

D, 1 x2x2x17

Identify the set of all the factors of 12

A.
B,
C.
Da

31, 2, 6, 12}
{1, 2, 3, 4, 6, 12}
§3, 4, 6,.12}

P

11, 2, 3, 4, 5, 6, 12{

The elements of one of these sets are all multiples of 3,
Which 1s the set?
A. 3, 21, 51, €0}
B. {6, 9, 16, 25}
C. §3, 6, 9, 10]
D. ;1, 2, 3}
What is the smallest perfect square divisible by 127
L. 36
Bo 144
C. 216
D. 24

13." 'Express 30 as a ratio in its smallest term

14,

15,

36
Al
B.
C.
D.
8
Ao
Be
C.
D.

30 + 36

=\
o)

Express 1 as a decimal -

0.8
0.125
0.0125
1.8

Express 1 as a percentage

125

Al 1/125% c, 25%

B. 4% D. 0.85



16.

13,

19.

20.

21.

Express a proTit of ®12 as a percentaze raturn on an investmant
of 5180. A. 0.067%

3. 67%

C. 6.7%

. 0.67%

Tor

.y -y A - -~ T - Ead
urant ovAsr CAanITIes

Ea
3
f persons served as a group.

3]

meals i Droportion to “he number

) I? she collected 5360 “rom a sroup
of six people, howy much would you expect to pay her for a group of
eight customers?

A. EA400

B. =420

C. N44

D. X430

A. 09,36
3. E30.71
c. =18
D. =200

O
O

ntractor wio was given a job for WLOO’MOO iz Jonuary was able

to start work only in MDecember of the same year because the mobilisation
fec of 10% of the total cost was paid la‘e to aim, If he nov demands 5%
of the bglonce as variation due to inflation in order to finish the job,
nowr muchk101°" is to be peid to him wraen he comploites the work?

L. 235,000
3. E261,230
©. H236,250
D. ¥11,250

Two farmers, ‘lensah and Addo,share the grazing of a field.
Mensah puts in 12 cows for 18 days, and Addo puts in 15 cows for

16 days. iiow should ifensah an? Addo share the payment of %8.55 ront
A. llensah =4.20 Addo ¥4.35
B. 1iensah E3.8 Addo =4.,75
£. ‘lensah #4.52 Ao 4,03
D. llensah ¥4.05 Addo H4.50
Approximate 0.007133 to 3 sirnificant figures.
A. 0.007

310
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22. The postal rates for letters in Nigeria are as follows:—

Weight (g)

Charges

10g or less

1Cg but below 5 0gq

50, but below 10Cg i

1009 and above

Registration (Optional)

45k

45k for the first 10g and 15k for
each subsequent 5g or part theran?

H2.00 for 50g and 20k for each su's coong
5@ or part thereof.

136 .00

40%

What will it cost to send a letter by registered post if it weighs 93+

An

76,40

B. i#h.20
C. #h,0C
D. ii3.60

23. Frraluate _(;3_')_} {(-2) x 3_

-2 xX 5
l.\l
Be
C.
D.

-18
18
1.8
-1.8

2, If "a" times a number cquals 1, then that number must be

Al
B.
C.
D.

[y

—

e .
/25, If a* e = a {wvhere # is a binary mperatwm). Which one of the follewing

statements 1s false?

A.
B.
C.
D.

26. FEvaluate the following binary nrithmeticlg1o101 - 110) x 0101_:(1) x 1135.10

a* a=e¢e

e 1s an identity element 1if also e * a = n
a*e=e*a

a * (inverse a) = e

1110110
112010100
110100100
11211210

ees/5a



_5_

27. The number of spherical shot which can be made from a given volume

of lead varies inversely as the cube of the diameter of the shot requireod,

When the diameter is 0.2cm the number of shot is 270. How many shat of
diameter 0.3 can be cast from the same volume of lead?

A. 370
B. 80
C. 350
D. 405

28. Which set contains irrational (non-rational) numbers only

Ac{x V2 2, —1}

B. § -7, 18, 2 € 3

c. [1.41427, 1342143, 2}
p. jJZ, « ,1,&142...,...}

29. Choose the problem that is best represented by the following
Mathematical sentence

x 3 = 12,

Titilola had some oranges. Fatima gave her three more oranses.
She now has 12 oranges. How many oranges did Titilola have
to begin with?

There are 12 oranges in all. There are 3 oranges in each
group. How many groups of oranges are there?

.Sule sold 3 times as many oranges as Musa. fusa sold 12 orangos.

How many oranges did Sule sell?

The children bought 12 different items at the Bookshop.
The Clerk put 3 items into one bag. If he put the rest into
a different bag, how many did he put in this bag?

30. Choose the pair of matbematical statements that best represents
this problem. "Obi and Nneka have a total weight of 120kg. Three timons
Cbi's weight is the same as 5 times Nneka's weight. How heavy is each?

A. 3x + 5y = 120, 3x = 5y
B, x +y = 120, 3x = 5(3x)
C. 3x + 5(3x) = 120, 3x = 5y
D. x + y = 120, 3x = 5y

.../6.
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Simplify
e - 3y +y - 2x
2 2 7z
¥ + Xy x + yX e _y2
Ne 3y - Ly
3 2
ol 12l
Bo {3y = bx) (x = y)
2 2 2
C. 3y = bxy) (x7 + 2xy +y )
Do 37 -4 vy
3 2
x - Xy
If x = -1 and y = 2 What is the value of 1
(x = 1) (y +2)
A, O
B. 1
8
C, - i
8
D, - K
If » -~ 6 - 3 - 2t =7, theAx is
13 1h i2 a
A. = 1.5
B. 19
C. 7.5
D. 18
: 1 1 -2)
Expand {(but do not sim»lify) x (x + ')—c-) - 2( 5%
; 2 1 + 1 + 4
ho x w 2 X 2
1
. 2 . =+ 4
3o =t 1 ~<
1o
Co xz + 1 - ¥ t

weo/7-



-.7_

2
Factorise ab3 - abc  completely:

()
1
.

2
A. a(b3 - be')

2 2
B. blab -~ ac”)
C. ab{b - c) (b + ¢)

2 2
D. ab (b~ - ¢)

35. Which of these r*r*ements is false? /

AN =25<1
B. O0>-1
C. -1>07
D. 0.997<1
>7. Tird the rolrtion set of this inequality § 2 3
x
A O<x L2
8. Osx\\x 2
Ce O"(‘ Xv 2
D, O{(‘X\\ 2
38. thrt are the cenrdinntes of the point A
b
L] "

Ao (-x, y) a

B (x, —y)
C. (-x, -y)
D. {x, vy)

39. If.3x - 2y = 7 which set of numbers taken in order correctly
completes this table?

°
@]
-
A%}

(OS]
W

Ul



~8-

“40. If 3% - 2y = 7, then the graph of y with respect to x .looks like:-

~ N~
AL A3 [5‘ \\\\
/
//‘/ —¥ X > X
///91 AY
c D. \
> X \.‘..7)(
(Use the table in question 39 above)
L1. From this graph what is the approximate value of y when x = .5 ?
s} 3
o~
g5 4
e %, L 3 + > X
Aoov n 2 %
A. 6.9
B. 9
C. 5.9
De. 9.9
2, So.ve the simulancous equation 3 x + 2 y = 127 5 x - 3 y = 1.
A, x =2,y =3
B. x =3, y=2
Co x=-3y =2
De x = -2y =3

43, The mass of copper
square of its diameter.
31.5kg, what will be the mass of 1km of wire of diamcter 2mm?

s

o
¢

leNe!
9

1
2

3
3

wire varies'jointly upon 1its length and th.
If 500m of wire of diameter 3Jmm has o mass of

bkq
8k
1kg
1.5kg

ee/9.
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hi. X£ 1 =1+ 1 + 1, then express b as a function of u and A
u a ab b
A. b =au (a + u)
(a - 1)
a
8. b=y (2= 1)
(a - u)

C. b=1 (a-u)

au (a + 1)

Do b=uf{a=+ 1)
{ a - u)

Yhich of 2 following

A o and d arc prisms

3. a, b, and ¢ are prisms
C. a, ¢, and d are prisms
D. a and ¢ are pyramids.

L6, aich of the following statements is FALSE?

A. A triangle with no edges the same length is cnll.a
a scalene triangle.

B, A quadrilateral with four edges the same length 19
called a rohmbus.

Co A square is a special kind of rectangle.

Do A quadrilateral with at least two pairs of paratlel
edges 1s called a parallelogram.

k7. The rerireter of a polygoem is

., equal to the circumference of the circle
circumscribing it

3. *the sum of the lengths of the sides.

C. the union of the non-overlapping inscribed trianglo,

Do 7( multiplied by the square of the radiuse.



4B, The area of a plane figure is :- - /

A. The length times the widtb
3. Two times the length plus the width.

C. The amount of space covered by the plane figurwe
measured in square units,

D. None of the above,

49, wWhat is the volume of this figure?

| A
i
,).W T
LA
h. 9 cm3 7 X
3 Jim
3., 24 cm
2
C. 2L cm
Do 9 cm
50. Identify the pair of angles a and b
28 b

A. Adjacent angles.

B. Alternate angles

C. Corresponding angles

D. Vertically opposite angles.
51. Which of the following sets of lengths {cm) cannot form the sidens
of a triangle?

: AL 7., 1205, 5.01

B. 2.0, 2.5, 1.5

C. 16.5, 16.5, 17.5
Do 525, 5.5, 5.5,

.. /11.
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5‘2. Each of the exterior angles of a regular convex polygon is 150 m
How many sides has the polygon?

A. 15

B. 24

c. 136

D. 48

53. A triangular plot of land has sides 152m, 208m and 178m. Which oot
of lengths in (cm) must a draughtsman use if he is to draw the plan «f this
land on a scale of 1cm to 20m?

A. 1, 2.3, 7.9

B. 7.6, 10.4, B.9
C. 3.9, 10.2, 7.8
D. 15.2, 20.8, 17.8

54. The actual dimensions of the rectangular piece of land below drovwn to
scale lcm to 2C,0CCm is approximately equal to:-

A. 5.5m by 1.5m

B. 158000m by 40000m
C. 110000m by 30,000m
D. 17500m by 30,000m

. . . D

55. The angle of elevation of the top of a vertical pole is 45( from n
point A. If the foot of the pole is 201 metres from A, find the height
of the pole in metres.

A. 402
B. 201
C. 20,1
D. 102

56. A boat sails 2km N, then 3km NE and finally 2km E. VWhat 1is 1ts neow
bearing from 1ts startiny point?

A+ NNE

B. NE.E

C. NE

D. S.W.

ee./12.
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57. How far is the boat from its starting point?

Ae 5.83 km
B. 7 km

C. 4.2 km
D. 6.3 km

58. Which of the following ratios are appropriate for the sides of
a right-angled triangle?

Ao 6 11: 8

3. 8: 9 : 10

C. 7: 12: 13

D. 5: 12: 13 .

R

59. A gymnasium of height Om length 23m and with 15m is to be painted.
What 1s the total area of the surface to be painted if the floor only
1s to be excluded?

2
A. 1146 m

ro

B. 01 m
2
C. 257 m
2
D. 1087 m

60. A soft drink ccmpany sells 1ts soft drink in cans with a cross
secturual radius cof 3.5cm and a height of 13cm. If 1 cubic cm of soft
drink represents 1 milliliter then how many liters would the tin hold
if fullz

A. 164
B. 0.286
cC. 5
D. 0.5

61. Which triangle below is not similar to the other triangles?

'
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4$2. Draw DT so that &or = 50° and BC = 6cm.. At B draw a line
perpendicular to ﬁ?, to meet the perpendigglar bisector of BC at O.
Then the circle with centre O and radius OB contains the required arc,
The above } discribes a correct method for constructing:

A. A scgment of a circle ¢ cm long subste °

nding an ancle
at the centres

. . O PERe ~
B., An arc of a circle to contain an angle of 50 on .. iin: Y e
6cm longs

C. An arc BC of a circle 6em long substending an angle SLP
at the centre.

D. A sector of a circle withochord BC 6cm long whose perpondicualnr
bigector make an angle 50 at the centre O.

63. Which of the following statements is FALSE?

A. b = tan ©
c A
Be a = sin¥ o a
h [
C.
£ - Cos © ;
a C’/
. c = tangy
b C

6h. 8.4, 8.3, 8.4, 8.1, 8.3, 8.2, 8.4, 8.3. 8.2, 8.4, 8.1, 8.2,

The mode, median and mean of the data above are respectively

A. 8.1, 8.3, 8.3

3. 8.2, 8.1, 8.275
C. 8.4, 8.275, 8.3
D, 8.4, 8.3, 8.275

65; Two colins are tossed. The probability that both will land
heads up is

A. %
3. W
C. 1/3
Do 2

66. Which of the following statements is False? ¢

A, The mode, median and mean each help to describe a sct.

B. The mode, median and mean each is used to give an overnge
value of the members of a set.

C. The mode, median and mean are measurcs of central tendency.

D. The mode, median and mean each is a mecasure of how ..

frequent the average value occurs.



w1l

j67. Standard deviation is 7/
A. A mecasure of central tendency.
B. A measure of despersion from the mean. -
C. The deviation from the mode.

D. None of the above.

+ 1
68. Simplify 3% x 9
27 71
A. 307
B. 327
C. 1
Ds a + 1
2
69. What is x if 2 log 3 + 4 log =2 + log x
10 10 10
A. 1,44
B. 3.6
, C. 4.0
D. 1h.h4
70. Use log tables to evaluate 3 218
3412
A. L4.119
B. 3.45
Co 24.72
D. 3.989

71, Choose the set notation that is best represented by the sentence

- . A
"R 13 the set of all positive real numbers

A. R = {x\ x £ R and x )O}

B. R = {x B Rand 1gxgn}

c. R = ixvl x is a real numberl
+

De R =

gtxlxsn*l

.../ 5.
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In which of the spaces A to H in the Venn Diagram below will John bLe i

73.

Let R
S
T

i

]

~15=

(my friends)
(students at F.A.T_C

)

(People from Pankshin)

(a)
()
(c)
(a)
(e)

th
What is the n
1

All my friends go to F.A.T.C.

John comes from Pankshin.

John is not my friend.
None of the students at FATC comes from Panksnuin.

I am a student at F.A.T.C.

JPEE—
(" 2 [F \

NoavEN S
oA H

Answer

L

4 csseseen

term in this Sequence 2 ,

Lo

W

711 -

Evaluate log243 x logbh

log9 x

log8

A. log216
B. 5

C. logh
B. 10g18.05

... /16,

-y

(322)



~16- .

2
75- The guadratic equation Ly + 5y - 21 = O can be solved by exproscin @

it as

A. (y =3 (hy +7) =0
B. (hy - 3) (y + 7)=0
Co (y +3) by -7) =0
D. (hy - 5) (y = 21) = 0O

. 2
76. What must be added to both sides of x - 8x + 3 = 0 so that the
equation can be put in the form (x - a)2 .

he 137
B. 16
C. =17
D, 18

77. Solve the following equations x '+ ¥y = 1, 1/3x =y = 5

1, y = 2
7y y =3
Co x =3,y = -4

A. X

]

Be X

b x= 3,y = -7

78. Choose the pair of equation that best represents this word problem,
A boat can go 3km upstream in 20 minutes, and 3km downstream in 12 minutes.
Find the speed of the current, and of the boat in still water. ™

A J x +y = 20
x + 3y = 12

Ba x+y=20
3x + 3y = 12

D. None of the above.

79. The length (L) of the arc and area (A) of the sector in the di-yram

are respectively

As 3.5 cm and 3.7 cm2
B. 2.836 cm and 3.545 cm2
C. 15.0 cm and 45.32 cm2

D. 2.83 cm and 3.93 cm2

e /17,



d0. Which of the following statements in Euchidean Geometry is Fal3i?
A. A line parallel to one side of a triangle divides the othoesr
two sides in the same ratio.
D. The angle which an arc substends at the centre is twice
the angle it substends at the circumference.
C. Angle at centre of a circle is half the angle at the
circumference. '
D. Opposite angles of a cyclic quadrilateral are supplemen! -vy.
81. Theorem: The angle in a semicircle is a right angle.
Proof: Given that AD is the diameter of a circle centre C i eaaco.-ti)

Which of the following

Ao
3.
C.

D.

82. Find the approximate distance, measured along the parallel of Iatitlude,

x is any point on

N\
To prove  .xn

Vel
Proof 3ut AO03

200

I
° AXB

The proof
The proof

The proof
primarily

The proof

”~
CAO3 =

]

the circumference

90°

~-17-

R D)

180° L .....(4)

N

2 AX3

= 180°

= 900

statements is true

ceeeea(5)

ceee.o(6)
R 2]
QED.

about the above nproof?

is correct as it appears above.

follows a logical deducticon except that line 5
false.

is correct except that the original assumption
in line (1) is false.

would be correct if we interchange lines (4) and (5)\/

1s

> .
between two points whose latitudes are both 56 N, and whose longitudso:s
s . o
are respectively 23 E and 17Ow.

A. 1000 km
3. 2490 km
C. 510C0 km
D.

RN

1,796,000 km
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l 83. If ABC is a triangle such that AB = Lcmy, BC « 3em and CA = Scm anid

Sin A = Sin B, the x is equal to

3

84. Which of the following

h. Sin 30°

e}
B. Cos 90

C. tan 900

c
D. Cos 60

65. Choose the graph which
of x between C and 36C

-

is FALSE?

t
——
o

1]
o

3 \\ /’/. b ~

/ \

i

AN

-»—J;\\,//

\\ -
PR
‘{ \x//‘ 360°
|

Y

- »0 "/ _\__//

o
o

86. The equation of all g line§ perpendicular tc the line y = 3x + &,

where b is censtoant, is

o

i

1

A
3}
C.
D.

y
-y
y
Y

87. 1f the three angles of

3x + b
1/3x + b

- 1/3x + b
1/6x + b

a triangle are in the proportion 2:5:5, il e

the angles of the triangle in that order

A, 30°
B, 6c”
c. 4o°
n. 8c°

75°, 75/
1507, 1507

_ o o
7CG , 70

.../19.

325
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88.- Find theequation of all the lines parallel to the line y = % x + &

Ae ¥y = -2 x + 2
B. y = “x -5
C. y=%¥x+1/5
D. y=F¥x+b , b g R
89. PGR is a triangle. A point x moves in such a way that x passes th

the mid-point of every line segment YZ whose ends Y, Z lie on P4 ond 1
where YZ is parallel to QR. Wwhat is the locus of x?

A+ The bisector of the angle WPR
B. The altitude through F

C. The mediam through P
D. The line through P parallel to 3R

2
90, What is the sum of the roots of the equation 2 x + x - 6 = 07

Ao =1
B. 1
c. -¥
. %

~1

91. Convert the number 103000(5) (base 5) to a number in base

A. 17071
3. 105000
C. 1313C
D. 06LO

Express 00,0035 in the standard index form.

A
A. 35 x 10

92

o

B. 3.5 x 1077
C. 3.5 x 10°

A
D. 35 x 10
93. Simplify 1+ U2
2J/2 - 3
Ao (7 + 5J2)
B. (22 - 1)
c. (7 -5/2)

D. None of the above.

e../20.

““““

325
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9%4. The total surface area (s) of a closed cylinder is the sum of thoe
areas of the two circular ends and the curved surface.
Put this statement in symbols.
27fr2 + 27(r h

2
Ar-h + 2 Ar

2

C. S=2Xr"  + 8

A.

i

B.

2
D. S = 2Ar +Ar h

where r is the radius of the base
h is the height of the cylinder.

95. Solve the equation

A. x =3

B. x = 2

C. x=4h

b. x =20
96, If A3C is an issoceles triangle such that gﬁ = AC=.5cn anid <§1C:=540 .
Find the length in cm of the base BC eorrect to ihree decimal pleces.

A. 6

B. 4.540
C. 3.575
D. 7.01

97.

-../21,
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98. What would be the angle at the centre of a pie chart to show the
number of women in the table below.

I Men i Women | Boys . Girls |
140 : 180 I 310 : 27C ]
r ' [}
A. 180°
3. 65°
c. 8¢°
Q
D. 72

99. Each exterior angle of an octagon is

O

A. 90
(o]

3. 135
c. 60
D. 4s°

1C0. The length of an arc of a circle of radius 2lem subgtending an
o .
angle of 60  at the centre is

A. 231 cm
B. 22 cm
C. 44 cm
D. 6€ cm

.
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APPENDIX E
UNIVERSITY OF JOS
DEPARTMENT OF CURRICULUM STUDIES
FACULTY OF EDUCATION

Private Mail Bag 2084
Jos. NIGERIA

Cables & Telegrams: UNILIOS, JOS
Telephone: (234) 73 35390 lixt. 274
Ag. Head of Department
Dr (Mrs) A. E. Joof

Ref: TEACHER TRAINERS ASSESSMENT OF MATHEMATICS
PROGRAMMES (TAMP) QUESTIONNAIRE

Researcher: Festus Onyeama Anakwue

Dear colleague,
This questionnaire has been designed to help me obtain the following in formation:

e Your view of the nature of mathematics teacher education programme in your institution.
e Your perception of teacher education and those issues vou consider relevant for inclusion in the
curriculum for the education of school mathematics teachers in Nigeria.

Please respond to each of the items in this questionnaire as tullv as you can. Your responses shall
be handled confidentially and the information provided shall be used for the purpose of this
research only.

Please indicate by a tick in the box on the right if you would like a copy of the finding to be sent to

you. ’ i

ISECTION A PERSONAL DATA

1. Your College

o

Sex 3. Age

4. State of Origin

5. Academic Qualifications (Please put a circle round any of the qualification(s) in the list below
that you possess)

WASC GCE O’ level SSC (TC2) HSC
OND GCE'A’ Levels IJMB NCE HNC
HND BLEd BA(Ed) BSc(Ed) BSc
PGDE PGCE MEd MA MA(Ed)

MSc¢ MSc(Ed) PhD Others(specify)



6. Your Rank or Status: (Underline those applicable)

Head of Department Deputy head of Department Chief Lecturer
Asst Chief Lecturer Principal Lecturer Semior Lecturer

Lecturer ] Lecturer 11 Lecturer IT1
Assistant Lecturer Other (specify)

7. About the Mathematics Department in your college.

(a) How many people (including yourself) teach mathematics or mathematics education in

your
college?

(b) How many of them (I) have first degree in mathematics?
(i) have teaching qualifications?

(i) are based in the Maths Dept. ?

]

(c) Which other subject(s). apart from education and mathematics, do mathematics student

teachers in your college study during their training?

ISECTION B EXPERIENCES |

{(Write YES or NO or give a date or number of years in the boxes as applicable)

8. (a) Have you at any time taught at the secondary, primary school level? r—

(b) IFYES, for how long | years

(¢)  When was the last time you for an in-service course for student teachers?

(If never, write NEVER in the box)

9. In view of your qualification, do you consider your parucipation in the
teachers for mathematics teaching as the most suitable job for you?

[

-

!SECTION C PERCEPTION OF TEACHER EDUCATION PROGRAMMES

I

J

—

)

training of

[_ I—
I

10. Describe your understanding of the objectives of mathematics teacher education




11

(%)

14.

1332

Do you see the training being given to mathematics student teachers in you institution as
appropriate for the task of teaching the core contents of the National Mathematics

cumelt [

If your answer to quest 11 1s NO, please state for which level (primary, junior

secondary or senior secondary) they are NOT appropnate. I

Give reasons for your answer to question 12 in this box

Please list any three (3) significant features of the training you give to student teachers of
mathematics in your college which you consider most important in enhancing their
efticiency for the job

I

Please list three things you consider as weaknesses in vou mathematics traimning
programme

Describe three ways in which your training programme for teachers of mathematics could
be improved




APPENDIX F

CALCULATION OF COHEN’S KAPPA (K)
FOR INTER-OBSERVER AGREE

The pattern of agreement and disagreement for 100 observations with two observers can be
shown on a two dimensional matrix (often referred to as a “confusion matrix”) as follows:

Observer Observer two

one A B C D E Total
A 8 0 0 0 0 8

B 2 21 1 0 0 24
C 1 0 18 2 1 22
D 0 0 0 24 6 30
E 1 0 0 1 14 16
Total 12 21 19 27 21 100

The scores on the diagonal from top left to bottom right indicate agreement between the two
observers: scores off this diagonal indicate their disagreement.

(1) Proportin of agreement (Po) Is given by

(number.of .agreementis)

(number of .agreements+.number.of .disagreements)

. . (8+21+18+24+14
which in this case is or 0.85

(100)

The index of agreement {or concordance), that is P, is simply this proportion expressed as
a percentage (i.e. in this case, 85 per cent)

(2) Proportion expected by chance P, is based on the probability theory which shows that if
the probability of the first observer coding, say, programme A correctly is P;s and the
probability of the second observer coding the same programme A correctly is Paa, then the
probability of both of them coding the same programme correctly by chance is the product of
these two separate probabilitities (i.e. Pya x P2a or 0.08 x 0.12). Hence the total chance
proportion for all five programmes is

P, = (0.08 x 0.12) + (0.24 x 0.21) + (0.22 x 0.19)

+(0.30x0.27)+(0.16 x0.21) = 0.262.
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(3) Cohen’s Kappa (K) is the given by the formula

p_p

0 &

-7,

which in this example is

— 0262
P 0850-0.262 0797
1-0262
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APPENDIX G-
CONTINGENCY TABLES FOR THE CALCULATIONS OF
CHI-SQUARE
FOR THE ANALYSIS OF DATA PRESENTED IN

CHAPTER 6



OBSERVED (0) AND EXPECTED (E) NUMBER OF COMPETENCE AND NOT COMPETENT STUDENT

TEACHERS AT 80% PERFORMANCE LEVEL IN THE SUBJECT MATTER OF THE NNMC

PROGRAMMES LEVELS OF UNDERSTANDING TOTALS
Competent Not competent
o 13 2 15
A i
............................................ U SO SUPS O
o 19 1 20
B
<2 OSSO SOOI UR SR
o 13 2 15
C
<3 AU SO S
o 8 2 10
D
............................................ N U SOOI RS
o 23 7 30
E
............................................ N O SO SN SR
0 37 33 70
F
____________________________________________ 3 S S SR
0 15 5 20
G
____________________________________________ O SO SO,
o 23 7 30
H
____________________________________________ OO SRS DRSNS
o 5 0 5
!
____________________________________________ 0 PO NSRS S
o 3 2 5
J
____________________________________________ S T NSO SUUSOS SRS NS
0 11 9 20
K
............................................ N OO NN SO
o 17 8 25
L
............................................ B e e
TOTALS 187 78 265




TEACHERS

AT 80% PERFORMANCE LEVEL IN NUMBER AND NUMERATION (NN)

OBSERVED (0) AND EXPECTED (E) NUMBER OF COMPETENCE AND NOT COMPETENT STUDENT

PROGRAMMES LEVELS OF UNDERSTANDING TOTALS
Competent : Not competent
o) 11 4 15
A :
____________________________________________ 30 SO L O HUU SRS S
O 15 5 20
B
____________________________________________ E 15
} 12 15
[
|
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e
O 8 10
D
............................................ e e
25 30
E
............................................ e
(0] 50 20 70
F
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 3 S N S N
0] 19 1 20
G
............................................ e 8
0] 19 11 30
H
............................................ E
0] 4 1 5
|
____________________________________________ B A
0] 2 5
J
............................................ e
0] 10 10 20
K
___________________________________________ 3 RS- U SO O B
O 20 25
L
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Eo o 8T
TOTALS 196 69 265




TEACHERS

AT 80% PERFORMANCE LEVELIN GEOMETRY AND TRIGONOMETRY

OBSERVED (0) AND EXPECTED (E) NUMBER OF COMPETENT AND NOT COMPETENT STUDENT

PROGRAMMES LEVELS OF UNDERSTANDING TOTALS
Competent : Not competent
O 5 10 15
A
L0 S SN S L2 R
O 17 20
B
............................................ e B T
O 8 7 15
Cc
............................................ B2
O 6 10
D
____________________________________________ B2 B
O 24 30
E
____________________________________________ S e
O 8 62 70
F
............................................ El S
O 3 17 20
G
____________________________________________ L S SO S X A
O 27 30
H
............................................ S
O 0 5 5
!
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A
O 0 5 5
J
____________________________________________ N L S SN
O 0 20 20
K
e B XA N
O 25
L
___________________________________________ E A L
43 222 265




TEACHERS

AT 80% PERFORMANCE LEVEL IN ALGEBRA (ALG)

339

OBSERVED (0) AND EXPECTED (E) NUMBER OF COMPETENCE AND NOT COMPETENT STUDENT

PROGRAMMES LEVELS OF UNDERSTANDING TOTALS
Competent : Not competent
¢ 14 1 15
A :
E 12 3

D
e E.
el

E
e E.
el

F
e E
el

G
e £
el

H
S E
el

|
el

J
el

K
e E.
el

L
S E

TOTALS

_______________________ R S S
25

..................... 28 b
54 16

SO AN N L
17

88 B
24

,,,,,,,,,,,,,,,,,,,,, S N, N
4 1

OO A R S
5 0

.................................................................. 1. - e
13 7

SO TS S A
18 7

,,,,,,,,,,,,,,,,,,,,, 20 e
215 50




TEACHERS
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OBSERVED (0) AND EXPECTED (E) NUMBER OF COMPETENCE AND NOT COMPETENT STUDENT

AT 80% PERFORMANCE LEVEL IN DEFINITIONAL AND GENERAL KNOWLEDGE (DGK)

E
e E.
o)
F
SRR E
o)
G
e E
o)
H
S E
o)
!
. E
o)
J
o)
K
S E
o)
L
S E
TOTALS

PROGRAMMES LEVELS OF UNDERSTANDING TOTALS
Competent Not competent
0 11 4 15
A :
R - B 9 B
O 15 20
B
............................................ 3 TR N SO AU S
O 11 15
c
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA B @ B
O 6 10
D

...................... LS L
34
..................... e SORUIOR: ST
13 7
...................... LSOO N A
22 8
...................... LS S L,
2
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2
ARV S A
11
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15 10
IS - RO SO S
167 98




TEACHERS

AT 80% PERFORMANCE LEVEL IN PROCESS SKILL

OBSERVED (0) AND EXPECTED (E) NUMBER OF COMPETENCE AND NOT COMPETENT STUDENT

PROGRAMMES LEVELS OF UNDERSTANDING TOTALS
Competent ' Not competent
O 8 7 15
A
............................................ e
O 14 20
B
............................................ 30 SO OO SOOI SN
O 10 15
Cc
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 3 SO SOOI OS2 S
O 8 2 10
D
............................................ 3 SO OO SO ST NS
(0] 15 15 30
E
............................................ E B
O 26 44 70
F
............................................ 38 TR SO N AN N
O 10 10 20
G
............................................ E 2020
O 13 17 30
H
............................................ e S
(0] 2 5
|
............................................ 3 VOSSOSO SOV SN N
O 3 2 5
J
............................................ e
O 15 20
K
............................................ ol 20
(0] 12 13 25
L
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TOTALS 126 139 265
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OBSERVED (0) AND EXPECTED (E) NUMBER OF COMPETENCE AND NOT COMPETENT STUDENT

AT 80% PERFORMANCE LEVEL IN PROBLEM SOLVING AND APPLICATION SKILLS (PsAS)
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TOTALS
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...................... L1 . A
2
_____________________ 2 S
5
...................................................................... LB
1
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...................... LA . SR
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..................... 20 S
212 53

PROGRAMMES LEVELS OF UNDERSTANDING TOTALS
Competent : Not competent
O 13 2 15
A
............................................ Bl 2B
O 17 3 20
B
............................................ Bl 08
O 13 2 15
C
............................................ 22 B
O 1 10
D




OBSERVED (0) AND EXPECTED (F) NUMBER OF COMPETENT AND NOT COMPETENT STUDENT
TEACHERS
AT 80% PERFORMANCE LEVELIN THE SUBJECT MATTER OF THE NNMC
ACCORDING TO PROGRAMME SETS

PROGRAMME LEVELS OF UNDERSTANDING TOTALS
SETS Not competent Competent
o 2 13 15
PROG SET 1 (5.7%)
R - . S S (LI N
o 10 50 60
PROG SET 2 (22.6%)
e B L S A2 ]
o} 24 76 100
PROG SET 3 (37.7%)
e B 29 e, L S R
o 42 , 48 90
PROG SET 4 (34.0%)
E 27 63
78 187 265
TOTALS (29.4%) (70.6%) (100%)
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APPENDIX H-1

SAMPLE PROGRAMME FOR MATHEMATICS
TEACHER EDUCATION IN A COLLEGE OF EDUCATION
IN NIGERIA
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APPENDIX H-2

INFORMATION UNDER EIGHT HEADINGS EXTRACTED
FROM SAMPLE PROGRAMMES
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APPENDIX J

MAP OF NIGERIA

(INDICATNG FIELDWORK CENTRES FOR EACH ZONE)



MAP REDACTED DUE TO THIRD PARTY RIGHTS OR OTHER LEGAL ISSUES
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