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Abstract 

In this paper, we propose a model for effective teaching and learning in Nigerian secondary 

schools. The model is derived from a class of semi-Latin squares known as Trojan squares. 

The model uses known properties of Trojan squares to bridge the gap between rural and 

urban secondary school education in Nigeria by suggesting a consistent method of designing 

lecture schedule. The paper also reveals that the problem arising from dwindling number of 

competent teachers (especially in the science area) and scare instructional materials needed 

for quality learning could be checked. The model was tested for efficiency using A-, D- and 

E-optimality criteria; hence the application of the model yielded results which actually 

bridged the gap between urban and rural secondary school education in Nigeria. 

 

Keywords: Mutually orthogonal, concurrence matrix, incidence matrix, optimality, semi-

Latin squares 

 

1.  INTRODUCTION 

 According to Federal republic of Nigeria (2014), secondary education is the 

education a child receives after primary education and before the tertiary stage. Arikewuyo 

(2009) defines secondary education as the link between primary and tertiary education. 

Similarly, Hardy (2014) defines secondary education as a preparation for the real world. In 

some cases, the age limit may vary, but in Nigeria, secondary school education simply 

targets learners between the age limit of 12 to 18 years.                                                                                                                    

 The importance of secondary school education cannot be over emphasized. 

Ekundayo (2010) stresses that education cannot be an instrument par excellence for 

achieving national development where the secondary education is not effectively managed 

to accomplish its aims and objectives. For national development, secondary school 

education must be properly designed. Similarly, in a UNESCO (2012) report on Secondary 

Education-Paving the way to work, the importance of secondary education is reiterated as 

an important channel through which young people acquire skills that improve opportunities 

for good jobs. A high quality secondary education aims at arousing and nursing a wide 

range of abilities and interests in young minds. Unfortunately, the Nigerian secondary 

school system is still battling to meet with the requirements expected. Omoregie (2005) 
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laments that the products of today’s secondary system can neither usefully live in the 

society nor move into higher institution without their parents’ aid or forgery. It has always 

been a problem within Nigerian Secondary school education system to circulate qualitative 

education across boards to its students in both rural and urban areas. The challenge had been 

how to find solution to difficulties emanating from poorly designed lecture time tables, lack 

of qualified personnel and equipment to impart knowledge and the tight/ suffocating design 

in academic programs. All these leads to graduation of Senior School certificate holders 

who are not able to fit into the original plan of the Government approved 6-3-3-4 system of 

education. What is then the way forward?. This paper proposed a model that ensures quality 

education that will produce secondary school certificate holders who will be able to give the 

country the educated workforce they need to compete in today’s technologically driven 

world. 

 

2.  EXISTING SECONDARY SCHOOL LEARNING STRUCTURE 

 The Nigerian secondary learning structure is a 3-3- partition structure comprising of 

3 years in Junior secondary and another 3 years in senior secondary. The total number of 

years expected to be spent in secondary is six years. At the end of the first 3 years, a Junior 

secondary certificate examination (JSCE) is taken with an accompanying certificate. It is 

expected that the JSCE certificate equips the student for small scale jobs and apprentice. In 

other words, a JSCE holder may decide to stop at that level and venture into the labour 

market with the certificate obtained thus far. In the Junior class, the student is taught 

between 10 to 15 subjects (depending on the availability of teachers) which are compulsory. 

After the Junior secondary, the student is admitted into the senior secondary class based on 

the performance in JSCE. The student could continue in the same school or change to 

another for the senior secondary class. It is at the senior secondary that the student is taught 

to specialize on a specific field of study like sciences, social sciences or Arts. At this stage, 

the number of subjects the student offers reduces to 8 or 9. It is at the senior class (which 

teaches specialization) that talents and interests of the students are discovered and 

developed. It is also at this level that frustration, failure and bitterness set in especially if the 

student falls into wrong teaching hands. Table 1 shows the subjects offered in both Junior 

and senior categories. 
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       Table 1: Subjects Taught in Secondary School 

S/no Junior Senior 

1 English Language English Language 

2 Mathematics Mathematics 

3 Integrated science Biology 

4 Home Economics Chemistry 

5 French Physics 

6 Literature in English Literature in English 

7 Igbo Igbo 

8 Music Geography 

9 Fine Arts Technical Drawing 

10 Health and Physical Education French 

11 Business Studies Agricultural science 

12 Christian religious Knowledge Christian religious Knowledge 

13 Hausa Economics 

14 Yoruba Government 

15 Introductory Technology Accounts 

16 - Commerce 

17 - Hausa 

18 - Yoruba 

19 - Christian Religious knowledge 

(CRS) 

20 - Further Mathematics 
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 Lectures start at 8:00am every week day and end at 2:00pm for both junior and 

secondary. In between there is a 50 minutes break time to allow the students to freshen up. 

The problem is that from 8:00am to 2:00pm, the students are taught up to 8 to 9 subjects 

each lecture lasting approximately 40 to 50 minutes. The major challenge is not only that 

lecture time duration is short, but a subject teacher is expected to teach at least five or six 

different classes the same topic from 8 to 2:00pm every day. The subject teacher naturally 

becomes tired, disoriented and snappy towards the end of the day. The class he/she is to 

teach at that time suffers most. This problem is worst in secondary schools in the rural areas. 

Furthermore, the teachers take advantage of the short lecture time and too many teaching 

periods to dodge their responsibilities or hide their abstinence from work. You find some 

teaching two classes in a day and asking the rest to collect notes from others while the 

teacher goes away or you find some merging large classes together in order to teach them 

once and leave. This leaves a drastic effect on the classes that were not taught. On the other 

hand, the effect of too many subjects in a day is also felt on the students. While they are 

struggling to grasp the rudiments of say a mathematics topic that has just been introduced, 

the mathematics lecture time will be over and the Biology teacher for instance may walk in 

and start yet another topic. Being able to coordinate the two extremes in the different field 

of study becomes a challenge to the students. This may lead to frustration on the part of the 

students.                                                                                                                        

 One of the challenges suffered by secondary schools in the rural areas is lack of 

competent subject teachers (especially in the science field). This problem emanates from the 

fact that schools no longer have the basic teaching aids, laboratories and instructional 

materials that will make science inclined minds. Another reason is that the science related 

subject teachers have preference to other jobs more than secondary school teaching. The 

few that are still in circulation are attracted to urban schools where the students could afford 

private lessons. In some rural secondary schools, you may have just one teacher teaching 

physics, chemistry, mathematics and Biology in spite of the fact that the teaching is done 

with almost no teaching material. The outcome is that when these students graduate from 

secondary school, they come out without the basic foundation to progress into higher 

institutions. They are disoriented and frustrated in themselves and in life at that stage. If 

care is not taken, their frustrated mind may turn to criminal mind. Figure 1 below depicts a 

possible product of six-year training in the Nigerian secondary school.  
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Figure 1: Product of six years secondary School education Using existing Structure 

 

3.  PROPOSED SECONDARY SCHOOL LEARNING STRUCTURE 

 The structure proposed in this paper suggests the following: 

a.  For a class i, the number of subjects learnt per day is given as;  

 class i ≤ 4 : BBi ≤ 2, ABi ≤ 2                                                                                                                         

 where BB and AB represent the number of subjects taught  before break and after 

break for class i  respectively. 

b.  For given classes i and j and given subject a at time t, 

 If class i = at then class j ≠ at  

c. For any given class i, subject a and week k, 

 subject a ≤ 1 for week k, class i. 

3.1  Benefits in the Proposed System 

 The following benefits are derived: 

a. Longer teaching time duration for subjects:- The subject teachers will have a longer 

 time to teach, practice and assess the students after each lesson. 

b. Focused learning per subject because of fewer subjects:- Since there are fewer 

 subjects per day, the students tend to focus on them better than when there are too 

 many subjects. 

c. Proper utilization of scarce teaching materials and aids:- Some schools do not have 

 teaching materials. For instance, a subject like chemistry requires a  functional 

 laboratory. Since chemistry could  be taught to only one class once a week (in a 

 level say ss1), then the laboratory could be properly  utilized.  

d. Proper lesson note plan to fit one topic per week:- Due to the fact that subject 

 teachers now have enough time to deliver a lesson per class, the lesson note 

 could be structured to fit a topic or sub-topic per week. 

e. Proper utilization of man power to extend to rural schools:- Some subject teachers 

 (especially the science teachers) who are lacking in the rural schools could be 

 made to go there and teach since the proposed system schedule allows such. 
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4.  THE MODEL 

  Chigbu and Bailey (1995) defines an (n x n)/k semi-Latin square as an n x n square 

in which nk letters are placed so that there are k letters in each row-column intersection and 

that each letter occurs once per row and once per column. According to Soicher (2012), 

Semi-Latin squares are known to form a class of designs generalising Latin squares, and 

have applications in areas including the design of agricultural experiments, consumer 

testing, and, human-machine interaction. Semi-Latin squares could be statistically tested for 

A-, D-, or E-optimality criteria (see Bailey 1992, 2011). There is a special family of the (n x 

n)/k semi-Latin squares called Trojan squares. Darby and Gilbert (1958 ) defined Trojan 

squares as an arrangement obtained by the superposition of k mutually orthogonal n × n 

Latin squares (where such Latin squares exist), invoving k disjoint sets of n varieties so that 

the resulting square has kn varieties, each occurring in n experimental units, n rows and n 

columns, with each row intersecting each column in a block of k experimental unit.  Trojan 

squares are optimal among semi-Latin squares of equivalent sizes (see Ukekwe, Chigbu and 

Ikekeonwu, 2006).  

 The model proposed is this work is an (n × n)/k Trojan semi-Latin square where n = 

5 and k = 4. The        (n × n) array represents number of recommended classes and number 

of days per week in which lectures are held. The k represents number of subjects taught per 

day for a given class. For the purpose of this work, we shall consider the subjects taught in 

the senior secondary school. Hence, the model concerns the arrangement of nk = 20 subjects 

taught in the senior secondary such that k = 4 subjects are taught to particular class at a time 

only once in a week. Such arrangement gives a Trojan square. Figure 1 shows the proposed 

model. 
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Table 1: The proposed (5 × 5)/4 Trojan square Model 

Days/ 

Classes 

 

A 

 

B 

 

C 

 

D 

 

E 

Mon English, 

Geography, 

Literature,      

CRS 

Mathematics, 

Agric.sc, 

Government, 

Further maths 

Biology, 

Tech.Drawing, 

Economics, 

Yoruba 

Physics, 

Home.Econs, 

Accounts,    

Housa 

Chemistry, 

French,            

Igbo,    

Commerce 

Tue Mathematics, 

Tech.Drawing,   

Accounts, 

Commerce 

Biology, 

Home.Econs,       

Igbo,                  

CRS 

Physics,      

French, 

Literature,  

Further maths 

Chemistry, 

Geography, 

Government, 

Yoruba 

English,  

Agric.Sc, 

Economics, 

Housa 

Wed Biology,    

French, 

Government, 

Housa 

Physics,        

Geography,   

Economics, 

Commerce 

Chemistry, 

Agric.sc, 

Accounts,       

CRS 

English,  

Tech.Drawing,       

Igbo,          

Further maths 

Mathematics, 

Home.Econs, 

Literature, 

Yoruba 

Thur Physics,  

Agric.sc,       

Igbo,          

Yoruba 

Chemistry, 

Tech.Drawing, 

Literature,          

Housa 

English, 

Home.Econs, 

Government,          

Commerce 

Mathematics, 

French, 

Economics,     

CRS 

Biology, 

Geography, 

Accounts,  

Further maths 

Fri Chemistry, 

Home.Econs, 

Economics, 

Further maths 

English,        

French,      

Accounts,       

Yoruba 

Mathematics, 

Geography,   

Igbo,            

Housa 

Biology, 

Agric.Sc, 

Literature, 

Commerce 

Physics,  

Tech.Drawing, 

Government,       

CRS 

 

The model proposes a subject to be taught once in a day and once in a week. A subject 

being taught to a class cannot be taught to another class at the same time. For instance, the 

subject English is taught on Monday to class A, and taught again on Tuesday to class E 

while it is taught on Wednesday, Thursday and Friday to classes D, C and B respectively. It 

could be seen that as English is being taught for the week to a class, no other class could be 

taught the same English at the same time. 

 

5.  CONSTRUCTION OF THE MODEL 

 The model is constructed by superposition of four mutually orthogonal Latin 

squares. A Latin square of order n is an array containing a set of n letters or symbols such 

that each letter or symbol occurs exactly once in each row and each column. Two Latin 

square L1 =(Xij) and L2(Yij), each on the symbols 1,2,3,…,n are said to be mutually 

orthogonal if every ordered pair of symbols occurs exactly once among the n
2
 pairs  (Xij 

Yij), i, j = 1,2,..n (see Ukekwe, Chigbu and Ikekeonwu, 2006). Using the 20 subjects taught 

in the senior secondary, we construct four mutually orthogonal Latin squares as follows: 
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For Latin square 1,                                                                                                                                                       

English = {(1,1),(2,5),(3,4),(4,3),(5,3)},                                                                                                                 

Mathematics = {(1,2),(2,1),(3,5),(4,4),(5,2)},                                                                                                                     

Biology = {(1,3),(2,2),(3,1),(4,5),(5,4)},                                                                                                                       

Physics = {(1,4),(2,3),(3,2),(4,1),(5,5)},                                                                                                                         

Chemistry = {(1,5),(2,4),(3,3),(4,2),(5,1) 

For Latin square 2,                                                                                                                                                        

Geography ={(1,1),(2,4),(3,2),(4,5),(5,3)},                                                                                                               

Agric.Sc = {(1,2),(2,5),(3,3),(4,1),(5,4)},                                                                                                          

Tech.Drawing = {(1,3),(2,1),(3,4),(4,2),(5,5)},                                                                                                         

Home.Econs = {(1,4),(2,2),(3,5),(4,3),(5,1)},                                                                                                                   

French = {(1,5),(2,3),(3,1),(4,4),(5,2)} 

For Latin square 3,                                                                                                                                                        

Literature = {(1,1),(2,3),(3,5),(4,2),(5,4)},                                                                                                                 

Government = {(1,2),(2,4),(3,1),(4,3),(5,5)},                                                                                                              

Economics = {(1,3),(2,5),(3,2),(4,4),(5,1)},                                                                                                                    

Accounts = {(1,4),(2,1),(3,3),(4,5),(5,2)},                                                                                                                                

Igbo = {(1,5),(2,2),(3,4),(4,1),(5,3)} 

For Latin square 4,                                                                                                                                                             

CRS = {(1,1),(2,2),(3,3),(4,4),(5,5)},                                                                                                                                       

Further maths = {(1,2),(2,3),(3,4),(4,5),(5,1)},                                                                                                                  

Yoruba = {(1,3),(2,4),(3,5),(4,1),(5,2)},                                                                                                                           

Housa = {(1,4),(2,5),(3,1),(4,2),(5,3)},                                                                                                                        

Commerce = {(1,5),(2,1),(3,2),(4,3),(5,4)} 

 

6.  VARIETY CONCURRENCE GRAPH OF THE (5 × 5)/4 TROJAN SQUARE 

MODEL 

 Bailey (1992) defined a Trojan square as a special type of semi-Latin square whose 

variety-concurrence graph is a complete k-partite graph with no multiple edges. Figure 2 

shows the variety-concurrence graph for the proposed model. 

 
Figure 2: A 4-partite Variety-Concurrence Graph for the (5 × 5)/4 Trojan square 

Model 
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7.  MODEL EFFICIENCY TEST  
 An (n × n)/k semi-Latin square T can be assessed for efficiency just as an 

incomplete-block design with n
2
 blocks of size k and nk treatments each occurring n times. 

The incidence matrix , N, of T is the nk × n
2
 treatment-by-block matrix whose entry in row t 

and column b is the number of times that treatment t occurs in block b.(see Ukekwe, Chigbu 

and Ikekeonwu, 2006).  

Definition 7.1 : According to Soicher (2012) an (n × n)/k semi-Latin square is an (nk,n
2
,n,k) 

block design whose information matrix  A* = Ink – (nk)
-1

 NNʹ, where Ink is the n × k identity 

matrix. The eigenvalues of A* is the all-1 vector comprising of real numbers in the interval 

[0,1]. The canonical efficiency factors are the eigenvalues of A*, excluding zero eigenvalue. 

The efficiency of a semi-Latin square could be measured by the A-, D- and E- optimality 

criteria.  

Definition 7.2: The A-optimality maximizes the harmonic mean of the canonical efficiency 

factors and it is given as: 

    A = (t – 1)    ………………………equation 1 

If the harmonic mean of the canonical efficiency factors of the proposed model is at least as 

large as any other comparable design, then the proposed model is said to be A-optimal. 

Definition 7.3: The D-optimality maximizes the geometric mean of the canonical efficiency 

factors and it is given as: 

    D =   ………………………………….eguation 2 

If the geometric mean of the canonical efficiency factors of the proposed model is at least as 

large as any other comparable design, then the proposed model is said to be D-optimal. 

Definition 7.4: The E-optimality on the other hand maximizes the minimum of the 

canonical efficiency factors and it is given as: 

    E = min(e1, e2,…,et-1) …………………………..equation 3 

If the smallest canonical efficiency factor is at least as large as that of any other comparable 

design, then the proposed model is said to be E-optimal. 

8.  JUSTIFICATION OF THE MODEL 

 The Incidence matrix and the Concurrence matrix of the Model are shown in Table2 

and Table3respectively. 
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Table 2: Incidence Matrix of the Model  

l  

 

Table 3: Concurrence Matrix of The model 

 
 

Using the Mathlab version 5.3 computational software, we computed the information matrix 

A*  and obtained the canonical efficiency factors given as:  

    0.75 with multiplicity 16                                                                                                                                       

    1 with multiplicity 3.  
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This is in accordance with Bailey (1992) which propounded that any (n × n)/ k Trojan 

square has nk – 1 number of canonical efficiency factors with multiplicity k(n-1) and 1 with 

multiplicity  k -1.  

 Using the obtained canonical efficiency factors and applying equations 1, 2 and 3, 

we have the results shown in Table 4. 

    Table 4: Optimality Test Results  

Optimality Criteria Obtained Value 

A-Optimality 0.7808 

D-Optimality 0.7850 

E-optimality 0.7500 

 

9. CONCLUSION AND RECOMMENDATIONS                                                                            

           The results obtained for A-optimality, D-optimality and E-optimality test all 

show that the model has high optimality values. The efficiency of the model therefore could 

be said to be relatively high.  The fact that there is existing theoretical framework for the 

model (being that Trojan squares and its properties are known in literature) gives the model 

credence and assures a positive predictable result.  If Nigeria should adopt and implement 

this model on the secondary school learning structure, it will go a long way to improve the 

quality of our education at secondary school level. The issue of rural schools not having 

qualified subject teachers will be a thing of the past because the model does not restrict a 

subject teacher to a school. Again, subject teachers could plan and structure their lessons per 

topic and even have time to include assessment at the end of each lesson. Furthermore, 

Nigeria as a developing country is faced with numerous challenges including provision of 

basic learning aids and tools in their respective secondary schools, introduction of the 

proposed model will lead to proper management of the limited teaching materials in the 

schools. The model was implemented for the senior secondary school but it can easily be 

extended for both senior and junior categories.  
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