
THE RELATIONSHIP BETWEEN STUDENTS’ ACHIEVEMENT 

IN IDENTIFIED CHEMICAL CONCEPTS AND THE BALANCING 

CHEMICAL EQUATIONS 

 
 
 
BY 

 

 

ODOH COMFORT OJELA (MRS) 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE 

REQUIREMENTS FOR THE AWARD OF MASTER OF 

EDUCATION DEGREE IN SCIENCE EDUCATION 

(CURRICULUM AND INSTRUCTION) 

FACULTY OF EDUCATION AHMADU BELLO UNIVERSITY, 
ZARIA, NIGERIA 

JANUARY, 2000



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



v i  

 

ABSTRACT 

Science as the bedrock of technological advancement is very important 

in national development. This has been pointed to in previous research 

studies and results of Senior Secondary Certificate Examinations. As a way to 

improve on the quality of Science Education, this study was undertaken to find 

out the relationship between students’ achievements in identified chemical 

concepts and balancing of chemical equations. 

The sample of the study consisted of 180 SS II chemistry students from 

six Senior Secondary Schools in Otukpo Local Government Area of Benue 

State. The population of the study comprised fourteen Senior Secondary 

Schools in Otukpo Local Government Area. The data for the study was 

collected by the use of test scores with a reliability coefficient r = 0.70. 

The Pearsons’ Product Moment Correlation Coefficient was used to test 

the stated hypotheses of the relationship between the understanding of 

chemical concepts and students’ achievement in balancing chemical 

equations. Also t- test statistic was used. These were tested at P = 0.05 level of 

significance. 

The findings of the study were as follows:- 

(i) There was a significant relationship between the understanding of 

the identified chemical concepts and students’ competency in 
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balancing chemical equations. 

(2) There was significant relationship between boys’ understanding of 

identified chemical concepts and their achievement in balancing 

chemical equations. 

(3) There was significant relationship between girls’ understanding of 

identified chemical concepts and their achievement in balancing 

chemical equations. 

(4) There was significant difference in the mean score of students in the 

identified chemical concepts and their mean score in balancing 

chemical equations. 

(5) There was significant difference in the mean scores of boys and 

girls in balancing chemical equations. 

(6) The identified chemical concepts serve as pre-requisites for 

competence in balancing chemical equations. 

Based on the findings from the study, recommendations were made that 

were considered useful in improving the quality of instruction and 

understanding in chemistry; especially in the important area of balancing of 

chemical equations.
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freedom in the solution where chemical reactions take place and to know the amount 

of degree of freedom, he formulated a formula as 

degree of freedom = unknown - equations 

The unknown referred to the number of reactants and products minus one and 

the equations referred to the umber of different elements participating in the reaction 

process. According to him, where the difference is 1, there is one degree of freedom 

and such a solution is called a one parameter family of solutions where the difference 

is two (2), it is called a two paramter family of solutions etc. on the other hand, if the 

number of unknown is less than the equation, there is usually no balance since the 

system is over-prescribed with the number of equations grater than the number of 

unknowns, for example: 

CH4 + 302 + H2 -» C02 + 4H20 

Unknown = 4 (i.e. number of 

reactants and products -1 i.e. 

5 - 1 )  

Equations = 3 

(i.e number of different elements) 

Degree of freedom = unknown - Equations = 4-3 = 1. 

Hence it is a one parameter family of solution. 

Studies on balancing of chemical equations are virtually absent from the 
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experience of this researcher in the literature of science education in Nigeria. 

However, Bello, (1990) carried out a related study dealing with chemistry students’ 

errors in stoichiometric problems. He found that a good working knowledge of 

chemical formula and equations is essential for the understanding and appreciation of 

stoichiometric problems in chemistry. In his work, he constructed a twenty multiple-

choice items test which he administered on twenty- three preliminary science students 

who registered for chemistry courses at a College of Education in Oyo State of 

Nigeria. From his findings, he showed that Nigeria Senior Secondary Students have 

difficulties in writing correct chemical formula and equations and hence display 

inability to solve stoichiometric problems. He suggested that if students are provided 

with a good learning climate, they are more likely to profit from instruction. 

2.7 GENERAL RELATED DIFFERENCES AND SCIENCE LEARNING 

Gender related differences in science learning has become one of the topical 

areas of contemporary science education research. To this effect, many studies have 

been carried out on gender related differences and school learning (Bock, et al; 1972, 

Kelly, 1978; Kahle, 1983; Becker, 1989 and Chira, 1992). It has been observed in 

science education that girls are achieving below the boys and that the differences are 

pronounced in the physical sciences and Engineering (Ostad, 1981; Hall, 1982, 

Welch, 1985 et al; 1987; Coe, 1990; Jegede and Okebukola, 1990, Ezenwa, 1993, 

Casey, et al; 1995). Studies have again revealed that boys achieve better grades in 

science courses at high school level. 

It is observed that males perceive the classroom environment to be more supportive 
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than do females (Bajah, 1979; Steinkam, 1982; Jegede and Okebukola, 1990). In 

Amercia, it was revealed that boys are better than girls at activities requiring 

manipulation such as balancing chemical equations regardless of the teaching 

method used (Babikan, 1971; Erickson and Erickson, 1984). 

It is believed that several factors such as personal, social, interest, teacher, 

instructional and spatial abilities contribute immensely to the sex differences. Since 

learning basically involves internal cognitive process for the learner, it is possible that 

the differences in science achievement have to do with teacher interaction with 

students. Studies have also shown that teachers speak more frequently to boys, ask 

them more higher order questions, praise boys for quality work and girls for neatness 

(Becker, 1981; Hall, 1982; and Versey, 1990). 

Casey, et al, (1995) attributes sex differences in science learning to differences 

in spatial abilities of males and females. On the other hand, conflicting data exist 

regarding the actual presence of such a gender difference (Ameh, 1980, Shuaibu, 

1982; Erickson and Erickson, 1984; and Clapan, et al; 1985). They believed that sex 

difference could be as a result of some cultural norms. From the review of literature on 

gender related differences and science learning, it has been revealed that extraneous 

variables contribute immensely to sex differences in science achievement. Literature 

seems to be relatively silent on gender related differences in relation to balancing of 

chemical equations. Thus, it is incorporated as an aspect of the study.

Many articles in the literature reviewed suggested that students need to have 

certain pre-requisite knowledge of chemical concepts before they can correctly 

balance chemical equations. This implies that the understanding of such chemical 



 

concepts will help students in the understanding and correct balancing of chemical 

equations. The literature also revealed that students who have prior knowledge of 

related chemical concepts to balancing chemical equations understand balancing of 

chemical equations better than those without prior knowledge. The implication of this 

is that if students are to have an understanding of balancing of chemical equations, 

they should have the knowledge of chemical concepts underlying the balancing of 

chemical equations. The literature revealed a number of instruments used in 

measuring students’ achievement in related studies. The literature will serve as a 

valuable guide in the design of instrument for this study as will be described in the 

next chapter. 

2.9 SUMMARY 

This chapter has attempted to review identified chemical concepts that 

students need to know in order to be competent in balancing of chemical equations. 

Winning more students for science especially in the physical sciences has been a 

major professional concern for STAN because of its adverse effect on the science and 

technological development of the country. However, poor performances in the science 

by science students still persist. This poor performance especially in chemistry has 

been attributed to students’ inability to v-correctlybalance chemicalequation,

 theunderstanding ofwhich depends on the

knowledge of some identified chemical concepts (Abdullahi, 1982; Schmidt, 1984; Savoy, 

1988; Hines. 1990 and Glaister, 1996). 
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There is evidence from literature that this topic could be taught meaningfully thereby 

making it fascinating to students. Within the limits of the available literature, it is shown that 

balancing chemical equation using Savoy’s approach would to a large extent positively 

influence its understanding. 

Studies on balancing chemical equations are mainly foreign relative to the Nigerian 

situation. The study therefore hopes to contribute to enrich the rather shallow pool of 

information regarding this important aspect of school chemistry teaching in Nigeria. 

CHAPTER THREE METHOD AND PROCEDURE 

3.1 INTRODUCTION 

The purpose of this chapter is to describe the method and procedure for conducting 

this research. It consists of the research design, sample and sampling procedure, 

instrument design and procedure for its administration and the statement of procedure for 

analysis of data. 

3.2 POPULATION 

The population comprises all senior secondary schools in Otukpo Local 

Government Area of Benue State that offer the basic science subjects. There are a total of 

fourteen senior secondary schools which comprises day and boarding schools. Among 

these schools, there are three state government-owned schools, students intake for which 

covers the whole state. One is a Federal Technical College with student intake from all 

over the federation. Five of the schools are owned by voluntary agencies while the 

remaining five are owned by communities and private individuals. Also, seven of the 

schools are co-educational, four are only boys and three are only girls. The names of the 



 

schools are given in table 3.1 below. 
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Figure 3.1 in appendix 1 gives the map of Benue State with Otukpo Local 

Government Area showing the study area. 

3.3 RESEARCH DESIGN 

The research design adopted for this study is Ex-post-facto research design. 

This design is a systematic empirical inquiry in which researcher does not have direct 

control of independent variables because their manifestations have already occurred 

or because they are inherently not manipulate. Here, inferences about relations 

among variables are made without direct intervention from concomitant variation of 

independent variables. The researcher chose this research design due to the fact that 

she lacks direct control of the independent variables as well as its experimental 

manipulation. This is because the manifestation of the independent variable had 

already taken place with the

TABLE 3.1: NAMES OF SENIOR SECONDARY SCHOOLS IN OTUKPO LOCAL 

GOVERNMENT AREA 
S/NO NAMES OF SCHOOL LOCATION SEX URBAN/RURAL 
1 Govt. Model Sec. School Otukpo Boys Urban 
2 Govt. Comp. Sec. Sch. Atlo Mixed Rural 
3 Govt. Day Sec. Sch. Otukpo Boy Urban 
4. Ujor Memorial College Oglewu Mixed Rural 
5. St. Paul Sec. Sch. Otukpo Mixed Urban 
6 St. Francis College Otukpo Boys Urban 
7 St. Anne Sec. Sch. Otukpo Girls Urban 
8 St. Monica Girls. Sec. Sch. Otukpo Girls Urban 
9 Wesley High School Otukpo Mixed Urban 
10 Federal Tech. College Otukpo Boys Urban 
11 Ewulo College Ewulo Mixed Rural 
12 Holy Rosary College Adoka Girls Rural 
13 Opkeje Community Sec. Sch. Adoka Mixed Rural 
14 Ugboju Comm. Sec. Sch. Okpanchenyi Mixed Rural 
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researcher having nothing to do with its occurrence. The design is related to this study 

because it is assumed that the identified chemical concepts (independent variables) 

underlying the balancing of chemical equations have been taught by the chemistry 

teachers of the sampled schools. This study used a parametric statistical technique 

because the data used are continuous data. Thus, the Pearson Product Moment 

Correlation Coefficient (PPMC) and t-test distribution are used. 

3.4 SAMPLE AND SAMPLING PROCEDURE 

In order to have a proportionate number of boys and girls, students with similar 

classroom environment, the schools were first classified according to the type of 

school/sex. The schools were selected by stratified random sampling to ensure a fair 

representation of the various types of variables of interest of this study. 

Shuaibu, (1981) and Abah, (1982) observed that stratified random sampling 

ensures that variabilities in subjects such as level of intelligence, social background of 

subjects is essential since gender is one of the variables of interest as stated in 

hypotheses in section 1.5. 

Out of the seven co-educational senior secondary schools in the chosen Local 

Government Area, four were selected by the use of a table of random numbers 

(Kerlinger, 1973). Also one school was selected from the four male schools and one 

from the three female schools making a total of six schools by the same method. 

Based on this selection procedure, the selected schools, y gender and the

 type ofschoolsarelisted below in Table 3.2.



TABLE 3.2: SAMPLED SCHOOLS FOR THE STUDY 
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Thirty (30) senior secondary II chemistry students were randomly selected for the 

purpose of the study from each school. Thus, a total sample of one hundred and eighty (180) 

chemistry II students were drawn by the use of a table of random numbers from the six 

sampled schools. 

3.5 INSTRUMENTS FOR DATA COLLECTION 

The instruments used for the purpose of data collection were standardized tests. 

These are described in the following two sub-sections 3.5.1 and 3.5.2. 

3.5.1 THE CHEMICAL EQUATION ACHIEVEMENT TEST (CEAT) 

This consists of two (2) sets of tests on balancing of chemical equations.
Test 1: Unbalanced Equation Test 

Test one comprised seven (7) equations of differing complexity which involved 

straightforward balancing. These chemical equations were written correctly but in the 

unbalanced form and students were required to correctly balance them. Some of the 

S/No Names of School Location Sex Urban/ 
Rural 

No. of Students 

     Male Female Total 

1. Govt. Model Sch. Otukpo Boys Urban 30 - 30 

2 Ewulo College Ewulo Mixed Rural 22 8 30 

3. Govt. Comp. Sec. Sch. Atlo Mixed Rural 18 12 30 

4. St. Monica Girls Sec. 
Sch. 

Otukpo Girls Urban - 30 30 

5. St. Paul Secondary 
School 

Otukpo Mixed Urban 21 9 30 

6. Ujor Memorial college Oglewu Mixed Rural 24 6 30 

Total 115 65 180 
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chemical equations might not necessarily represent chemical reactions that actually 

occur in nature. Note that the equation Na + H2 ->• NaH does not actually represent a 

natural chemical phenomenon but was used to elicit the knowledge being tested in 

balancing chemical equations. 

Test II: Error/Correction Type Test 

This section consisted of the error/correction type of test. Ten (10) 1

 chemical equations, each containing a given number of formulae errors was given 

to the subjects. It was expected of them to: 

(i) spot the error; 

(ii) correct them and 

(iii) rewrite the equations correctly in the balanced form. 

3.5.2 THE CHEMICAL CONCEPTS ACHIEVEMENT TEST (CCAT) 

This consisted of a multiple choice items on the chemical concepts underlying 

students’ competency in balancing chemical equations. The multiple choice test 

comprised twenty items which covered all the identified chemical concepts that 

underline the balancing of chemical equations and ten items on chemical equation 

balancing.



3.6 RELIABILITY AND VALIDATION OF INSTRUMENTS 
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SKATS' 

3.6.1 RELIABILITY OF INSTRUMENTS 

The achievement tests (CEAT and CCAT) items were administered to senior 

secondary II chemistry students in Makurdi metropolis to ensure that they were 

appropriate for SS II chemistry students. This was carried out on twenty (20) SS II 

chemistry students in each of the two schools that were used for the pilot study. It was 

assumed that these students have been exposed to the topic on chemical equations. 

The two schools were far (about five kilometres) away from each other so as to avoid 

interference of extraneous variables such as subject interaction. The researcher 

selected twenty students randomly which brought the total to forty. The scripts were 

marked to check for the achievement of students in both chemical concepts and 

balancing of chemical equations. The reliability coefficient ® was computed using the 

split half method and gave the value of 0.78. the aim of this pilot study was to find out: 

(i) how feasible the study would be and 

(ii) how appropriate the test items were. 

3.6.2 VALIDATION OF INSTRUMENTS 

The Chemical Equation Achievement Test (CEAT) was adopted from the work 

of Savoy, (1988) and Hines, (1990) while the Chemical Concept Achievement Test 

(CCAT) was adapted from standard recommended chemistry texts and external 

examinations. To ensure the validity of the tests, each test item was examined by two 

university chemistry teachers, three chemistry teachers in the secondary schools and 

one chemistry education expert to ensure that they are 

*4 SHM ISRAfftM
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related to the research question/hypotheses (i.e that the tests are able to produce the 

desired result in the study) and that they measure what they are intended to measure. 

The CCAT items covered questions on the various selected concepts for the study 

and also balancing of chemical equations. 

3.7 PROCEDURE FOR DATA COLLECTION 

The data for the study was collected from the six selected senior secondary 

schools. The researcher went personally to each of the sampled schools to administer 

the test so as to avoid malpractices during the tests. This approach has helped to 

maintain uniformity by using the same method and procedure of administration to all 

the students in the various schools. 

7 First, the researcher inquired from both the teachers and the students 

whether the concepts and balancing of chemical equations have been taught after 

which the two tests (CEAT and CCAT) were administered to thirty (30) SS II chemistry 

students in each sampled school at a seating, one after the other. The necessary 

instructions needed for the successful completion of the tests were clearly stated and 

explained to the students before the commencement of the tests. In order to minimize 

test anxiety, the researcher gave the tests with the help of the class teacher. The tests 

were conducted in the laboratory so as to avoid interference with the normal class 

periods. The students were given enough time to complete the items. The fastest 

student finished within forty-five minutes and the slowest student in one hour, fifteen 

minutes. The coefficient of determination (r2) was used to measure the effect of the 

independent variable on



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


