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ABSTRACT

This study investigated the effect of partitive variation teaching strategy on pupils’
motivation and academic performance in basic five algebra in Benue state, Nigeria.
The quasi experimental, pretest-posttest design was adopted for the research. Four
schools were systematically selected in Zone B education zone of the state. There
were 113 pupils (54 male, 59 female) in the experimental group and 141 pupils (77
male, 64 female) in the control group. Two research questions and two hypotheses
quided the study. There were two instruments used for the study: the algebra
performance test (APT) which was an objective test and the Algebra Motivation
Questionnaire (AMQ). These were administered on the respondents before and
after teaching using carefully prepared lesson plans for both groups of pupils. The
experimental procedure took 6 weeks from training to completion. The data
collected were analysed using SPSS for Windows analytical software. Means and
standard deviations were used to answer the research questions. The multivariate
analysis of covariance (MANCOVA) was used to compare the means of motivation
ratings, while analysis of covariance CANCOVA) was used to test the hypotheses at
0.05 level of significance. Findings revealed that there was statistically significant
difference F (6,490) = 44.64; P = 0.00 < 0.05 in the mean motivation ratings and
mean performance F (3,245) = 43.12; P = 0.00 < 0.05 between the experimental
and control groups. The study concluded that the partitive variation teaching
strateqy motivates pupils and improves algebra performance among Basic 5 pupils.
Keywords:partitive variation, motivation, performance, algebra, Basic school

INTRODUCTION

Mathematics education undoubtedly takes center stage in a world of
unending scientific and technological advancements, as human kind
continually seeks answers to questions about its needs and those of the
society. Countries continue to place premium on the teaching and
learning of school mathematics. Students need to acquire mathematical
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knowledge and skills to compete and survive in life as well contribute
their own quota to their immediate society and the world at large. These
skills include logical reasoning, problem solving, and the ability to think
in abstract ways. The challenge in education today however, is to
effectively teach students of diverse ability and different pace of learning
so they are able to learn mathematics by developing positive motivation
and improved performancesin mathematics learning.

Motivational theories seek to investigate what gets individuals to move
towards what activities and to describe the characteristics of these
activities (Pantziara&Philipou, 2015). Motivation is defined as an
internal state that arouses, directs, and maintains behavior, but simply
stated motivation is 3 reason of students’ thinking in a given situation
(Garut, 2011). Motivation may also be seen as a theoretical concept
utilized to clarify human behaviour. It provides the motive for human
beings to react and fulfill their needs (Gopalan, Bakar, Zulkifli, & Mat,
2017). The question of how to motivate students in the classroom has
become a leading concern for teachers of all disciplines.

Addressing the issue of content, |ji and Omenka (2015) found that the
responses of the subjects involved in their study showed poor agreement
in the classifications of the mathematics concepts in algebra, number
and numeration, geometry, trigonometry and statistics. The high rate
of failure in public examination in Nigeria remains a huge problem to
researchers, teachers and indeed all stakeholders in education. Studies
have identified factors responsible for the high rates of failure to include
among others, students’ negative attitude to the subject, lack of
qualified teachers, inadequacy of teachers, lack of necessary learning
skills, specialized lanquage of the subject and inadequate and unsuitable
textbooks. Also, it has been established that there is a significant
relationship between teachers’ method of teaching, teachers’ attitude
and students’ achievement in mathematics (Avong, 2013; Daso, 2013).

The variation teaching strateqy which is based on the variation theory is
one of those novel teaching strategies employed by mathematics
teachers. Variation theory is a theory of learning and experience that
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explains how a learner might come to see, understand, or experience a
given phenomenon in 3 certain way and why two students sitting in the
same class might come to understand a concept differently. It is a
necessary component in teaching in order for students to notice what is
to be learned (Bussey, Orqill&Crippen, 2012; Learning Project Team of
HKU, 2011; Kullberg, Kempe&Marton, 2017).

Lai and Murray (2013) opine that procedural variation is derived from
three forms of problem solving in algebra: Varying a problem;
extending the original problem by varying the conditions, changing the
results and generalization.Partitive Variation Teaching Strategy (PVTS) is
when a part or parts of 3 particular problem are held constant, while
other parts are changed. For example, given y = 2, evaluate:

3. dy

b. 5y -3
c. 5y2-3
d. 5y*)? -3

It can be used to address individual differences in the classroom by
allowing students to draw upon their personal experiences and apply
them in their learning (Cheng, 2016).Random Variation Teaching
Strategy (RVTS) on the other hand refers to the teaching of algebra, in
which cases, entire set of problems come with a varied structures.For
example, given thaty = 2, evaluate:

3. x+5
b. 4x -9
c. 32 +7

d. 9(x-2)

The object of learning for both examples is to evaluate algebraic
expressions by substituting letters for numbers. A mathematics
pedagogy that is rooted in variation is one that purposefully provides
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learners with the means to experience variation through strategically
designed activities in order to create 3 mathematically rich learning
environment that allows learners to discern the object of learning. It is
defined by its critical features that must be discerned in order to
constitute the meaning aimed for. So as a pedagogic approach, a pattern
of variation is 3 useful tool for structuring teaching to make the
learning of the object of learning possible (Mhlolo, 2013). This
ultimately leads to improved performances as evidenced by a number of
studies.

The study by Ifelunni, Ugwu, Aneke, Ibiam, Ngwoke, Ezema, Charles,
Oraelosi, & Ede (2019) investigated motivation as a determinant of
academic achievement of primary school pupils in Mathematics in
South-East, Nigeria. A population of 357,115 primary 5 pupils in all the
5,378 public primary schools in South-East, Nigeria was used for the
study. The sample for the study comprised 400 primary 5 pupils. The
findings of the study revealed, among others that there is a significant
correlation between intrinsic motivation and primary school pupil’s
academic achievement. Liu (2018) carried out a study on “Potential
reciprocal relationship between motivation and achievement: A
longitudinal study”. It included students from 1,052 high schools across
the United States. Motivation had a greater influence on follow-up
mathematics achievement (0.079, p<0.001). Jing, Tarmizi, Bakar and
Aralas (2017) investigated the effect of utilizing Variation Theory Based
Strategy on students” algebraic achievement and motivation in learning
algebra. The study used quasi-experimental non-equivalent control
group research design and involved 56 Form Two (Secondary Two)
students in two classes (28 in experimental group, 28 in control group)
in Malaysia. Result from analysis of covariance (ANCOVA) indicated
that the experimental group students achieved significantly better test
scores than the control group. In addition, result of Multivariate
Analysis of Variance (MANOVA) also showed evidences of significant
effect of VTBS on experimental students’ overall motivation. These
results sugqested the utilization of VIBS would improve students
learning in algebra. Effect of integrated curriculum delivery strategy on
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secondary school students’ achievement and retention in Algebra in
Benue state was experimented by Anyor and lji (2010). The population
comprised 1,368 Senior Secondary 1 students out of which 149 were
purposively sampled. The study found among other things that
Integrated Curriculum Delivery Strategy (ICDS) enhanced students’
achievement and retention in algebra taught during the course of the
study. The ICDS highlighted the importance of creativity which is akin
to the partitive variation teaching strategy, in the teaching and learning
of algebra in schools. These empirical studies provided gaps and
conclusions which were further investigated in the present study.

The following research questions quided the study:

i. What is the effect of the PVTS on the mean motivation ratings of
Basic 5 pupils as compared to those taught using the RVTS?

ii. What is the effect of the PVTS on the mean algebraic performance of
Basic Spupils as compared to those taught using RVTS!

Two corresponding null hypotheses were formulated and tested at 0.05
level of significance:

i. There is no significant effect of the PVTS on the mean motivation
ratings of Basic 5 pupils as compared to those taught using the RVTS.

ii. There is no significant effect of the PVTS on the mean algebraic
performance of Basic Spupils as compared to those taught using
RVTS.

MATERIAL AND METHODS

The quasi experimental, pretest-posttest, control group design is
adopted for the study. This design is seen as suitable due to the inability
to manipulate and randomize the respondents who were primary school
pupils studying in Basic Five. Denga (2017) posited that quasi-
experimental studies are conducted under conditions that do not permit
control, manipulation of variables or random selection. Random
assignment can be achieved but the intact groups coupled with
administrative constraints (random selection may lead to a disruption
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of school organization and classes) do not allow randomization, control
or manipulation. It is an investigation of the effectiveness of a teaching
method where random selection of subjects is not possible being a good
example, in this study, the Partitive Variation Teaching Strategy.

The area of study is Benue Education Zone B, also called Benue North
West Senatorial Zone. The population comprised20,895 pupils from
1,804 primary schools in Zone B education zone of Benue state (SUBEB,
Makurdi, 2019). The sample for this study was 254 pupils. There was 3
total of 113 pupils (54 male and 59 female) in the experimental group,
while the control group had 141 pupils (77 male and 64 female).

Procedure Methodology

The study made use of 2 instruments: Algebra Motivation
Questionnaire (AMQ) and the Algebra Performance Test (APT). The
AMQ was 3 30-item motivation questionnaire containing both
pleasant (positively skewed) and unpleasant (negatively skewed) items,
designed by the researcher. The Algebra Performance Test (APT) was 3
20-item test set by the researcher. There were 2 sets of lesson plans for
the research in each sub-topic treated, one for the Partitive Variation
Teaching Strateqy (experimental group) and the other for the Random
Variation Teaching Strateqy (control group). Some lesson plans were for
a period of 1 hour, while others were for 30 minutes.

Statistical Analysis

The means and standard deviations of the variables studied were used to
answer the research questions. The Analysis of Covariance (CANCOVA)
was used to test the hypotheses relating to students’ algebraic
performance. Motivation on the other hand, was analysed using
Multivariate Analysis of Covariance (MANCOVA) with data obtained
from the AMQ. Both hypotheses were tested at 0.05 level of
significance.

RESULT

The data is presented according to the objectives of the study. This is
done by placing data for a research questions first and followed
immediately by the corresponding hypothesis.
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Research question one: What is the effect of PVTS on the mean ratings
of Basic 5 pupils’ motivation as compared to those taught using the
RVTS?

Table 1:Descriptive statistics for mean motivation ratings in the experimental and control
groups

Experimental (N =113)  Control (N =141)

Motivation Mean Std. Dev. Mean Std. Dev.
Posttest Attention 3.62 0.25 2.26 0.38
Relevance 3.29 0.34 2.73 0.38
Confidence 3.04 0.42 2.85 0.43
Satisfaction 3.10 0.44 2.86 0.37
Interest 3.22 0.35 2.71 0.41
Total 3.26 0.42 2.68 0.45
Pretest Attention 2.49 0.37 2.36 0.32
Relevance 2.84 0.35 2.56 0.30
Confidence 2.94 0.43 2.90 0.42
Satisfaction 2.91 0.42 2.83 0.43
Interest 2.94 0.41 2.67 0.37
Total 2.83 0.43 2.66 0.42

Results in 7able 7 display the means and standard deviations of the
responses with respect to motivation of pupils in the experimental and
control groups. It reveals that in the experimental group, the pupils
consistently improved individually and in the total means (2.83 to 3.26)
while the standard deviation got smaller from 0.43 to 0.42 which shows
an improvement in the data distribution across the sub-scales of
attention, relevance, confidence, satisfaction and interest. Results in the
table also illustrate the means and standard deviations of the responses
with respect to motivation of pupils in the control group. It reveals that
the pupils appear to have responded in a similar fashion individually and
in the total means (2.66 and 2.68). The standard deviations were 0.42
and 0.45 across the sub-scales of attention, relevance, confidence,
satisfaction and interest. The standard deviations in both groups showed
elements of homogeneity in their responses.
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Figure T: Bar chart for mean motivation ratings in the experimental and control groups

The figure is a pictorial representation of Table 1. It displays the means
and standard deviations of the experimental group in blue and red
respectively, while the means and standard deviations of the control
group are displayed in green and purple respectively.

Table 2: Descriptive statistics for the motivation responses of pupils in the four sub-groups

Group Mean Std. Deviation N
Posttest Experimentalt 3.26 0.22 71
Experimental2 3.25 019 42
Control1 268 0.27 34
Control2 268 0.27 107
Pretest Experimentalt 2.81 0.28 71
Experimental2 286 0.24 42
Controlt 267 0.25 34
Control2 266 0.24 107

Results in Table 2 show that the mean responses of the pupils in
Experimental Group One increased from 2.81 in the pretest to 3.26 in
the posttest, with standard deviations of 0.28 and 0.22 respectively. In
the Experimental Group Two, the pupils had a mean response on 2.86 in
the pretest and increased to 3.25 in the posttest, with standard
deviations of 0.24 and 0.19 respectively. In the Control Group One, the
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pupils had mean response of 2.67 in the pretest and 2.68 in the posttest
with standard deviations of 0.25 and 0.27 respectively. The mean
response of the pupils in Control Group Two was 2.66 with 3 standard
deviation of 0.24, in the pretest and mean of 2.68 and standard

deviation of 0.27 in the posttest, this demonstrated an almost static
response in the control group.
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Figure 2: Bar chart for the motivation responses of pupils in the four sub-groups
The bar chart in Figure 2 illustrates the mean and standard deviations of

the mean motivation ratings of the pupils in the experimental and
control groups as individual groups.

Table 3:Summary descriptive statistics for mean motivation ratings
according to the experimental and control groups

Pretest Posttest
Group N Mean S.D. Mean S.D. Mean Gain
Experimen’cal 113 2.83 0.43 3.26 0.42 0.43
Control 141 2.66 0.42 2.68 0.45 0.02
Mean difference 0.17 0.58 0.41

The experimental and control groups had a mean motivation rating of
2.83 and 2.66 in the pretest respectively with 3 mean difference of 0.17
in favour of the experimental group. The data also showed that the
pupils in the two groups had corresponding means of 3.26 and 2.68 in
the posttest, this gave a mean difference of 0.58, also in favour of the
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experimental group. There was a mean qain of 0.43 for the experimental
group to the control group’s mean qain of 0.02, which qave rise to a
mean qain difference between the groups of 0.41. The standard
deviation for the experimental group (0.42) was smaller than those of
the control group (0.45) in the posttest; this indicates that the
responses of the pupils in the experimental group were more
homogenous than those in the control group. This depicts a positive
effect of the PVTS motivation of pupils in learning algebra among the
sample of pupils, to answer the research question.

Hypothesis one: There is no significant effect of the PVTS on the mean
motivation ratings of Basic 5 pupils as compared to those taught using
the RVTS

Table 4:Summary of multivariate tests for mean motivation ratings between the
experimental and control groups

Hypothesis
Effect Value F df Errordf  Sig.
Groups Pillai’s Trace 0.59 33.94 6 492 0.00
Wilks’ Lambda 0.42 44.64 6 490 0.00
Hotelling’s Trace 138 56.26 6 488 0.00
Roy’s Largest Root 138 112.93 3 246 0.00

The data is interpreted using Wilks” Lambda, the recommended measure
(Lund & Lund, 2020) for a multivariate statistic (MANCOVA) for the
study. Data in 73ble 4 shows that there is 3 statistically significant
difference F (6, 490) = 44.64 and p = 0.00 < 0.05 in the mean
motivation rating of the respondents. The research hypothesis one is
therefore rejected, which implies that the mean motivation ratings of
pupils taught using the PVTS differ significantly from those taught using
the RVTS. This suggests that the pupils showed greater attention,
relevance, confidence, satisfaction and interest in the learning of algebra
when taught using the intervention strategy.
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Research question two: What is the effect of the PVTS on the mean
score of Basic 5 pupils” algebraic performance as compared to those
exposed to RVTS!

Table 5:Descriptive statistics showing the mean scores at APT in the experimental and
control groups in terms of the four sub-groups

Group Mean Std. Deviation N
Posttest Experimentalt 18.99 774 71
Experimental2 21.05 9.95 42
Controlt 9.82 3.79 34
Control2 9.81 3.69 107
Pretest Experimentalt 11.10 570 71
Experimental2 8.86 258 42
Control1 8.38 3.04 34
Control2 7.48 3.54 107

Results in Table 5 reveal the means and standard deviations of the 4
sub-groups in terms of the algebra performance test. The Experimental
Group One had a mean of 1110 in the pretest with a standard deviation
of 570 and a mean of 18.99 and standard deviation of 7.74. The
Experimental Group Two had a mean of 8.86 and 21.05 in the pretest
and posttest respectively, with standard deviations of 2.58 and 9.45. The
Control Group One had a mean of 8.38 in the pretest and 9.82 in the
posttest, with standard deviations of 3.04 and 3.79 respectively. The
Control Group Two had a mean of 7.48 in the pretest and 9.81 in the
posttest, with corresponding standard deviations of 3.54 and 3.69
respectively. On the whole, the two groups demonstrated similar data
characteristics going by their standard deviations. However, there
appears to be a3 disproportionate data behaviour in Experimental Group
Two, where the standard deviation in the posttest appears abnormal to
the other results in relation to the mean and total number of
respondents.
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Figure 3: Bar chart showing the mean scores at APT in the experimental and control groups
in terms of the four sub-groups

The means in blue and standard deviations in red illustrate the scores of

pupils in the groups with respect to the pretest and posttest
performance.

Table 6: Summary descriptive statistics showing the mean difference between the
experimental and control group at APT

Pretest Posttest
Group N Mean S.D. Mean S.D. Mean Gain
Experimental 113 9.98 414 20.02 8.85 10.04
Control 141 7.93 3.29 9.82 374 1.89
Mean difference 2.05 10.20 8.15

Results in 73ble 6 shows that pupils in the experimental group had a
mean of 9.98 and 20.02 and standard deviation of 4.14 and 8.85 in the
pretest and posttest respectively; this gives a mean qain of 10.04 for the
experimental group. The control group on the other hand had a mean
performance score of 7.93 and 9.82 with standard deviations of 3.29 and
3.74 in the pretest and posttest respectively with 3 mean qain of 1.89.
There was 3 mean difference of 2.05 and 10.20 in the pretest and
posttest, and 8.15 in the mean gain. The standard deviations of the two
groups are an indication that the data sets share similar traits, because
they fall within the same side and partition of the normal curve. To
answer the research question, the PVTS appears to have caused an
increased algebraic performance in the APT by pupils in the
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experimental group as compared to pupils that were taught using the
RVTS.
Hypothesis two: The PVTS has no significant effect on Basic 5 pupils’
algebra performance mean score as compared to those taught using the
RVTS.

Table 7: Summary tests of between-subjects (experimental and control groups)
effects with respect to the APT using posttest as the dependent variable

Type Ill Sum of
Source Squares df Mean Square  F Sig.
Corrected Model 7433.87 38 929.23 2518 0.00
Intercept 4701.44 1 4701.44 127.42 0.00
APTpretest 939.46 1 939.46 25.46 0.00
Gender 54.74 1 54.74 1.48 0.22
APT 4773.41 3 159114 4312 0.00
Gender * APT 157.16 3 52.39 1.42 0.24
Error 9039.95 245 36.90
Total 67952.00 254
Corrected Total 16473.83 253

The analysis shown in 73ble 7 reveal that there was a statistically
significant effect, where F(3, 245) = 43.12 and P = 0.00 < 0.05 of the
PVTS when compared to the RVTS in the mean performance scores of
pupils. The null hypothesis is rejected which implies that the PVTS has 3
significant effect on Basic 5 pupils’ algebra performance mean score as
compared to those taught using the RVTS.

DISCUSSION

This study found 3 significant difference in the mean motivation ratings
of pupils in the experimental group and the control group in favour of
the experimental group which agrees with Jing, Tarmizi, Bakar and
Aralas (2017).The findings also agree withYakubu (2017) who found
that pupils with mathematics learning challenge in the treatment group
showed higher motivation than pupils in the control group. There were
evidences of significant effect of the partitive variation theory-based
strategy on experimental students’ overall motivation. This indicated
that the partitive variation teaching strateqy may be capable of
triggering both the intrinsic and extrinsic motivation of pupils in the
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middle basic level of education in Benue state, Nigeria. This was made
more consistent by the more improved mean motivation ratings in the
5 subscales of attention, relevance, comprehension, satisfaction and
interest, which the pupils in the experimental group consistent had
higher mean responses.

There was statistically significant difference in the performance of
students between the experimental group and the control group, which
agrees with Anyor and 1ji (2010) as well as Jing, Tarmizi, Bakar and
Aralas (2017). The positive interaction of organizational culture,
education in this case, and human resource management (teaching)
would result in self-esteem and self-actualization. Generally, it is agreed
that dispositions such as motivation, curiosity and perseverance can be
recognised when students persist at difficult tasks, take risks and exhibit
open mindedness (Al-Shara, 2015). The findings of this study also agree
withthose of Liu (2018) as well as Ifelunni, Ugwu, Aneke, Ibiam,
Ngwoke, Ezema, Charles, Oraelosi, and Ede (2019) that there is 3
significant influence of motivation or that there is 3 potential reciprocal
relationship between motivation and academic performance of students.
Garcia, Rodriquez, Betts, Areces and Gonzilez-Castro (2016) stated that
Mathematics  enjoyment or satisfaction  positively  predicted
mathematics achievement as has been confirmed in this study. Higher
motivation ratings which may be due to the partitive variation teaching
strateqy predicatedbetter algebraic performances among Basic school
learners.

CONCLVSION

This study concluded that pupils in the experimental group significantly
showed higher motivation ratings and consistently outperformed those
in the control group in the algebra performance test. The study further
concluded that the partitive variation teaching strategy may be useful
for the improvement of algebra teaching and learning in Middle Basic
(Basic 5) level of education in Benue state, which may be replicated in
other locations.
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ABSTRACT

The purpose of this study was to diagnose, using the Newman error analysis model.
The error committed when students solve quadratic equation using completing
square method. The target population was all 5S3 students in Nasarawa State public
schools. Three research questions and three hypotheses were answered and tested
respectively. Survey design was used for the study. Data collected was analysed using
student t-test. The result of the findings showed that all the students committed
errors at various stages of Newman model and there is no significance difference in
the means of errors committed by SS3 students that solved quadratic equation using
completing square method.

INTRODUCTION

The importance given to mathematics in the curriculum from primary
to the secondary level reflects the role played by mathematics in
contemporary society. It is in understanding of this that many countries
now resort to making comprehensive and well programmed efforts
towards effective teaching and learning of science and mathematics at all
levels of the educational system through the development and
implementation of improved programmes and projects (Azuka, 2001).
In most schools in Nigeria for example, the study of mathematics is
made mandatory for all students. In order to secure admission for most
courses at higher levels of education, a credit pass in mathematics is 3
pre-requisite. In spite of importance of mathematics in human
existence, students still perform poorly in the subject. Musa (2014)
stressed that West African Examination Council (WAEQ) results in
mathematics between 2004 and 2013 attest to the candidates’ poor
performance. In this period, the percentage credit pass and above in
mathematics at the Senior Secondary Certificate Examination (SSCE)
level ranges about 40% pass. The West Africa Examination Council
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(WAEQC) Chief Examiners Report consistently reported lack of skill in
answering almost all the questions asked in general mathematics. The
most affected areas include, geometry of 3-dimensional problems,
algebraic expression (quadratic equation) and words problems in
equations, statistics and percentage errors to mention a few. In specific
terms the examiners reported students’ weaknesses in quadratic
equation. Some areas of the syllabus that were also reported to be
poorly attempted by candidates were the reading and drawing of
quadratic graph among others. The weakness is also evident in the Chief
Examiners’ reports of WASSCE 2012, 2013, 2015, 2016 and 2018.In
view of these general weak performances of students in mathematics,
efforts are being made every now and then by mathematics educators at
various quarter to bring mathematics teaching and learning meaningful.
This is observed in the trends of workshops for teachers of mathematics
and different research works in areas of teaching, student achievement
in mathematics, attitude of students towards the subject and strategies
to improve on the teaching and learning of mathematics. Learners are
evaluated thereof on the way they conceive the concepts in
mathematics and the quality of teaching. This will help to reveal learner
errors and misconceptions (Riccomini, 2005). According to Riccomini,
Mathematics teachers do not treat learner errors committed when
solving mathematical problems seriously. He also said teachers do not
have courage and patience to investigate learners’ errors and problems
experienced in solving mathematical problems.

Error can be defined here as a way of doing a thing wrongly. Reviewing
the research method on errors, specifically, classifying students’ errors
based on the step of solving problems or the sources of difficulties in
solving problems. Students correctly follow wrong algorithms, which is
contrary to many teachers views that students wrongly follow an
algorithm. This study focuses on where the error originated, which is
linked between conceptual and procedural knowledge. One of the main
methods used to analyze student’s errors is to classify them into certain
categorization based on analysis of students’ mistakes. The errors are
classified in terms of Language difficulties, difficulties in the processing
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iconic and visual representation of mathematical knowledge, deficiency
in the requisite skill, facts, and concepts; for example, student may
forget or be unable to recall related information in solving problems,
incorrect association rigidity; that is neqative transfer caused by
decoding and encoding information and application of irrelevant rules
or strategies. Titus (2016) also used the classifying method but based his
own on the model of problem solving (Polyer). He thought that
Students errors may be due to deficiency in one or more of the above
steps.

Analysis of error is the ability to establish the existence of errors in a
computation. There are many factors that help students to turn up at a
correct result while solving mathematical problems. The method is
based on the fact that in the process of problem solving there are two
major types of hurdles that hinder students from arriving at correct
answers. They are; troubles in reading fluency and abstract
understanding that helps reading and understanding meaning of
problems. The other one is trouble of processing mathematical
problems that consist of transformation, process skill, and encoding
results. It is important to find where students commit such errors and
continue to repeat them.
Studies have been conducted over years to determine the predictor of
mathematics achievement among various groups of individuals. Some
of the predictions are, socio-economic status of students, teaching
methods teachers use, gender and environmental factors of students
among others (Owolabi and Adejoke, 2014; Adeyinka and Kaino,
2014). One variable that has over the years, received considerable
attention in many studies on science achievement in general and
mathematics achievement in particular is gender. According to Owolabi
and Adejoke (2014) studies conducted among middle and high school
students show a significant gender effect favoring males in overall
sciences and mathematic achievement. They also said in another study
that boys outperform girls in science but in reading and writing, girls
had the advantage. Abubakar and Oguquo (2011) study show no
significant difference in gender achievement in relation to Number and
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Numeration, Algebraic process and statistics. However, in some studies,
both male and female perform at par having applied certain strategies
(Adeleke, 2007).

Another variable which is of interest in this study is school location.
There are different school locations in Nasarawa state which include
urban, semi-urban rural or remote villages. The results of some studies
outside the shores of Nigeria have shown that location is a variable to
consider on students’ achievement, example is Indonesia, Jambi
province. Effandi and Siti (2010) attest that students in rural schools
perform poorly in mathematics at the point of comprehension, given
that the effect of mother tongue or bilingual conflict is prominent. The
urban schools more errors are committed at the process skill and
transformation stage.

One other factor the researcher considered is the student academic
orientation (Science/arts). The orientation of the students may or may
not narrow their understanding of specific concepts and will not be able
to endage them in problem solving. Students who do not have
background knowledge in mathematics usually display numerous errors
in solving mathematical problems and this therefore results in most
students grappling with quadratic equations (Sello, 2014). If 3 research
could characterize students learning difficulties, it would be possible to
design effective instruments to enhance students learning. The research
on student’s errors is 3 way to provide such support for both teachers
and students.Li (2006), pointed out one way of trying to find out what
makes algebra difficult is to identify the kind of errors students commit.
There was also need to classify the errors based on the steps of solving
problems. He reported that Radatz first classified students’ errors in
terms of language difficulties, mathematics is like a foreign lanquage for
students who needs to know and understand mathematical concepts,
symbol, and vocabulary. Misunderstanding the logic for mathematics
lanquage could cause students error at the beginning of problem
solving, difficulties in processing the representation of mathematical
knowledge, like of requisite skills, knowledge, and concepts, poor
associations or rigidity; that is, wrong transfer caused by decoding and
encoding information and application of irrelevant rules or strategies.
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Anne Newman (1980) than used the classifying method but based her
model on problem solving.

The model of the sequence of steps in problem solving: reading and
comprehension, transformation, process skill, and encoding to identify
students’ possible errors. She thought that student’s error may be due to
deficiency in one or several of the above steps. This is what is today
referred to as Newman error analysis procedure (Newman Model)
which the researcher will adopt to diagnose errors students commit by
senior secondary school three when solving quadratic equation by
completing square method.

STATEMENT OF THE PROBLEM

In SSCE mathematics examination, students have presented difficulties
in solving equations. The Chief Examiner’s Report of 2011 to 2017 all
emphasized that students are weak in algebraic process; Quadratic
equation is one topic that every year WASSCE features to test the
concept among students and also to test their procedural understanding
of quadratic equations. These mistakes lower students” achievement in
SSCE Mathematics achievement it is therefore important to identify the
types of errors students commit and where they commit them.The
Newman Model; Newman Error Analysis Procedure has been found
useful for analyzing students’ errors when solving quadratic equations
since it takes them through the steps needed to reach the solution. The
focus of this study therefore was to analysis the errors committed when
senior secondary school students solve quadratic equations by
completing square method using Newman error analysis procedure.

OBJECTIVES OF THE STUDY

The objectives of this study were using Newman Error Analysis

procedure;

1. compare the means and standard deviations of errors committed by
male and female senior secondary school (5S3) students’ when
solving quadratic equation by completing square method
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established the means and standard deviations of errors committed
by urban and rural senior secondary school (SS3) students
committed when solving quadratic equation using method of
completing square

compare the means and standard deviation of errors committed by
Science and Art senior secondary school (5S3) students” when
solving quadratic equations using the method of completing
square.

RESEARCH QUESTIONS
The following research questions quided the study.
Using Newman error analysis Procedure;

1.

what are the means and standard deviations of errors committed by
male and female senior secondary school three (SS3) students’
when solving quadratic equations by completing square method?
what are the mean and standard deviations of errors committed by
senior secondary school three (553) students’ in the urban and rural
areas when solving quadratic equation using completing square?
what are the mean and standard deviations of errors committed by
science and arts senior secondary school three (553) students’ when
solving quadratic equation by completing square mwthod?

STATEMENT OF HYPOTHESES
The following null hypotheses were tested at 0.05 level of significance.
Using Newman error analysis procedures;

HO1:

HOz:

HOs:

There is no significant difference in the mean scores of errors
committed by male and female senior secondary school students’
when solving quadratic equations by completing square method
There is no significant difference in the mean scores of errors
committed by urban and rural senior secondary school students’
when solving quadratic equation using completing square method
There is no significant difference in the mean scores of errors
committed by Science and Art senior secondary school students’
when solving quadratic equations using completing square
method
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RESEARCH METHODOLOGY

The research designs used for the study was survey research designs.This
design involved the collection of data with a short span of time from
randomly selected sample of the target population. The cross-sectional
survey design also called parallel-sample design was used for the study.
Population

The population of the study comprised all senior secondary school three
(553) students in public senior secondary schools in Nasarawa State.

Sample and Sampling Procedure

One senatorial district was randomly selected for the survey. Multi-
stratified random sampling procedure was used to select the schools for
the study in terms of gender, school location and background

Method of Data Collection; Instrumentation
Data were collected using, Quadratic Equation Diagnostic Test.

Quadratic Equation Diagnostic Test (QEDT):

The researcher selected the items of this test from past SSCE questions
papers and work examples from text books that are recommended by
WAEC in the syllabus. This was attempted by all the students in the
sampled schools. Test was administered and scripts were returned and
marked. The scores recorded with respect to the Newman error analysis
procedure stages and was tested.

Techniques for Data Analysis

The research questions were answered using means and standard
deviation of scores for errors committed by SS3 students while the
Hypotheses were tested using student independent t-test at a< 0.05.

Results and Data Analysis

Research Question 2; What are the means and standard deviations of
error committed by male and female $S3 students that solve quadratic
equations using completing square method?
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Table 1: Means and Standard Deviations of Error Committed by Male and Female
Students that Solve Quadratic Equation Using Completing Square Method

Variables Means Standard Deviation t-test
Male 1.612 0.209 0.095
Female 1.780 0.227

Table 1 shows the means and standard deviations of male and female 553
students that solve quadratic equation using completing square method.
The mean scores for male students was 1.612and standard deviation was
0.209. The mean scores for the female students was 1.780 and standard
deviation was 0.227

Research Question 3; What are the means and standard deviations of
error committed by urban and rural SS3 students that solve quadratic
equations using completing square method?

Table2: Means and Standard Deviations of Error Committed by Urban and Rural
Students that Solve Quadratic Equation Using Completing Square Method

Variables Means Standard Deviation t-test
Urban 1.600 1.191 0.020
Rural 1.704 0174

Table 2 shows the means and standard deviations of urban and rural 553
students that solve quadratic equation using completing square method.
The mean scores for urban students was 1.600and standard deviation
was 1191. The mean scores for the rural students was 1.704and standard
deviation was O0.174.

Research Question 3; What are the means and standard deviations of
error committed by science and art SS3 students that solve quadratic
equations using completing square method?

Table3: Means and Standard Deviations of Error Committed by Science and Art
Students that Solve Quadratic Equation Using Completing Square Method

Variables Means Standard Deviation t-test
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Science 1.640 0.244 0.898
Art 1.648 0.182

Table3: shows the means and standard deviations of science and art $53
students that solve quadratic equation using completing square method.
The mean scores for urban students was 1.640and standard deviation
was 0.244. The mean scores for the rural students was 1.6483nd
standard deviation was 0.482.

HypothesisT: There is no significant difference in the means score of
errors committed by male and female SS3 students that solved quadratic
equations by completing square.

Tablel, presents the t-test analysis of errors committed by male and
female SS3 students that solved quadratic equation by factorization
methods. The t-test for difference of two means was 0.095. Therefore,
as P = 0.095 is greater than a =0.05 (P=0.095>a =0.05). The difference
was not significant at a<0.05 therefore we do not reject thenull
hypothesis.

Hypothesis 2 There is no significant difference in the mean scores of
errors committed by urban and rural SS3 students when solving
quadratic equation by completing square.

Table2 presents the t-test result of errors committed by urban and rural
SS3 students that solve quadratic equation by completing square
method. The t-test difference of two mean was 0.020. It is observed
that P = 0.020 is greater than a = 0.05 (since P = 0.020%a = 0.05). The
difference between the means of error that urban and rural 53 students
committed when solving quadratic, equation by completing square is
not significantly different at a<0.05 therefore we reject the hypothesis.

Hypothesis 3

There is no significant difference in the mean scores of errors
committed by science and arts SS3 students when solving quadratic
equation by completing square, Table 3 presents t-test analysis of errors
committed by science and arts SS3 students that solve quadratic

129




Analysis of Errors in Completing Square When Secondary School Students Solve Quadratic Equation by Newman
Error Analysis Procedure in Nasarawa State

equation by completing square method. The t-test for difference of two
means was 0.898. It is observed that P = 0.898 is greater than a = 0.05
(P = 0.898a 0.05). The difference between the means error that
science and arts SS3 students committed when solving quadratic
equation by completing square is not significantly different a<0.05. we
therefore accept the hypothesis so stated.

DISCUSSION OF FINDINGS

The discussion was made on the bases of the research questions and the
corresponding hypotheses stated and tested.The types of errors
committed by students when solving quadratic equation using
completing square by Newman Model reflects all the error types
enumerated in the model. The most error type that the SS3 students
committed was in the translation stage followed by the process skill,
decoding, encoding and the comprehension stages. The difference
between the errors type committed are however closely related. The
presentation is in agreement with the findings of Effidini&siti (2010),
Teoh (2010), and Nande (2013) that shows significant errors appearing
at the transformation stage and the process skill the most.The result in
the case of male and female table 1 shows that there were errors
committed by both male and female students this agrees with previous
researches (Bosire, Mondon&Barmoa 2008), who reported that
irrespective of the schools, male respondent perform better than female.
In regards to table 2, the mean score of errors committed by urban
students when solving quadratic equation using completing square
method was less than that of the rural students. This means the urban
students committed less error than the rural students. The t-test was
0.020 which is greater than « < 0.05, since P = 0.020> 0.05, the
hypothesis was rejected for the method of completing square. The
findings here supported the finding in (Teoh,2010 and Shio, 2012).
Even though the errors were more in different locations that is the rural
pupils” errors were found mostly at comprehension and transformation
stages while the urban students’ errors were more at the process skill.
However, in all, the rural students committed more errors than the
urban students. Table3 shows that the mean score of errors committed
by science students when solving quadratic equation by completing
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square was less than that of the Arts students. This shows that science
students committed less errors when solving quadratic equation by
completing square. The t-test was 0.898, this is greater than o < 0.05.
Therefore, since P = 0.898, > =0.05, the hypothesis was not
accepted, indicating that the mean are not significantly different in
completing squaremethod. This did not support Trance (2013), that
science and engineering students achieve better in mathematics than
other discipline

CONCLVUSION

The results of thefindings showed that all the SS3 students presented
difficulties at all stages of the Newman Model of Decoding,
Comprehension, Transformation, Process kill and Encoding. That there
is no significant difference in the means of S53 students that solved
quadratic equation by completing square gender, location and
background. However, the means of urban and rural SS3 students that
solve quadratic equation by completing square method are significantly
different.
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RBSTRACT

This paper examine the regolatory framework on polikical parky financing in Nigeria. There is an
ongoing debate on the theme that excessive illicit financing of political parties and massively
corropt financial sopport of individoal candidates on electoral competitions constitote serious
threat Yo the process, and negatively inflaences the development of politics and consolidation of
democracy in developing countries. The studg is restricked Yo political parky financing and
consolidation of democracy in Nigeria within the period of 2011 Yo 2019 in two major political
parkies in Nigeria- B Progressive Congress (APC) and Peoples Democratic Parky (POP). The
primary sources of financing political parties in ang democracy across the globe is throogh
pagment of membership daes, bk none the less, Nigeria presents an exceplion becaose such does
are hardly paid, another soarce of funding for the political parties are government grants Yo
polikical parfies which is a aniversal practice. Party financing is the Vivewire of political parties
that forther enables political parties Yo create awareness about party manifestoes as a means for
mobilization and recroitment of more members, this is key Yo winning elections and execotion of
party programs through government policies.

INTRODOCTION

Democracy is a capital-intensive ventare, and political paries cannot thrive effectively in the arena
withoot sofficient funds. Cole (2016) notes that Nigeria practices one of the most expensive political
sgstems in the world, Finance has been the major bane in the development of the country’s political
system, as there is no effective Yaws, or calkure, or strong institutional regulatory framework aboot
how Yo finance political parties or the limit of expenses on elections, and sources of such finances.
There is an ongoing debate on the theme that excessive Wicit financing of political parties and
massively corrapt financial sapport of individual candidates on electoral competitions constitote
serious threat Yo the process, and negatively influences the development of politics and consolidation
of democracy in developing countries. Financial involvement in obkaining political nomination forms
for elective pablic offices is astronomically higher and begond the reach of average political aspirant.
This high bid sgstem of financing is a systemic instroment being used Yo ward-off financially weak-
based politicians. Sourcing money Sor political parky business begond the approved limit has derailed
polikics and weakened the course of democracy (Stephen, 2008).

This paper, as a primary objective, intends Yo examine the regolatory framework on political parky
financing in Migeria hence the need for a corresponding research question thos: Is there regolatory
framework on polifical parky financing in Nigeria? In an attempt Yo do jostice Yo the Foregoing
objective and research question, this stadg is restricted Yo political party financing and consolidation
of democracy in Nigeria within the period of 2011 Yo 2019 in Ywo major political parties in Nigeria-
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AW Progressive Congress (APC) and Peoples Democratic Parky (POF). On the same basis, relevant
Witeratore will be reviewed Yo identify the knowledge gap with a view Yo Filling in same.

LITERRTORE REVIEW
This segment reviews relevant Vikeratare drawing its intellectual strength from the work of others with
the aim of critically commenting on them in the Vight of conventional academic parameters.

Concept of Party Financing

The term “Political Finance” has been defined by Ojo (2000), Obiorah (2004), Pinto-Duschinsky
(2001 and 2004), Emelonge (2004) and (Ryoade) as the ase of money or the use of other material
resources for political activities. It also embodies the sources or means through which political
activities are sponsored in a given polity. The concept of political finance has two broad connotations
viz money osed For electioneering (campaign funds) and money ased For political parky expenses
(party Sunds). Though there are other forms of political finance buk these two will form the basis of
our discassion becavse they constitote the foundation of every political activity. This broad definition
of political finance while capturing the essence of the term does not acknowledge the malkiplicity of
forms and wags in which the monetization of politics magy be ased Yo inflaence political outcomes. The
definition offered by Pinto — Daschinky (2001) also fails Yo captare the centrality of “political”. That
is, i shies awag from explicating the ambits of the term “political”. According to Emelonge
(2004:34), what the present aothor advocates here is not a semantic description bot rather a
clarification as Yo constroction of the Yerm when it comes Yo Foreign contributions. For example, in
issoed, the definition of “political” is narrowed soon that foreign pagments for technical assistance”
and training are permitted. Bot sach terms mag be goises for more parkisan contribotions with
polikical underkones or motives such as sappork for private governments’ business Sorms and convert
propaganda). Pinko-Daschinsky (2004) modified his eartier thesis by positing that political finance is
“moneg For electioneering”. Since political parties plag a critical part in eleckion campaigns in mang
parks of the globe, and since it is difficolt Yo draw a distinct line between campaign costs of parky
organizations and their rookine expenses, parky fonds mag reasonably be considered “political
finance”, Y00. He goes on Yo argue that party Funding inclades not only campaign expenses bot also
the costs of maintaining permanent offices, carrging oot policy research, and engaging in political
edacation, voler’s registration, and other regular functions of parties.

Therefore, a definition of political finance shoold include the onder Visted aspect which Pinto-

Doschinskg (2004) sabsequently identified in his contribotion:

1. That political finance is a featare of non-democratic, as well as democratic regimes

2. The expenditare on elections and parties is only a park of a more Yar reaching issue. Political
fanding can be for activities ranging from lobbying, propaganda, sappork of interest groups to
blatant bribery and

3. That the regulation of political finance is Windered by a plorality of avenves of oblaining and
using monegy for political ends.
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The Electoral Acks (2002, 2006 and 2010) contain numerous provisions in relation Yo political party
and election finance. The Electoral Act (2002) defines election expenses in section 84 (1) as follows:
“espenses incorred by a political party within the period from the date nofice is given by the
commission Yo conduct election ap Yo and including the polling dag in respect of the particolar
election. This definition is Hawed Yokally becanse experience has shown that in Nigeria most election
expenses are incorred by the candidates themselves and not the political parties. This definition is
restrictive aotomatically exclodes the election expenses incorred by candidates from whatever
Vimitations on election expenses.

The Electoral Pck (2006) has introdaced ceilings on contribations by individoals Yo polikical parties
and on the campaign expenses by political parties and candidates alike. Section 93 stipolates that
election expenses by every candidate shall not exceed:

NS00 million for presidential candidates

N 100 million for Governorship

N 20 miltion for Senate

N 10 million for House of representatives

N 5 million for State Assembly

N 5 million for Chairmanship of Local Government council and

N 500, 000 for Coancilorship.

In addition, no individaal shall donate more than N1 million Yo ang candidate. Notation of this
provision attracts fines ranging from N100,000 or one (1) month imprisonment or both for
cooncillorship candidates, Yo NI million or 12 months imprisonment or both for presidential
candidates, while ang individoal who donates more than NI million Yo any candidate is Viable to a
fine of N500, 000 or 9 months imprisonment or both. The electoral commission is left Yo fix the
maximom donation ang person can make Yo a political parky (section 92) as opposed Yo a candidate
who is stipolated in seckion 93. No party can accept or keep anongmoos contribations of more than
N100, 000 unless it can identify the soarce of the money and most keep records of all donations over
N1 miltion.

NNk L=

The onder Visted pozzles come op Ffor the Independent National Electoral Commission for

consideration:

1. Has INEC onderkaken an examination and andit of the accounts of the political parties?

2. Did the Commission place ang limit on the amoant of contribation which individoals or cooperate
agencies made Yo political parties in the course of fund raising for the 2003, 2007 and 2011
elections?

3. Do all political parties have records of all contribations Yo their campaion fonds?

4. Does WEC have a record, which shows the Yotal expenses of all the political parties for the
pourposes of invoking the provisions of section 84, 92 and 93 sub sections (2), (3) and (6) of the
2004, 2006 and 2010 Electoral Pcts?

5. What steps have been Yaken Yo sanction corporate bodies that contriboted Yo the campaign fonds
of political parties in Yotal disregard of the provisions of section 38 (2) of the compang and
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PWied matters Act (1990), which prohibits donations or gifts of angy of its property or funds Yo a
political parky or association.

At present, only INEC can attempt the above questions. For the parpose of this paper the term
‘polikical finance” refers Yo the deplogment of financial and material resources by both political
parties and politicians as prescribed by Yaw of the polity Yo cover polikical expenses. The Draft
Campaign Financing Bill, 2011 (“the Draft BiW’) of Kenga, which is corrently ondergoing a
stakeholder review process by the Constitokional Implementation Committee of Kenga is a welcome
initiative that will foster greater transparency and accountability in the financing of election and
referendom campaigns. However, a nomber of shorkcomings in the Draft Bill Vike those of Nigeria
jeopardize these objectives, and a series of amendments are reqoired before the Draft Bl complies
with international standards on Sreedom of expression and information. The Campaign Financing Bil,
2041 sets ook major reforms Sor fanding of eleckion campaigns, use of campaign fands in the
nomination process, election campaign and elections. It will provide for the management, spending
and accountability of funds doring election and referendam campaign. It is imporkant that the draft
bill s clear on the concept of campaign financing Yo prevent ang political and administrative
frastration and even litigation in Court. CMD-Kenga belicves that campaign financing refers to the
manner in which political parties and individoal candidates who seek Yo get elected Yo political office
gather, olilize, and recover Sunds for electoral campaigns and in the case of political parties seek Yo
maintain themselves as organizations. In this context the scope of the legistation shoold cover all
aspects of campaign financing. We believe that the concepoal framework needs Yo be reflected in the
inkerpretation Yo give the legistation effective statutory interpretation (CMD-Kengya, 2041).

In the analysis, PRTICLE 19 (2012) emphasizes that transparency in campaign financing is
indispensable for embedding accountability and integral Yo the promotion of good governance and
democracy. Only with foll access Yo information can the media scrotinize the conduct of election
candidates and inform poblic debate on the dgnamics and distribokion of political and economic
power in Kenga. The engagement that transparency fosters between candidates for pablic office and
the electorate also maximizes enjogment of the right Yo political participation. The analysis finds that
positive measares in the Draft Bill inclode the establishment of limits on political campaign
expenditores, caps on the amount individoals can donate Yo candidates, and the imposition of a ban
on anongmous donations. The establishment of a framework for the collection and reporting of data to
a new Oversight Committee is a significant step Yowards farthering a colture of accountability in the
financing of political campaigns.

However, ARTICLE 19 (2012) also finds that varions elements of the Draft Bill fall shork of
international standards on freedom of expression and access o information. The Draft Bill designates
as confidential all campaign financing information submitted Yo the oversight Commitiee, with only
Vimited disclosure exceplions for information that is the sobject of a complaint or investigation. This
rons counter Yo the principles of proactive and maximom disclosare that are central to the right of
access Yo information. The selection criteria for the Oversight Committee are also efk ambiguous, and
there are inadequate safeguards Yo ensore the accountability of this committee Yo the poblic. In
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conclasion, ARTICLE 19 (2012) arges the Kengan egistature Yo revise the Draft Bil\ and adopt it only
after it is brooght into compliance with international standards on freedom of expression and
information. The need for greater transparency in all aspects of poblic Vife in Wenga Forther
demonstrates the orgent need for a comprehensive access Yo information Sramework Yo be
implemented in the coontry.

Political Party Financing and Consolidation of Democracy in Nigeria

Financing polifical parky for its Sunctions and sponsoring eleckion campaigns is vital in a vibrant
democracy. Ballington et.al (2014) note that regular elections organized between competing political
parties is the dominant method of selecting democralic governments. For political parties and their
nominees Yo reach ook to the teaming electorates Yo sell the parkies manifestoes, it becomes imperative
Yo have access Yo enough monegy so as Yo off-set election expenses. Election expenses, according Yo
Eleckoral Aek (2010) means “expenses incarred by a political party within the period from the date
notice s given by the Commission Yo condact an eleckion op Yo and inclading the polling dag in
respect of the particalar eleckion”. Magolowondo et al (2012) note that parfies mag win or lose
elections well before they are held simply on account of their resource endowment or Yack thereof. In
ofher instances, how parties’ practice or fail Yo practice intra-parky democracy has to some extent
been inflaenced by the way they are financed and how these resources are allocated within the
different paries. The concern for possible negative impact of money on politics and governance
warranted the incorporation of the regolatory clanse in the 1999 Constitution and the 2040 Electoral
Ack of the Federal Republic of Nigeria Yo corb the excesses and onregolated donations Yo political
parties and individoal candidates which breeds corraplion. Money exercises ondoe infloence on
polifics, and andermines the integrity of elections, credibility and legitimacy of government. In the
first repoblic (1960-1966), there was indefinite eleckoral Yaw on campaign finance.

Fonding eleckion activities and other political paries™ Fonctions were the responsibility of the
individaal parties and their candidates. From knowledge of hindsight, there were political parties who
were accosed Yo have used the state fands and investments Yo sponsor party activities and campaigns,
sach as the National Council of Nigeria Cifizens (NCNC) and Action Croup (RG). The 1979
Constitation of the second republic (1979-1983) provided regulatory Yaw on campaign finance which
prohibited associations, other than political parties, from campaigning on behalf of a candidate or
contriboting Fonds Yo parkies and election expenses of candidates. There was the bodgetary provision
for annoal grants Yo political parties; and political parties were empowered Yo receive donations from
individoals and corporate bodies, bot it prohibited donations from external bodies. The ungoantifiable
parky-donations from individaals and corporate bodies, and unprecedented expenses incarred on party
activities and campaigns doe Yo the Fact that the limit of fonds political parties and aspirants could
raise from individoals and corporate bodies was not specified by Yaw. The prevalent corrupt practices,
electoral irregularities, and ancordial inkerparky relations in the second republic amongst the National
Parky of Nigeria, Nigerian Peoples Parky, Onity parky of Nigeria, Creat Nigerian Peoples Party, People
Redemption Parky, efc. breached the provisions of subsisting Constitution and exacerbated parky
expenses. Polikical party antagonistic clashes, soukh-western zone post-election crisis, and increasing
kension in the heated polity abraptly brought the repablic Yo tragic end through military coup d’etat.
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Government in the Foarth repoblic is not oblivious of the fact that politicians would abuse parky
financing if their activities are anvegalated and onsapervised by eleckoral umpire. On the strength of
the perceived dangerous threal Yo democracy, Section 221 of the 1999 Constitukion of the Federal
Republic of Nigeria provides that “no association, other than a political party, shall canvass for votes
for any candidate at ang election or contribute Yo the funds of any political party or Yo the election
expenses of ang candidate at ang election”. Section 226(2) stipalates that “every political parky shall
sobmit Yo the Independent National Electoral Commission (INEC) a detailed annoal statement and
analysis of its sources of funds and other assets Yogether with a similar statement of its expenditure
in soch form as the Commission magy require”. 226(3) states that “no political party shall hold or
possess angy fonds or ofher assets outside Nigeria; or be entitled Yo retain ang funds or assets remitted
or sent Yo it from outside Nigeria™. Similarly, Section 225(4) provides that “any fonds or ofher assets
remitied or sent Yo a political party from oolside Nigeria shall be paid over or transferred Yo the
Commission within fwentg-one days of its receipt with soch information as the Commission may
requive”; while 225(5) stipolates that “the Commission shall have power Yo give directions Yo poliical
parties regarding the books or records of financial transactions which theg shall keep and, Yo examine
all sach books and records” (FRN, 1999).

METHODOLOGY

The stody ofilizes both primarg and secondarg methods of data colleckion. The secondary were
gathered throagh Yibrary research and the internet. The materials consisted of books, journals, articles,
reporks, periodicals, monographs, newspapers and magazines. Information gotten shall be vsed Yo
evaloate how political parky financing affects consolidation of democracy and what needs Yo be done
Yo regulate political party financing. The primarg method inclodes guestionnaire which shall be
administered purposively Yo respondents.

Analysis and presentation of data followed the path of statistical package for social science (SP55)
method of data analysis. This summarizes data, creates appropriate tables and examines relationships
among variables. Thas, data for this investigation will be analyzed vsing simple percentile, descriptive
stalistical Yechnigue, and the resolis are forther described using tables.
The simple percentage formala Yo be used is:

NR_x 100

™R
Where NR=the nomber of responses Yo each goestionnaire,
TNR= is the Yokal nomber of responses. This Yool of analysis enables the researcher assess weights of
opinion ko a guestionnaire and the percentage allocated to that weight of opinion. Ethically, in order
Yo conform Yo the standards of condact involved in the research, a permission Yo carry ot the stodgy
was granted in the department, starting with the approval of the Yopic. Written consent was oblained
from the respondents and were assored of confidentiality. (See Pppendix 1)

The Sources and Legal Frameworks for Funding of Political Parties in Migeria.
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The sources of funding political parties in Nigeria bekween the Second, Third and the Fourth Republics
were:

1. Statobory allocation

2. Fees and subscription and

3. Lawfol donations and pablic colection respectively.

A nomber of constitutional provisions and legislative enactments relate Yo political finance. The
Constitotion of Nigeria provides the basic framework for the implementation and enactment of other
Vaws in the polity. The sopremacy of the constitution is forkher emphasized in section 1 (3), which
provides “if ang other Yaw is inconsistent with the provisions of this constitation, this constitotion
shall prevail, and that other Yaw shall to the extent of the inconsistency be void” (The Constitotion,
1999:1).

In other words, every other Yaw in the countrg mast be in Yine with the provisions of the constitution. It

also follows that ang inadeqouacy in the constitotion will aotomatically taint the provisions of

sobsequent Yaws in the same sobject matter. The 1999 constitotion in section 221 prohibits ang
association other than political parties from making political donations. The constitution in section

225 provides as follows:

I, Every political party shall, at such Yimes and in sach manner as the Independent National
Electoral Commission mag require, sabmit Yo the Independent National Electoral Commission a
statement of its assets and Wiabilities.

2. Every political parky shall sabmit Yo the Independent National Electoral Commission a detailed
annoal statement and analysis of its sources of funds and ofher assels Yogether with similar
statements of its expenditore in such form as the Commission mag require.

3. No political parkg shall — (a) hold or possess ang Funds or other assets outside Nigeria; or (b) be
entitled Yo retain any Sonds or other assets ootside Nigeria

4. Png fonds or other assets remitied or sent Yo a political party from ootside Nigeria shall be paid
over or transferred Yo the Commission within Ywenty-one days of its receipt with such information
as the Commission mag require.

5. The Commission shall have power Yo give directions Yo political parties regarding the books or
records of financial transactions which they shall keep and, to examine the al soch books and
vecords.

The Commission was also empowered in subsection 6 of the above section Yo andit the account of
political parties through its staff or professional auditors. The commission is forther empowered by
section 226 of the constitution Yo prepare and sabmik a report on the financial account of the political
parties Yo the National Assembly and are avthorized Yo have onlimited access Yo the records of the
political parties. The National RAssembly is empowered in seckion 228 of the 1999 constitution Yo
make Yaws for the panishment of ang individaal or party who Fails to observe the above provisions and
the disbarsement of annoal granks Yo political parties.
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The Electoral Act 2002

The provision of this Yaw covers virknally every process of electoral ackivities in the country. Section 76
provides for the oversight function of the Electoral Commission over the activities of the political
parties and also provides for a fine of NS00, 000 for non-conformity by any individeal Yo Yawfol
directions by the Commission in carrging ook its supervisory functions. Section 77 makes provision for
a fine of N600, 000 for the contravention of seckion 226 (3) (a) and (b) of the 1999 Constitution
relating Yo ownership of foreign asset by any political parky and ang donation from ootside the
coontry. Seckion 78 provides for period of fime, which the annoal account of a political parky shoold
cover. It also empowered the Commission Yo andit the account of political parkies periodically. Section
79 makes provision for a separate finance statement for election expenses as prescribed in section 100
of the act not Yatker than 90 dags after the election. Surprisingly section 100 of the Electoral Act has
no provision whalsoever that relates to parky finances it rather Yalks aboot qoalification of a person
who can contest eleckions. Ang political parky that fails Yo submit the aodited retam of election
expenses is guilky of an offense panishable on conviction with a fine of N100, 000. Section 80 makes
provision for the disbarsement of grants to political parties that are contesting elections. It provides
that 30% of the grant shall be distriboted equally among the political parties before the election and
the remaining 70% shall be shared among the political parties after the resolt of the election has been
known, in proporkion Yo the nomber of seats won by each party in the National Pssembly. Section 84
provides that the National Assembly magy make an annoal grant Yo political parties and 30% of sach
grants shoold be shared among the political parties in proporkion Yo nomber of seats won by each
party in the National Assembly. Seckion 82 provides as follows: No political party shall be eligible to
receive a grant ander section 93 anless it wins a minimom of 10 percent of the Yotal voles cast in the
Vocal government eleckion in at least two-thirds of the states of the Federation. Section 93 which is
referred Yo in the above provision has no sach provisions. Section 83 empowers the Commission Yo
place the limitation on the amoant of monegy or ofher assets, which an individual or corporate body
can contribote Yo a political parky. Plso, it stipolates For a record of all contribotions.

Electoral Pct 2006

Onder the 2006 Electoral Act which was ased in the condact of the 2007 elections while the
recommendations of the Owais Panel were being debated, the National Assembly was empowered Yo
approve a grant Yo be disbarsed Yo political parties. The 2006 Yaw also stipolates how the grant shoold
be divided, 10 percent going Yo be shared equally among the registered political parties and the
remaining 90 percent disbursed in proporkion Yo the nomber of National Rssembly seats won by each
party. The law also gives INEC the power to place a Yimik on the amoant of money or other assets an
individoal or group can confribote to a political parky. For a presidential candidate the som is N500
million, governor NI00 million, senator N20 million and a representative VIO million. B state
assembly candidate, or chairman N5 million and a Yocal councillorship, N500,000. It is an open
guestion whether this aspect of the electoral law has ever been paid attention Yo not Yo Yalk of being
enforced. Some of the then 50 parkies have not in ang wagy jostified the money they receive from
government. It has been discovered that some of the parties only exist on the pages of newspapers and
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magazines. They only Sunction when elections are coming or when fanding is released by government.
They collect the funds, share and 9o home Yo rest Kill another round of Sunding is available. A few of
the parties are even ron by close-knit family members. So what does a parkg exist For if it is onlg Yo
share government fonds?

Ps the nation moved Yowards 2041 elections, it became imperative Yo revisit the issoe of political
financing in Nigeria. The Owais Panel report recommended the continoed fonding of parties by
government through INEC, bot suggests a ceiling for individaal donations for each category of office.
These figores ron from a imit of N20 million for individual donations for a presidential candidate Yo
N6 million for a governor, N10 million for a senator, N3 million for a Yocal government chairmanship
candidate. It makes eminent sense for parky members Yo Sund their own organization. The Owais pane)
recommends that only parties that score 2.6 percent of the votes in the 2011 elections shoold be
eligible Yo receive fands from public grants, bot this ike mang other issues where exponged in the

2010 Electoral Pct.

Electoral Act 2010

The 2041 Ceneral Elections are over with local and interalional acclamation Yo the electoral
commission. The elections were not Mawless; however, Nigerians and Foreign witnesses are unanimous
that the jost concloded polls were held in sobstantial compliance with the nation’s electoral Yaws. It is
Yoo early Yo pre-empt the political parties on the veracity of the election expenses they will submit to
INEC in the next 6 months. Bot then, is six months not too long? § shoold think three months after the
poWls is okag, more s0 as candidates, who spend the bolk of the campaign money, are not get under
obligation to submit election expenses report.

This post-clection period, fwo major things most happen. The First is for the Independent National
Electoral Commission (WNEC) Yo rise op Yo its constitutional doty Yo enforce political finance
provisions as contained in the statotes viz. the 1999 Constitolion (as amended), the Electoral Ack
2010 (as amended) as well as the Political Party Finance Manval and Handbook. The second matter
of argent national importance is the amendment of these Yaws to make them more enforceable. The
corvent Yegal framework requested three reports from the political parties. The first, according Yo
seckion 89 of the Eleckoral Pck 2010, is the annoal statement of assets and Vabilities, analysis of their
sources or fands and other assels as well as their statements of expenditore. INEC is mandated o
poblish the report in three national newspapers. The other report which is of greater interest Yo
campaign finance experts is stated in section 92 of the corrent electoral ack. Sub-section 3 of the
clause sags "Election expenses of a political party shall be sobmitted to the Commission in a separate
audited retorn within 6 months affer an election and sach return shall be signed by the party’s
auditors and counter signed by the chairman of the party and be supported by a sworn affidavit by
the signatories as Yo the correctness of its contents’. Sub-section 5 states that the return shall show
the amoont of monegy expended by or on behalf of the parky on eleckion expenses, the items of
expenditore and the commercial valoe of goods and services received for eleckion parpose. Sub section
6 mandated the political parties Yo pablish this report in at Veast Ywo national newspapers. The third
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report is requested of political parties in seckion 93 (4) and it states that "R political party sponsoring
the election of a candidate shall within 3 months after the announcement of the results of the
election, file a report of the contribotions made by individoals and entities Yo the Commission”.
Hithero, these provisions have been violated with imponity. IF the troth will be told, the Yast general
election in Nigeria was the most expensive in the annals of our electoral democracy. Given the
resources deploged by some of the wealthy candidates doring the elections, there is no gainsaging the
fack that the contestants showed scank regards for the provision of section 9 subsections 2 — 5 of the
Electoral Pck 2010 which placed a cap on the amoant of money they are Yo spend on their campaigns.
Predominant among the issues ab stake is that of godfatherism which poses a great threat Yo
democralic consolidation in Nigeria.

Limitations on Migeria’s Election Expenses

The foarth repoblic has witnessed enactment of Electoral Pcks and subsequent amendments by the
National Assembly Yo guide condact of elections since the retorn of democracy in 1999. The Electoral
Act of 2002 guided 2003 elections; 2006 Ack (as amended) was used For 2007 elections; and 2040
Act (as amended) guided 2011, 2015 and 2019 general elections. The 2006 Act categorically provided
fands Vimitations on campaign expenses Yo cortail the onhealthy influence of moneg on parky
activities and electioneering campaigns. Hereander Wastrates the stipolations. Section 90(1) of the
2010 Eleckoral Act provides that “the Commission shall have power to place limitation on the amoont
of money or other assets, which individual or group of persons can contribate Yo a political parky”. In
the same manner, Section 94(2)-(7) states that: the maximam election expenses to be incorred by a
candidate at a Presidential election shall be one billion naira (¥4,000,000,000.00); the maximom
election expenses Yo be incorred by a candidate at a Governorship election shall be two hondred
million naira (¥200,000,000.00); the maximom amoant of eleckion expenses to be incarred in respect
of Senatorial seat by a candidate at an election to the National Pssembly shall be forky million naira
(M50,000,000.00), while the seat for House of Representatives shall be ten million naira
(M10,000,000.00); in the case of State Rssembly election, the maximam amoant of election expenses
%o be incarred shall be ten million naira (V10,000,000.00); in the case of Chairmanship election Yo an
Area Cooncil, the maximom amount of eleckion expenses Yo be incarred shall be ten million naira
(N10,000,000.00); in the case of Coancillorship election to an Brea Cooncil, the maximam amount of
election expenses Yo be incarred shall be one million naira (V1,000,000.00) (Electoral Act, 2010).
Sabsection 91(9) provides that “no individaal or other enfity shall donate more than one million
(M1,000,000.00)” Yo either a political party or to a candidate. Subsection 91(10) states that a
candidate who knowingly acts in contravention of this seckion commits an offence and on conviction
shall be liable, in case of presidential election, Yo a maximam fine of V1,000,000.00 or imprisonment
of 12 monkhs or both; in the case of a governorship election, Yo a fine of N800,000.00 or imprisonment
for 9 months or both; in the case of senatorial seat election in the National Rssemblg to a fine of
N600,000.00 or imprisonment for 6 months or both; in the case of House of Representatives election
in the National Assembly Yo a fine of N500,000.00 or imprisonment for 5 monkhs or both; in the case
of a State House of Assembly eleckion Yo a fine of N300,000.00 or 3 months imprisonment or both; in
the case of Chairmanship election to a fine of N300,000.00 or 3 monkhs imprisonment or both; in the
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case of Cooncillorship election to a fine of N100,000.00 or § month imprisonment or both (Electoral
Act, 2040). The 2010 Act also made a provision in Seckion 93(1) that “no political parky shall accept
or keep in its possession any anongmous monetary or other contributions, 9ifs, properties, etc from
angy source whaksoever. For the porpose of this research, political parky financing represents the means
throogh which the political party receive fanding Yo execote their dag Yo dag activities before, during
and affer elections. In our view, financing, a major component in the development of political parties
and by extension democracy itself this is Vargely doe Yo the Fack that democracy can only Hourish
where there are strong and vibrant political paries and therefore vibrant and strong political parties
can only be possible when they are well Fonded Yo carry oot their primary mandate of edocation,
mobilization, informalion dissemination, and recroitment.

In the same vein it is pertinent Yo note that every political association most Sulfill cerkain conditions
before ik can be registered and recognized as a political parky, one of which is the soarce of funding.
The primary sources of financing political parfies in ang democracy across the globe is throagh
pagment of membership daes, bot none the less, Nigeria presents an exceplion becavse sach dues are
hardly paid, another source of funding for the political parties are government grants to political
parties which is a oniversal practice. Parky financing is the livewire of political parties that Forther
enables political parties Yo create awareness aboot party manifestoes as a means for mobilization and
recroitment of more members, this is key Yo winning eleckions and execotion of parky programs
through government policies.
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ABSTRACT

The goal of Hin work i1 2o oblain Yusmeling probability of 4 gamma particke. The application of ScbrOdingr’s
tquition in baminn punthalion bas b applied o gamma particde decay [or Lgll, medivm and beavy suclei.
porticle emitling ruclens shows erating variations. Log (lot of calewlated Decay conalant (lotted againil slomic
W(Z),WW(A)MWWWWWMMW¢WVMWW.
Hll-lifle whick. 2s 4 [umction of decay prolability plotled against gamma panticle enirgy or againl alomic rumber
of gpmma particle emitling mucls shows e viniatioms of decay probabilitics. Log plot of Calewlated Hall-Life
WW&WW@),WMM{A)MWWWWWWM4
tresting vaniatiom of decay robabilitios. Calewlated ball-Lives compared witl veperimental ball-Lives for each
gpmms particle emitling ruclevs sbows vealts which are in good agpeemundt.

@M:%GW% equation, Enission, Hill-Life,Gamma and Decay conitand.

INTRODUCTION

GWM%AW%M&MWWMWWWW.

Gamma. decasy ocouns whin 4 vuncdide 4 productd in an d ate, gpmma eninsion ocowning by
hanition o 4 Lowr unrgy ate. [T can ocomn in snsociation with alple decay and e decay
(Rajun et 4l., 2006). A gomma 14y o1 gamma radiation (symbol V), s 4 perntrating dechomagnitic
nedisTion ariving [pom Hhe radicactive decay of slomic muclis. [t comviots of e sbortest wavelength
dectromagnitic waves and 16 imparts the lighest photon energy. Paul Villard, 4 French chemiat and
phyicint, MMWMMMWMOOWMWMWMWM@W
(Villard, 19004). 1 1903, Ersmest Rutlerford mamed Wi radiation spmma rays basd on e
relatively shong pmtation of matler; e bad pravioualy discovered o lers pemtrationg Tgpes of
MMM,WM&WWWMWWWWMoéWWM
(RMW, 1403). GmeWMzMWwWWWWaWM
dectron volts (LeV ) To approvimately 8 Mega electron volts (~8 MeV), comesponding 1o the typical
wnengy Lvels in scles will saronally long Lfetimes. The energy spectm of gamma rdys can b
witd To dutify He dicaping radiomcdides wiing gamma spechoscopy. Very-bigh-enngy camma
ras i e 100-1000 2ers lectron volt (TeV ) range bave been oboerved (pom soumces such as Hhe
Cygrins X-3 micne quasan. Natural souces of gamma rans origimating o Eanth are mestly as 4
el of radicactive decay and scordany radiction [pom atmorpberic intractions with comic
ray particdes (Villard, 19008 However, there are otber rart matmral sowrces, weh an termestrial
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gpmmd-nany (laskes, which produce gamma réys (pom dechon sction wpon e ruclea. Notable
witificial somces of samma rigs incede [Larion, sk s Wl whick occmns in wuclean ractons,
ird X-rags ane both dechomagnetic radiation, and simce Yoy overlap in He dechomagmetic
s, e Bminology viries letween aciutific disciplines. In some [(lds of (hysics, Wy ant
W@%W:CWWWW@WM,WMWZ&m%X—W;
e origin (1 outiide Y sclis. i aatropbysicn, spmma rays ant comvertionally defimed ar baving
plotor enrgies above 100 eV and ane Yo sulject of gpmma ray ahronomy, while radiction below
700&V“WMX-WMMZ&WW%X-WW.T&MMWW
e early wan-made X-nans, wlich bad enngies only wp 16 100 keV, whereas many gamma 24
mMgahWWAWWMa{MWWWWQWH

MATERIALS AND METHOD
Materials
e materials waedone HeSchrodinger's equation.

Metbod

We now convider the beam of 4 panticle incident wpon 4 square potntial lamier of begft V,
presmed portive for mwow and widlh 4. Ao mutiomd above, Uis gometry Lo particularly
importand as A includer He simplest ceanple of scallring phemomenon in whick 4 beam of
panticles Lo ‘deflected’ by 4 Local potertial. Morcover, Hhin one-dimensional gometry also provides 4
f-[;l?mwla%louaﬁhmwmﬁwzw To quartom mecbavier quartom Tmnling (Dyson,
1951).

The potertial energy variation in Hhe case of 4 mcdangulin potutial bamier  dhown in figure 1
< guen by

0, x<0
V) _%,O<x<J

0, x<0
V& =y 0<x<L}

(1)
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A AV
V=Vo V=Vo
E
V=0 V=0 V=0 V=0
(0] L (0] 1
Fig1: & nectangulin double Wick potetial banrier of width L and begfdV.
Let ws consider twe cases

@) 0 <E <V Classically 4 particke of energy E & incident [pom Hhe Lt would be
neflected 41 We double Yick barriers as 1 canmot enter (0 < X < L) in whick s KE
4 megative. To deacribe He bebavior of panticle quantum mechavically, we will lave 1o
aolye mSchrbdingera,aM

2
(d P I Y ler ))( Q) 2m V(x)]<p(x)>

dx? dx?

0

<dd¢(2x) + k2<p(x)) <% + k2<p(x)> =0,k%= z;an ,x<0andx > 1L (2)

Ard

<dd(’;(2x)+y <p(x))( (p()+y <p(x)>—0,y2= W,O<x<L (3)
p(x) = (A etkx 4 Be‘”‘x)(A etkx 4 Be“kx) ,x <0 ()
P2(x) = (Ce*™ + De *)(Ce* + De ™ *),0<x < L (S)
P (x) = (Fe™ + Ge ™ ™*)(F e™* + Ge™™*),x < L ©)

Notice #at we allow ffor waves Daveling in both e dinections for X < O rgpresenting e incident
and reflected waves. We must also allow for €V and €7V Berm in te sgion 0 < x < L becanse
azuﬁmihMWMMWaé(pWW. WeMeMyaWM«zMMW&{ﬂ
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To 2gfl of X > L 4 Hhere carmot be dmy wave havelling (pom 1t 1o Lft (reflected wave) since
Hhere Lo e diacortimuily in Yt potential. Hence we muat st G=0. The solution, Hhertfore would fe

@ (x) = (Fe™™)(F e™™),x > L )

Tle contimuity conditioms (Hat i, @ and d/dx be continuous) 4t X = 0 and 42
X = L yidd

Ax=0A+B=C+Dandik(A—B) =a(C+D) (8)

Atx > L,

(Ce™ + De ")(Ce™ + De ") = (F e”‘L)z and y(Ce¥* + De ")y (Ce’* +
De ") = (ikF eik)’ 4

Thene are umber of wangs of 10lving et equations. I solution leads 1o
Cz _ ([()/+ik)A+()/—ik)B]) ([(y+ik)A+(]/—ik)B])

2y 2y =0
D2 = ([(Y—ik)A+(y+ik)B]) ([(y—ik)A+(y+ik)B])
2y 2y
(10)
Soomilind
5 _ (lr+ik)ae~VIOLE] ([(y+ik)Ae~V—IOLF]
= ( 2y ) ( 2y ) _
o (l(r=ik)aeV+HOLE]N ([(y—ik)Ae Y +IOLF] =
B 2y 2y
p*=( )( )
(1)

Equating Hhe values of C% dmd D? To euc othen yild
(y+ik)A+ (¥ - ik,)B)2 = ((y + ik)Ae”Y"OLE)((y + ik)Ae~ O —HILF)

(12)
And
(v — ik)A+ (v + ik)B)” = ((y — ik)Ae Y +IOLF)((y — ik)AeV+OLF)
(13)
Ard 10
ik) i ik) i
5/ = (2 [etr0r £/ - 1]) (S8 er+0r p/a-1])

Putting the above value of (B /A)? in 1o (314) w&a
((y + ik)+(y — ik)? [ (YHR)L 1])

(v + ik)

F
(y+ik) _ (y+ik) _
((y + ik)e A) ((y + ik)e A)
Ox
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(y + ik)? + (y — ik)? [ (yﬂk)L 1]
(y + ik)
F F
((y + ik)2e ik ) ((y + ik)2e(r+ik) A)

O
(v + ik)? = (v — ik)*)?
— (g [(]/ + ik)ze(y+ik)L

— ()/ _ ik)Ze(YHk)L]) (% [(]/ + l-k)ze(y+ik)L

_ ()/ _ ik)ze(y+ik)L])

F 2
%)
~ 4iky 4iky
- <[(Y + ik)ze(yﬂ'k)L _ ()/ — ik)ze(yﬂ'k)L]) ([(Y + ik)ze(y+ik)L _ (]/ _ ik)ze(y+ik)L])

AW a. l.: m 1o and 4 il e()/—ik)L

Fr\2 4ikyer—iOL 4ikyer—iL
<Z) N ([(V +ik)? — (v — ik)zeZVL]> <[(Y +ik)? = (v — ik)zem]>

4ikyer—HoL 4ikye =L
- ([(V +ik)? — (v — ik)ZeZVL]> ([(V +ik)? — (v — ik)ZeZVL]>

_ 4ikyeV—iL 4ikyey—ioL <)
B ([(Vz—kz)(l—em)+2iky (1+e2VL)]) ([(yz—kz)(l—eZVL)+2iky (1+e2VL)]) 7%

Pvama¢(§)z rom dbovt inte equation (), we gt

(5)2 _ ( (r2—k?)(e*t-1) ) ( (r2-k?)(e*t-1) )
4a)  \l(y2-k?2)(1-e?rL)+2iky (1+e2VL)]) \[(y2—k2)(1—-e2VYL)+2iky (1+e2VL)]
(16)
[ may be mentioned bere Wat in care ome i1 intrest in finding C[AandD [A, tis can be

2
ckivved by sultititiong the vatuc of () fpom (1S) int cgustions (11),
. 2\ 2 2
YO NS
Jinc hk/m |A|2 A A
3 < (yz _ kZ)Z(EZ]/L _ 1)2 >< (yz _ k2)2(e2yL _ 1)2 >
Al [

(2 — k2)(1 — e21)2 + 4k2y2(1 + e21)2] J\[(y2 — kD) (1 — e2/1)2 + 4k2y2(1 + e2rL)2]
AWMMZ&MWMWZM@ (1- eZyL)Z one ¢l
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. (y? — k?)? (y? — k?)®
(1+e2vL)2 (1+e2vL)2
[(yz — k?)? + 4k?y? {(1—eZYL)} ] [(yz — k?)? + 4k?y? {(1_ezyL)} ]
0
) (2 —k»?
= 1+e*vL42e2YL
(]/2 - kZ) + 4k2)/2 (W - 1) + 4k2)/2
(r? —k?)? (y? — k?)?
(y? — k?) + 4k?y? {m} (r? — k?) + 4k?y*? {(QZYL+e—2YL_2)}
O it 0%
(yz _ kZ) + Lzlz
eYL_e—vL
(=)
(y2-k?)?
I P N Lt
[(Y )+ sinhyL
1)
After subotitiing the values of Y 2 andk?, one gty
2 2
R? = e Yo
v + 0o |\ [y 4 #20o)
0 sin haL 0 sinhaL
1 4E(Vo—-E) -1 % 1+ 4E(Vo—E) ! (18)

- V4 sinhal V4 sinhal

e prolability of f[inding We particle in 4 mgionX > 0, L guen W rame hanmisrion
cotfficient T amd wiing cquation (15) we bane

2\ 2 F F\12

) -[5)-6)

. 2
ro _drer _ <hk/m|F|2> _ <‘5
A

_jinc hk/m |A|2
3 16k%y%e?rL 16k%y%e?rt
= [(yz _ kz)(l _ eZyL)Z + 4_k2y2(1 + eZyL)Z]) ({(yz _ kz)(l _ eZyL)Z + 4_k2y2(1 + eZyL)Z]
3 16k2y? 16k2y?
- (Y2 — k?)%(e?L + el — 2) + 4k2y2(e?¥l + e2vL + 2) J\(y? — k?)2(e?"L + e?YL — 2) + 4k?y?(e?YL + e?¥L + 2)
Adding and sltracting 4k2y? (€2 + e72VYL — 2) from Hhe desominaion, ont g2t
3 16k2%y? 16k2y?
- (yz — kZ)Z(eZyL + e?2¥YL — 2) + 16k2]/2 (yz — kZ)Z(eZ]/L + e2vL — 2) + 16k2]/2
4k2}/2 4k2]/2

= YL_,vL 2 vL_pyL 2
[(yz — k2)? (%) + 4k2y2] [(yz — k2)2 (%) + 4k2y2]
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kZYZ k2y2
((yz —k2)2sinh2yL +4k2y? ) ((y2 —k2)2sinh2yL +4k?2y?2 )
(19)
Putting the value of Y% and k% one gty

2 vZsinhZaL] V4 sinhZalL
re= [1 + 4E(V0—E)] [1 4—E(V0—E)]
(20)

One may, bowwer dack UatR + T = 1. There are o interesting situations in whick equatioms

(17) 16 (20) become simplen compidering Hhe punely formal bimit in whickh — 0. The quantity h s
4 phyprical cordlant, bt we can corvider 4s 4 matbematical variable in orden To examine e
dariical limit of o formulas. A = 0, b and Y approsch imfimity and bewasT = 0, R = 1,
wlick 4 of couwrse, We proper lebavion of & clariical particle with E < V. Te otfer inttresting
limit cccuns fon Ligh and wide barnion, et 0, wlen Y 5> 1. In that cane Sinh2yL ~ e,

beree form (3.20) after meglecting 1 inm compariaon To e othen whick s very large, one gt

-1

AE(V, — E) AE(V, — E)

1 Zm(Vo—E)

2
1
2

(16 —(1- _)e_z{mw E)}2L> (16 —(1- —)e‘2 )

T? =

)
)

(21)
From equation (21) Daramission codfficint would be gven by
E E — E E -
T* = (16 V(rg) [1 N V(ro)] ZYL) (16 V(rg) [1 N V(ro)] € ZYL) 22)

YL 3> 1, the most important fscton in e sliove cquation is e exponertial. e factor im front of
e eeporertial which s of Ye order of 2 s wot sigrificant since s variation with V and E i
wigliglle as compared 1o e variation in eeponential ull(Chaddba, 1983). Hence we can write

InT? = —4yL (23)
For & mctangulan double Wick poterntial barrien of Wickmess di, we cam wnite

InT? =~ —4ydx (24)
Where

(nz [V (x) - E])(2 V@ - E)

- (F1Ges) - ]) (le) - 2D @)

madingy & function of x
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Equation (25) eepression fjor Hhe hanmmirsion cotfficiont or Tummeling prolability of a rectangulon
lavier. Tle actual bamior encountnid by gamma particle bas an eponetial 1aid. We can
approtimide A a1 comialing of mary sdangulan barien of decrasing beight and ollain e 1o1al

Win entine segion, of comu E < V. Hemee Tabing e summation over all e sectingulan potential
éamém,wega'/;

mT? = (=2 ["y()dx) (-2 f;" y(x)dx) (26)
From equation (3.25) Ua Y can be while s 4 function of 2

clEr(E- ) erE ) e
Substituding equation (2]) in 1o equation (26)
mr? = | =2 [0 () ((42;;1 )- E>2 dx |( -2 7 () ((42;:01) _

2
E ) dx) (28)

Mading wae of equation (21), leads 1o

mrt= (<2(2) 7 (@) ax)(-2(2) 7 (2-1) ax) oo

Putting x = 11 c05%0,dx = 1,205 6 (—SinO dO) and alsa dangng We bimits %o
1

O(atx =140, = cos* (;—0)E and at x = 1y,0 = 0), one gets
InT? =

(—2 (%)_ n " (= - 1)% sin 6 cos 6 dx> (-2 (%) m (2 -

1

1)E sin @ cos @ dx) (30)
Sinet

1 2 1 2
( 1 1)5 [ —cos?8)2\ (sin 9)2
cos? 0 B cos @ ~ \cos 6
The Aovble Hick W loinvier L1 on e 2 coordinate
1 1
InT? = (—2 (?)2 7 f00° sin’ @ d9> (—2 (?)2 T foao sin® 6 d9> (1)

u”"l/”‘SZ' Z'M&M'Z z.
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1 1
InT? = (_2 (Zr: E)z - foeo 1—c0252 0 d9> <_2 (Znhl E)z - foeo 1—c0252 0 d@) (32)

( z(ﬂ) nf (3 <22 ao) (- 2 (5o, (- =22 a0 6
—2

m 1f9°—d9 _f90c0529 d9>< z(ﬂ) 1f9°—d0 f cos26 d0> (34

ZmE f9° do — feO cos2 6 d@)) ( am E) ( feO do — f9° cos2 6 d9)>(35)

M 7"1 90 (cos? 6 — (1 — cos? 0))))( ZmE — (cos? 6 — (1 — cos? 9)))) 3

(—2
( ﬂ 7‘1(90 (cos? @ — sin 9)))( 2 ZhE) 11(80 — (cos? 6 — sin 6))) (36)

M rl(HO (cos® 6 + cos? 6 — 1)))( M rl(HO — (cos? 0 + cos? 0 — 1))) (38)

= < 2 (Zm E) 11(60 — (2 cos? 6 — 1)))( (ﬂ) 11(80 — (2 cos? 6 — 1))) 39

At putting the value of E
InT? =

2m 2 2Ze?
COS' -
47T60T1

<::>%<1 = ])( 2| () izzzﬁ] eos” (8 - (2 (1- 2]
40)
Bcss of e st thet e ot baonien s uletionly wide, 1 > To,

) cos (T;) ~ g — (TJ'C_O)E
wosfi - -2 = 2
() <1

Al

Henee (pom equation (39)
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Theordtical Evaluation of Stpspprosching 2o Emission on 4 Doulle ThickBamior of & Gamma
Particle

1

mr = (=22 2 [rr2 -2 @) | )| -2 (@) 22 w2 -
2(—)]) 1)

2Ze?

Replacing 1y by 1y = = dnd siomplifying

1 1 1
it = (45 () zin - (5 757 ) (45 () 2 -
S@ee) w

Int? = 42 (2)" () Zingt - 5 (3) 226

43)
Eqution (13) gues the satursl Logunitlom of He Turmeling prolalility of He gamoma particte
Reslts

WeWWWo{WW' Yrmeling nough 4 barien, s rlationiliy with decay
WWW%MW@Q

2 _ 42 e m 1 _ 64 2
InT? =425 (mo) Zirys - 0)2( )z E7s 43
K1 N———m,
Iy I
J1 J2

The comtant Iy and Ly are o e calolated while:

r, =1.1 (Afi +A]E/> X 10~ m (émw%mo&wt) 4y
E = Potential energy of the enmitted gamma particle
= o1 unrgy of decay fjor tack runclevs

M = mass of gamma particke
1 dlomic man it = 1.66 X 1027 kg
e=16x%x10"1°C
h = 1.05477 x 1073%Js Al ane im S annit
€,= 8.85 X 10" 2Farad /m

To luep cquation (3.64) as simple as porsible we calewlate e constant Iy and I,

_ 22 (m
NEAETES .
I; = 8.792420946 x 1015
46
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et (m
Iz = Ger (?) el
I, = 2.496984634 x 10712
48
K, = T? 4
Lt T? ¢ DT
K, = DT 50

InDT = 8.792420946 x 1015Z%r0% — 2.496984634 x 10_12Z2E_%

$1

Equation (S1) i1 wued 1o gt Hhe realt for Turmeling for twery Y enitbing nuclews as dbow in Table
41

The decasy prolability per wiil Time or comilant we write

A=TIT S2
Where T = sumbier of Time per stcond gamma panticke within 4 muclevs srides te poterntial banien
T = e prolability of Danmisrion Ynowgf He barrier.

Assume only one gamma panticle etists willin 4 suclevs moving To and [po in Hhe suclean diamein

27,
S3
Where v = VWVMW&M%MMMWW
1="2DT Sy
27,
v=10"ms L1, =10"1*m
A=—"_DT ~10"21DT
2x10-
SS

Equation (SS) cam be wred 1o gt e resuld [or decay prolalbility por wnit Zime.
The bl e 3 s Ue Tome el for bl Ue origival suamln of lom possen o ducay.

MAMMW@MW& con willlen 4s
tl=72 S€
WW (S6) inte (SS) gwes

Table 1: ;gKrul wawwmwmmymw

S/ | Neclews | Mass Mass n DTER2) Decasy comstant (E-20) Halflife
N | lmd) | N Exctss (E23)

@ AKY) 20 ts
17 | & B[ 36 | 1324 | 456092 | 1.031GIIENG | 6929243536 2459135260 2933026 | 206991949
7 | & K| D |21 | 4S9NEK | 3MS6U09EN3 €7959205%3 2456591109 | 2954591108 | 2.0(9529966
7 S 90 |33 | S39.0 | 4939699101 | 2/UKANSTEN | €.9200129) 295509921 | 2956098249 | 2.0413461S)
"R 90 |39 | 3959 | 4939699101 | G.S2USUSCISENL | €.920046991 29565368 | 2956504369 | 2.049895247
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Theordtical Evaluation of Stpspprosching 2o Emission on 4 Doulle ThickBamior of & Gamma

Particle

S y 27 39 124.2 | 4.90 1.357044773E14 €.930200842 29.56699649 2956694649 2.046931847
€ |Y f 29 | 434S | 10.26011696 S.3400S694E-14 6.992936692 29.51423%6 2.95142836 2.049619)

7 2 20 4o 1.0 | 4.838699101 S12696136E-1S €.96384600S 29.51171313 29511171313 2.0493239)8
3 |2 s 40 | WS | 101414939 2.552600702E-14 7.016960044 29.51435121 2.951435121 2.04984403€
9 2 99 4o 40491 | 10.21131928 €.802344816E-14 7.056410011 24.5850943S 2.95850943S 2.050247385
0 | 2 40 4o 2186.2 | 10.43551628 S.609222120E-14 7.060204417 24.58649601 2.958649601 2.050344173
" | N 2 7] S40.0 | 10.08166653 €.5844437103E14 €.995280444 24.51625182 2.951265682 2.049634598
12 | NE 2 7 7517 10.2004203S 1.02411113E-13 7.070740754 24.59648636 2.983699636 2.050%7815S
172 | N 98 7 10521 | 10.3189146) 1.026354778€-13 7.09112845 24.59496568 2958496568 2.050507692
M | N 99 W | 16207 | 10.3%1952 2.285505919E-13 1.101111936 29.5912)25 2.95912128 2.050645184
15 | Mo 106 | 42 | 4657 | 11.32519316 4.3919S4416E-14 7.30182856 29.51915492 2.961914592 2.052606812
16 | Me 107 | 42 400.3 | 11.27843843 4.8979S6006E14 7.310413426 24.62032094 2962032094 2.05268821
n | T 98 32 7.0 | 10.31891467 1.10042495E-13 7.16021451 24.60116107 296016107 2.051402458
172 | T 40 3 9481 | 10.4355162% 1.24S25193€-13 119621402 24.604S5147 2.9604S)6N 2051596817
1% | T M [ €53.0 | 10.94436131 8.55983113)E-14 7.282460819 29.61648945 2.96146894S 2.052422754
20 | R il 44 | 3937 | 10.49333122 4.401131043E-14 1.247696243 29.6110473 2.961110478 2.052091141
2 | R N 44 | 2157 | 10.832)4353 1.958525668E-1S 7.30STNG 29.61463622 2.961468622 2.05264425S
2 | R 105 | 44 724.3 1M.2164584 §.0S46280ME1, 7.318506638 29.62959234 2962959234 2.053330753
2 | R 42 4s 243.0 | 10.55082935 1.183047719E-13 7.29849391) 24.61868913 2.961363913 2.05257515)
24 | RL 4 4s 756.2 | 10.664389569 2.69020961SE-14 7.31814067S 24.6213N41 29621341 2.052761454
%5 | R 96 4S | 8326 | 104N 1.4S1Z1S09E-1Y4 7.331425015 24.62400903 2.962400909 | 2.052943%29
26 | R 99 4s 31.0 | 10.94486131 2.00752819E-14 7.365702458 24.62185554 2962785554 2.053210334
2 | Pd 1S | 46 | 4.0 | 1179619592 §.4103112NE-14 1.5426131 24.6200549 2.965200544 2.054839932
28 | P4 1M 46 247.3 11.898931921 1.912999696E-14 7.56256872 24.65423203 2.965423203 2.055038279
2 | A 95 ] 1261.2 | 1092141518 1.63663U412E-13 7.407924692 29.6335SM4S 2.96335M4S 2.053606501
30 | A 99 | 26 | 10.944361%1 1.2384330S3E-14 7.44621389) 24.633)26%2 2.96312632 2.053962263
3 | Cd 100 |43 | 9366 | 1.0 1.17600316E-14 1494919158 2964524646 2.964524646 2.054415558
32 | Cd 105 | 48 961.8 | 11.2164584 1.35071956826-13 7.540763622 24.65134513 2.965134523 2.054833224
3 | In 1046 |49 | €58.0 | 11.21134293 2.834251644E14 7.510618911 24.6553038) 2.96553039) 2.055112558
N | In 106 | 49 €326 | 11.32519316 8.91SSSSSYE1Y 7.589126€025 29.65)6849 296506844 2.0552771564
% | Sw 105 | SO | 12817 | 1M.2M645%4 175246153113 1.61311994) 29.66155073 2.966155073 2.055545466
€ | 107 | SO €18.6 | 11.21843343 8.965512008E-14 1.6361089€ 2466390924 2966390929 2055708914
| % 108 | S1 | 1205.3 | 11.43153533 1.312663362E-13 1.69293446S 24.610022S 2.9610022)S 2.0561325N
33 | St 12 | S 12511 | 11.64130507 1.56SUFILLE3 11940054 29.604569) 296045690 2.056u611
Y | T M3 | S2 | #1460 | 1164316039 1.056456365613 1.72651097 29.61561851 2.961561851 2.056524521
40 | Te MS | S2 | MG | 1179619592 4364330965614 1.181166519 29.68212034 2.96821203 2.0$7012005
Wy | M2 | S3 | €84.0 | 11.6413051) 4.303650113E-14 1.142518%4 29.6341352) 2.96341352) 2.051114039
w2 |1 M4 | S3 708.8 | 11.74478608 S.380111313E-14 7.80908513 24.6863902 2963639112 2.057267262
W o| X 73S | S4 7869 | 1278084504 2.235021334E-14 2.013453247 24.11220529 2.911220529 2.054055827
4y | Xe 140 | St | 8056 | 13.01521552 2.411918209E-14 9.0504€725S 29.71615128 2.91€15128 2.059210962
w5 | C M6 | SS | 3935 | 11.84936258 1.36185070SE14 7.8445402 29.691332 2.961332 2.058059134
W6 | C 125 | SS | $25.0 | 12.249213%% 6.025139825E-14 1913121585 2420011248 2.900M24S 2.052)0705
| B 126 | S6 | 2336 | 123446938 3.52479006E-1S 2.0170307 297126131 291126131 2.059088246
42 | Ba 43 | S6 | 2115 | 1315405652 2.611S48999E-14 9.145554522 2472849344 2.912549344 2.060134595
Y | L 126 | ) | 2560 | 1236346938 1.3853933CSEN 9.052254166 293107194 20107144 2.059294591
SO | L 130 | S) | 3504 | 1254192968 1345829432614 7.533071049 29.65032342 2.9650323%2 2.0S66448
1 | Ce 120 | S8 | 1204 | 1239620044 9395404052615 7.3054NS 29.61428622 2.961463622 2.052644255
2 | C 133 | S8 n.2 12.6858138S S.913636WLENG 1.218506684 24.629592349 29629592349 2.053330752
S3 | Pa 124 | S4 | 2028 | 124435983 1.336215363E-14 7.298493916 29.61363913 2.961369913 2.05257515)
S4 | Pa 120 | S9 | 8364 | 12.9151649 4.939S1SU46CE 7.313140€)5 29.6213N041 2.96213N041 2.05296145S
SS | Nd 133 | 60 | 402.3 | 12.695913%5 04.24256S49E14 1.3342501S 24.62400708 2.962400903 2.05293824
6 | Nd 152 | 60 | 2986 | 13.561110%1 2.3N6EM13E1L 7.365702453 29.62195564 2.962185564 2.0532103%9
S | Pm 136 | €1 233 12.82809417 3.191SME14 7.546278311 24.65200S49 2.9652071549 2.04893832
S8 | Sm 1) | 62 | 3805 | 12.9951699 2.91MS61SUEN 7.562568712 24.6542320S 2.965423203 2.055633219
$9 | Eu 134 | 63 | M4.0 | 129633093 S.423300161E-14 7.4074246492 29.633SM4S 2.9633SM4S 2.053606501
60 | G4 159 | 64 | 363.0 | 13.8047223 4:792112304E-14 2.4462191914 29.63912132 2.963912123 2.053962158
¢ | T 144 | €S 284.0 | 13.20 1.693889342E-14 2.46214113 2476662342 2.916662342 2.062827003
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€2 | Dy 145 | 66 | S18.2 | 13.24575404 8.542809364E-14 9.501852)07 29.11305 2.91M130534 2.06315146
€3 | He 1% | & €927 13.291350S) 7.786581613E14 8.541211003 2901592392 2901592392 2.063471523
6 | & 151 | 68 | 1M40.2 | 13.5770263 1.691899229E-14 9.609065064 2979393684 2.919393684 2.064019%43
€S | Tm 152 | €4 208.2 | 13.56111081 S.322U32991E14 2.6(761510S 24.18931163 2918831163 2.064329946
& | v 150 |0 | 2311 | 1309296044 2.2911M3S39E14 3.114021135 2914595441 2.919595441 2.06485964S
In?2
t% 10-21pT S7
Tlis equation gwes Hhe reslt [or ball-Ufe of gamma enitling mucles wbititute equation (S)) into
(1)
2€ 2 m l 1 84 m 2 —1
t1 = In2 e_[4 fl—z(ﬂ_ﬂ))Z‘}rO‘L_(flEo)z(?)Z E 4] S
= 10— 21
i 15,50 % 12,273
— 4y d— - P
tl — 6.93 X 1021 % e [8.792420946)(10 Z41y4—2.496984634X10 Z“E ] 57
2
Table 2: J2K7 10 137V D particle emitting sclti. amd Hein calewlated amd perimental bl Lves
SIN | Noclews Mass | 2 3 [ DT (E12) DT Log Log Log
(mame) Ne. Decay conitant Half-tife Half-life
®) y() ta t1
(pom cbart)
1 Kr 75 36 | 1.091469619E-14 6728293536 29.52134267 -19.52462858 23.21110466 2.11619406
2 R LS 31 | 3.91566403E-13 €.185420548 29.54591103 14.524032 23.31123003 1.568201024
3 $r 30 38 | 2106911582614 §.8200129) 24.55098244 19.5294295S 23.31130369 3.204215961
4 y 80 39 | 4SUSHICISEY €.920046991 2956544368 19.5292156 23.3115164 0.6812412204
S 14 91 39 | 1.350044103E-14 €.930800842 29.56699649 -14.5219214 23.31110466 1408485019
€ 14 5 39 | S.3U00SCI4EY €.992996692 24.51929%6 19.52901228 23.31161163 3.693407294
7 2 20 40 | S.12696136E-1S €.96389600S 24.51101313 -19.52912263 23.2116106 0.6989700043
3 2 8 40 | 2.5526107026-14 1.016960094 29.5193121 19.52901136 23.31112188 1.022426498
9 2 99 40 | €.802844316E-14 1.056410711 29.5850943S -19.528426M 23.31180627 3.61291024S
10 2 40 40 | S.€09222120E-14 1.0620441 24.59649601 19.58128819 23.31182677 2.907945522
" Ne 8 W | 6.SBUI4EI03E1Y €.995280444 29.51625182 -14.524056)9 23.31160644 1.09181246
12 Ne % 41 | 1.024111736-13 1.000740754 29.59693636 19.5289992) 233118337 1.942504106
7 Ne 92 41 | 1.026354778E-13 1.09112895 29.58436568 -19.52835701 23.31191623 2.6646491€
14 Ne 29 1 | 2.285505918E-13 7101111936 24.58912128 -19.5289383€ 23.21184688 3.951332446
15 Me 106 42 | 4.3819S4916E-14 1.30182856 29.51915492 19.528420 23.31230S17 0.9395192526
16 Me 107 42 | 4.8719S6006E-14 7.310413426 24.62032094 -14.52341020 23.21232299 0.5440680444
n Te 982 43 | 110062495613 1.1602451 29.60116107 -19.52868236 23.3120509) 0806119714
1% Te 40 43 | 1.24525193€13 7.19621402 24.604514) -19.5286411S 23.31204202 1.641465103
19 Te 7 43 | 9.5599311%0E14 1.282460819 29.6164399S 19.528466 23.31226692 2.29666519
20 Ru 7 44 | 4401181043614 1.247696243 29.6110478 -14.52853659 23.3121966S 2.346352914
21 R N 4l | 1.958S2S668E-1S 7.30S74M4 29.61969622 -19.5284195S 23.21231369 3.61426033S
22 Ru 10S 44 | 6.0SUS280ME1Y 7.218506638 24.62959239 -19.5282)432 23.312458%1 4.203635411
23 RA 72 4S | 1.193067113E-13 1.29849391 29.61968913 -14.528341M 23.3122990 0.6999700043
24 RL 94 4s | 8.69020961SE-14 1.31814067S 29.621341 -19.528394)S 23.31233843 1.41161910€
25 R/ 96 4s | 1.45N31S09E14 1.330425015 29.62400903 -19.528356M 233123107 1951128198
26 R4 99 4S | 2.0075281S1E14 17.365102453 29.6285554 -19.52829N18 23.31243345 4.228400259
V] P4 11S 4§ | €.4103113NE14 7.54261751 24.6200549 -19.5209449 23.21278833 1.698470004
28 P4 m 4§ | 1.912999696E-14 7.56256972 24.65423203 -19.5219132 23.21281992 0.643452606S
29 Ag %S 47 | 1.636634l112E-13 74071924692 24.63351M4S -19.528216 23.31251123 0.21915601
30 Ag %9 4 | 1.2384830S3E14 144621389 29.63912682 -14.52841047 23.31259218 1.041392635
2 [ 100 48 | 1171600316614 1.494919158 29.64S24646 -19.52804443 23.2126393 1691081442
22 4 108 48 | 1.350795692E-13 7.540763622 29.65134513 -19.5219556 223120064 3.522444234

2 |IVEESD




Theordtical Evaluation of Stpspprosching 2o Emission on 4 Doulle ThickBamior of & Gamma

Particle
23 In 104 49 | 2.83U2516U4E-14 1.520618911 29.6553038) 14.52189162 23.31283561 2.035824825
Y In 106 49 | 879155SSSUEY 1.582726425 29.6506849 19.5223621S 23.3128)043 2.502427212
35 Sn 105 SO | 1.752461531E-13 1.61891194 29.66155073 14.5218061S 23.31292109 1.596819
26 Sn 107 S0 | 8.765512003E-14 7.6361039€ 29.66390929 -19.5211162 23.31296162 2.243534107
2 St 108 S1 | 1.312663962E-13 7682934965 24.61002271S -14.5216212 23.21305111 0.869231T19
39 B "2 S1 | 1.56S49144E13 1N940054 29.604569) 19.52061558 23.31311965 11110963119
29 Te 113 §2 | 1.05€45636SE13 772651091 24.61561351 -14.52159934 23.31313394 2.009600172
40 Te 1S S2 | 4.36433096SE-14 1.781166519 24.68212134 -19.5214962 23.21232704 2.604226053
w1 f "2 S3 | 4.309650113E-14 1.142518%4 29.6841352 19.52448) 23.31325%3) 0.531478917
42 [ 14 S3 | S.380111313E14 7.809)78513 24.6863912 -19.5214425 23.21329004 07923916845
43 Xe 135 S | 2.235021334E-14 9.01345324) 29.01220529 19.52006511 23.31366912 2.962942631
44 Xe 140 St | 3.471918209E-14 8.0504€725S 29.71615125 19.526998€) 2331373456 1133533408
us C 116 SS | 1.3613S070SE-14 7.8495402 24.691832 -14.82121559 23.3134578S 0.84504204
4 C 128 SS | €.025798825E1 1.91%121585 292001245 19.52113868 23.313544SS 3.431362)64
4 Ba 126 S€ | 3.52474006E-1S 3.01770307 297126031 19.52705928 2331360496 3.N319644S
43 Ba 143 S6 | 2.611S43999E14 2145554522 2972849344 19.5268211 2331390614 1.15533603)
[ La 126 S) | 1.39593336SE1Y 8.053259166 2921109199 -14.5269436 23.21313463 1.698470004
0] [ 130 S | 1345828432614 7.533071049 24.65032342 -14.5219105€ 23.31206268 2.711610503
s Ce 12) S8 | 3.3954090S2E-1S 7.30S140S 29.61423622 14.5281955 23.312313649 1.5%147891
S2 Ce 133 S9 | S.913636W4ENY 1.218506624 29.629549239 14.52821432 2331245891 2.51054501
3 Pa 124 S9 | 1.336215868E-14 1.298U4391§ 29.61963913 14.5284341M 23.31229907 1.411121255
S4 Pa 12) S9 | 4.99951SUSCEY 1.3131406)S 29.6215N041 14.52839475 23.31233343 1.89536122
SS NA 133 60 | 4.24256549E-14 1.33)42501S 24.62400708 -19.528356M 23.312315849 1.84509804
S€ NA 152 €0 | 2.3M661113E14 7365702458 29.62135564 -19.52829918 23.3124334S 2.935056102
S P 136 €1 | 3.399SMEAN 1.546278311 29.65200544 19.5209449 23.31213933 1.60207353
58 S 12) 62 | 29111561S4E-1Y 7.56256212 29.65423205 19.52091332 23.312946) 1.653212514
59 Ew 134 63 | S.U23%0161E-14 1.400424692 29.633SM4S 19.528216 23.31250)23 1.255292505
60 Gd 159 €4 | 439211230414 1.4462131919 29.63912132 14.52914044 23.312512S 32.045322919
&1 Té 144 €S | 1.6933893U2E14 8.462141113 24.76662342 -19.52627043 23.21446281 0.62324424904
62 Ay 145 66 | 8.5428093CUEN 2.501852)07 291713051 14.52620212 23.31453111 1146128036
63 He 146 € | 1.736531613E-14 9.541211003 29592342 19.526123475 23.31489343 0.5785129399
& Ex 151 €8 | 1.691849229E14 2.609065064 2419383684 -14.526019366 23.314713%8 0.7781512504
6 T 152 €9 | S.322432991E14 2.647615105 29.13831163 19.52595411 23.3147912 0.6984700043
6 Ve 19 20 | 2.291113539E14 8.214021135 2924595447 14.525842) 2331434054 1.5410064607
Y .

The neslits o Trmtling probabilitics of gamma panticle for J2KT o 150V D suclti ane shown im
Tables 1 and 2Table 1 snd 2 bawe tomic ramber 2 =36 2670 for J2KT 20 130V D gamma sunclei.
Tle 1ables Uat indicate Mhe medivm ggmma particke ban am appropriate sesdt oflaimed which sbows
Wit gpmma. decay ia poribleThe calowlated Tl prolalility im cquation (4.3) indicate impud
Aata in Talble 2. The ‘notopes of gamma pantiche emitten with 2 = 36 10 70 #at 0 J3KT — 157V D
[or madivm gamms particle and 2 =M 20 101 #hat 20 133 Lu — 139
particle ane sbownThe ballr-life varies (pom ome wuclews To amother whick indicates Hat (pom Table 2
obsowes Hhat e valuer of calewlated ball-lives ane 10 small bt also maleh with e experimental
ball-Lves.In grnnal, We gpmma particle ball-Life t1 presented in e Table 2 ane i agreement with
1he xperiomental sl (e it of Nocides Edusnds 1 ., 2002).
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Figure 1: Natiural Logarithm o Turmeling probalility versa Plomic smber for J22KT 22 137YD
Gamma Particle emitting wucles.

Figue 1 aepresents the vatwnal Lognithm of tummtling prolability vers stomic mmber 2 for
TeKT 10 150V D mans gomma particle emiiens sespectively.Figune 1, We amomaly Lies with Ligh
MWZVMWZ&WWWMM.FWWWZ=QZ,W,
U6, U8, S2, Sl and SE are slightly ligh tan Hhe erders alro (pom atomic sumber 2= S) 16 €S
waltr 4 dbape of “ w" and [pom Ue alomic rmber 2= €S dimirisber will inertaning value o
natural Logarithm of Turmeling probalility. The rtason Hat amomaly lis 41 Low alomic mmber 2
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o1 Yhe rucles ane Aable and ane depicted by points bying a1 Hhe bottom [or tack rotope whick wen-
wen Lo will wen-odd (wem netron and odd proton or wen proton and odd retron) Hhe (g
dbows Wl We prolalility of gamma emisiion i1 bighen Hhan wen-wen wulei. The atonic romber 2=
U2, Ult, US, S2, Sl and SE it sbows Hhat ewen-ewen sucles bave We slightly ligh probalility of gamma
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Figure 2 shows the Logarithm of eeprimental and calewlated ball-lives veris wnergy of gamma
particle for T2KT 1o 137V D mass sucleiFigure 2, shows He amomaly lies with Ligh energy of
gomms particle values of eeperimental and calelated ball-Lives exceyt [or Hhe Unee amomalies runcles
of e eperimental ball-Lives Hhat are bigh energy of gamma panticle enitten prove Wt Mey bave bigh
M—MMMMM@MWWWM%WW%WWW@?O E14 J, .46
ENGJ and 118 EAG .
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Figmre 3: Loganithmic plot o Calowlated sand Experimental Hall-lives verss Aomic Number [or
5eKT 10 T50Y b smars uclsi.

Figue 3 sbows e Logprithmic calewlated and ecpprimental ball-lives versus Mass rumber A for
12K 10 151V b mass scleic seapectinely.

Figure 3 sbows Mhe amomaly liys with bigh mars sumber A valies [or W medivm mass sumber A
wcle wilain 4 shaight Lime of Hhe value of calelated and eeprimental balf-lives except fjor e
Wnee amomaly of We experimental ball-lives Yot ane bigh Wal s jor Hhe Lsolopes of W rucle wilh
mérs wmlen A = G4 160 99. Theoe reveal Wt Hose Low mass sumber A bane 4 Low rate of calenlated
ard eeprimendal ball-lives while e Unee mwans wmber A ndicates Yot Yoy lave ligh
eeperimental ball-Lives.
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Figure b: Logarithmic plot of Calowlated and Experimental Hall-liver verss Mass Nowder (A) o
Gammsa Particle for S2KT 10 157V b Mass Nucles.

Figure U shows e Logarlm of experimental and calenlated ball-lives verss mass rumber of
gpmma panticle for SIKT 1o 151V D mass suclei. Figune U, indicates e amomaly lics witl low
mbrs rumlr of gamma particle values of experimental and calewlated Lall-Lives except [or Hhe Hhnee
anomalios sucles of We experimental ball-lives Hat ane ligh mans sumber of gamma panticle &then
prove Wt Yhey bave bigh ball-bives eeperimertal as in Ut amomalies of e mass sunben of gamma
panticke a2 90, 99 and 101.
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Figure S: Lagarithmic plot of Calewlated nd Experimental Decay contint versa Enrgy (1) o
Gamma Particle for L2KT 10 250V b Mass Nuclei.,

Figue S nepresests the Loganithom calewdated decay comitant versa Energy () for S2KT 20 137YD
b ggmms particle emittns neapectively.Figune S, the amomaly liys witlh Low Energy (V) values for
W medivm gamma panticles emitting wuddei. for e Energy (V) value of 0.00 Lo baving 4 vertical
Line on Ue Logpnithm calonlated Aecay corstant pom 0.00 To arownd -3.S whick alre Hhe figure
bars 4 bape ) cone on Ut porition of neutral cquilibrivm. The come netral equilibrivm position
Lies on U Low Energy () Wan Ue order vertical line. The [igure also sbows 4 borigontal Lime on e
Energy (V) fpom 0.00E+00 26 1.00E+13
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0
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Logarithmic plot of Calculated and Experimental Decay Constant
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Figue €: Logarithmic plot of Calewlited and Experimental Decay comitint versms Atomic Number
(2) of Gamma Particle for J2KT 10 157V b Mass Nuclei.

Figue € sbows e Logrithm of calewlited and experimental decay coritant veris iomic wumber
(3()06W{AAAMMW§2KTZO 157Y b mass suscii
FWG,M4WWWW%MWMW(2) Oéwfml(o&vdauaé
cilenlited and eeperimental decasy contant [or Me medivm gamma particle muclei. The figune sows
4 yiggag and berigontal Lime. For Hhe yigrag value om atomic smber (2) = U0 las e Lowest value
on e yigrag while [pom He stomic wumber (2) = €0 1070 1 diminiobe.
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of gpmms partiche for L2KT 10 157V D mans sucles.
Figue 1, shows e amomaly Lies with low mars wumber (A) values ffor We medivm gamma panticle
it 1 sows te daper of conts and 4 borigostal line. The shaper of comts are Lke in e
position of meutral and alse wmitable equiliniom. The shapes bie in betwerr mass smber (A) = -

160.
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Figure 8: Natural Logarithom of Turmeling prolalility versa Enrgy () for J2KT 10 37YD

Figure 8 reproent e satunsl Logarithm of Tummeling frobalility verss Entngy () for J2KT 1o
1%YbWCWWo&W/WMWWdy.

wucles. From vatunal Loganitlma of Ymmeling prolalility axis Uat Lies 0.00 E+00 o0 Energy ()
axis while [pom e Affrent points Yol meel 41 4 poind Wal make 4 rarrow apsce between e o
point from e a1 & didtanet less Wan S.00 E+12 Energy (V) A continmons wp To 4 didtance above
1.00 E+13. These means Wt W rnclides Wt Energy (V) To Yl Mnowgf the Double Wick barrien,
We Energy of e suclides Yt bave 0.00 E+00 Les i between & distance o 10 1.00 E+12 10
distance dow 16 9.00 EH12 and e wo points are lose 3.00 E+12 of Hhe satural Lognithm of e

ternelint inolalilite,

34 |1VEESD



Intrmational Journal of Engimeering and Emorging Sciontific Discovery
ISSN: 25267250 (Paiant): 25361269 (Onlisne)

A‘ Volusme 6, Number 1, Manck 2021
Lt/ [ casirmediapulbliing.com

23.316

23.315

23.314
-
®
I 23313
©
3 v
@©
S
L 23312
©
o
o
S
23.311
2331
23.309

363839404041414243434445454647484950515253545556575859606163656769

Atomic Number (Z)

FW?: WW% %MMH/«%-MMVWAWN«M 2) a{Gum&o&w
5K 20 150Y b mass suclei,

Figme 9 seprenents We Loginithma of calewlated ball-Ufe verses Plomic mumber 2 for J2KT 1o
1%YbWCWWWMM@.FW%WW&MW%WMWZ
value fjor e medivm gamma particle emitling rucles. From atomic wmder 2 = 42, U, 4, 48,
2,54 and SE ane slightly lich Hhan e orders also pom slomic sumber 2 = S) 1o €S males 4 slage
of w and [pom Ue atemic 2 = €S dimiridber with increaring vilue of watural lognithm of
Yrmntling prolability. The reason Yal anomaly bies a1 low alomic mumber 2 s 41 4 resnll of
Aiffprent Logrithms of calelated ballble. The sbape w Lo 4s 4 reanll of & Aiffferent Time of
Yandling 1o e otler, Wl He rucles bave cter very amall Lime Ypmeling prolability or Hhe
wucles ane sAable ane depicted by points Lying a1 e bottom [or tack Lsotopes which wen-wen Lo with
wen-old (wen wunder and odd proton or wen proton and odd retron) He [igure sbows Wat Hhe
Tome Taden fjor We probalilily of gamma emission s bigh Yan wen-ewen rudlei. The stomic smmber
2 =02, 44, US, 48, S2,54 and SE i1 shows Hhat wen-ewen rucles bave Yo oLt ligh Logarithms of
calendated Lall-lfe of gamma enission.
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Figure 10: Logarithmic plot of Calewlated Hall-life versas Mass Nember () for 32KT 20 50V b

Figue 10 aepoesnits He Logprithms of calewlated balf-lifle versn mass mumber () for 52KT 10
1%memGWWWMWJy.

Figure 10, e anomaly lies with bigh mars smber (A) values [or Yo medivm gamma particle
emiting sucles. The [igure sbows e sbape of v, yrisgag shape in Hhe scending order and also & sage
of w. The ntason [or Hhe shape of v i1 41 & 1l of low in Logarithma of calewlated Lall-Life Tader or
Yrmneling prolalility, jigaq sbape Lo as 4 realt of diffrent value of Logarithm of calewlated balf-
Ll which i1 ot 4 4 dowe Lidlance and alve dbape w s a1 4 reall [pom one suclvs 1o anotlen of
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Figure 11 sepresents the Logarithms calelated Decasy constant vrsm dlomic mmder 2. for S2KT 1o
1%memGWWWMWJy.

FW??,WWWW%MWWZVMW%WWW
enitling sucles. For Hhe atomic wumber 2 = 39 lightly bith Han Yo orders, also jor atomic
wmber 2 = 40 L1 Lower Wan te orders [pom atomic mmber 2 = S) 1o 65 makes 4 shape of w and
also pom atomic wmber 2 = €S diminisher with incrtaring value of logprithms of calewlated
decay constant. i shows Wat stomic rmdber 2 = 39 baving 4 ligh loganithms calowlited Aecay
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Figure 12:Logaritbmic (lot of Calewlated Decay Corttant verss Mass Number () of Gamma
Panticle for J2KT 10 151V b mass smcllc.

Figue 12 neportainits Ye Lognithom Aecay corstant verss mass ramber () for J2KT 20 137YD
mats Ganma. panticle enitins sapectively.

Figuren2, e anomaly Lies will Low mans sumber () values for Hhe medivm gamma particle mucled.
T&WW4¢M0§¢W,Ma&mWWam,MWamwwa
dape of lttr S. The ntason ffor Yhe shape of 4 come o ont of Y mass rumder (A) bane lower
Logprithm decasy coratant value Wan e orders, ffor Yo wpside down cone Lo 4 Hhe reslt of e
widdle valve of wans wumber (A) s baving s bigh valie of Loggrithm decary coritant Wan orders,
ond didtance yigrag sape i a1 4 mdd of fluctustion of values of Loganithm decay conilant 4t 4
dovd didtance and also or e dbape of letter “S" L a1 4 20lt of luctuation of values of
Logprithm decayy constant a1 4 didtance affter e Jupmeling probability.
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Figue 13: Logarithmic plot of Calewlated Hall-Life versus Energy W) of Gamma Particle for J2KT
1o 153Yb mass il

Figune 13nepresents the Logarithm calenlated Hall-life versa Enengy () for J3KT 20 150V D mina
Gamms panticle emitiens neapectively Figure 13, te anomaly lies with bigh Enengy W) values o e
WWWWW FMWW(\/)M@MO.OO E+00«'4MM4VM
Line on Hhe Loganithm caleulated Lall-Ufe [rom shove 23.311 seconda o clos 1o 23315 seconds dnd
oo 4 safe of cont on W porition of mutral cquilibnivom. The cont mutral cquilibnivom porition
lies on e ligher Eningy (1) Yhan e order vertical Line. The cone Lies in between clone o 23.3125
scords To shove 23313 sconds of loginithm calolated Lall-Uife Hat ‘s Taker To Tmneling
il
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Figue W: Logarithmic plot of Calewdated Decay Comtant verms Energy () of Gamma Particle for
5eKT 10 "50Y b smars suclsi.

Figue W4 repoesents Hhe Loginithm calolated decasy versa Energy (1) for 22KT 10 150YD masa
Gamms particle emitlons seapectively.Figune N, e smomaly Lies witl Low Enengy () values o e
medivm gpmma. patiche emitling rsclei. The figune sows te vertical and berigontal Lines. The
vilues of Energy (1) a1 0.00 E+00 Lo having vertical Lime on e Logarithm of calewlated decay
whick Les below 19.52 1o shove 19.58, e borigorial lines i da & ranld of Hhe Energy W) Yt

lave 1.00 E+13 #hat 24 affr e Tummeling probalilits,

CONCLUSION

[t bas been calowlated anilytically e Guartom medimical emisvion prolability of larrier
peneation JIKT 1o 13TYD of the gomma panticle decay of atomic wuclii. The ScbaBdingen's
Tome-indiperdint equation las ben appliod o 4 potntial banier whow beigft i1 geaten Yan Hhe
gomms particle's energy. Howeer, on application of bamier emission Weory, the prolalility of e
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PBSTRACT

The persistent escalation of cost of both building and infrastrackoral projects in Nigeria is alarming. In other Yo improve
opon the existing scenario, this stody investigated and evaloated determinants of constraction cost in Nigeria. The
objectives of the study inclade: Comparative cost analgsis of constraction projects in Nigeria with that of some Pfrican
countries, evaluation of constraction cost matrix and suggestion Yo improve on existing scenario. Data obtained through
stratified probabilistic sampling technigue from 50 Nigerian Quantity Sarvegors through stractured questionnaire were
analyzed qoantitatively and the findings of the study revealed that high cost of construction materials, inflation,
monopolistic market for constraction materials, deliberate inflation of contract sum and kick back syndrome are major
determinants of cost of construction in Nigeria. The study concladed that Yo corb this menace, measores ootlined in the
stodg most be implemented.

Kegword: Constraction Cost, Dygnamics of Cost, Nigeria, Issues, Quantity Surveyors, Wags forward.

INTRODOCTION

Successfal project performance depends on some factors which inclode; Cost, guality and time among
ofhers. Samael, Olatonji, Oke, Rghimien and Sakira (2016) opined that among these three factors, cost
of constraction is perhaps the most significant. According Yo compendiom repork on road infrastracture
& related development in Nigeria (2019) unless effectively managed cost of constraction can escalate.
it s a common arguable perception that cost of constraction in Nigeria is far more than that of the
contemporary Pfrican Coontries and even begond. Bjanlekoko (2017) however opined that it is
preferable Yo refer Yo cost of constraction in Nigeria as one of the highest in comparison with other
coontries. The notion that cost of constraction in Nigeria is high compare Yo other countries in the
world is sobjective. Pecording Yo Rjantekoko (2017), there is no known empirical data base that
established this assertion. Bok, asserts that it is safe and troe Yo conclode that cost of constraction in
Nigeria is high. Even though Nigeria as a nation, has similarity in procurement methods, tendering
approaches, contract types with other nations (Ogediran, Dada & Zannoo, ND) asserted that it is still a
prevailing perception that constroction cost in Nigeria ranked among the highest in the world. Rgainst
this backgroond, it is imperative to explore the existing scenario in Nigeria and possibly recommend
implementable solotions Yo overcoming perceived causalive factors contriboting Yo relatively high
constraction cost of constraction projects in Nigeria. This stodg investigated and evaloated
determinants of constraction cost in Nigeria in other Yo impact positively on the economy. It appears
from the Foregoing thak, there is need Yo explore Surther on this area of concern since most sabmissions
are based on sapposition than in-depth research. Begond the cost of constraction in Nigeria, there is
need Yo evaluate constraction cost determinants in other Yo establish their contribotions and suggest
wagys Yo ameliorate on the existing scenario. This is the focas of the stodg. This stody covered
government sponsored building and infrastractaral projects in Nigeria.
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The Dgnamics of Cost of Constraction Projects in Nigeria

STRATEMENT OF THE RESEARCH PROBLEM

World Bank (2017) posited that constraction is often refers ko as driver of economgy. Nigerian as a
developing country has constraction sector as key economgy sector second Yo ol and gas sector. In the
event that a nalion constraction indastry is in a perilous state, then sach a nation experience difficolty
in steady growth. Findings of previcus studies disclosed that the cost of constraction of roads in
Nigeria is alarming in comparison with other nations. Abaja Centre of Social Sustice, ACSS (2018)
based on previovs study condacted by World Bank (2000) reported thak, constracting a kilometer of
road in Nigeria cost between 400 million and over N § billion naira. This submission was based on
specific comparison between the roads with same grade constracted in Nigeria and some Rfrican
countries. The report referred Yo the award of 127-kilometer Lagos-tbadan expresswag at 167 billion
by Federal Covernment of Nigeria in 2043 and similar contract of 1,028 kilometer awarded in same
gear between 167 billion and 230 billion by Economic Commonity of West Bfrican Countries
(ECOWRS) as link roads between Lagos, Nigeria; Cotonow, Benin Repablic; Togo; Pecra, Ghana and
Abidjan, Cote D'lvoire. In essence, the namber of kilometers that was covered by ECOWRS project was
cight Yimes higher than that of Lagos-tbadan expressway and the cost per kilometer far Yower than
that of Nigeria. Mathematically, the maximom cost of ECOWRAS road was 234 million naira, whereas
that of Nigeria awarded by Federal Government was 1.3 billion naira per kilometer. What this coold
connote is that for every kilometer of road constracted in Nigeria at the time of this report, cost of
cight kilometer could have been Yost. IF this trend continaes, Nigeria magy confinue in the cycle of
developing nakion for mang gears Yo come instead of attaining the statos of a developed country.
From pre Yo post independence, many capital-intensive projects have been constracted and many more
9oing and still verg mang get Yo be constracted. These projects have been tagged to be Yoo high in
ferm of cost and the most popolar opinion is that cost of constraction in Nigeria is perceived Yo be the
highest among its contemporarg in Pfrica and begond (Samoel, et al, 2016). This study therefore,
tends Yo investigate this assertion, evaluate contriboting factors and recommend wagys Yo overcome this
challenge.

RESEARCH QUESTIONS

In response Yo the statement of the research problem, the stodg postolated and answer pertinent

guestions which inclade:

i Vs constraction cost in Nigeria higher than that of the contemporary Rfrican countries?

W What are the keg indicators of constraction cost in Nigeria?

W, Pre there possible workable synergies Yo address challenges pertaining Yo constraction cost in
Nigeria?

Pim and Objectives

This stodg investigated and evaloated determinants of construckion cost in Nigeria. The following

objectives addressed the aim of the study:

i Comparative cost analysis of constraction projects in Nigeria with that of some selected Rfrican
countries;
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W Evaloalion of constraction cost matrix and
W, Recommend workable synergies to ameliorate high cost constraction projects in Nigeria.

LITERATORE REVIEW

Constraction Cost Matrix — Nigeria Scenario

According Yo Danso and Obeng-Phenkora (2018) rise in price of building materials is pecoliar Yo
available in evergwhere world over. Ogboagu (2008) refers Yo building material as tangible items that
are incorporated inko constrackion of building or other aspects of constraction and classified these as
natoral and artificial. Classified as natoral sand, stones, wood and the artificial inclade tiles and
paints. Predominant factor that determine constraction cost is building materials (Abiola, 2000, p. 37).
This accoont between 40-80% of constraction cost (Atolagbe, 2009). Due ko decline in quality of few
indigenoos boilding materials, mang clients and other key plagers in the Nigeria constraction indostry
prefer the imported makerials which theg, in most cases procared with a cost higher than that of
malerials manofactored Vocally (Rdogbo & Koo, 2009). Becording to Blolagbe (2009) this over
dependent on foreign or imported building materials as eroded the trast mang clients have Sor locally
made materials. Emmanoel (2017) posited that building materials have significant impact on
constraction projects and asserfed that onlg 10% of the reinforcement bars alilized by Nigerian
constraction indastry annaally are produced Yocally. Nigeria the giant of Bfrica as popularly refers as
Vimited or very few manofactorers of significant building materials Vike cement, reinforcement bars,
tiles hence the reasons for Yarning Yo importation. In identifging other Fackors that influence cost of
constraction, Rjantekoko (2017) attriboted cavses of Wigh cost of constraction Yo Fanding issaes.
According Yo Samoel et al (2016) professionals’ failure o carry oot their statutory obligations in a
diligent and responsible manners Veads Yo unwarranted adjustments in drawings doring constroction,
Veading Yo high cost apshol. Inadequate com ineffective project management skills leads Yo poor
monitoring Veading Yo project cost overran as a resolk of rework, wasting of resources (Daniel & Anng,
2016). The perception all over the world is that the client has the moneg Yo pag for constraction project
and the contractor execotive the project. In Nigeria, the situation is stightly different. Daniel and PAnng
(2016) submitted that even the prominent client, the government, is more colpable in this regard.
Excessive delays and oolright non pagments of works execoted by Nigeria government is no Yonger
news Yeaving contractors no choice than Yo 9o bankropt and, in most cases, go out of business since
they often not interested in seeking a redress in court Yo sostain relationship. Daniel et al (2016)
forther observed that shoddy practices, kickback sgndrome and professional negligence are also
predominant causes constraction cost escalation. Previous report by RACSS (2048) disclosed that
deliberate inflating Covernment financed projects as become halimark in the Nigeria procarement
sgstem. Vdoro (2013) posited that doe Yo observe irregolarities and cost escalation of cost of
constraction in Nigeria concloded Nigeria has the highest constrackion cost in the world. This
sobmission appears Yo differ from the opinion of Bjanlekoko (2017). This stadg tends Yo Feel this gap
by establishing a reliable research position on the actual scenario of cost of constraction in Nigeria.
Pside from contriboking Yo body of knowledge, the output of this research work would be a reference
point on the trae natore of constrackion cost in Nigeria and suggestive wags of ameliorating the
existing sitoation.
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RESEARCH DESIGN AND METHOD
The stody investigated and evalvated determinants of constraction cost in Nigeria. Research design
adopted for the study was triangolation method. Both stratified and random probabilistic sampling
technigue were adopted. Nigerian Quantity Sorveyors were divided into stratom according Yo their
professional goalifications namely; Fellow, Member and Probationer. Each had an equal chance in
filling the questionnaire which Sormed the primarg data. According Yo Nigerian Institotes of Quantity
Sarvegors, NIQS (2019) directory of members, this cost experts are popolary known in Nigeria as
Quantity Sorvegors. The research is limited Yo this category of professionals because they are the
costodian of constrackion cost (NIQS, 2020). Relevant extant Viterature formed the soorces of
secondary data. Well-stractared qoestionnaire that address the objectives of the stodgy was randomly
distriboted Yo 100 registered Fellows, Members and Probationers of the NIQS bot was only able Yo
retrieved 54 copies. The first objective, comparative cost analysis of constraction projects in Nigeria
with thak of some selected Pfrican countries was achieved through cost per square meter (cost/m’)
analysis of various projects across 12 countries considering their capital cities. This informalion was
soorced from Pfrican Property and Constraction Cost Goide, RECOM (2018). The stadg pots into
consideration the pecoliarity of each country considered in term currency and official exchange rate
osing dollar as aniform basis for comparison. Doe Yo Yack of adeqouate poblished information on
comparison of cost of constraction across countries, a further step was Yaking Yo validate the analysis
provided by RECOM, respondents were asked through strackare questionnaire Yo evaluate the cost of
constraction in Nigeria in Yerms of Likert’s scale of (1-5) using: 5- Very high, 4- High, 3-Oncertain 2-
Low, §- Extremely Yow and the resolks were Forkher sabjected Yo analysis using relative importance
index (W) and resolts were ranked and a comparism of the assertion obtained from RECOM and other
relaked extant literature were compared with analyzed data gathered from respondents and conclosion
was drawn. To forkher anthenticate the conclusion drawn, respondents where forther asked Yo indicate
the basis for their position. This was necessary in other Yo aothenticate the data obtained. The second
objective, evalvalion of constraction cost malrix was accomplished through reviewed of extant
Weratare and analysis of data obtained from respondents through questionnaire. Begond the
constraction cost indicators oblained from extant Viterature, respondents were asked Yo indicate
additional factors that influence constraction cost in Nigeria and evaluated them in term of leve! of
agreement. Likert's scale of (1-5) using: (1-6) using: 5- Strongly RAgree, 4- Poree, 3-Oncertain 2-
Disagree, - Strongly Disagree was adoped and the resolts obtained were farther subjected Yo analysis
osing relaive importance index (RW) and ranking. The findings were compared with the extant
Witeratore and conclasion drawn as well. For objectives three, recommendation of workable synergies
Yo ameliorate Wigh cost constrackion projects in Nigeria. Like in objective Ywo, some remedies Yo
improve on constraction cost in Nigeria where identified and mang other remedies sourced from the
respondents throagh questionnaire where assessed vsing Liker’s scale of (1-5) vsing: (1-5) vsing: 5-
Strongly Poree, 4- Agree, 3-Oncertain 2- Disagree, 1- Strongly Disagree. The formola for BRIV as
sobmitted by Ojo (2017) is as follow:
Relative Importance Index (RI1) = Sum of weights (wl + w2 + w3 + wl + wh)

GER))!
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Where w is the weighting given Yo each variable by the respondents, ranging from 1 o 5. B is the
highest weight (i.e 5) in the stady; and N is the Yotal nomber of samples

ORTA COLLECTION, ANALYSIS AND DISCORSION OF FINDINGS

Data Collection
Table 1.0: Questionnaire Administration
Distriboted Expected Retrieved Property filled Osed for analysis
100 30 55 50 50

Source: Field Sarveq, 2019

Backoround of the Respondents
Table 1.9: Demographg of the Respondents

Academic Qualification Frequency Percentage

™o 9 18
Master 19 38
Bsc/BTech 12 24
WNo 10 20
Professional Qualification Frequency Percentage

Fellow 6 12

Member 34 68
Probationer 10 20

Years of Experience Frequency Percentage

Loss than Syears 8 16

5 — 10gears 18 36

14 — 15¢ears 1 22

16 — 209ears 5 10

Above 20gears 8 16

Total 50 500

Source: Field Survey, 2019

The combination of academic, professional qualifications and gyears of experience of the categories of
the sample reinforces the reliability of the data collected and analyzed. Among the Quantity Survegors,
28 of them which is more thak 50% of the entire sample had more than 1% degree as they constitated
the majority with practical experience above 10gears. FeWow and members of the Nigerian Institote of
Quantity Sorvegors (NIQS) combined, formed 80% of the respondents. Pgainst this backgroound, the
resolis of this research are fackoal and reliable in conjonction with reliable extant Viterature.

Cost of Constraction Projects in Nigeria and Some Selected Pfrican Countries

Table 1.2: Cost of Constraction in Nigeria — The Nigerian Quantity Survegors’ Perception

Categories of Respondents
Quantity Surveyors’ Responses (Fellows)  (Members) (Probationers) R M

High 3 8 4 s
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Very High 3 12 ) 299
Moderate 0 2 2 3¢ 4
Low 0 0 0 4" 0
Extremely Vow 0 0 0 y* 0
Source: Field Survey, 2019

Rey: Ril=Relative Importance Index, R=Ranking, NR=Namber of Respondents

Table 1.3: Nigerian Quantity Sarvegors Basis for Submission of Cost of Construction in Nigeria

Quantity Sarvegors’ Responses (NR) (Percentage)  Ranking

Practice 4 82 i’
Poblished Research arficle 4 8 2
Newspaper arkicle 3 6 3¢
Personal opinion 2 4 4

Source: Field Sorvey, 2019
Key: NR=Namber of Respondents
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Table §.4: Cost of Construction Projects in Nigeria and other African Countries Compared

African Countries Overall Average Cost of Constraction/Square Meter in 0S DoWars (Total
Average) (Ranking)

Nigeria (Lagos) 2,629 "
Pngola (Luanda) 2,625 2
Senegal (Dakar) 1,772 3¢
Ghana (Accra) 1,650 4t
Rwanda (Kigahi) 1,500 "
Botswana (Gaborone) 1,372 o
Mozambigue (Mapoto) 1,319 7™
Uganda (Kampala) 1,190 g"
Zambia (Lusaka) 1,183 ot
Renga (Nairobi) 1,053 10"
Tanzania (Dar es Salaam) 997 1
Sooth Pfrica (Johannesbarg) 971 12"

Source: Pfrican Property & Constraction Cost Guide (2018)

Tables 12, 1.3 and 1.4 show the view of Nigerian Quantity Sorvegors on the cost of constraction
projects in Nigeria and the basis for their various sobmissions and the scenario in some selected
African coontries. The projects considered basically were government financed projects which inclode
boildings and infrastrackaral facilities which was not Vimited Yo roads constraction. The basis or
limiting the research Yo corporate project is the ease of tracking of the cost record in comparison with
the private sector. Conclasion drawn from the tables was that, most of the Quantity Survegors that
responded Yo the questionnaire practice as consultants which afforded them the opportunity Yo track
the cost of projects from inception Yo practical completion. Most of them also extend their practice
begond Nigeria border which gave them additional opportunity to have compared cost of constraction
in Nigeria with other Bfrican countries. From their submission, most opined that cost of constraction
projects in is high compared Yo other Bfrican countries that the stady covered. An investigation was
also carried oot Yo validate the position of Nigerian Quantity Survegors by compoting the cost per
sqoare meter of different projects across some selected Bfrican countries as deduced from Rfrican
Property & Constraction Cost Goide, APCCE, (2018) as indicated in Table 1.3. Though the basis of
comparison was same, it also has its limitations as there could be inter border factors that coold
influence cost of constraction in varions coontries sach as warfare and so on (Rebosio & Wam, 2011).
To forther strengthen the reliability of pablished data from APCCE, the report from World Bank
(2018) on comparison of cost constraction across nalions even begond Pfrica countries Farther
reinforced the research findings.

Evaloation of Constraction Cost Matrix in Nigeria

Table 1.6: Constraction Cost Malrix Nigeria Scenario

Significant Constraction Cost Indicator(s) A B 0 0 SO R R NR
® & & O
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Wigh cost of constraction materials 34 132 0 0 094 1% 50
Inflation 19 2 8 2 0 089 2" 50

Monopolistic market for constraction materials 22 22 5 2 0 086 3° 40

Deliberate inflation of confract som 12 25 9 4 0 0.86 4™ 50
Kick back sgndrome 29 16 130 0 0.83 6" 50
Shoddy practice 2 18 9 2 0 083 5" 50

Difficolky in accessing Yoan by contractor 19 2 g 2 0 083 6" 50

Delag in execation of constraction projects 16 26 6 2 0 082 8" 50

Over dependent of imported materials 27 19 I8 082 8" 50
Professional Negligence 2 2 8 0 0 0.78 10" 50
Onwayranted opward review of contract som 17 25 9 9 0 078 10"50

Constraction method 13 15 6 6 0 078 12™50

Source: Field Survey, 2019
Hey: SP=Strongly Agree, A=Agree, V=Uncertain,
D=Disagree, SO=Strongly Disagree,
Rii=Relative Importance Index, R=Ranking, NB=Namber of Respondents

it appears from table 1.5 that besides Wigh cost of construction materials and inflation that were
ranked 1% and 2" respectively that are economically influenced other factors that influence
constraction costs in Nigeria are homanly or systemically motivated. Government policy and
onfriendly or non-conducive business environment for investors Yo explore and establish indastry or
companies has resolted Yo monopolistic market condition which translates Yo periodic high cost of
constraction materials even when inflation rates reduces. Potting constraction cost in Nigeria ander
check is a possibility that is attainable as indicated in factors 4 — 6 on table 1.5.

Probable Synergies to ddress Issues Pertaining Yo Construction Cost in Nigeria.
Table 1.6: Probable Constraction Cost Escalator Prvesters in Nigeria

Constraction Cost Escalator Prresters SHAH 00 S0 RWR VR
G ® G S O

Engage only certified and qoalified cost experts 33 44 3 0 0 092 1* 50
Elimination of monopolistic market 29 47 34 0 0.90 2" 50
Government shoold form omnibos entity 29 16 5 0 0 0.90 2" 50

Covernment shoald formolate working policies 28 19 30 0 0.90 2" 50
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Eliminate delays in execotion of projects 27 20 0 090 2™ 50
Loan should be easy fo access 27 47 6 4 0 0.88 6" 50
Government should establish factories 28 15 3 31 086 7" 50

Source: Field Survey, 2019
Keg: SA=Strongly Rgree, A=Agree, O=Oncertain D=Disagree,

50=5krongly Disagree,
Rii=Relative Importance Index, R=Ranking, NR=Nomber of Respondents
Engaging only certified and qoalified cost experts was identified by the Quantity Sorvegors as the
most imporkant of all remedies Yo corb skgrocketing cost of constraction projects in Nigeria. It is
fandamental o note that erroneons estimation is a prodact of quackery misleading the clients. 1t is a
common established perceplion that corvect and reliable estimate ab pre, constraction and post
constraction stages is a Yool Yor accarate cost forecasting. Elimination of monopolistic market was
raked 2™ with government should form omnibus entity, Government should formalate working policies
and eliminate delags in execotion of projects.

DISCOSSION OF FINDINGS

Cost of Constraction Projects in Nigeria

The findings of the research indicate that the common position of the Nigerian cost experts is that cost
of constraction project in Nigeria is high as indicated in table 1.3. This inference is in consonant with
previous sobmissions of Bjanlekoko (2017) and Ogediran et al (ND) both asserted that cost of
constraction in Nigeria are relatively high, thoogh acknowledged that there is inadequate research
works Yo substantiate this popolar perception. The findings of this work differ from the sobmission of
fdoro (2013) that opined that cost of constraction in Nigeria is the highest in the world. The resolks of
this stady add Yo knowledge in this area of concern and could provide remedies to corb escalating cost
of constraction in Nigeria. The findings of this studg provided the intuition for the researcher to
compare the constraction cost/m’ in Nigeria with that of some Pfrican countries, the Fackors that
significantly influence cost of constraction in Nigeria and how the situation can be pot under check
through some control measares.

Comparative Cost Analysis of Constraction Projects in Nigeria with that of other African Countries.

Pn x — rag of the research carried out on cost per square meter (cost/m?) of various building types by
Pfrican Property and Constraction Cost Guide, AECOM (2018) covering the megal/capital cities in 12
African countries as indicated in table 1.4 revealed that Nigeria has the highest cost of constraction
per square meter. The cost/m’ of different Yypes of constractions projects were covered by AECOM
throogh their offices in each considered Rfrican countries through well trained and experienced
constrackion cost experts. The approach was that, cost/m’ was obkained from these countries using their
corrency and the resolks were converted Yo 05 Dollar to form a aniform basic for cost comparison. The
constraction projects covered incloded; residential, commercial, hotel and industrial and the overall
average obtained and ranked. Becaose of the perceived Vimitakions of this approach, Yo validate or
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investigate this submission, Nigerian constraction experts of different categories (Fellows, members and
probationers) were asked Yo indicate their views of constraction cost of projects in Nigeria in the scale
of extremelg high (5), Wigh (5), uncertain (3), Yow (2) and extremely Yow (1) as indicated in Yable 1.2.
Their sobmission is in agreement with that of RECOM. However, World Bank report as submitted by
Rebosio et al (2011) and Tarner and Townsend (2018) highlighted the set back of the approach
adopted by RECOM and sabmitted that, ang change in the exchange rate makes a hoge difference; it a
particolar corrency is strong compared Yo the base carrency, the cost of constraction appears Yo be
expensive. 1§ was recommended that a more reliable approach of comparing the cost of constraction
across coontries is using the porchasing power parity (PPP). The supposed advantage of this method is
that its leaves exchange rate oot of the eqoalion with a caveal that a global firm Yooking Yo build
overseas, it can be more convenient Yo Yook at cost in its home carrency.

Evaloation of Constraction Cost Matyix

Predominant among factors significantly influencing cost of constraction projects in Nigeria are high
cost of constrackion materials (Ranked 1%, BN = 0.94) followed by Inflation (vanked 2™, RIS = 0.89),
monopolistic market for constraction materials (ranked 3, 0.86) and deliberate inflakion of confract
som (ranked 4", 0.85) followed by other fackors in the order of imporkance as indicated in fable 1.3.
Similar stodg condacted by Danso and Obeng-Rhenkora (2018) in Chana, identified cost of
constraction materials and followed by excessive reliance on imported materials for constraction as
significant factors that contribotes Yo escalation of cost of constraction. Even with different
respondents and countries, cost of constrackion materials tends Yo be the most significant factor that
propelled Wigh cost of constraction. This finding mirrors the sobmission of Emmanael (2017) that
posited that among all fackors that contribote to cost of constraction, the cost of building materials
appears Yo be the most significant of all.

Sgnergies to Address Issues Pertaining Yo Constraction Cost in Nigeria.

The findings of this research disclosed that engaging only certified and qoalified cost experts |
elimination of monopolistic market, formation of omnibas entity whose mandate is Yo investigate and
prosecote constraction contract plagers misdeed by government, Sormolation of working policies by
government, elimination of delags in execolion of projects, easy access Yo Yoan for contractors and
establishment of factories that manafactore constraction materials both by government and private
investors coold address Wigh cost of constraction in Nigeria. The findings of this study agree with the
sabmission of Rjaniekoko (2017).

CONCLOSION

The study therefore conclades that the constraction cost of projects in Nigeria is Wigh in comparison
with contemporarg Bfrican countries. Significant factors responsible for this are: Wigh cost of
constraction materials, Inflation, Monopolistic market for constraction materials, deliberate inflation of
confrack sum, Kick back syndrome, Shoddy practice, Difficolty in accessing Yoan by contractor, delay in
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execotion of constraction projects, Over dependent of imported materials, Professional Negligence,
onwarranted opward review of contract sum and constrockion method. To carb this menace, the stodgy
sobmiks that onlg certified and qoalified cost experts, elimination of monopolistic market, formation of
omnibas entity, formolation of working policies and elimination of delags in execokion of projects by
government by removal of bottle neck in process in pagments of contractors.

RKRECOMMENDOATIONS

The study recommends that:

i Cost of constraction can be minimized in Nigeria by eliminating monopoly in the manofacturing
indostrg thereby encouraging mang investors Yo invest and promote healthy competition Vike
telecommanication indostry

W Formation of Omnibas government entity Yo regulate the activities of constraction activities is
Vong overdae. The existing Burean of public procurement seems nok to be enough to address high
cost of constraction in Nigeria and

Wi, PW stakeholders in the Nigerian constraction indastry shoold Yearn and adopt the wags of other
nalions whose cost of constraction are relatively Yow.
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PBSTRACT

The effects of altitade (Wigh and Yow Yand) on sport performance cannok be overemphasized. This paper reviewed some
phosiological parameters resolking from altitude training as it affects sport performance among athletes. The paper
hightighted that when athietes are exposed Yo high alkitude training there will be an early failure of the respiratory
system in response Yo hgpoxia which was perfected by responses in the blood and the cardiovascular system signifying
physiological effect of acclimatization. The paper also found that in the ventilation and gas exchange, respiration of
both external and internal eads Yo delivery of oxggen Yo tissue from atmosphere. It was also highlighted in the paper
that there is water loss and decrease in plasma volome which is associated with dry environment and hgperventilation,
and the movement of fluid from the intravascalar space into the interstitial and intracellalar spaces. The review also
explained that at high alkitude, there is an increase in the metabolic stress and the cellolar disturbance in the skeletal
moscle. The vital adaplive response to altitude training is a switch from oxidative phosphorglation Yo anaerobic
olycolysis in the energy metabolism and Vastly the altitude challenge are some possible consequences or sicknesses an
individoal or athlele mag encounter at high-alkitude soch as acote moonkain sickness (BMS), high-alitode
polmonary edema (WAPE) or high-alkitude cerebral edema (WACE). The researcher suggested that, when traveling Yo
high altitade there are preventative measures that can be taken in order Yo avoid the development of ang high altitade
sicknesses soch as; a slow ascent, pre-acclimatization, avoid moderate exercise within the first two dags at alitade,
drinking plenty of water, ealing an adeqouate amount, and oblain sufficient sleep.

INTRODOCTION

Mountains are defined as Vandforms higher than 600 meters as a consequence of the increased
alitade, the barometric pressure falls and the environmental partial pressure of inspired oxggen
decreases, with consequent ambient hyposia. This, in combination of Yow temperatore, Yow homidity,
increased solar radiations and presence of wind in association with strong physical activities, imposes
the haman bodg important physiological adaptations affecting primarily the cardiovascolar and
respiratory sgstems. Physical modifications begin to be significant over 2600 meters. In normal
sabjects, the variability of this response mag be verg high and generally it is well tolerated. On the
contrary, these adjostments mag indoce major problems in patients with preexisting cardiovascolar
diseases in which the Sonctional reserves are already limited (Naeije, 2010).

A high alfitude atmosphere prodaces functional stress in homans. The changes can occor at moderate
aWitade, between 2,000 and 3,000 m; and high altitude, above 3,000m (Barksch, Saltin & Dvorak
2008; Frisancho, 1993). The main factors Yo this stress are: hgpoxia, Wigh solar radiation, Yow
temperatore, Yow homidity, high winds, imited notritional base and rough terrain (Frisancho 1993).
Bok the most significant is hgpoxia, since the others coold be existing in different environmental
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zones. Wypoxia s defined as a decrease in the oxggen supply to a evel insofficient Yo maintain
celolar Sonction (Zaoner, Dangherty, Bollock & Warner 2002).

In the life of acrobic organisms, oxggen is a vital element. The Sundamental role of oxggen is due Yo
the Fact that it is the final acceptor of electrons in the mitochondrial respiratory chain. This allows the
oltimate process of oxidative phosphorglation and the generation of cellalar energy, in the Sorm of
adenosine triphosphate (ATP). ATP is used in most reactions that are necessary Yo maintain cellolar
viability. Onder normoxia a cell continaously maintains a high and constant ratio of cellolar ATP/ADP
ratio in order Yo survive.

The dependence of cells on a high constant ATPIRDP ratio means a dependence on oxggen. Therefore,
a redoction of the normal oxggen supply (hWyposia) will have consequences on the cell viability
(Lopez-Barneo, Pardal & Ortega-Saenz 2001; Hardie, 2003). Additionally, hypoxia response can be
divided in different Yime scales, inclading an acote, an intermediate and a chronic response, and in
different Yevels of oxggen concentration, incloding a moderate (5-8% 0,) and an anoxic evel (<1 0,)
(normasia 21% O,) (Brahimi-Horm &Pouyssegn 2007;Toesco 2004;Lee, Roth &LaPres 2007). The
brain is regarded as the most hyposia-sensitive organ becaose of its high oxggen supply, whereas the
skeletal system is the most hgpoxia-tolerant (Boutilier 200).

An increase in altitade Yeads Yo a proportional Fall in the barometric pressure (atmospheric pressore,
the pressare on sea level that is cansed by the weight of air above sea level), and Yo a decrease in the
pressore of atmospheric oxggen. This prodaces hgpobaric hgpoxia (a situation in which the body is
deprived of adequate O, supply from the air to the body Yissue whether in goantity or molecole
concentration) that affects, in different degrees, all body organs, systems and Fonclions (Frisancho
1993; West 2005). At high altitude, the body has to develop some adaptations and changes that
alows the oxggen transport system Yo compensate Sor the hgpoxia in order Yo maintain an adeqoate
tissue oxggen Yevel ko sapport metabolism (Horkado 1971).The high alitade inhabitant has adapted
fo the hgpoxic environment Yo improve oxggen delivery and oxggen olilization, by modifging the
respiratory, cardiovascolar and metabolic systems (Frisancho 1993; Hortado 1971). Ik can be
scientifically proven whether this level of functional adaptations is inherited, or acquired doring
orowth and development. There is little doubt that being born and raised at alitode Veads Yo a series
of metabolic, mascoloskeletal and cardio-respiratory adaptations Yo environmental hgposia that
inflaence oxggen transport and its olilization. Nevertheless, there is no consensos as Yo how these
changes affect exercise capacity and physical activity of people who Vive and train at moderate or
high alfitade, it has been reasoned that exercising in hgpoxia could increase the training stimolos
(Bailey & Davies, 1997). So, after exposure Yo altitode, performance at sea level (SL) might be
improved owed Yo the phgsiological adaptations (Yoot & Hoppeler, 2010).

Mangy researches have examined how training or living at high altitudes plags a vital role on the
performance in athietes. Training methods, sach as Yiving high-training high (LH-TH) and Yiving
high-training Yow (LH-TL), among others, have been osed Yo Wominate the mechanisms and
phgsiological adaptations that occar in hypoxia (Wotfman, 2002). This review analyses the iteratare
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related Yo alitode training focased on the physiological effects of training and living in moderate Yo
high altitode, on how physiological adaptations to hgpoxic environments inflaence performance; and
on which are the most often protocols vsed Yo train in alfitude.

Phgsiological Effect and Peclimatization

The inikial failore of the respiratory system Yo respond Yo hgpoxia is fo some extent ameliorated by
responses in the Blood and the cardiovascolar system. Immediately following exposure Yo high
altitades, red blood cels which are stored mainly in the spleen are released. This increases the level of
haematocrit (Yhe ratio of the volume of red blood cells Yo the total volume of Blood), so producing an
immediate increase in the capacity of the blood Yo carry oxggen. Within 12 hours, the rate at which
red blood cells are formed also starks Yo increase, mediated by the oglgcoprotein hormone,
ergthropoietin, which stimalates cell division in haematopoietic stem cells in the bone marrow.
Ergthropoietin is synthesized in Wormone-secreting cells in the inner cortex of the kidney in response
Yo hgpoxia. The haematocrit leve) mag not peak antil after mang months of exposare Yo high altitude
(Black &Tenney, 1930).Another physiological response Yo high altitude is an increase in heark rate
and therefore cardiac ootpot. Yoo have seen how it Yakes Yime For respiratory control mechanisms Yo
adapt Yo hgpoxia at high alitade. The amount of oxggen delivered Yo respiring Yissaes depends on the
rate of blood flow Yo the tissues as well as the valoe of PO, (partial pressare of 0,, which reflect the
amoont of 0, gas dissolved in the blood) in the blood and tissues. Cardiac outpot is increased by up Yo
five Yimes the resting eve) at sea-level. In addition, previously constricted capillaries in the Yissoes
open op so enhancing blood sapply ko the Yissues and reducing Blood pressure (Woppeler & Yool,
2004).

According Yo Calbet & Londby (2009), the body responds and adapt Yo two different stressors,
hogpoxia and exercise when exercising at alfitude. The magnitode of the response Yo these stressors is
influenced by exercise capacity and peformance, and this response is mediated by the altitade Jeve)
and individoal characteristics. Pdjostments and acclimatization Yo alitode involve the central
nervous, endocrine, respivatory and cardiovascolar systems; the blood oxggen-carrging capacity, and
morphologic and fonctional adaptations in the skeletal mascle (Barksch & Salkin 2008; Rusko,
Tikkanen & Peltonen 2004). The acclimatization process is aimed to obtain an optimal oxggen tension
of the arterial blood and Yo secore an adequate oxggen sopply Yo the body Yissues and organs
(Barksch & Saltin, 2008).AWitade training or training in hgpoxia has been used by endarance athletes
motivated by the expected enhancement in aerobic and 5L performance (Woppeler, Klossner& Yoot
2008; Gore, Clark & Saunders, 2007). Some of the mechanisms of alikade acclimatization inclode
increase in ergthropoiesis, red blood ceW (RBC) mass, blood Wb concentration and V0, . ab
mikochondrial leve), elevated mascle efficiency and buffering capacity, as well as improvements in the
stractoral and biochemical properies of skeletal mascle. Bt Yissoe Vevel, hgposia promotes rapid
oxygen sensing and consequent cellolar Sunctions (Wenger, 2000 Hoppeler, Klossner & Voot 2008).

Ventilation and Gas Exchange
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Respiration both external and internal leads Yo delivery of oxgoen Yo Yissoe from atmosphere. In high
aWitode doe Yo prevailing hgpobaric hgpoxic condifions, subjects who are exposed Yo soch an
environment have Yo ondergo series of adaptations in various steps of oxggen transporfation Yo
overcome Yissoe hgpoxia as a resolt of less availability of oxggen for gas exchange, oxggenation of
blood and cellular oxidative phosphorglation. These adaptations are complementary and are acote
(immediate Yo 5§ dagys), sub-acote (over weeks), chronic (months Yo gears) or lifelong depending on
the doration of high alkitude exposare (Smith, Dempseg &Hormbein 2004).

Ventilation.On rapid ascent to a height of more than 1600 meters, there is a marked increase in
ventilation within few hours of exposare due Yo hypoxia induced respiratory stimolation via carotid
body Yo minimize fall in alveolar partial pressure of oxggen (P0,) as a result of fall in barometric
pressore (Smith, Dempseg &Hornbein 2001). This hyposic ventilator response (WVR) resolks in
decrease in alveolar PCO, (partial pressure of carbon dioxide, it measares CO, and serves as a marker
of sofficient alveolar ventilation within the Yungs) in order Yo increase Pa0, for compensating Yower
parkial pressare of oxggen in the blood (Pa0,). Hyperventilation at a given alkitude persists over a
period of weeks and Yends Yo normalize after few weeks of de-indaction Yo a Yower alkitode (West
1988). Over a period of dags Yo weeks of stag in high alkitude, oxggen sakaration of blood improves
doe Yo sustained hyper ventilation after abrapt inikial drop on acote Wigh alitade exposarelong
fonctions in high allitude sobjects show redoced gas exchange, fall in vital capacity increase in
residoal volame, peak expiratory flow and total Yong capacity. Lowlanders exposed Yo high altitade
have Yower vital capacity doe to changes in polmonary mechanics doe Yo hypoxia andhgpocapnia (a
decrease in alveolar and blood CO2 Yevels below the normal reference rang of 36mm Ho).

Perfasiondong perfusion is inhomogeneons in both health and disease. Alveolar hyposia cavses
hgpoxic polmonary vasoconstriction Yo facilitate redistribotion of Blood in various zones of Yung Yo
makch ventilation and optimize diffasion of oxggen from alveoli Yo blood (West, 2012).

Diffasion: Decreases with high alkitude doe Yo decrease in pressore gradient across alveolar capillary
membrane that cannot be compensated even with a resting transit time of 0.76 seconds. Diffusion
forther decreases with shorfened transit Yime Following exercise (West, 1980). Bs a resulk, Pa0, is
Vowered and is in the range that falls in Yo the steep portion of the oxggen dissociation corve. This
resolts in marked decrease in oxggen content of the pulmonary capillary blood even with a small
decrease in Pa0,Long Yerm residents of high altitude have less alveolar arterial oxggen difference,
better diffusing capacity and higher mean Pa0, compared o Yow Yanders exposed Yo high altitade.

Haematological Parameters

Plasma volome decreases due Yo water Yoss, related Yo dry environment and hgperventilation and Yo
foid shift from the intravascolar space info the interstitial and intracellalar spaces. This Voss of
plasma volume, and the increase in ergthropoiesis and reficolocgtes (immature red blood cell) induced
by hgposia canse the avgmentation of Yotal haemoglobin and the RBC mass(Friedmann-Bette 2008;
Londby et al. 2007). Ps a resolt, the oxggen-carrying capacity of the blood increases, as well as the
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osygen content of arkerial blood, being higher than at SL. B significant increase in the RBC mass mag
occor after 3 weeks at a minimom alkitode of 2,J00m, becoming more pronounced as altitude
increases (Schmidt &Prommer 2008). After 48 hoors at alitade the bone marrow increases its iron
oplake Yo form Ub (Drast & Waterhoose 2040). Evalaation of iron levels and sapplementation prior
and doring the stag at alkitude is necessary Yo secore the proper activity of the bone marrow.
Inhibition of complete haematological adaptation Yo training at altitude has been connected Yo Yack
of iron and may account Sor the stodies that have failed Yo show increase in Wb concentration
(Rodriguez, Ventura &Casas 2000).

Skeletal Mascle

Hyposia has been ased Yo indace adaptation in skeletal mascle. It is believed that exposure Yo hyposia
doring exercise increases the metabolic stress and the cellolar disturbance. These stimolos are
expected Yo generate adaplive results in mascle Yissoe begond those achieved in normoxia (normal
Vevel of oxggen) (Yoot & Hoppeler 2010; Baar 2006). Nevertheless, the response is inflaenced by the
hyposia level, doration and intensity of training.Skeletal mascle adaptations can also occor during
extended periods at high altitude. Hgpoxia is the predominant Sorce when discossing changes in
skeletal moscle. One of the most prominent changes in mascles are the transport of bicarbonate,
hydrogen ions, and Yackate and are ap regulated when exposed Yo hypoxic situations. The adaptations
made will inkensify the capacity of all of those ions and help improve the body’s ability Yo maintain
the acid-base balance (Barksch & Salin, 2008). Pnother adaptation is the down regulation of the
sodiom-potassiom pomp; however, the significance of this paricolar change has not been tested.
Hypoxia stimolates glycolysis and can increase the availability of pyravate. The increased availability
of pyrovate can either be osed for forkher oxidation in the mitochondria or increased Vactate
prodaction. s a resolk of hgpoxia, there is a greater Yactate response for a given workload.The moscles
energy source 9ains more energy from carbohgdrates than fatty acids (Bartsch & Saltin, 2008). The
main cavse of these mascolar changes can be attribated Yo the Yack of oxggen.

A switch from aerobic Yo anaerobic glycolysis decreases the consamption of W doe Yo the Yowered
prodaction of TP (by oxidative phosphorglation) on the other hand, and a generation of more W by
ofher metabolic reactions, such as the ATPases reaction (ATP + H20 —RDP + i + W) on the other
hand (Wristian, 2004). Daring hypoxia, the cellolar pH homeostasis is distorbed (Zaaner, Davgherty,
Bollock & Warner, 2002). A gradual decrease in both extracelolar and intracellalar pH is observed
(Silver & Erecinska, 1992). Stodies have shown an approximately drop of 0.8-1.2 pH anits (Yao &
Haddad, 2008). It is postolated that acidosis might be protective Yo hyposic cells. Acidosis can slow
down some of the enzgmalic processes, reduce energy consomption and ROS (reactive oxygen species,
natoral byprodacts of celolar oxidative metabolism) production (Zaoner, Davgherty, Bolock &
Warner, 2002).

Energy Metabolism:

Atitade training has been ased extensively Yo enhance performance. However, the evidence is
inconclusive in defining the magnitade of the improvement, and in which the influencing mechanisms
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could be. Changes in performance after hypoxia training magy be associated with changes in aerobic
power components; these are: VO,  the Sraction of VO,  that represents exercise intensity, and
exercise economy (Gore & Hopkins, 2006). Then, changes in endarance performance mag be related Yo
changes in these components, in the physiological parameterspreviously discassed, and in the
confribotion of anaerobic power (Bonelti & Hopkins 2009). B key adaplive response Yo chronic
hgpoxia is a switch from oxidative phosphorglation Yo anaerobic glycolysis. Onder normoxic
conditions, cell energy in the form of BTP is mainly generated through the oxidative metabolism of
carbohgdrates, fats and amino acids. During hgpoxia, BTP generalion by oxidative phosphorglation is
arrested. This will stimolate olgeolysis with an increase in glucose consomplion and Vactate
prodaction (Wristian, 2004; Hochachka, Buc, Do & Land, 1996). The switch of the respiratory
pathwagy Yo anaerobic glgcolysis leads Yo a significant redoction of the ATPIADP ratios. Becavse of
the redaced energy sopply, the hgpoxic cells will Surther response by shotting down the non-essential
energy consuming mechanisms, sach as protein sgnthesis, and relocate the energy Yo more critical
fanctions, such as the maintenance of the ion homeostasis and membrane potential (Bootilier, 2004;
Erecinska& Silver, 2001). B switch in the metabolic pathway Yo anaerobic glgcolysis Veads Yo an
increase in the glacose consomption. The Yargest store of glucose equivalents is glycogen. Indeed, it is
observed that daring hyposia, glgcogenolysis is indaced (Croetter, 2003).

2max

Altitade Challenge

The initial cardiovascolar response Yo hgpoxia is an increase in heart rate and in cardiac ootpot with
no changes in stroke volume, and the arterial blood pressare mag temporarily increase. Pfter a few
days of acclimatization, cardiac ootpot reduces Yo normal values, with still increased hZeark rate, so
that stroke volame is decreased. In the same Yime the sgstemic vascolar resistances increase as a
response of the adrenal medollary activity and the systemic arterial pressure increase, Yoo. Bs a
consequence of these adaptations, mgocardial workload and oxggen demand increase. Because the
coronary oxggen extraction is normally physiologically high already at Yow alfitude, the myocardiom
Yo adapt o this increased request mag almost exclusively act on coronary vasodilatation enhancing
coronary blood fow. Oimately, global systolic indices of ventricolar Sunction are preserved or only
shightly depressed, with altered diastolic filling patiern. Even if the relationship between workload,
cardiac ootpot and oxggen aptake is preserved, a decrease in masimal oxggen consomplion and in
maximal cardiac ootpot are observed, which is minimal in acote hgposia bok is more important after
acclimatization (Nacije, 2010; Scherrer, llemann, Saget, 2010). Despite all these consequences, these
adaptations are wel Yolerated and the hWigh alkitude exposore doesn’ carry risks of mgocardial
ischemia in healkthy sobjects (Naeije, 2010). Bot there are also intracellolar changes that operate Yo
redace injories of hypoxia and provide sofficient oxggenalion when a subject is exposed Yo altitude. In
hyposic environment, homans are able Yo switch on activation of nomerous genes Yo increase oxggen
delivery.

Another conseqaence of high altitade is palmonary hypertension. The increase pressare in polmonary

artery s cansed by the hypoxic vasoconstrickion of polmonary small arteries and veins and this
response is very variable among homans. The degree of pulmonary hypertension is generally mild and
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does not contribote Yo the symptoms of acuke moantain sickness (AMS). Ik can occar in Yourists, as
well as in hikers, skiers, and mountaineers. Interestingly, the increase in pulmonary arkery pressore
occurs both in individoals with AMS and in those who remain asymptomatic affer the climb. Excessive
pulmonary vasoconstrickion plays a role in the development of early high-altitude pulmonary edema
(WRPE) and Vate within week right heart failure at high altitude (Nacije, 2010; Smith, Robbins &
Ratelitt, 2008; Donegani, Hillebrandt, and Windsor, 2014)Lowlanders who ascend Yo mediom or high
aWitades magy develop some degree of AMS, and the common symptoms are headache, sleep disorders,
gastrointestinal disorders and dizziness. The degree of susceptibility Yo this iWness varies and in those
with vigorous response it mag lead Yo two potential lethal ones, UAPE and high-altitade cerebral
edema (WACE).The main canse is hgpoxemia and, thos, the treatment is oxggen administration and,
in severe cases, in addition Yo appropriate pharmacological treatment if available, a return Yo Yower
aWitodes. Pcetazolamide administration is the most widely accepted prophglasis. Staging the ascent
attenoates the symptoms of AMS and, thas, is recommended as a wagy Yo prevent the most serious
clinical conditions as YAPE and UACE (Naeije, 2010).

A person exposed soddenly Yo an aWitude of 3000 m breathes rapidly becavse peripheral
chemoreceptors have stimolated an increase in breathing rate. Explain why this increase in breathing
rake is not maintained for longer than a few minates. Bs more carbon dioxide is excreted through the
Yungs owing Yo the increased breathing rate, PCO, in plasma is decreased and eventoally PCO, in C5F
also decreases, resulking in an increased py, a signal Yo reduce the breathing rate. The signal from the
central chemoreceplors cancels oot the signal from the peripheral ones, resalking in a very small net
effect on the ventilation rate of the Yungs. This example demonstrates the ‘conflict’ between peripheral
and central chemoreceptors. In contrast with other receplors, peripheral chemoreceptors do not adapt
bok continae Firing as Yong as there is hgpoxia. Their continued generation of nearal signals increases
ventilation a little, so the CSF becomes slightly alkaline. The initial failare of the respiratory system Yo
respond Yo hgpoxia is Yo some extent ameliorated by responses in the blood and the cardiovascolar
sgstem. Immediately following exposare Yo Wigh altitudes, red blood cells which are stored mainly in
the spleen are released. This increases the Yevel of haematocritso producing an immediate increase in
the capacity of the blood Yo carrg oxggen. Within 12 hoors, the rate ab which red bood cells are
formed also starts Yo increase, mediated by the glgcoprotein hormone, ergthropoietin, which
stimolates cell division in haematopoietic stem cells in the bone marrow. Cardiac ootput is increased
by ap Yo five times the resting Yevel at sea-Vevel. In addition, previously constricted capillaries in the
fissaes open ap so enhancing Blood supply Yo the tissues and redocing blood pressore.The Vack of
oxygen as a resolk of the ascent from SL Yo moderate or high altitude impairs the endarance training
and pesformance in the athletes initially (Frisancho, 1993).

CONCLOSION

From the journey so far, the researchers concladed that:

1. The early phgsiological response and acclimatization Yo hyposia is the failare of the respiratory
system which is perfected by response in the blood and cardiovascolar sgstem Followed by the
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release of red blood cells that was stored in the spleen thereby increasing the blood carrying
oxgoen capacity which helps release more energy for a better spork pesformance.

2. Phso,the noticeable increase in ventilation on rapid ascent Yo a height of more than 1500 meters
within few hours of exposure doe Yo hgpoxia made respiratory stimalation via carotid body Yo
minimize fall in alveolar PO, (Pa0,) as a resulk of fall in barometric pressare in the athietes.

3. Lowlanders trainers exposed Yo high altitude have Yower vital capacity doe Yo changes in
pulmonarg mechanics dae Yo hygpoxia and hygpocapnia have plasma volome decreased doe Yo
waker Voss, related Yo drg environment and hgperventilation and Yo floid shift from the
intravascolar space into the interstitial and intracelalar spaces.

4. Sport Performance has been enhanced extensively by the ased of alkitude training. Because of
Changes in performance after hyposia training mag be associated with changes in aerobic power
components.

RECOMMENOATION

Based on the conclusion reached the researchers recommended that:

1. Pthictes shoold acclimatize Yo each level of alkitude in order Yo avoid the development of ang
high altitude sicknesses using a slow ascent.

2. Phletes shoold drink plenty of water, eat adequately and oblain sufficient sleep Yo provide
enough energy for physical activities.

3. Pthletes
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