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Abstract

Fuzzy logic methods give effective system appraisal solution to
some classification problems as against some techniques on probability
prediction of solution. This paper used fuzzy logic approach as a comparative
method to visual encoding technique.
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1.0 Introduction

Data mining, sometimes called data or knowledge discoverys[theé process of
analyzing data from different perspectives and summarizing into usefuhition. Data mining
[1, 2, 3] has a lot of application which include:

0] In politics, it can be used for identification of potential voters in artietec

(i) In the field of medicine, data mining can be used for diagnosis purpose

(iii) In banking system, it can also be used to determine the rate of fraud istdra sy
(iv) Data mining is used in the field of telecommunication to determine usévioe.

Arising from the usefulness of data mining enumerated aboigepitr concern in this
paper to apply one of the techniques of data mining to solve théeprdbat normally occur
during the grading of students result. The techniques used wpllah&t to measure both the
students and teachers performances.

1.1 Data mining process

There are several processes that can be used in data minisgpapér presents Cross-
Industry Standard Process for Data Mining which by convention abbedv\CRISP-DM  [1, 2,
3 and 5] is widely used in industry. CRISP-DM consists of six phrases whiabénc
(@) Business preparation

(b) Data Understanding
(© Data preparation
(d) Model building
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(e) Testing evaluation
() Deployment
These phrases can be presented diagrammatically as shown in figure 1.1.

Figure 1.1 Crisp-dm

2.0 CRISP-Dm process

The CRISP-Dm process consists of six steps [1] and theseiapized and discussed
as follows:
2.1 Business Understanding
This includes managerial decisions which include the typeastomers and profits. In general,
this stage is the most important stage in data mining bedtdsals with objectives plan of the
management that is responsible for data mining exploration. See [6 and 7].
2.2 Data Understanding
It considers data requirements. These steps can incluid dlaita collection, data description,
data exploration and verification of data quality.
2.3 Data Preparation

This involved cleaning of data and data transformation in preparatigiafa modeling
2.4 Modeling

This involves tests of model to process the data collected.

2.5 Evaluation
This involves tests of model with learning data
2.6 Deployment

This deals with development of hypothesis or knowledge discdrarythe modeling
that was developed.

3.0 Materials and methods

Data provided for analysis in this paper are the fistudents’ grades in CSC 201 and
CSC 202 courses in the Department of Computer Science, Univerdlityiof llorin, Nigeria in
the 2007/2008 academic session. The method of analysis consideres thidi confusion matrix
and fuzzy logic.
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A confusion matrix, also known as coincidence matrix contains infaymatbout

actual and predicted classifications done by a classditatystem. Performance of such systems
is commonly evaluated using the data in the matrix. A typicalus@n matrix is presented in

Table 3.1.
Table 3.1: Confusion matrix diagram
True Class
Positive Negative Total
True positive count | False positive count TP + FP
Predictive| (TP) or True Pass | (FP) False pass
Class False negative courjt True negative count FP + TN
(FN) or False Pass | (TN) True fall
Total TP + FN FP +TN TP+FN+FP +TN
Table 3.2:Grades in CSC 201
S/N | MAT.NO SCORE | S/N | MAT.NO. SCORE | S/N | MAT.NO SCORE | S/N | MAT. NO. SCORE
1 02/55EC061 40 26| 04/55EC08Y 33 51 05/55EC020 42 6 | M5/55EC050 53
2 03/10ACO078 43 27| 04/55EC09( 50 52 05/55ECO0p1 48 7 |705/55EC051 40
3 03/30GB047 14 28| 04/55EC092 48 53  04/55EC0R2 33 8 |705/55EC052 51
4 03/30GC005 46 29| 04/55EC09% 61 54  05/55EC022 40 9 |75/55EC053 40
5 03/30GC126 42 30| O04/55EC113 40 55 05/55EC024 60 0 |85/55EC054 40
6 03/30GD050 41 31| O04/55EC11¢ 64 56  05/55ECO0R5 42 1 |805/55EC056 40
7 05/55EC095 42 32| 04/55EC147 63 57 05/55EC026 53 2 |85/55EC057 50
8 03/55EC122 32 33| 04/55EC148 45 58 05/55EC026 40 3 |85/55EC060 46
9 04/30GA021 41 34| 04/55EC15] 50 59  05/55EC0pR8 42 4 |805/55EC061 53
10 | 04/30GC040 28 35| 04/55EC15¢Y 30 60 05/55EC(29 4785 | 05/55EC063 54
11 | 04/30GC045 1 36| 05/55EC001 61 g1 05/55EC030 50 6 |85/55EC064 53
12 | 04/30GC052 54 37| 05/55EC002 48 62 05/55ECQ32 3287 | 05/55EC065 51
13 | 04/30GC112 46 38| 05/55EC003 50 63 05/55ECQ33 1388 | 05/55EC066 42
14 | 04/30GD046 32 39| 05/55EC006 43 64  05/55EC035 60 89 | 05/55EC067 45
15 | 04/30GD048 31 40| 05/55EC007Y 42 65 05/55EC036 63 90 | 05/55EC068 47
16 | 04/30GD131 51 41| 05/55EC009 51 g6 05/55ECQ37 6591 | 05/55EC069 60
17 | 04/55EC010 53 42| 05/55EC010 47 67 05/55ECQ38 6092 | 05/55EC070 52
18 | 04/55EC027 44 43| 05/55EC012 32 68 05/55ECQ40 7093 | 05/55EC071 43
19 | 04/55EC037 44 44| 05/55EC013 45 69 05/55ECQ41 5594 | 05/55EC072 46
20 | 04/55EC064 40 45| 05/55EC014 45 10  05/55ECQ44 7095 | 05/55EC073 50
21 | 04/55EC067 33 46| 05/55EC015 46 11 05/55ECQ45 4396 | 05/55EC074 40
22 | 04/55EC069 30 47| 05/55EC016 48 12  05/55ECQ46 42 97 | 05/55EC075 61
23 | 04/55EC074 40 48| 05/55ECO01yY 40 13  05/55ECQ47 2798 | 05/55EC076 46
24 | 04/55EC080 32 49| 05/55EC018 50 14  05/55ECQ48 6599 | 05/55EC078 50
25 | 04/55EC083 24 50, 05/55EC010 43 15 05/55ECQ49 51100 | 05/55EC079 61
Table 3.3:Grades in CSC 202
S/N | MAT.NO SCORE | S/N | MAT.NO. SCORE | S/N | MAT.NO SCORE | S/N | MAT.NO. SCORE

1 02/30GC153 41 26| 04/55EC078 43 51  05/55ECQ17 40 6 |705/55EC050 52
2 02/30GC184 40 27| 04/55EC083 82 52 05/55ECQ18 63 7 | M5/55EC051 47
3 03/10AC034 52 28| 04/55EC094 62 58 05/55ECO[19 56 8 |705/55EC052 45
4 03/10ACO078 50 29| 04/55EC096 52 54  05/55ECORO0 52 9 |705/55EC053 40
5 03/10AC178 40 30| 04/55EC101 45 56  05/55EC0R1 62 0 |[805/55EC054 40
6 03/30GA009 32 31| 04/55EC113 36 56  05/55EC0R3 43 1 |805/55EC056 62
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[ 7 ]03/30GB006] 32 | 32] 04/55EC120 46| 57  05/55ECOP24 34 2 |805/55EC057 | 45
Table 3.3: Grades in CSC 202 (contd)

SIN_| MAT.NO SCORE [ S/N | MAT.NO. SCORE | S/N [ MAT.NO SCORE | SIN | MAT. NO. SCORE
8 | 03/30GC043 46 33| 04/55EC141 42 58  05/55ECU25 41 3 |85/55EC058 59
9 [ 03/30GD050 51 34| 04/55EC148 70 59  05/55ECQ26 40 4 [805/55EC061 53
10 [ 03/30GDO053 47 35| 04/55EC151 40 60  05/55ECU28 40 85 | 05/55EC064 62
11 | 03/55EC028 31 36| 04/55EC157 51 61  05/55ECQ29 6086 | 05/55EC065 57
12 | 03/55EC116 40 37| 05/55EC001L 65 g2 05/55ECQ30 6587 | 05/55EC066 45
13 [ 04/30GA021 51 38| 05/55EC002 46 63  05/55ECQ32 36 88 | 05/55EC067 60
14 | 04/30GC040 45 39 05/55EC008 64 g4  05/55ECQ35 54 89 | 05/55EC068 44
15 [ 04/30GC052 51 40|  05/55EC004 40 g5 05/55ECQ36 4390 [ 05/55EC069 72
16 | 04/30GD046 46 41| 05/55EC006 52 66  05/55ECQ37 g5 91 | 05/55EC070 61
17 | 04/30GD078 50 42| 05/55EC007 47 67  05/55ECU38 g2 92 | 05/55EC071 47
18 | 04/30GD 131] 57 43| 05/55EC009 51 g8 05/55ECQ40 62 93 | 05/55EC072 54
19 | 04/55EA084 47 44| 05/55EC01 50 69  05/55ECQ41 61 94 | 05/55EC073 60
20 | 04/55EC024 51 45| 05/55ECO011 63 70  05/55ECQ44 86 95 [ 05/55EC074 42
21 | 04/55EC030 44 46 05/55EC01P 35 711 05/55ECQ45 4596 | 05/55EC075 56
22 | 04/55EC037 45 47| 05/55EC018 44 712 05/55ECQ46 4997 | 05/55EC076 60
23 | 04/55EC038 68 48] 05/55EC014 40 713 05/55ECQ47 3198 [ 05/55EC078 45
24 | 04/55EC064 63 49]  05/55EC015 55 74 05/55ECQ48 7899 [ 05/55EC079 60
25 | 04/55EC076 44 50] 05/55EC016 51 75  05/55ECQ49 43100 | 05/55EC008 43

4.0 Modeling process

In order to develop a reasonable model [4], the under-listed pieumare necessary.
The number of students is fixed 100. Student must be classifieid by her grades e.g. pass or
fail etc. Based on the above assumptions, model is developed by defining the following

Fla,bc,)=ay=a<a,, by =b=bh,, ¢, =

c=¢, dyg=d=d,

(4.1)

do=70, dy =100 (42)

where
ay=0, ay;=39, by=40, by =49, cp=50, ¢ =89,
4.1 Numerical Example
Example 4.1
Table 4.1: The results of CSC 201 for 100 students
Scores Classification Number
0-39 True negative or true fail 17
40 — 49 False negative or false fail 46
50 — 69 False positive or false fai 35
70 —above| True positive or true pass 2

Table 4.2:Confusion matrix table for the results of CSC 261100 students

Positive | Negative | Total
Positive TP FP
2 35 37
Negative FN TN 63
46 17
Total 48 52 100
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With the confusion matrix in Table 4.2, probability of true positiate, true negative rate and
accuracy rate are calculated in what follows:

TP
Probability of true positive rate =———— = 0.042
TP + EN

TN
Probability of true negative rate=————=0.33
TN + FP
. TP +TN
Probability of Accuracy rate = =0.19
TP+ TN+ FP+ FN

Example 4.2
Table 4.2: The results of CSC 202 for 100 students

Scores Classification Number
0-39 True negative or true fail 8
40 - 50 False negative or false fa 40
50 — 69 False positive or false fail 46
70 —above| True positive or true pass 6

Table 4.3:Confusion matrix table for the results of CSC 262100 students

Observation Class Total
Positive TP FP 52
6 46
Negative FN TN 48
40 8
Total 46 54 100

With the confusion matrix in Table 4.3, probability of true positiate, true negative rate and
accuracy rate are calculated in what follows:

TP
Probability of true positive rate=——— = 0.13
TP + FN

TN
Probability of true negative rate=———=0.15
TN + FP

. TP +TN
Probability of Accuracy rate = - -=0.14
TP+ TN+ FFP+ FN

5.0 Fuzzy Method

Fuzzy methods provides effective solution to simplification probles against some
techniques such as data mining which focus on probability predictions of solutiabtenps. In
this paper the fuzzy methods provides an effective systenmaiapgpias against data mining
approach and is used as a comparative method to visual encoding technique.

In the computer environment, we have become used to the clasgicahltied logic of
yes or no, true or false, on or off, good or bad etc. In classicthesary it is a question of an
element being a member of a set or its complement. The huraém reasons with vague
assertion that involves uncertainty or vague judgments sucheaasittis cool”, or “that speed is
fast” or “that man is tall” or “she is old”. Fuzzy logis an area of research, which departs from
the all or nothing logic. It redefines the yes or no idea. # &/stem-based research topic [10
and16].

Fuzzy logic is based on the theory that a particular elenagnbelong to more than one
set at the same time. Fuzzy logic emerged from the work dofeizzy set theory in 1965 by
Professor Lofi Zadeh of the University of California. Beftdre introduction of fuzzy systems, it
was generally believed that an element that is not inengéet is actually not a member of that
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set but the new idea redefines this concept. This coneémds the conventional “crisp” set
theory to classes with indistinct boundaries, which represknge majority of natural categories
and concepts. An element can belong to different categoriessarnying degree of membership.
For example, water can be 25% cold and 75% hot. The only constragrishibat the degree of
membership of an object cannot be more than the extreme

situation which exists when water is 0% cold or 100% hot, thus reducing it to trentional set
theory.

Fuzzy logic is not just restricted to just two categoriesllastrated above, it can be
applied to any number of the categories. For example, an elentamt belong to seA with
membership function a, to set B with membership function b, to set Cemb8enship function c
and so on. However it is important to keep it in mind that the sum a,b,c etc styoaldieity.

51 Fuzzy set operation

The following rules which are common in classical set theorglaeapplicable in fuzzy
set theory:

Sum of two sets, Product of two sets, Intersection, Comple@entainment, Equality,
Associativity, Commutativity and Distributivity and De Man's law [14]. A more detailed
discussion of these and other notions may be found in [15] and [16]. Byg®ms input
undergo three transformations viz: Fuzzification, Rulebase and Debatizifi process
5.1.1 Fuzzification

This is a process that uses predefined membership functidmaapa each system input
into one or more degree of membership(s).

5.1.2 Rulebase

Rule (Predefined) is evaluated by combining degrees of membeisHbrm output
strengths.

5.1.3 Defuzzification

This is a process that computes system outputs based onthstremgl membership
functions. The two most popular Defuzzification methods are the @¢daximum (MOM)
and the Centre of Area (COA) methods. For MOM, the crisp outgus the mean value of all
pointswi whose membership valugs(wi) are maximum. In the case of discrete universal set W,

MOM is defined by
x =y4
i=1 N

where
{1 m@ < pw) oo dWa # o}

|
andn is the number of such support values. As for COA, the crisp oatpis the centre of
gravity of distribution of membership functiq. In the case of the discrete universal set W,
COA is defined as in [15]:

> (@)

Z ()

Wheren is the number of elements of the fuzzy set C,@ndV. In this model, the COA method
is used for Defuzzification. For continuous form see [12 and 13].

We apply the method of COA to our data in tables 3.1 and 3.2 and émies of
gravities are 29.64 and 36.99 respectively. See [8].

X =

Journal of the Nigerian Association of Mathematical Physics Volume 15 (November, 2009)355 - 362
Fuzzy logic for system appraisal, Omolehin, Asaju, Olagunju, Ameen and Rauwf,
NAMP



6.0  Computation of results

The computer program for the confusion matrix approach was develapgddist. See
[7, 9 and 11]. The program is used to generate iterative valuésié positive rate, true negative
and associated accuracy.

The computer program outputs are in agreement with manual coropuaatl easy for
various values of true positive rate, true negative rateaasdciated accuracy. The program
outputs are given below:

Table 6.1 The calculated result

NUM | TN |EN | FF TP TPR | TNR | AR
1 17 46 | 38 2 0.042 0.33 0.1
2 8 40 | 46 6 0.13| 0.1 0.14

©

However, the program for Fuzzy system approach to calculatetiiee of gravity was
written in FORTRAN language.

7.0  Analysis of results

It can be observed that the confusion matrix system did not téeadatount what
happens at the boundaries. This makes the method not to be absoliztiely.r€he fuzzy system
considers the degree of belongingness of any particular scérethér members of the group.
This makes fuzzy system more reliable than the confusionixmatstem. However, the two
methods show that the performances in both subjects are not satisfactory.

8.0  Conclusion

The performance is better in CSC 202 than CSC 201 becausentre GeGravity of
CSC 202 is 36.99 and that of CSC 201 is 29.64 as reported by fuzeynsy3the confusion
matrix system did not take into account the appraisal between CSC 202 and CSC 20ttigs an e
More work is still on going.
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