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Abstract 

Several data mining tools have evolved over the years, some with programming ability and some 

without programming ability. In this paper, I study two popular commercial data mining tools 

(MATLAB and SPSS). The experimental results reveal that for the datasets used in this study, 

MATLAB and SPSS have equal mean probability of detection but MATLAB shows better overall 

performance when observed through metrics like probability of false alarm, Area Under ROC 

Curve, balance and precision. Experimental analysis of the results obtained in this study shows 

that MATLAB has an average of 2% performance improvement over SPSS. 

Keywords: Empirical, Commercial Data Mining Software with Programming, Commercial Data 

Mining Software without Programming, Public Domain Dataset, Percentage split validation.  

1.0 Introduction 

Data mining is a broad field that can be approached from several angles. Some people with a 

programming background will employ a programming approach while others will use already 

made commercial or open-source data mining software to analyze their data. There are some 

great benefits to not just be a user, but to be a data mining programmer. First, you can implement 

algorithms that are not offered in existing data mining tools. This is important because several 

data mining tools are restricted to a small set of algorithms. For example, if you consider data 
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mining tasks such as clustering, there are hundreds of algorithms that have been proposed to 

handle many different scenarios. However, general purpose data mining tools often only offer 

just a few algorithms. Second, you can download open-source algorithms and adapt them to your 

needs. Third, you could eventually design your own data mining algorithms and implement them 

effectively. This study concentrate on two data mining tools, one for commercial data mining 

software with programming (MATLAB) and the other commercial data mining software without 

programming (SPSS). 

 

2.0 Background to the Study 

 

2.1 MATLAB – MATrix LABoratory 

MATLAB is a language of technical computing. It sometimes doesn‟t seem to be much more 

than a scripting language wrapping the matrix libraries. MATLAB is the best for developing new 

mathematical algorithms. It is very popular in machine learning. MATLAB has excellent built-in 

support for many data analysis and visualization routines, in particular one of its most useful 

facilities is that of efficient exploratory data analysis, which is a natural fit in the context of data 

mining. 

 

Two major advantages are that of portability and domain specific representations. MATLAB‟s 

portability comes from the fact that all MATLAB users will have the same range of basic 

functions at their disposal. The representation which MATLAB implements, is dealing with all 

data in the form of matrices. This allows for many varied algorithmic implementations, which is 

crucial for any data mining package. Other advantages of MATLAB include its interactive 

interface, debugging facilities, object oriented nature and in particular its high quality graphics 

and visualization facilities [1], [2].  

Lastly and perhaps most importantly, MATLAB‟s add on feature, in the form of toolboxes, 

makes it possible to extend the existing capabilities of the language with ease [2]. Data mining, 

which, for the most part, consists of numerical methodologies [3] is thus a natural fit for 

implementation with the MATLAB package. The main drawback of MATLAB is the fact that it 

is an interpreted language, which leads to performance cuts, as compared with third generation 
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languages such as C, upon which MATLAB is built. In the context of data mining, this can be a 

very serious issue, particularly when one is dealing with enormous quantities of data. 

 

2.2 SPSS – Statistical Package for Social Sciences, as the name suggests was originally designed 

for social science research in late 1960s. However, over the years it has evolved into a full-

fledged statistic.al tool with an easy to use graphical interface. It has a visual interface which 

allows users to leverage statistical and data mining algorithms without programming. SPSS 

offers a variety of modeling methods taken from machine learning, artificial intelligence, and 

statistics. The main features are: 

 

1. IBM SPSS STATISTICS – The IBM SPSS statistics is an integrated family of products 

that addresses the entire analytical process from planning to data collection to analysis, 

reporting and deployment. With more than a dozen fully integrated modules to choose 

from, you can find the specialized capabilities you need to increase revenue, outperform 

competitors, conduct research and make better decisions. 

2. IBM SPSS modeler is an extensive predictive analytics platform that is designed to bring 

predictive intelligence to decisions made by individuals, groups, systems and the 

enterprise. By providing a range of advanced algorithms, and techniques that include text 

analytics, entity analytics, decision management and optimization. SPSS modeler can 

help you consistently make the right decisions from the desktop or within operational 

systems. 

IBM SPSS Modeler is a data mining software application from IBM. It is a data mining 

and text analytics workbench used to build predictive models. It has a visual interface 

which allows users to leverage statistical and data mining algorithms without 

programming. IBM SPSS modeler offers a variety of modeling methods taken from 

machine learning, artificial intelligence, and statistics. The methods available on the 

modeling palette allow you to derive new information from your data and to develop 

predictive models. Each method has certain strengths and is best for particular types of 

problems. 
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2.3 ANN : The simplest definition of a neural network, more properly referred to as an artificial 

neural network (ANN), is provided by the inventor of one of the first neurocomputers, Dr. 

Robert Hecht-Nelsen. He defines a neural network as: 

 

“… a computing system made up of simple, highly interconnected processing 

elements, which process information by their dynamic state response to external 

inputs.” (“Neural Network Primer: Part 1” by [8].   

 

 ANN are processing devices (algorithms or actual hardware) that are loosely 

modeled after the neuronal structure of the mammalian cerebral cortex but on much smaller 

scales. A large ANN might have hundreds of thousands of processor units, whereas a 

mammalian brain has billions of neurons with a corresponding increase in magnitude of their 

overall interaction and emergent behavior. 

 Neural networks are typically organized in layers. Layers are made up of a number 

of interconnected „nodes‟ which contain an „activation function‟. Patterns are represented to the 

network via the „input layer‟, which communicates to one or more „hidden layers‟ where the 

actual processing is done via a system of weighted „connections‟. The hidden layers then link to 

an output layer where the answer is outputted. 

 Most ANN contains some form of learning rule which modifies the weights of the 

connections according to the input patterns that it is presented with. In a sense, ANNs learn by 

example as do their biological counterparts, a child learns to recognize dogs from examples of 

dogs. 

 

3.0 Research Question 

Is there any difference between the performance of commercial data mining tool with 

programming and commercial data mining tool without programming? 

 

4.0 Scope of the Study 

 The experiments used: 

1. Public domain datasets (CM1 and PC1) from the PROMISE repository. 

2. Commercial data mining tools (MATLAB and SPSS). 

3. Percentage split validation (70/30). 
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4. Learning is done through multilayer perceptron algorithm. 

5. Assessment via multiple criteria (PD, PF, Overall Accuracy, Precision, AUC, and 

Balance). 

 

5.0 Evaluation Measurements 

 

5.1 Confusion Matrix 

 A confusion matrix [4] contains information about actual and predicted 

classification done by a classification system. Performance of such systems is commonly 

evaluated using the data in the matrix. The following table shows the confusion matrix for a two 

class classifier. The entries in the confusion matrix have the following meaning in the context of 

this study: 

i. TN is the number of correct predictions that an instance is negative 

ii. FP is the number of incorrect predictions that an instance is positive. 

iii. FN is the number of incorrect  predictions that an instance is negative, and 

iv. TP is the number of correct predictions that an instance is positive. 

Table 1 Confusion Matrix 

 Predicted 

Negative Positive 

Actual Negative TN FP 

Positive FN TP 

 

Several standard terms have been defined for the two class matrix. 

i. Accuracy (ACC) is the proportion of the total number of predictions that were 

correct. It is determined using the equation: 

 

𝐴𝐶𝐶 =
𝑇𝑁 + 𝑇𝑃

𝑇𝑁 + 𝐹𝑁 + 𝐹𝑃 + 𝑇𝑃
                                   (1) 

ii. Recall or True Positive Rate (TPR)  is the proportion of positive cases that were 

correctly identified, as calculated using the equation: 

𝑇𝑃𝑅 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
                                                    (2) 
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iii. False Positive Rate (FPR) or Probability of False Alarm is proportion of negative 

cases that were incorrectly classified as positive, as calculated using the equation: 

𝐹𝑃𝑅 =
𝐹𝑃

𝐹𝑃 + 𝑇𝑁
                                                       (3) 

iv. Precision (Prec) is the proportion of the predicted positive cases that were correct, as 

calculated using the equation: 

𝑃𝑅𝐸𝐶 =
𝐹𝑁

𝐹𝑁 + 𝑇𝑃
                                                 (4) 

v. Area Under ROC Curve (AUC): AUC stands for Area Under the Curve. Here the 

curve is the Receiver Operating Characteristic Curve or ROC curve for short. The 

ROC curve shows the sensitivity of the classifier by plotting the rate of true positives 

to the rate of false positives. In other words, it shows you how many correct positive 

classifications can be gained as you allow for more and more false positives. The 

perfect classifier that makes no mistakes would hit a true positive rate of 100% 

immediately without incurring any false positives. This almost never happens in 

practice. The ROC curve is a whole curve. It provides nuanced details about the 

behavior of the classifier, but it is hard to quickly compare many ROC curves to each 

other. The AUC is one way to summarize the ROC curve into a single number, so that 

it can be compared easily and automatically. A good ROC curve has a lot of space 

under it (because the true positive rate shoots up to 100% very quickly). A bad ROC 

curve covers very little area. High AUC is good and low AUC is not good. 

𝐴𝑈𝐶 =
1 + 𝑇𝑃𝑅 − 𝐹𝑃𝑅

2
  𝑜𝑟 

𝑇𝑃𝑅 + 𝑇𝑁𝑅

2
       (5) 

vi. Balance: Since the point (PF = 0, PD = 1) is the ideal position on the ROC curve 

where all defects are recognized without mistakes, the measure balance is introduced 

by calculating the Euclidean distance from the real (PF, PD) point to (0,1) and 

frequently used by software engineers in practice [10]. If we use balance as a 

percentage it shows us how close a classifier is to the real life. Therefore, when 

comparing several classifiers we choose the one with a higher balance value.  By 

definition, 
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𝐵𝑎𝑙𝑎𝑛𝑐𝑒 = 1 −
 (0− 𝑃𝐹)2 + (1− 𝑃𝐷)2

 2
                 (6) 

In our experiment, we compute PD, PF, AUC and Precision for the defect class. We use accuracy 

and balance to determine the overall performance. 

6.0 Experiments and Results 

6.1 Datasets 

In this paper, I have used the CM1 and PC1 datasets available in the PROMISE repository to 

generate models for defect classification. These datasets were created from projects carried out at 

NASA. The table below shows the number of instances for each dataset, the number of defective, 

non – defective modules and their percentage, number of duplicates, inconsistencies and 

programming language. It can be observed that the two datasets are highly imbalanced. 

Table 2 Description of Datasets  

Datasets No of Instances Non defective Defective  Language 

CM1 498 449 49 C 

PC1 1,109 1,032 77 C 

 

The two datasets contain the same 22 attributes composed of 5 different metrics for lines of code, 

3 McCabe metrics 4 base Halstead metrics and 8 derived Halstead metrics that have been 

discarded, a branch count, and the last attribute is problems with 2 classes (whether a module has 

reported defects). 

The McCabe metrics are based on the count of the number of paths contained in a program based 

on its graph. To find the complexity, the program, module or method of class in an object 

oriented program is represented as a graph, and its complexity is calculated as v(g) = e - n + 2, 

where e is the number of nodes in the graph. 

The cyclomatic complexity metric measures quantity, but McCabe also defined essential 

complexity, ev(g), to measure the quality of the complexity, ev (g), to measure the quality of the 

code. Structured programming only requires sequences, selection and iteration structures, and the 

essential complexity is calculated in the same manner as cyclomatic complexity but from a 
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simplified graph where such structures have been removed. The design complexity metric (iv(g)) 

is similar but takes into account the calls to other modules [9]. 

 

 

6.2 Method and Test Option 

This part presents the research methodology that has been used in this study. In this study, I have 

used a commercial data mining tool with programming (MATLAB) and a commercial data 

mining tool without programming (SPSS) and a classifier (multilayer perceptron) on two datasets  

CMI and PCI. For the machine learning model the test mode used is percentage split. Training is 

done on 70% of the datasets while testing is done on the remaining 30%. Multilayer Perceptron 

is implemented using MATLAB and SPSS and the classification results compared. Experiments 

are performed on the datasets before data balancing and after data balancing. 
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Fig 1: Neural Network Architecture 

In the fig 1, there are 21 inputs and 2 outputs. Inputs are given from the testing data. 
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Fig 2: Training of Neural Network 

In fig 2, Neural Network is trained in which 1 input layer, 2 hidden layers and 1 output layer is 

used. The algorithm has a specified maximum number of epochs. Upon exceeding this number, 

the algorithm may be stopped. 

 

6.3 Results 

Table 3 Summary of Results for Commercial Data Mining Tool with Programming using Multilayer 

Perceptron as Classifier (MATLAB) 

Dataset Pd Pf Accuracy AUC Balance Precision 

CMI Before DP 0.082 0 91.0 0.541 0.351 1 

CMI After DP 0.909 0.013 94.8 0.984 0.935 0.986 

PCI B4 DP 0.143 0.002 93.9 0.571 0.394 0.846 

PCI After DP 0.958 0.014 97.2 0.972 0.969 0.986 

Mean 0.523 0.007 94.2 0.767 0.662 0.955 
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Fig 3 MATLAB results for PD, PF, AUC, Balance, and Precision for the datasets before and after data 

balancing 

 

 

Fig 4 MATLAB classification accuracy compared among datasets 
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Table 4 Summary of results for commercial data mining tool without programming using multilayer 

perception classifier (SPSS)  

 Dataset Pd pf Accuracy AUC Balance Precision 

CMI B4 DP 0.263 0.024 88.2 0.620 0.479 0.625 

CMI After DP 0.873 0.035 92.1 0.919 0.907 0.959 

PCI B4 DP 0 0 93.3 0.500 0.293 N/A 

PCI After DP 0.956 0.020 96.7 0.968 0.952 0.981 

Mean 0.523 0.020 92.6 0.752 0.658 0.855 

 

 

Fig 5 SPSS results of PD, PF, AUC, Balance, and Precision for datasets 
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Fig 6 SPSS classification accuracy for the datasets before and after data balancing 

 

Research Question 1 

Tables 3 and 4, and Figures 2and 3 answer this research question. As could be seen from the 

tables and figures mentioned, data mining software with programming performs better than data 

mining software without programming.  

7.0 Conclusion 

Considering the results obtained from the experiments as listed in tables 3 and 4 for data mining 

tools MATLAB and SPSS, it could be observed that SPSS has higher probability of prediction 

(PD) for dataset CM1 before preprocessing while MATLAB has higher probability of detection 

for datasets CM1 and PC1 after preprocessing. MATLAB also has higher PD for dataset PC1 

before preprocessing. MATLAB also gives lower probability of false alarm (PF) in the two 

datasets revealing a better performance over SPSS. It was again discovered that MATLAB 

shows a better overall performances when considering overall accuracy, Area Under ROC 

Curve, balance, and precision. Therefore we conclude in this paper that data mining tools with 

programming performs better than data mining tools without programming.  
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