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Abstract 

Decision making is always a vital part in our lives, a vital process in management and a vital component to 
entrepreneurship. The SWOT Analysis is central to strategic planning. SWOT analysis is an important tool that aids 
businesses in the evaluation and discovery phase of strategic planning and useful for planning and decision-making at 
multiple levels within an institution, organization or business. An Artificial Neural Network was designed as a 
computational model based on the brain to solve certain kinds of problems, one of the key elements of a neural network 
is its ability to learn. A neural network is not just a complex system but a complex adaptive system. Measuring student 
satisfaction is a vital issue especially for university administration, in order to improve student services and opportunities. 
The purpose of this paper uses SWOT analysis method to analyze the internal and external environment of Students 
Satisfaction. Based on the objective analysis of the internal advantages and disadvantages, the external opportunities and 
threats that our faculty are confronted with, The major objective of this paper is a study of Back Propagation Neural 
Network Based Importance-Performance Analysis (BPNN-IPA), and T-test as a statistical approach for finding the most 
affected features has been applied on the tenth trained neural network. 
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I. Introduction 

Today’s rapid changing in student needs, economic competition and technologies, these business environments 

changing have forced organizations to find ways to build power strategic plans and make the best right decisions to 

improve business effectiveness and how to face competitors. Decision making is always a vital part in our lives, a 

vital process in management and a vital component to entrepreneurship. SWOT analysis is an important tool that 

aids businesses in the evaluation and discovery phase of strategic planning and useful for planning and decision-

making at multiple levels within an institution, organization or   business [1]. 

         The SWOT analysis is called also SWOT matrix and it is an important tool or method to analyze enterprise’s 

competition. SWOT analysis is a comprehensive method to point out the external and internal factors of the 

enterprise. SWOT analysis is a tool for auditing an organization and its environment. SWOT analysis is the first 

stage of planning and helps marketers to focus on key issues and the main purpose of SWOT analysis has to be to 

add value to our products and services so that we can recruit new customers, retain loyal customers, and extend 

products and services to customer segments over the long-term. If undertaken successfully, we can then increase 

our Return on Investment (ROI) [2][3].  

          By finding out the strengths and weaknesses of the internal environment, and evaluating the opportunities 

and threats of the external environment, the enterprise can put forward better plan for higher progress, and 

organizations depend on this tool to recognize their main competencies in order to determine the organization 

direction by analyzing and putting the resource of the organization’s and environment on four fields: Strengths, 

Weaknesses, Opportunities and Threats [4]. Even though SWOT analysis is a tool for strategic planning, in practice 

it cannot provide an efficient result and as a result sometimes may cause to take     a wrong business decision 

[6][7]. This is because SWOT analysis is based on specific and arbitrary analysis (qualitative analysis) in which SWOT 

factors are likely to hold subjective views of the managers judgments, and the SWOT factors in each fields are not 

ranked by the significance towards a company’s performance. Moreover, the SWOT analysis should be evaluated 

from the customer’s perspective rather than the point of view of the company to verify that the organization 

capabilities are recognized and valued by the customers [6][8]. 

          This insufficiency in SWOT analysis motivated our research to take advantage of the Importance-Performance 

Analysis (IPA) [9]. IPA is a simple but effective means of assisting practitioners in prioritizing service attributes 

when attempting to enhance service quality and customer satisfaction, it is also a technique for measuring 

customer’s satisfaction from surveys to consistently generate emphasizes SWOT factors based on customer’s 

perspective which in turn produces more accurate information for strategic planning.  

          Specifically, this work embrace a re-evaluated IPA termed Back Propagation Neural Network based 

Importance-Performance Analysis (BPNN-IPA) that utilizes BPNN to measure the organizations service attribute 

importance which is one of the main aspects of IPA. According to the previous reports the BPNN-IPA approach 
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yields significant improvement in the estimation of attribute importance compared to conventional IPA and 

regression-based IPA approaches [10][11], As a result of that effective SWOT analysis will be generating.  

          Statistical T-test as approach for finding the most affected features due to the treatment, a statistically 

significant t-test result is one in which a difference between two groups is unlikely to have occurred because the 

sample happened to be atypical. Statistical significance is determined by the size of the difference between the 

group averages, the sample size, and the standard deviations of the groups. For practical purposes statistical 

significance suggests that the two larger populations from which we sample are “actually” different. This T-test has 

been applied on the Ten’s training neural network using SPSS V20 [12][13] 

II. LITERATURE REVIEW 

In chapter one, an overview of SWOT analysis, IPA and the BPNN based IPA were introduced. This chapter will cover the SWOT 

analysis, the researches involved with quantitative SWOT analysis and customer oriented SWOT are investigated. The IPA is 

explained where the main focus is approaches that have been used for measuring attribute importance. Finally, the BPNN 

based IPA sub-section provides general information about the methodology for measuring attribute importance via BPNN. In 

addition the thesis motivation, objectives, and contributions are highlighted. 

The rest of this chapter is organized as follows. Section 2.1 SWOT analysis and the researches involved with quantitative SWOT 

analysis and customer oriented SWOT will be investigated. Section 2.2 presents IPA. While Section 2.3 BPNN based IPA. Finally, 

statistical T-test in Section 2.4. 

2.1. SWOT analysis 

The basic and important tool for analyzing and positioning the resources of any organization and environment is SWOT analysis; 

this tool considers all kinds of factors in internal conditions and external environment. In this theory, S stand for the 

enterprise’s internal Strengths, W stand for the internal Weaknesses, O stand for the external Opportunities and T stand for the 

external Threats. The guideline of SWOT is the comprehensive understanding of the enterprise’s internal strengths and 

weaknesses. On this basis, enterprises can take advantages, overcome disadvantages, seize opportunities, eliminate threats 

and make strategies suitable for their future development [1][2]. 

There are three steps of SWOT analysis approach they’re calculated from SWOT analysis advantage. First, SWOT factors in each 

group determined based on SWOT analysis brainstorming session. Second, making a comparison within and between SWOT 

groups to identify the relative importance. Finally, using comparison 

matrix to compute the importance degree [9]. Previously, several 

researchers applied Text mining and Sentiment analysis to analyze 

the feedback from customers from unstructured data sources. 

Decision support model that utilized Text mining to determine 

SWOT factors from unstructured data like customer’s feedback, 

company reports and press releases of competitors. Dai et al [10]. 

Boonyarat Phadermrod proved that the proposed method can be 

Figure 1 The Importance-Performance Analysis matrix. 
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used to accommodate strategic planning [9]. Dai et la. And Boonyarat Phadermrod work are closely related to this study. 

2.2. Importance-Performance Analysis 

Importance-Performance Analysis (IPA) is a technique for customer satisfaction analysis towards the service of the 

company or products and also IPA is used as a tool for understanding customer’s desires and needs consequently 

to develop marketing strategies to reply to them. Customer satisfaction involves the quality of the company’s 

service or products and customer expectations. Wherefore, the satisfaction from customer’s satisfaction surveys is 

measured by IPA based on the importance of a service or a product and the performance of company in providing 

that service or product. 

The intersection between importance and performance creates a two-dimensional matrix, (fig.1) where the x-axis 

is the importance and the y-axis is the company performance, Quadrant 1 attributes are ranked as very important 

to customers and the company performance seems to be high and thus attributes are the major strengths and 

opportunities. An attributes are existing in Quadrant 2 are ranked as low importance to customers and the 

performance of the company is high. In this case the company should allocate in a different way their resources. 

Quadrant 3 is perceived to be low importance and low performance which are the minor weakness. Finally, 

Quadrant 4 attributes are perceived to be very important and low performance, these attributes are referred to 

the major weakness that require immediate attention for improvement [9], [13]. 

Generally, the main task of constructing an IPA matrix is measuring attributes “importance” and measuring 

attributes “performance”. Performance attributes method have been measured by using direct rating from 

customers survey in which the customers are asked to rate the attribute range of the performance from Agree, 

Uncertain and disagree in a 3-point Likert scale. Whereas attributes “importance” can be measured either on a 

rating scale (self-stated importance) or estimated on the basis of performance (implicitly derived importance) [9]. 

2.3. Back-Propagation Neural Network based Importance-Performance Analysis 

In the past few years, Back-Propagation Neural Network (BPNN) is the best method to originate from importance 

than statistical methods which can be misleading and biased and BPNN has turned into substitute method for 

verifying an attributes importance, through detecting complex non-linear relationships between dependent variables 

(satisfaction) and independent (attributes performance) and BPNN boated the limitations of traditional statistics [8].  

Deng et al was published the first article in this filed in 2008. And BPNN based IPA has been proposed by the 

authors that integrates the BPNN, natural logarithmic transformation for customer satisfaction improvement and 

three-factor theory. After that many researcher have applied BPNN for originate attributes importance. And also 

Boonyarat Phadermrod was published the best article based on Deng net al article in 2014 [8][9][10] . 

According to the previous recommendations of both Silva and Boonyarat Phadermrod, Silva  summarized that the 

results obtained by Importance- Satisfaction Model,‖ in general, students are satisfied with the service in which nine 

Quality factors in Higher School of Technology and Management of Bragança has been applied‖. While, Boonyarat 
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Phadermrod concluded that ―defining strengths and weaknesses of the media and telecommunication service 

provider company utilizing the BPNN-IPA based SWOT development‖. So, the aim of the current study was to 

emphasize the importance of applying the BPNN-IPA based SWOT analysis on Higher Education Institutions 

[8][9].  

2.4. Statistical T-test 

T-test as a statistical approach for finding the most affected features by the computer intervention. Recently, in 2014 

Amir Hossein was published a recent article using T-test to find the features which have been changed due to the 

treatment process [11]. 

The t-test of hypothesis testing is one of the most familiar statistical analysis methods because it saves samples, 

calculates simply and tests more efficiently [12]. 

III. A BPNN-IPA BASED SWOT and Statistical T-Test 

A. A BPNN-IPA BASED SWOT 

Regarding to the work by Boonyarat Phadermrod, [9]this work proposes a framework to obtain all aspects of 

SWOT from the IPA matrix since only strengths and weaknesses can be inferred from the IPA matrix. Quadrant 1 

“Keep up with the good work” and Quadrant 4 “Concentrate here” Attributes can be refer to the company’s 

strengths and weaknesses respectively. The ideas of Pai et al [10]can define the opportunities and threats through 

the IPA matrix of competitor which stated that “the strengths of competitor become the threats of the company 

and the weaknesses of competitors can become the opportunities of the company”.  The BPNN-IPA based SWOT 

analysis consists of three steps: 

Step 1: Students and Faculty members satisfaction questionnaire Designing and collection, which is measured by a Likert scales 

with three levels of rating Agree, Uncertain and Disagree. This questionnaire has been filled by 100 students and faculty 

members  

 First, The importance calculation.  

Applying BPNN on survey data. The BPNN architecture is specified as one input layer in which number of neurons is 

corresponded to number of input attributes, two hidden layers in which number of neurons is assigned through the trail 

experiment, and one output layer. 

After training the BPNN model, importance is calculated based on the extended Garson’s algorithm proposed by Glorfeld in 

1996 [13] as follows, where I is the number of input-layer neurons, H is the number of hidden-layer and, O is the set of output-

layer neurons. And this step can split into four steps: 

1. The ratio (Rih) of each input-hidden layer connection weight for each hidden neuron h, is computed by dividing the absolute 

value of the input-hidden layer connection weight (Wih) by the sum of the absolute value of the input-hidden layer 

connection weight of all input neurons.  
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|   |

∑ |   |   
            

. 

2. The sum of the absolute value of the hidden-output layer connection weight (Woh) of all output neurons have been 

computed to get the sum output weight for each hidden neuron(SOh). 

SOh   ∑|   |        

   

 

3. The contribution of each neuron to the output by each hidden neuron (Cih) is computed by multiplying the Ratio of each 

input-hidden connection weight (Rih) given by (1) by total output weight of the corresponding hidden neuron (SOh) given by 

(2).  

Cih    ih   SOh             

4. For each input neuron i, the importance (Ii) is calculated as the sum of the contribution of each neuron (Cih) given by (3) 

corresponding input layer divided by overall contribution of all neurons in the network, and multiplied by 100, as shown 

in(4). 

   
∑       

∑ ∑          
            

 Second, The performance Calculation. 

The performance of each attribute of the faculty members and students is computed by averaging performance ratings from all 

respondents to all the questionnaire. 

Step 2: Construct the IPA matrix 

 

Step 3: SWOT identifying  

From IPA matrix described before (see 

Fig.1), Quadrant 1 and Quadrant 2 attributes 

are identified as strengths while Quadrant 3 

and Quadrant 4 attributes are identified as 

weaknesses.  

After these steps, IPA matrix is the best way 

to determine the faculty strengths and weaknesses (see step 2). 

Whereas opportunities and threats can be identified from competitor’s IPA matrix based on the ideas of Pai et al, “the strengths 

of competitor become the threats of the company and the weaknesses of competitors can become the opportunities of the 

company” [10]. 

B. Statistical T-Test  

The t-test of hypothesis testing is one of the most familiar statistical analysis methods because it saves samples, calculates 

simply and tests more efficiently. For testing the degree of difference between two means in small sample, the one method is 

T-test, it uses T distribution theory to deduce the probability when difference happens, then judge if the difference between 

Figure 2 Constructing BPNN-IPA 
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two means is considerable and significant [11]. In this work, the training set is divided into 10 equal sized set. The process of 

evaluation repeats 10 times, each time a single different set will act as a test set while remaining 9 sets are combined and used 

for training, by shifting each first ten samples every time using Neural Network/Data Manager over Matlab R2013a to collect 

the errors of each trained one, then using SPSS v16.0 to apply t- test for the validation of BPNN model. Table 1. Presents the 

results of t-test to validate the BPNN model, the total average is measured by dividing the sum of all mean difference by the 

number of networks to be .0450 is less than 0.05 therefore, the data sets are significant. 

TABLE 1.           RESULTS OF T- Test 

 
Test Value = 0                                        

 
t df Mean Difference 

Total Average 
 

Network1 1.157 7 .1144623  

 

 

.0450 

 

Network2 4.762 7 .003 

Network3 20.818 7 .000 

Network4 1.184 7 .001 

Network5 1.742 7 .238 

Network6 1.507 7 .010 

Network7 5.351 7 .000 

Network8 18.683 7 .000 

Network9 1.780 7 .021 

Network10 1.156 7 .062 

 

IV. Experimental Example 

TABLE 2. NN Weights from input-Hidden connection 

 Input/Hidden H1 H2 

The Organizational Structure  0.35192 0.558874 

Employees at the Academy 0.996768 0.11738 

Material and Financial 
Resources 

1.158996 0.471837 
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The College of Computing and Information Technology 

(CCIT)-The Arab Academy for Science, Technology and 

Maritime Transport (AASTMT) one of the league of Arab 

States Specialized Organizations has been used as an 

experimental example.  

Step 1: This case study started with designing a 

questionnaire with 38 questions and the number of students and faculty members responding to this questionnaire is 100 

which is measured on a 3-point scale (Agree, Uncertain and disagree) and named as Students Satisfaction Survey (85) and Staff  

Satisfaction Survey (15). In this example, this dataset is used as input dataset and summarized to be seven attributes. 

Step 2: Importance is calculated based on the IPA matrix, as we described before in step 2. 

First: the BPNN model construction, this model contains three fields’ one input layer, 2hidden layers and one output layer. The 

input layer neurons are the overall satisfaction of each seven attributes, after W.-J. Deng [10]and Boonyarat Phadermrod 

[9]statistical test, the number of hidden layer is 2 hidden layers, and the output layer has one neuron.  

The Feed-Forward Back Propagation network type in Neural 

Network/Data Manager over Matlab R2013a with 2 layers and 2 

neurons have been used to train the BPNN model Fig.3 shows the 

38-2-1 network architecture. 

Second: Importance Calculation, based on the extended Garson’s 

algorithm importance is calculated as follows (see step 2): the 38 

elements are categorized into 7 categorizes based on the 

questionnaire. The Neural Network weights from input-hidden 

connection (see table 2).  

1. The Ratio of each input-hidden connection weights shown in table 3 and calculated by dividing each weight in table 2 by the 

sum of weights for all inputs.                   

|   |

∑ |   |   
 = 

      

        
             

 

 

 

 

 

 

 

2. The Neural Network weights from hidden-output connection is shown in table 4, in this example, there is only one output 

then the total sum is equivalent to the value of hidden-output weights. 

Management Strategy 1.260773 0.745067 

Systems and Procedures 1.420779 0.688708 

Skills 0.213133 0.460907 

Principles 0.109935 0.59085 

Sum 5.512304 3.633623 

TABLE 3. The Ratio of each input-hidden connection weights 

The Organizational Structure  0.063842633 0.15380627 

Employees at the Academy 0.180826021 0.032303847 

Material and Financial Resources 0.210256183 0.129853042 

Management Strategy 0.228719788 0.205047965 

Systems and Procedures 0.257746851 0.18953755 

Skills 0.038664958 0.126845025 

 Principles 0.019943566 0.162606302 

Sum 1 1 

Figure 3 Matlab screen shot of the 38-2-1 network 
architecture 
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3.  Weights of Input-hidden layer and weights of hidden-output layer contribution. The contribution of each neuron to the 

output via each hidden neuron is computed by this Equation Cih    ih   SOh               0.92493 = .059049966 See 

table 5. 

 

 

 

 

 

 

 

 

 

4. Computation of Importance. Importance is calculated via two steps:  

a) The sum of the 2 hidden-output connection shown in table 6, Sum = .059049966 + .436471433 = .495521.  

b) The sum of contribution of each neuron corresponding input layer (table 5) divide by overall contribution of all neurons in 

the network multiplied by 100.    I= 
       

        
               see table 6. 

Third, the average of each attribute has been calculated to get Performance attribute as shown in table 7. 

Finally, Importance and Performance are calculated as we described, then the IPA matrix can be divided into four quadrants 

Fig. 4, and strengths and weaknesses are appear in Fig .4 based on BPNN Based IPA Chart. Now the faculty strengths and 

weaknesses order by weight shown in table 8 and calculated by multiplying the positive/negative performance by the 

importance.  

 

 

 

 

 

 

 

TABLE 4. NN Weights from hidden-output connection 

Output/Hidden H1 H2 

Satisfaction 0.92493 2.8378 

Sum (SO) 0.92493 2.8378 

TABLE 5. The contribution of each neuron to the output 

The Organizational Structure  0.059049966 0.436471433 

Employees at the Academy 0.167251412 0.011383412 

Material and Financial Resources 0.194472252 0.045758349 

Management Strategy 0.211549793 0.07225596 

Systems and Procedures 0.238397795 0.066790313 

Skills 0.035762379 0.044698367 

Principles  0.018446403 0.057300128 
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TABLE 6. The sum of the 2 hidden-output connection 

Input Sum Importance 

The Organizational Structure  0.495521 29.8581 

Employees at the Academy 0.178635 10.76381 

Material and Financial Resources 0.240231 14.47532 

Management Strategy 0.283806 17.10098 

Systems and Procedures 0.305188 18.38939 

Skills 0.080461 4.848236 

Principles 0.075747 4.564177 

Sum 1.659588 100 

TABLE 7. Importance-Performance of the Faculty attributes 

Faculty attributes Importance Performance 

The Organizational Structure  29.86 2.616 

Employees at the Academy 10.76 1.8775 

Material and Financial Resources 14.48 2.685833 

Management Strategy 17.1 2.715 

Systems and Procedures 18.39 2.655 

Skills  4.85 1.91 

Principles 4.56 2.434 

AVG 14.28571429 2.405380857 

TABLE 8. The faculty strengths and weaknesses order by weight 

 SWOT factors  Factor Weight SWOT group 

The Organizational Structure  
78.11376 

Strength 

Employees at the Academy 
-20.2019 

Weakness 

Material and Financial Resources 
38.89086 

Strength 

Management Strategy 
46.4265 

Strength 

Systems and Procedures 
48.82545 

Strength 

Skills 
-9.2635 

Weakness 

Principles 
10.8452 

Strength 
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V. Conclusion 

 After this result, Importance is calculated via BPNN based IPA and Performance is calculated via the average of each attribute, 

Strengths and Weaknesses are appeared in Fig. 4. This result were compared by the practical implementation results carried 

out by the Quality Assurance Unit team in the College of Computing and Information Technology and the result is very close, for 

example the weaknesses of the faculty in their implementation is a) There is a shortage in the number of faculty members in 

some disciplines. b) Heavy administrative load for faculty members which affects the educational and research activity. And this 

work is proving the same result, the attribute (Employees at the Academy) is consists of four sub-attributes (questions), these 

two weaknesses in the practical implementation are two attributes in this work, and also for (Skills) attribute. 
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