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Abstract

Quality of any software product can be measured in terms of performance, reliability, maintainability... etc. Mind mapping applications can be thought of second brain and represents a mirror of our natural thinking. Free Mind is one of the most popular mind mapping application that is not evaluated by users yet. It is an open source tool which targets a large group of audience (student, teacher, employee, or anyone), and has many functionalities to be evaluated in term of the quality manner. Therefore, in this paper, the application Free Mind is evaluated through a statistical quality model that is based on Six Sigma Approach. The results are compared with ISO standards to determine the overall quality of the Free Mind application.
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Introduction

The software’s development is increasing dramatically day by day. Lots of auto-generate and easy-to-use platforms  and tools are now available for everyone to implement a software and publish it to the market. Therefore, the market will be overstocked with thousands of products  which  might  satisfy the user needs, but not necessarily meeting the software quality standards. So, for ensuring that the quality standards are met in software products, a term of quality management principles (QMP) has been introduced to be as “a set of fundamental beliefs, norms, rules and values that are accepted as true and can be used as a basis for quality management ”[1]. ISO/IEC 9126 established quality software model standardization which defines the quality characteristics and their guidelines to be followed in order to reach the software quality assurance [2]. In this paper, the aim is to evaluate the quality of the “Free Mind” standalone application by following ISO/IEC 9126-1 standard [3]. The paper will be divided into sections; first section will go over the background. Second section reviews the related work of the quality assessment models and tools. While in the third section, the Free Mind description and features will be listed along with the quality management  software  being  used.  In the fourth section, the quality management will be discussed in terms of the policies and procedures, quality standards and model.  In  the  fifth  section,  the  quality  plan  will  be  showed.
Whereas the quality test result, the calculation of the total quality conformance rate and quality rate scale, are presented in the fourth section. Fifth section will explain the six-sigma process. Finally, the conclusion and recommendation are presented in the sixth section.

The evolution of mind map

A Mind Map is the external mirror of our natural thinking. It is a creative and logical means of note-taking and note-making that literally “maps out” the ideas. This technique used for mapping out thoughts using keywords which trigger associations in the brain to spark further ideas. It originated in the late 1960s by British psychology author Tony Buzan [4]. Ever after, mind maps drawn  by  hand  in  unlined  paper.  Since  the  evolution of technology and feeling of restricted by paper-based mind mapping, programmers sought a way to combine the creative nature of hand-drawn with the ease and flexibility of technology as in “Free Mind” software. With a shared vision of creating a brain-friendly mind mapping software that would benefit wider users to present ideas in powerful way. Accordingly, editing and arranging information will be easier than before. With all the benefits of computer based mind mapping, there is still a need to check and assess the quality characteristics of the software to ensure if it is satisfying or not.7


Background

In this section, an overview of the quality  management main concepts and the evolution of quality assessment models are presented. Hence, a review some of the software quality tools, which are useful in quality testing are presented. Quality management is the process of managing the quality of a product. There are main concepts and terms which are used in the quality management field. First, the quality is defined as “the ability of a set of inherent characteristics of a product, product component, or process to fulfil requirements of customers” [5]. While the quality assurance (quality assessment) is “a planned and systematic means for assuring management that the defined standards, practices, procedures, and methods of the process are applied [5]”. In the quality assessment, for each product, a set of policies of interest is identified, procedures and measurements to evaluate the quality of it. So, the policy is “an expression of quality intentions,  direction,  and  aims  regarding  to  quality of products and processes [6]”. While the procedure is “ an approach and operational organization used to achieve the goals set by the quality policy “[7]. Finally, the measurement is an indicator defined to for measuring the performance, collecting data, and used to analyse the information [8].

Quality assessment

Software quality assessment is a critical process that is concentrating on the quality certification of the code in different aspects (functionality, usability, etc.) [9]. Software ranging from operating systems (i.e. Linux), middleware/ database technologies (i.e. MySQL) and end user software (i.e. Firefox web browser), requiring a standardized quality assessment to well- examine their quality of code and perform a white box testing and analysis on them on a standardized way [10,11]. In [5], they illustrate the evolvement of the quality assessment model by first designing McCall’s, Boehm’s until reaching ISO/IEC 9216 quality model which considered as the most widespread quality standard. McCall’s is the first modern quality standard proposed in 1977. It is formed by eleven quality factors as shows in Figure 1, product operation (efficiency, usability, integrity, correctness and reliability), product revision (maintainability, testability and flexibility) and product transition (reusability, portability and interoperability). Then Boehm’s quality model proposed in 1978 uses the same hierarch approach of McCall’s. It is represented by three high level characteristics: maintainability (the effort to understand, test and modify the product), portability (the effort to adapt new environment) and as-is utility (which requires the product to be reliable, efficient and easy to use) as shown in Figure
2. In 1991, the first international standard of software quality proposed (ISO/IEC 9216), it is an evolved model that is based on McCall’s and Boehm’s model approaches. It is considered with three main views of the software quality as shown in Figure 3 external quality (measuring the characteristics while executing the product), internal quality (measuring the characteristics if the product is not executed) and in-use quality (measuring the
characteristics from the end user point of view while executing it in different environments) [12,13].
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Figure 1: McCall's quality model.  
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Figure 2: Boehm's quality model.
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Figure 3:  ISO/IEC 9216 quality model.

 

Quality assessment tools

Quality assessment tools are designed to assist reviewers and developers in focusing on concepts that are core for critical evaluation of the internal quality of applications. The tools were not designed to provide a list of factors comprising a numeric
score. The tools were specific to individual types of included
study designs.

In [14] authors discussed the existing software metric tools interpret and implement the definitions of object-oriented software metrics. Eclipse Metrics plug-in is one of the tool that mentioned in the previous study. It is an open source metrics calculation and dependency analyzer plug in for the Eclipse IDE developed by Frank Sauer. It measures various metrics with average and standard deviation, detects the dependencies and graph it. More examples of quality assessment tools are presented in [14]. CodePro AnalytiX is a free Java software testing tool developed by Google and used in Eclipse IDE. It helps developers to improve software quality and working on eliminating costs and fixing errors during the developments process. CodePro tool has multiple software assessment and auditing features  that help to keep track of the quality measures. This tool, along with a user guide [15], provides a standardized means to assess study quality and help to develop for study findings.

While, Find Bugs is a free code analyser software to look for bugs in a Java code using a static analysis. It is an open source and platform independent. Also, it can analyses programs compiled for any version of Java. The software is used as a stand-alone GUI application or plug-in available for Eclipse, NetBeans, Intelli J IDEA ... etc. Additionally, it has two user interfaces: a graphical user interface (GUI) and a command line user interface. The bug patterns that are extracted by Find Bugs are performance bug, security bug, correctness bug ... etc. [16]. Find Bugs can help to improve the quality of your code and eliminate bugs [17].

Proposed quality assessment framework

Application Description: Free Mind is an open source, mind- mapping software programming tool which is written in Java. It has different releases; in this paper, the quality assessment against the latest version which is 0.9.0, 2011 is statistically evaluated. Free Mind is considered as a knowledge organizer tool which is used for organizing, linking, integrating and sharing thoughts by drawing a mind map in a more efficient and user friendly way as shown in Figure 4.
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Figure 4:  Free mind interface.

 



Application features: In Free Mind, users can create, edit, delete and format nodes in an easy and attractive way as shown
in Figure 5. The formatting feature can be used by creating trees of plain text notes enriched with colors, icons, cloud-shapes, and other graphics. Whereas the colors will be used to differentiate between the completed and non-completed sub-ideas, icons to prioritize a node and cloud-shapes will help in grouping together the nodes that are interrelated [3]. Also, it has a set of advanced features as shown in Figure 6 [3].
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Figure 5:  Free mind main basic features.
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Figure 6:  Free mind advanced features. 

 



I. Folding-Free Mind provides the ability to hide or display all the related information (children)of a specific node. This is helpful when the mind map is large and the user wants to fold (hide) the children and leave the main nodes only; for simple representation.

II.Navigating with a single click- This feature allows the user to easily move in the map using the keyboard arrows (up - down - left - right). Also, he can use (Escape) to move directly to the root node or use (page up/ page down) to move to the top or the bottom of the map.

III.Smart Dragging and Dropping-This feature provides the possibility for dragging nodes or styles of nodes and dropping them to be placed directly as a child’s or siblings into another node in the mind map.

IV.Smart  copying  and   pasting-   This   feature   helps in copying the mind map and all its descendants to the clipboard. While the user can also paste a plain text or HTML file from outside to the Free Mind; the Free Mind will convert their structures into nodes and children to be represented as a mind map.

V.Exporting map as HTML/XHTML-This feature converts the mind map to a standard, hierarchical text structure; as an HTML or XHTML, so the user can easily integrate it with any website.

VI.Importing map-Free Mind allows the user to import a folder to be viewed as a mind map; it will convert all the
subfolders and their structures as a tree to be represented as mind map.

VII.Storing maps in XML format- Free Mind allows the user to store the mind maps in XML formats; this will let him be free to switch to another mind map application and import his XML mind maps to complete his work in it.

Quality management software

CodePro AnalytiX and Eclipse Metrics Plug-in are used as quality management tools.  Foremost,  CodePro  AnalytiX  can be easily integrated into Eclipse environment as plug in; using automated source code analysis to determine the quality issues [18]. It is considered as a useful, comprehensive, and easy to use Eclipse Java code review tool. Secondly, Eclipse Metrics Plug-in along with the CodePro AnalytiX are used. Using the capabilities of both tools, the proposed principles (reliability, maintainability, portability and usability) are tested. This in turn would provide some statistics to help the developers in the future to enhance it, since it is an open source software. CodePro AnalytiX version
7.1.1 and Eclipse Metrics Plug-in version 1.3.6 will be used with
Eclipse version 3.7 (Figure 7) [19].
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Figure 7: Quality evaluation environment and tool.



Planning quality assessment

ISO/IEC 9126-1 standard introduced a quality model which defines six characteristics (policies) to be used for the software quality assessment (functionality, reliability, usability, efficiency, maintainability and portability). Each of these characteristics has a set of sub-characteristics (procedures) to be measured using specific metrics [20]. In this section, a set of policies and procedures which will be followed in the Free Mind’s quality testing are listed (Table 1).


Table 1:Policies and Procedures.
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Policies& procedures

In  this  quality  assessment,  Free  Mind  will  be  technically evaluated using the following policies and procedures:

a.Reliability of Free Mind shall maintain its performance and stability under any sudden condition. So, this policy would be ensured by Fault Tolerance procedure; i.e. if the user performs different events which might lead to an error in the application (i.e. clicking many times on create node and causing a stress by sending lots of requests). Then, Free Mind shall avoid any crash and handle this stress without letting the user feel about anything. And also Recoverability
procedure; i.e. if the user creates a mind map with lots of nodes and texts bind with, then by mistake he deleted the mind map or part of it. In this case, Free Mind shall allow the user to recover his deleted map without causing any frustration to him [21].

b.Maintainability of Free Mind shall be modified easily due to any errors or changes in the functions. The policy would be ensured by ensuring the Changeability procedure;
i.e. The developer shall be able to modify the code of Free Mind features easily, if there is any change in the requirement or an error. And also the stability procedure; i.e. the Free Mind  application  shall  be  stable  if  any  feature  has  been
modified, and do not let this particular modification effect
other classes and features.

c.Portability of Free Mind shall work on different operating systems without any need for extra efforts. This policy would be ensured by following the Adaptability procedure; i.e. the developer shall be able to easily adapt the code of Free Mind to meet any future requirements or to make it work in any working environment.

d.Usability of Free Mind shall be easy to use, learn and understood while providing a simple and attractive interface
for the user. This policy would be ensured by maintaining Learn ability for Reuse procedure; i.e. Free Mind’s classes shall be learned easily if the developer wants to reuse them in different system [22].

Proposed quality management plan and model

Quality management plan

 Figure 8 &9 Table 2


Table 2:Quality Standards Relation.
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Figure 8: Quality management plan. 
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Figure 9:  Quality model tree.

 


Quality standards relationship: Table 2 shows the relationship between the measurements  and  the  procedures  which  is either  positive  or  negative  relationship.  Positive  relationship is a relationship between two variables such that their values increasing or decreasing together like fault tolerance and line of code. But the negative relationship is a relationship between two variables in which one variable increases as the other decreases, and vice versa like the recoverability with efferent coupling between packages, changeability with efferent coupling between packages, stability within stability between packages, adaptability with weighted method count and usability with depth of inheritance tree[23].

Quality tree model: Quality tree model is a diagram that illustrates the relationship between the policies, procedures, measurements and standards as shown in Figure 9.

Experimental results

Comparing quality results with standards: Table 3 calculating
the quality testing result of each of the metrics and obtaining the procedures’ quality conformance rate by following this formula: ((result/ standard) * weight) or (weight), if it is within the range; Zero, if it is out the range.

The calculation of the total quality  conformance rate: As indicated in Table 3, the quality conformance rate for each of the procedures has been calculated individually. Table 4 shows the details of the total quality conformance rate, by representing the policy and its procedures along with the quality rate for both the procedures as an individuals and the overall policy’s quality rate [24].

Quality rate scale

To determine the overall quality of the Free Mind application, the quality rate scale is based on the [25]. The rates are scaling up from poor, weak, moderate, fairly good, good until reaching the outstanding quality rate; based on the quality conformance percentage. In our case, the quality conformance percentage for
Free Mind (0.5.0) and (0.8.0) are respectively 67.08%, 67.1% which  is  moderate.  While  Free  Mind  (1.0.0)  is  82.3%  which
considered as a good quality (Figure 10).


Table 3:Details calculation of Quality Conformance.
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Table 4:Calculation measures Capability Index Cpk, k=3
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Figure 10:  TOBE quality scale.

 


Six-sigma process

Six Sigma is a statistical quality assessment approach that provides a methodology to follow a continuous improvement in customersatisfactionandprofit. Ithasthreekeyofmethodologies: DMAIC, DMADV and DFSS. DMAIC (Define-Measure-Analyze- Improve-Control) is used to improve an existing business process while DMADV (Define-Measure-Analyze-Design-Verify) is used to create a new product that meets the customer’s needs. And, DFSS  (Define-Identify-Design-Optimize  -Verify)  is  used to design or redesign a product or service from the ground up [16]. In our project, we will use DMAIC methodology because we already have an existing system. Six sigma process and charts are designed using QI Macros 2016 tool [17]. The tools that we used are: flow charts, run diagram, control charts, histogram, p are to analysis and capability Index (Cpk).

Histogram analysis

Figure 11 shows the histogram which compare actual weight gained by the versions with the policy weight.
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Figure 11: Histogram.

 


Pareto Analysis

Pareto chart created using QI Macros 2016 [17] to present the improvement analysis of each measure in multiple versions (Figure 12-17).

Line of code 

Efferent Coupling
 
Lack of Cohesion

Instability

Weighted Method Count

Depth of Inheritance
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Figure 12: Line of code pareto chart..
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Figure 13: Efferent coupling pareto chart.
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Figure 14: Lack of cohesion pareto chart.
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Figure 15: Instability pareto chart.
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Figure 16: Weighted method count pareto chart.
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Figure 17: IDepth of inheritance pareto chart.

 

Average & Variation

Table 5 calculates the average and the standard deviation between the versions in terms of the quality measurements. 
The average is calculated using the following formula: (R1+R2+R3)/3; where R1, R2 and R3 represent the results of version1 (0.5.0), version 2 (0.8.0) and version 3 (1.0.0). While the standard deviation is calculated using the following formula:
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where the N is the number of versions, xi is the result from the versions, and M is the average (mean). 


Table 5: Average & Variation. 
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Capability Index (Cpk)

The capability index shows how well the performance measure fits the specification based on a given tolerance level.

To find Cpk, we need to calculate standard deviation 
( )
which was calculated in the previous section. Also, we need to estimate the Upper/Lower Tolerance Limits (UTL, LTL) based on the measure standard. We will start by using k=3

If the Cpk >= 1 which means the process capable at the  3 level. But, if the result shows that the measure is not capable

which means the Cpk <1, Cpk will be recalculated with K = 6 using the following formula:

[image: ]

Where
 
UTL = Mean + k  and  LTL = Mean - k

The experimentation results indicate that the overall quality percentage for Free Mind (0.5.0) and (0.8.0) are respectively 67.08%, 67.1% which is moderate. While Free Mind (1.0.0) is 82.3% which considered as a good quality based on rate scale taken from [19]. It has an excellent level of fault tolerance and adaptability. Otherwise, there is few negatively effect from recoverability that is measured by efferent coupling between packages(Ce)(Table 6).


Table 6: Comparison between the three Free Mind versions
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Conclusion and Recommendations

 Quality Management ensures the increasing on revenues and higher productivity for the organization. Also, it provides a great benefit to both the development team and users. In this paper, the quality of Free Mind is evaluated by doing a quality model that includes suitable policies, procedures, and measures. We use CodePro and Metrics plug-in to produce the result. The conformance rate was calculated for these measures according to the ISO standards. Finally, high quality means success. And, happy customers will be returning and that is what every organization strives for it. Therefore, to improve the application quality, we highly recommend to reduce the (Ce) to decrease the time that is needed by the developer to adapt the code of Free Mind in order to fix it or to meet any future requirements. For Capability Index calculation the result match the quality model
results, for all policies at the 3level. For future work, we will have a comprehensive comparison analysis between different characteristics of application versions. In addition, we will use another policy and procedure to have more accurate result.
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