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Abstract 
Large-scale software systems (LSS) are complex and large due to the 
number of applications and services they provide. These systems work 

in different environments in which influential factors exist, termed as 
Critical Success Factors (CSFs). The implementation is always costly and 
time-consuming and requires a lot of effort, as it is difficult. Consequently, 
dealing with large-scale software systems is not easy. We innovated a new 
method to measure and monitor the critical success factors during the 
implementation of large-scale software systems. Our measurement method 
is based on the Goal/Question/Metric paradigm (GQM) which yields a flexible 
framework enabling the measurement of one or more of the critical success 
factors during a particular implementation. Therefore, we need to measure 
these factors. Measurement allows for direct monitoring and controlling the 
progress of the project by preventing any derailment early. Measurement is 
an important tool to support the decision-making process in which projects 
can be monitored and controlled. It can answer questions; identify the 
strengths and weaknesses of many aspects of the implementation. Therefore, 
in this paper, we have created a software tool (CSF Live) that will support the 
measurement method. CSF Live is developed to collect, analyze and display 
CSF measurements based on GQM metrics. CSF Live that we developed is 
applicable for all eighteen CSFs. 
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1 Introduction 
This work developes a tool to enable live tracking and monitoring the performance of critical 

success factors (CSF) during large-scale software system implementation. CSF Live will help project 

managers and project sponsors to discover problems earlier and directly using the critical success 
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factors that we designed. Consequently, this will help for early intervention and immediate 

treatment for these implementation-related problems.  We discuss the implementation of the 

critical success factors measurement tool (CSF Live). In addition, we explain how CSF Live works 

and explain the results. CSF Live was developing in the C# language. CSF Live reads input data from 

excel and then provides the user with many functionalities for processing and visualization. The 

following sections explain the details of different parts of the CSF Live. 

2 Literature Review 
2.1 Large Scale Software Systems 

Large-scale software systems are huge and difficult to deal with in all aspects of project 

management, requirement analysis, design, implementation, testing, and maintenance [1]. Each of 

these steps needs to be handled separately and differently by competent persons. Enterprise 

Resource Planning Systems (ERP) [2] is a common example of large-scale software systems. An ERP 

is a business management software that a company can use to collect, store, manage, and interpret 

data from many business activities including administrative, functional, financial management, 

procurement, and warehouses in companies and institutions [3]. 

2.2 Critical Success Factors 
Several studies and research discussed [2, 4, 5] how many ERP implementations have failed 

or faced serious delays. Many of the problems and obstacles appeared in the performance of these 

tasks within the ERPs [6]. It was observed that during such projects several factors led to such final 

results and that gave rise to what is known today as the Critical Success Factors (CSFs) of large-

scale software systems [2]. 

2.3 Measurement 
We measured the Critical Success Factors (CSF) in terms of data accuracy [7], top 

management support [8], and project management [9]. 

We applied the following steps on all CSFs [7,8,9,10] : 
1. Writing goal by using GQM model. 

2. Writing a set of questions to determine the goal of the project. 

3. Set of metrics (answers) associated with every question. 

4. Working GQM model hierarchical structure (Figure 1) 

5. Data collection. 

6.  Data analysis and writing formulation, which presents the result in a measurement, model for a 

particular CSF. 

7. Creating a software tool (CSF Live) by use C# language, which displays CSFs measurements. 

When we measure the goals, these goals should be determined and defined in an 

understandable track and should be clearly structured [11]. The goal is defined by filling in a set of 

values for the various parameters in the template, It includes purpose (what object and why), 

perspective (what aspect and who), and the environmental characteristics (where). 
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Figure 1: GQM Model Hierarchical Structure [10] 

 

2.4 CSF-Live Method 
We present a study of the previous research that focuses on developing a method (CSF-Live) 

that represents our proposed framework for measuring CSFs [10]. The purpose of the CSF-Live 

method is to measure, track, monitor, and control the critical success factors during the 

implementation of large-scale software systems by using the Goal/Question/Metric (GQM) 

paradigm. The CSF-live method has six steps as shown in Figure 2 [10]. 
 

 
Figure 2: Steps of Framework for Measuring CSFs [10] 

1- Apply Goal / Question / Metric (GQM) Paradigm 
A prerequisite for applying the GQM is to read and understand the GQM paradigm and its 

components. After that applying the GQM involves the following steps:  
a) Construct (a) goal(s) that encompasses a single Critical Success Factor (CSF). 

b) Ask questions about how to achieve the goal(s). 

c) Identify metrics that quantify the goal(s).  

The outputs of step 1 are a set of metrics. 
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2- Categorize Obtained Metrics 
If more than one metric can be combined in a complex metric or mathematical formulation, we 

combine such metrics using the correct mathematical formula.  
3- Formulate CSF Metrics 

We write a suitable mathematical formulation for each of the metrics to measure the CSFs using 

GQM analysis. 

4- Collect Metric Data 
We collect and validate data for a specific time interval. This data is used in the mathematical 

formula for each metric, e.g. "number of .........." 

5- Generate Results 
We here put numbers calculated from the data (step 4) in the mathematical formula of the CSF 

(step 3) to generate results for a particular CSF.   
6- Inspect CSF Results 

We analyze and review results and check the numbers and their meanings and then we write 
recommendations. 
Finally, steps 4 to 6 are repeated every specific time interval (e.g. every week) in order to 

continue observing and monitoring the CSF values during the implementation of the large-scale 

software systems. 

3 Graphical User Interface (GUI) of Data Accuracy (DA), Top 
Management Support (TMS) and Project Management (PM). 

CSF Live reads input data from the excel sheet and displays charts that indicate 

measurement of each of the critical success factors: data accuracy (DA), top management support 

(TMS) and project management (PM) over a specific number of weeks.  

 
Figure 3: DA, PM, and TMS. 

 
To prepare the Excel file to be readable by CSF Live, the following steps have to be followed 

during the data entry in the Excel file: 

1. Create a new Excel file that has values of each of the critical success factors, one file for each critical 

success factor. Therefore, we have three files (DA.xlsm), (TMS.xlsm) and (PM.xlsm). 
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2. Column (A) in each file should contain the number of weeks that the values were measured in. For 

example, the value 3-4 refers to the third and fourth week. 

3. Add a date in the second column (B). 

4. Insert the value of the critical success factor in the third column (C). 

5. Put the goal formulation in the fourth column (D) so CSF Live will read it and display it below the 

chart for illustration purposes. 

6. Insert in the columns (E), (F)…etc. The partial values were used to calculate the final value for the 

critical success factor in column (C). 

7. Save each chart in each Excel file in an image file with the names (DA.jpg), (TMS.jpg) and (PM.jpg). 

To save these images use the Macro shown in Table 1. 

Table 1: Macro Code of saved Data Accuracy chart 
Sub DA_CHART() 

Application.ScreenUpdating = False 

Sheets("hh").Select 

   ActiveChart.Export 

Filename:="C:/Users/0000000/Desktop/Query_DataAccurecy/Tool/DataGridView_Import_Excel/DataGridView_Import_Excel_CS/Pictu

re/DA.jpg", _ 

  FilterName:="jpg" 

End Sub 
 

4 Using the GUI to Analyze Other Critical Success Factors 
This section describes steps for how we display charts that indicate the measurement of the 

Project Champion, Testing, BPR, Number of Customization, Goals, Package Selection, Consultant, 

Vendor Support, Change Management, Training, Communication, IT Infrastructure, Maturity, 

Implementation Team and Cost critical success factors. 

To prepare the Excel file to be readable by CSF Live, the following steps have to be followed 

during the data entry in the Excel file: 
1. Create a new Excel file that has values of critical success factor, one file for critical success factor. For 

example, (Training.xlsm). 

2. Column (A) in the file should contain the number of the weeks that the values were measured in. For 

example, the value 2 refers to the second week. 

3. Add a date in the second column (B). 

4. Insert the value of the critical success factor in the third column ©. 

5. Put the goal formulation in the fourth column (D) so CSF Live will read it and display it below the 

chart for an illustration purpose. 

6. Insert in the columns ©, (F)…etc. The partial values were used to calculate the final value for the 

critical success factor in column ©. 

7. Save chart in Excel file in an images file with the names. For example, (Training.jpg). To save these 

images use the Macro shown in Table 2. 
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Table 2: Macro Code of save Training chart 
Sub DA_CHART() 

Application.ScreenUpdating = False 

Sheets("hh").Select 

   ActiveChart.Export 

Filename:="C:/Users/00000000/Desktop/Query_DataAccurecy/Tool/DataGridView_Import_Excel/DataGridView_Import_Excel_CS/Pict

ure/Training.jpg", _ 

  FilterName:="jpg" 

End Sub 
 

In the case of not implementing some or all of the previous steps, the following message will 

appear when the user clicks on any of the buttons corresponding to any of the critical success 

factors as shown in Figure 4. 
 

 
Figure 4: Training. 

 
After that, we run CSF Live and click on a button of specific critical success factors which 

reads input data from the excel sheet and displays charts that indicate the measurement of the 

critical success factor over a specific number of weeks. In addition, CSF Live displays below the 

chart the goal formulation that has been used to generate the values used to plot the chart. The 

data displayed on the left panel shows the values of the critical success factor over the weeks. 

5 Conclusion 
We designed a GUI application tool (CSF Live) to track the performance of the critical success 

factors during the large-scale software system implementation. CSF Live is developed to collect, 

analyze and display CSF measurements based on GQM metrics. We created it by using the C# 

language to chart CSF values. CSF Live will help project managers and top management for any 

organization to discover problems earlier and directly using the critical success factors that we 

designed. We explained how CSF Live works. In addition, we mentioned the steps on how we can 

apply CSF Live on all the Critical Success Factors. 

6 Availability of Data and Material 
Data can be made available by contacting the corresponding authors. 
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