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Abstract 

Software Process Improvement (SPI) aims to achieve quality in software products for software 
organizations, as it helps to manage and improve the development processes. The success of software products 
highly depends on the right execution of software processes. The current pandemic (COVID-19) has highly 
affected the workflow of software organizations around the distributed geographical locations, resulting in 
difficulties in process execution which is a threat to software process improvement activity. The primary 
objective of this research is to provide a process improvement model for software development organizations 
for better management and improvement of the software development processes during the COVID-19 
pandemic. Our proposed model is based on the objectives of the ‘Team Software Process’ (TSP)and ‘Personal 
Software Process’ (PSP) models to effectively manage the software development processes for both the teams 
and individuals involved in the remote development during the COVID-19 pandemic. The proposed model 
can also be applied in any uncertain situation other than COVID-19 to assist software organizations during 
remote work. 

 
 
1. Introduction 
Software Process Improvement (SPI) helps organizations improve their software development processes 

[1,2]. Improving software processes leads to better software products [3]. The SPI, according to Zahran [4], is 
“the discipline of defining, characterizing, improving, and measuring software management, better product 
innovation, faster cycle times, higher product quality, and lower development costs all at the same time”. 
According to Khan and Keung [5], SPI was introduced to help software development companies manage 
processes to improve quality and efficiency. As a result, numerous SPI models have emerged, including the 
Software Process Improvements and Capability Determination Model (SPICE) [6,7], the ISO 9000, and Six 
Sigma [8]. These models and strategies can help an organization build a high-quality product while reducing 
the development costs and time and increasing the user satisfaction [5,9,10,11]. 

 
The current Coronavirus Disease (COVID-19) outbreak is the latest risk to global health. [12]. Currently, 

the COVID-19 pandemic is considered the biggest threat to humankind and is marked as the most dangerous 
global health disaster after World War II [13]. It has had a huge impact on how we live and interact with one 
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another. Aside from the financial aspects, companies were forced to support and (in some cases) equip office 
workers with the facilities to work remotely who quickly transitioned to a work-from-home set-up because of 
the pandemic. Organizations face challenges such as remote groups, telecommuting, lack of infrastructure, 
and fear of COVID-19. 

 
The existing models of SPI [6-8] allow organizations to enhance process quality but only under normal 

circumstances. Existing SPI models are limited and can negatively affect software quality and efficiency, 
leading to decreased profitability during the uncertain conditions. Thus, to overcome the above issue, we have 
presented a process improvement model based on well-known software process improvement practices 
namely, Personal Software Process (PSP) and Team Software Process (TSP). The PSP supports engineers in 
measuring, optimizing, and growing their skills on a personal level as well as their planning and estimate 
processes [14–15]. Early TSP experience demonstrates that its application enhances engineering teams' 
quality and efficiency while assisting them in more closely adhering to cost and time obligations [17]. We 
have created a technique that software organizations can use to better manage and improve their current 
development activities during the current pandemic and even after that, when some emergency requires shifting 
to remote work instead of on-premises work, by integrating the practices of these two models with some 
innovations. The proposed work's primary contributions to research include a process improvement model 
for software organizations during the COVID-19 pandemic to assist software development organizations in 
remote development, particularly under  uncertain  conditions  such  as  the  sudden  shift  to  remote  work 
in any  pandemic  or  emergency.  We performed descriptive modeling to comprehend the execution of the 
current software development practices of the organizations. Based on expert opinion, we identified the 
software development challenges faced by the software organizations during the pandemic, which are 
subsequently addressed by the proposed model. We validated the model through the empirical study and 
collected feedback from industry experts about the model and performed statistical analysis of the collected 
data.   The survey results demonstrate the effectiveness of the model. To further strengthen the analysis and to 
enhance the confidence in the pro- posed model, we simulated the proposed process model. The simulation 
model endorses the findings of the analysis conducted in the empirical study. 

 
1.1 Motivation 
SPI is an important concept for software organizations as it plays a vital role in producing a quality 

product and generating huge revenues and profits [3]. Several SPI models have emerged during the past 
years [6-8]; however, the models are designed to be executed under normal and routine circumstances 
because they do not deal explicitly with unstable circumstances, such as sudden shifting to remote 
development during the COVID-19 pandemic 

Consequently, there is a need to develop a model that can explicitly deal with unanticipated 
situations, like the COVID-19 pandemic. To that end, in this paper we proposed a model for software 
organizations to facilitate them in effectively managing their remote work activities in the wake of 
COVID-19 pandemic and other similar situations where on-premises development activities are not 
possible. 

 

1.2 Research questions 
Our Study intend to explore the following research questions: 

• RQ1: What are the challenges of process improvement to software organizations during the 
COVID-19 pandemic? 

• RQ2: How does the proposed solution overcome the challenges of process improvement 
during the COVID-19 pandemic? 

The rest of the paper is organized as follows: The related work is presented in section 2. The overall 
research methodology, which we have employed, is stated in Section 3. The proposed model, along with 
its explanation, is presented in section 4. Section 5 explains results and analysis, and finally, sections 6 and 
7 explain threats to the validity and conclusion of the proposed work, respectively. 
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2 Related Work 
This section highlights the previously proposed SPI models and approaches related to software 

process management and improvement. Additionally, some major limitations of the existing SPI models 
were highlighted. 

Lee et al. [18] presented a study to identify determinants of successful process improvement 
activities in software development using a dynamic capability view approach. The authors focused on 
dynamic capability and its con- textual influence to identify and evaluate an organization’s ability to 
implement software process improvement successfully. A model is presented in the proposed study to 
evaluate the impact of cohesion, innovation, and autonomy climates on SPI, but it still lacks some other 
challenges of process improvement. At the same time, no relevant critical factors discussed or highlighted 
in the proposed work can influence the success of SPI. 

 
In the study conducted by Poth et al. [19] the main objective is to identify existing lean and agile 

approaches that can inherit continuous software process improvement for software development 
organizations. According to the authors, when using an established SPI approach, whether in a traditional 
or  Lean/Agile,  experienced  SPICE  or  CMMI  managers  are   expected  to  be much more function-
specific in their solutions. Although the authors have presented a new dimension of  SPI,  but  it  is  
only  limited  to  lean  and  agile-based  software  organizations. 

 
Takahashi et al. [20] stated that a mature software process model could lead to high-quality products 

within the original schedule. The descriptive-analytic hierarchy process (Descriptive AHP), a new AHP 
model that explains the rank reversal phenomena, is used in this work to propose a methodology for 
improving software engineering procedures that can considerably satisfy system engineers. The waterfall 
model serves as the foundation of the suggested evaluation model. However, the authors of the proposed 
work do not cover some of the key SPI elements, such as process evaluation and performance 
measurement of the software development processes. 

 
Sharma et al. [21] presented a study to investigate the critical factors having an impact on SPI initiatives 

in small and medium software organizations. The authors stated that it is important for software practitioners 
to have familiarity with SPI inhibitors to initiate SPI activities within an organization successfully. The 
primary objectives of the proposed work are to investigate the factors that affect SPI implementation 
initiatives in software SMEs, to synthesize the available evidence, to identify gaps in the taxonomy of the 
variables and to develop novel techniques to fill those gaps. Still, the proposed work lacks in dealing with the 
vital  SPI  concepts,  such  as  management of the software development processes and improvement of the  
software  development  processes, which can ultimately affect the implementation of software process 
improvement. 

 
Sun et al. [22]  presented  a  few  explicit  rules  to  evaluate  software processes  to get  quality products 

through software process improvement. The authors proposed a strategy for determining explicit guidelines 
for software process assessment based on assessment histories. Each standard is simply a combination of a 
subset of characteristics in an interaction execution that depicts whether the execution is typical or unusual. 
Stakeholders could use the investigated rules as information and experience to avoid future mistakes, 
thereby  improving software  process  quality;  they  could  also be used to gather a classifier to naturally 
survey future interaction execution. However, the authors have not considered the other aspects of process 
improvement, for example, continuous monitoring of software development processes  to  successfully  
execute  the  development  processes  according to expected outputs. 

 
Farooq et al. [23] presented a block chain-based technique to assist organizations in improving the 

software development processes. The approach has been developed for small and medium-scale organizations. 
The proposed model focuses on optimizing SPI related activities that are mainly reducing expenses of software 
process improvement, minimizing time consumption of process improvement activities, and reducing the 
resources required in SPI activities and defining a structure to allow software development organizations to 
perform SPI related activities feasibly without changing their culture. However, the proposed work does not 
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assess process deviations from the expected output of the software development processes, which can affect 
the success and failure of the SPI. 

 
According to our best knowledge, based on an analysis of the state-of-the-art, we have found that 
there is no model that has been proposed in the literature that can effectively manage improvement of 

software development processes in any unstable and uncertain environment, such as a sudden switch to remote 
development during the COVID-19 pandemic. 

 

3 Research Methodology 
The research methodology adopted to conduct this research consists of seven steps, starting from 

analyzing the problem domain to reporting the results, as discussed below. 

3.1 Selection of Problem Domain 
The existing literature on SPI was explored to start the targeted research process. A 

comprehensive analysis of the multiple studies and challenges of SPI during the COVID-19 
pandemic revealed that software development process requires more attention towards managing 
and improving the software development activities during unstable and uncertain circumstances 
requiring the shifting the operations to remote  development  during  the  COVID- 19 pandemic. 

3.2 Analysis of Process Execution during COVID-19 
To analyze the current software development processes, we performed descriptive modeling of the 

organizational processes. The industrial experts from different software organizations provided the inputs 
to help model the existing software processes of the organizations. In addition, we also analyzed the 
software organizational strategies to continue the  development  activities  in situations like COVID- 19. 
We included 12 small and medium-sized enterprises (SMEs) for descriptive process modelling. One 
individual from each software organization participated in the modelling process. The participants asked 
about the nature of processes, their execution method, and their general objective. Exploring the Existing 
SPI Approaches. Analyzing existing studies to identify challenges, conceptual models, and practices to 
improve software development processes. 

 
3.3 Identification of Challenges 
Challenges of process improvement and management during COVID-19 pandemic were identified 

such as, process improvement model not available to manage software processes in uncertain 
environment. No plan to improve software processes during COVID-19 pandemic. Effective 
management of processes and sub-processes during the COVID-19 pandemic is difficult. Difficult to 
continuously monitor the processes and sub-processes, hurdles in the measurement of performance of 
the processes against expected output etc. 

 

3.4 Designing the Proposed Process Improvement Model 
A process improvement model is proposed to improve software development processes in unstable and 

uncertain circumstances. 
 

3.5 Validation of the proposed model 
For validation of the proposed process model, we have used industrial-expert based validation technique, 

paired-sample t-test for hypothesis evaluation and simulations based validation. 

 
4  Proposed Process Improvement Model 
Due to the lockdown during COVID-19, most of the software organizations like other businesses 

A Process Improvement Model for Software Organizations ... H. Haneef et al.

23



started operations remotely. However, it is important to mention that none of the organizations had 
anticipated the shift and hence, were not prepared to work remotely. As a result, the productivity of the 
software organizations and the quality of the products affected due to the non- existence of any process 
model and guidelines for such situations. To that end, we propose a model that helps software 
organizations manage and execute their software development processes effectively in uncertain 
situations like the on-going pandemic to achieve their organizational goals. Interestingly, the proposed 
model can also be used  in  any  uncertain  situation  in  future  as well. Figure 1 presents the proposed 
process improvement model. The details of the model are discussed in the sub-sections below. Figure 5 
presents the proposed process improvement model. 

4.1 Detailed Description of Proposed Model 
After performing gap analysis and analyzing existing process execution in software organizations 

during the COVID-19 pandemic, following challenges were extracted and highlighted in the study: 

• Managing development process and their sub-process during the remote work. 

• Execution of process improvement approach during the COVID-19 pandemic. 

• Continuous monitoring of software development process. 
 
The proposed model was designed to address the challenges and limitations found during the 

analysis of process execution in software organizations and review of the available literature on 
software process improvement. The model is mainly based on the two processes: 

• Personal software process (PSP) model. 
• Team software process (TSP) model. 
The PSP helps engineers improve their performance and skills [14-15], while the TSP guides 

engineering teams in developing software-intensive products [16]. The TSP enhances quality and 
efficiency while adhering to cost and time obligations [17]. These models were chosen to support  
distant teams and team members in creating software products using process improvement techniques. 
Due to the COVID-19 pandemic, organizations have shifted their workflows, leading to the need for a 
process improvement model to optimize development processes, use fewer resources, and generate high 
revenues. The proposed model consists of three phases. 
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Figure 1 : Proposed Process Improvement Model 

 
The first phase targets to plan and design schedules of tasks for the whole team. It involves 

team goals, evaluation of risks, setting team roles, and designing milestones. Once individual tasks 
are designed and allocated to team members, Phase 2 starts. This phase is based on the PSP practices. 
It aims to measure and evaluate the performance of individual team members. Three levels of PSP 
are defined in this phase. At PSP level 1, process discipline, such as finalizing plans of allocated 
tasks, their executions and the resources required to execute them are measured and analyzed. PSP 
level 2 demands the estimation of the remaining tasks of processes and evaluation of the plans and 
milestones. The last level of PSP is achieved by maintaining quality management details. It 
describes the nature of errors during the process execution, the effort and time consumed in fixing 
bugs, and the nature of bugs or errors that occurred during process executions. In Phase 3 of the 
methodology, a joint PSP report is designed and generated by a process improvement engineer.  
Analysis of  the PSP  report will help optimize the processes and generate a better TSP plan in the 
next iteration. Thus, the goal of continuous process improvement will be achieved through correctly 
executing the proposed process improvement model. 

4.2 Phases of the Proposed Model 
Let us discuss the objectives of the three phases of the proposed process improvement model more 

concisely. Phase 1 aims to initiate the process plan for the whole team involved in the process development 
.Phase 2 of the proposed process improvement model targets to track the performance of team members on 
an individual basis, they have to evaluate themselves at the following three levels. Phase 3 targets to prepare 
a PSP (personal software process) report for each individual according to the PSP levels defined in phase 2 and 
deliver them to  the SPI  engineer/leader.  Each phase is based on several tasks, with each task having a 
particular purpose. All of the tasks involved in these three phases are explained in Ta b l e 1, Table 2, and 
Table 3 respectively. 

If we conclude, the proposed process improvement model will enable the practitioners of software 
development organizations to continuously monitor the development processes through PSP plans. It will 
enable them to produce a software product that will be less error-prone. These software process 
improvement activities will ultimately enable the development organizations to avoid over cost and extra 
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time consumption caused by bugs and errors. 
 

Table 1: Phase 1 of proposed model 
 

Task Purpose 
1. Setting Team Goals Team goals should be initiated at this step involving 

details of objectives to be achieved with maximum quality using 
available 

resources. 
2. Evaluating Risks All the direct and indirect risks should be well evaluated that can 

affect the team’s performance. 
3. Setting Team Roles Team roles should be defined at this stage allocating the modules 

and sub-modules to different units of the 
team. 

4. Setting Milestones The last and crucial step of this phase is to set different milestones for 
the team to get desired goals within the 

scheduled time. 
5. Allocating Team Roles To allocate the individuals of the team with respective 

roles and tasks 
 

Table 2: Phase 2 of proposed model 
 

Task Purpose 
1. Measurement of process 

discipline (PSP 0) 
A baseline of the existing process should be developed, accounting for 

the amount of time spent on programming, the number of defects introduced 
and corrected, and the size of a program. 

2. Estimations and 
planning evaluations (PSP 1) 

Based on data collected at PSP 0 level, a report should be developed to 
estimate the actual and expected measurements for the time spent on 
programming, errors 

removing, and dealing with allocated tasks. 
3. Quality Management 

(PSP2) 
Defect prevention and removal of them are the focus at the PSP2 along 

with maintaining standards of the development and time spent on all quality 
maintaining 

activities. 
 

Table 3: Phase 3 of the proposed model 
 

Task Purpose 
1. Evaluation of PSP 

reports. 
Evaluation of PSP reports for each individual of the team and using the 

analyzed data for next iteration of 
SPI plan. 

 
 
Other than that, a TSP plan will be beneficial for the development organizations to produce a well- 

organized development plan based on process improvement objectives. The goal of a TSP plan is to 
produce and execute the development activities keeping in view the risks of current unwanted 
circumstances such as the COVID-19 pandemic etc. Other benefits of a TSP plan include setting 
milestones and maintaining schedules for the development teams. 

 
5 Results and Analysis 
Two case studies were conducted to compare the existing SPI approach and proposed process 

improvement model during the COVID-19 pandemic. Moreover, we used paired sample t-test and 
simulation-based validation techniques for further validation of the proposed work. 

5.1 Hypothesis Formulation 
On the theoretical groundwork mentioned earlier, we derived the following two hypotheses. The null 

hypothesis (H0) states that “Existing process improvement approaches allow managing and improving the 
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software development processes during the COVID-19 pandemic”. The alternate hypothesis (H1) states that 
“The proposed process improvement model assists to manage and improve the software development 
processes during the COVID-19 pandemic.” 

5.2 Feedback of Case Study 1 and 2 Participants 
 
This case study aimed to validate existing process improvement approaches during the COVID-19 

pandemic. Results showed that traditional Software Process Improvement (SPI) approaches failed to improve 
software process management and development during remote development. Experts disagreed with the claim 
that these approaches improved development processes. Respondents also disagreed with the statement that 
traditional SPI approaches helped in continuous process monitoring. They also disagreed with the ability of 
these approaches to help software organizations save resources like time and cost. The study concluded that 
existing SPI approaches did not minimize risks associated with sudden remote development shifts. 

The second case study validated the proposed process improvement model in the context of the 
COVID-19 pandemic. The model focuses on process management, process improvement, continuous 
process monitoring, resource utilization, risk minimization, and performance tracking during remote 
development. A total of 38.23% of respondents agreed that the proposed model provides better 
management of software development processes during remote work. Around 85% agreed or strongly 
agreed that the model provides continuous process improvement. Industrial experts also agreed that the 
model helps utilize fewer resources, such as time and cost, during the pandemic. Additionally, 29.41% 
and 32.35% of respondents agreed that the model helps minimize risks involved in developing software 
products during remote work. The model also helps track the progress of processes during remote work. 
Statistical analysis was used to evaluate and understand the data gathered from business professionals, 
transforming it into valuable information for the audience. 

5.3 Paired sample t-test and Simulation based validation 
The t-test [24-25] was used to assess the hypothesis, comparing data from two population groups. 

The paired t-test was used, as both datasets were from the same population [26-27]. The results showed 
a mean difference of 1.60 between the typical SPI and the suggested process model. The P two-tail value 
was used for results evaluation, as it is crucial for determining statistical significance. The two-tail p-value 
was less than the 0.05 level, indicating a statistically significant difference between population means. 
Therefore, the null hypothesis was rejected, and an alternative hypothesis adopted. 

Table 4: Paired Sample T-test for Null and Alternate Hypothesis Evaluation 
 

N  Mean Difference    α p-value Null Hypothesis Alternate Hypothesis 
 

34 1.60 0.05 0.001 Rejected Accepted 

 
The proposed process model was also validated using simulations using the ExtendSim simulator. The model 

was designed to monitor processes and track performance on a continuous basis. Each process passed through the 
TSP and PSP phases, generating a SPI report. Data was collected from a software industry case study with two 
senior developers. The model's output showed a linear graph with straight lines, indicating that SPI reports are 
directly proportional to input processes. The simulation results also endorse the results obtained through expert 
surveys for the proposed model. The model generates SPI reports at each iteration of the process, ensuring 
continuous monitoring and improvement. 
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Figure 2: Simulations Assembly using ExtendSim Simulator and Output of Simulations 
 

6 Threats to validity 
Threats to Validity assesses the degree to which a study genuinely investigates the assertions 

made by the author [28]. In our scenario, a number of variables could affect how well the suggested 
technique performs. For instance, the results are based on a small group of organizations of varied 
sizes. As a result, depending on the size and context of the organizations, the proposed strategy may 
have a varying effect on software organizations. Furthermore, the findings of this study are based 
on an industrial evaluation of our suggested strategy from 34 participants; variations in sample size 
may have an impact on the findings. 

 

7 Conclusion 
Software process improvement (SPI) is crucial for software organizations to manage and improve 

their processes. A model has been proposed to help manage and execute development processes 
effectively during the pandemic. This model allows organizations to manage risks, plan iterations, 
monitor processes, and track developer performance. It can help achieve process improvement goals like 
improved quality, productivity, revenues, and profits. The study is only applicable to small and medium-
sized software organizations but applying it to larger organizations may result in new output dimensions. 
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