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ABSTRACT 

Context: Quantum Computing (QC) systems exploit the 

characteristics of quantum mechanics to perform 

computationally demanding tasks more effectually than their 

classical counterparts. To utilize the full potential of QC 

systems, Quantum Software Engineering (QSE) has 

emerged to manage the challenges of quantum software 

development.  Problem: Due to the lack of awareness of QC 

problem domains and their associated factors to consider and 

apply QC in the Software Engineering (SE) process, the 

development of a QC system becomes complex and less cost 

effective if without a guidance for software engineers. 

Objective: The proposed work aims to develop a systematic 

decision-making framework to help identify the quantum 

problem domains and prioritize the critical factors to be 

considered for the application of QC during the software 

development life cycle (SDLC). Method: The proposed 

method is implemented in two folds. First, a Systematic 

Literature Review (SLR) is performed to identify a set of QC 

problem domains and their associated factors that should be 

accounted for in the SE process. Second, an online survey is 

conducted to collect insights on the same aspects from 

practitioners in their SE processes to form another set of 

data. Finally, the relationships of the two sets are validated 

through careful mappings with the assistance of domain 

experts. Results: Five problem domains and six factors are 

classified by the proposed methodology, and some of them 

will benefit from a QC-based solution in the SE process. The 

results indicate that “Algorithm Development” and 

“Language Development” are two potential problem 

domains to apply a QC-based solution. For these two 

domains, “Current Hardware Limitations”, “Standardized 

Coding Practices” and “Software 

Specialization/Adaptation” are the critical factors to be 

considered during the SE process. Conclusion: 

Organizations and QSE community can take advantage of 

the identified problem domains and their associated factors 

to make decisions in the recommendation of QC-based 

solutions. 
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1 Introduction 

Quantum computing (QC) is a comparatively new field of 

computing that involves making use of quantum mechanics 

to entangle the basic quantum unit of information, known as 

a qubit, to perform parallel computations. These 

computations are achieved through a phenomenon of 

quantum mechanics known as entanglement, where the 

properties and aspects of two or more entities are interlinked 

[11]. In other words, qubits are inextricably linked such that 

changes in the properties or state of one immediately elicit 

the corresponding changes in the properties and/or state of 

the other entangled object(s). Furthermore, the nature of 

qubits can superimpose multiple bits into one single entity, 

thus making a shift from the binary nature of a classical bit 

to a spectrum of values ranging between 0 and 1. Qubits are 

thus simultaneously in both the 0 and 1 states, while their 

exact values are individually determined by the probabilistic 

amplitudes of the states 0 and 1 [1, 2]. 

In recent years, QC has gained a great degree of attraction 

with respect to research and developments, as an extremely 

useful method for solving computational and engineering 

problems of high complexities, especially in the fields of 

application such as software implementation, design, and 

architecture optimizations. This motivates the proliferation 
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of Quantum Software Engineering (QSE) to conform to and 

extend the principles of software development life cycle 

(SDLC) for quantum software development [3]. 

QSE is a nascent field of engineering that embodies 

disciplines to apply QC solutions to complex problem 

domains. It is a systematic approach seeking an opportunity 

to utilize the laws of quantum mechanics to reduce the 

number of computations for performance enhancement [4]. 

For complex computation problems, the time needed for 

computations is usually non-polynomial time that challenges 

the conventional algorithms and classical computers. The 

QC algorithms can help overcome the issues for certain 

types of problems through the capacity of quantum 

computers. The QSE intends to guide the involved software 

staffs (architects, engineers, testers, designers, etc.) and 

teams through a suitable development process and suggest 

the best fit QC algorithms to solve problems that can benefit 

from quantum mechanism [5].  

However, there are additional issues in the applicability of 

QC, because quantum circuits are prone to quantum ‘noise’ 

that impacts coherence of the wavefunctions. Not only does 

modern technology have trouble managing the noise, but 

there are also other limitations for QC, such as the collapse 

of wavefunctions, which need to be mitigated by more 

measurements due to the nature of quantum phenomenon. 

This implies that in real practice for QSE there are certain 

problem domains, at least at present, where classical 

computing may be more favorable than a quantum approach. 

Consequently, the decision will also be subject to the degree 

of refinement in the adopted technology, as well as the 

degree of control and error management that the technology 

allows [6, 7]. 

To the best of our knowledge, there are not yet any 

significant literature studies or analyses for quantum 

software with regards to the various problem domains that 

may be encountered in the SDLC. Therefore, in this research 

a mixed qualitative and quantitative research method is 

proposed to develop and validate a guiding decision-making 

framework to explore and tackle the diversity of problem 

domains for solutions. To achieve our research objective, the 

following research questions are formulated. 

Research Question 1 (RQ1): What are the main problem 

domains of software development identified in literature that 

involve the use of QC? 

Research Question 2 (RQ2): With respect to each problem 

domain, what associated factors are reported in literature that 

are involved in deciding a QC-based solution? 

Research Question 3 (RQ3): How domain experts are 

perceiving these problem domains and related factors? 

Research Question 4 (RQ4): How these factors are used to 

design and implement a conceptual decision-making 

framework for the QSE practices?   

Research Question 5 (RQ5): How the proposed decision-

making framework is effective in terms of emphasizing the 

problem domains and identifying related factors to 

recommend QC-based solutions? 

A mixed qualitative and quantitative research approach will 

be applied to answer the above research questions. The 

exploratory and confirmatory phases are the two phases to 

enable the proposed method. In the exploratory phase, a 

Systematic Literature Review (SLR) is conducted to identify 

a set of problem domains and their related factors to suggest 

the incorporation of quantum solutions. While in the 

confirmation phase, the validity of the results and 

consequences is considered by conducting a web survey of 

randomly selected practitioners concerning the development 

of quantum computing software. 

2   Background and Motivation 

Quantum Computing (QC) has begun a new era of science 

and technology to model co-existing multiple states 

simultaneously by taking advantage of the characteristics of 

quantum mechanics, such as superposition and entanglement 

[1, 2]. Moreover, it appears to be a game changer in the 

computing area in terms of solving complex problems which 

are not in the favor of classical computers [8, 9]. Today, the 

topic Quantum Software Engineering (QSE) attracts 

attention of the software community to come up with 

disciplines and systematic approaches for the development 

of quantum software by incorporating the characteristics of 

QC [10, 11]. This growing interest in the QSE community 

could be realized through the published work in the last 

decade. For example, Teo et al. [12] performed a study to 

realize a software developing framework for QC by 

incorporating the quantum concepts in traffic simulation. 

The authors integrated the software components of classical 

and quantum computing approaches. Subsequently, Zhao 

[10] presented a QSE roadmap to provide guidelines on how 

to develop quantum-based software by stating the major 

challenges and providing the research direction. QSE is an 

important aspect of QC and extends the traditional SDLC to 

facilitate the development of scalable and efficient quantum 

software in a systematic manner. There were several 

challenges reported for the QSE, and several promising 

approaches have been proposed to address these challenges 

[14]. The challenges include the complexity evaluation of 

QC related algorithms, the availability of domain experts, 

the lack of standardized techniques and tools, and the need 

for specialized programming languages [15]. For the listed 

last challenge, the QSE community has strived to develop 

new programming languages and tools to improve the 

quantum development process, e.g., Fingerhuth et al. [13] 

introduced Qiskit as an open-source software framework for 

QC which could provide high-level interfaces to program 

quantum circuits.  

Likewise, the challenges on QSE motivated us to conduct 

this research. Knowing that a conventional software 

development process is already complex in nature, the 

quantum software development pipelines in QSE further 
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introduce the complexity. There are also problems that 

require the integration of conventional processes with 

quantum pipelines because quantum solutions are not a 

silver bullet for all problem domains. For example, QC is not 

suitable for real-time control on devices due to no ability for 

I/O. The aim of this work is to investigate diverse areas and 

their related factors through both exploratory and 

confirmatory studies and present a systematic decision-

making framework for community to make right decisions 

at right time to apply quantum solutions in a cost-effective 

manner.  

3   Proposed Methodology 

To achieve the research objective, Figure 1 shows the layout 

of our proposed methodology that will first conduct an SLR 

exploratory study, followed by an empirical study to confirm 

with practitioners. The results of the two studies are then 

integrated to develop a decision-making framework, and the 

framework effectiveness is validated.

 

 

 

 

 

 

 

Figure 1: Layout of the proposed method 

 

The first phase of the proposed method is to perform a SLR 

with the focus on deeper understanding of various problem 

domains and applications of quantum software development 

process. The SLR consists of six steps as shown in Figure 2. 

The procedure begins from our formulated research 

questions to select related data sources. Based on the search 

keywords, a set of primary studies are identified. After in-

depth data analysis, the findings are disseminated. Each step 

is further illustrated in the following subsections. 

The research questions formulated in Section 1 are the ones 

in consideration. The rationale behind these questions is to 

investigate the problem domains and related factors of 

conventional software development process where quantum 

solutions might be recommended through the developed 

decision-making framework. 

 

 

Figure 2: Overview of the SLR Steps 

 

3.1 Data source selection 

We have identified the following apposite repositories based 

on the previous research experience and suggestions of Khan 

et al. [23]. The list of data sources is as follows.  

• IEEE Xplore 

• ACM Digital Library 

• Elsevier (ScienceDirect) 

• Wiley Online Library 

• Springer Link 
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3.2 Keywords and String Identification 

First, the following strongly related keywords are identified. 

• Factors 

• Quantum Computing 

• Software Engineering 

• All the synonymous phrases/terms that are reported 

in literature or used in community. 

Second, the identified keywords and phrases are then 

compiled into a singular search string as follow. 

(“Factors” OR “Obstacles” OR “Conditions” OR 

“Constraints” OR “Requirements” OR “Barriers”) AND 

(“Quantum Computing” OR “Quantum Computation” OR 

“Quantum Computer”) AND (“Software Engineering” OR 

“Software Development” OR “Software Process” OR 

“Software Practices” OR “Software Project”) 

For the selected digital libraries and repositories, there are 

minor differences in their search mechanisms and 

capabilities, the search string is tailored to the individuals 

accordingly.  

Table 1. Quality Assessment criteria for selected studies 

QAs Description of Question 

QA1 Do the research methods address the research questions? 

QA2 Does the study discuss factors regarding the use of QC to solve software problem domains? 

QA3 Does the study discuss factors that encourage the use of conventional 

computation over quantum? 

QA4 Are the results related to the research questions? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Overview of the SLR Steps 

 

 

3.3 Primary Studies Identification 
We follow the procedure which is used by Khan et al. [23] 

and has been shown in Figure 3. The primary studies include 

a set of 27 strongly related articles, after they pass through 

all the above filtering processes [23].  This step is to identify 
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the primary studies and filter out unrelated articles. The 

selected articles must be written in English for 

understanding, and the publication venues can be from 

journals, conferences, book articles or workshops. The 

articles of interest are those that discuss the problem 

domains and related factors in which the applicability of QC 

is considered. Next, a set of criteria are defined to assess the 

quality of the selected articles and find out the most relevant 

and useful primary studies to be included in the literature 

review. Table 1 shows the proposed quality assessment 

criteria that consists of a set of four questions for primary 

studies identification. 

The list of selected primary studies are shown in Appendix 

A, while their ranking score of primary studies is shown in 

Appendix B. The following criteria is used to assign a score 

to each study. The score 1 is assign to a study which is 

addressing all checklist questions of Table 1. The score 0.5 

is assign to a study which is addressing the partial answer of 

checklist questions. Finally, the score 0 is assign to a study 

which is not addressing any checklist question. The selected 

primary studies were also evaluated through an informal 

external review. The aim of this review was to confirm the 

quality of conducted SLR. 

3.4 Factual and Data Analysis 

These primary studies are mainly used to answer RQ1, RQ2 

and RQ4. They are reviewed with a focus on the 

identification of key problem domains and their associated 

factors that can be encountered during various stages of the 

SDLC. The employed method is to first recognize every 

possible problem domain studied in the set of literature, and 

then to qualitatively classify them to different stages of the 

SDLC. From these problem domains and SDLC stages, a set 

of prominent key factors are extracted and analyzed across 

all the studies. 

3.5 Dissemination of Findings 

The SLR findings are disseminated and used to conduct an 

empirical study that involves practitioners and domain 

experts who have some experience with quantum software 

development process. 

3.6  Empirical Survey 

An empirical study is performed by conducting an online 

survey1 among the practitioners and experts in the field of 

QC. The aim of this empirical study is to validate the SLR 

findings and investigate the associated factors of the problem 

domain that the survey participants have experienced 

throughout the software development process. We 

successfully performed unstructured interviews with five 

experienced domain experts on the SE and QC fields. These 

interviews were conducted face-to-face via Google Meet and 

Zoom and lasted approximately 30 minutes for each person 

[16,17]. 

 3.7 Systematic Decision-Making Framework 

A systematic decision-making framework is then developed 

for the identified problem domains of QSE and their related 

factors. The framework ranks the individual problem 

domains through frequency analysis with respect to their 

frequency values. 

3.8  Validation 

An empirical study is finally performed to validate the 

proposed decision-making framework through the opinions 

of domain experts. The aim of this validation is to improve 

the reliability of the proposed decision-making framework. 

1. Results and Findings 

This section discusses the results and findings to answer our 

five research questions. 
4.1 Response to RQ1:  

The first SLR finding is related to the list of problem 

domains that involve the use of QC. The list of identified 

problem domains and their occurrence frequency are shown 

in Table 2. 

For QSE oriented SDLC, five major problem domains are 

identified from the SLR finding, in which the quantum 

algorithm development and quantum programming language 

development are the prominent problem domains. The 

“Need for purely Quantum oriented SDLC” problem domain 

has a low frequency, indicating an immature quantum 

software development process and a need to benchmark the 

QSE oriented SDLC. The five problem domains are briefly 

described as below.  

A) Algorithm Development: 
The application of quantum software algorithms is an integral part 

in the process of recognizing, designing, implementing, and 

maintaining functionalities of a quantum-based solution to a given 

problem. Note that quantum algorithms, like machine learning 

algorithms, are incredibly difficult to produce in an original sense. 

Table 2. List of identified problem domains 

• PD# 
• Problem Domain • Frequency 

• PD1 
• Algorithm Development 9 

• PD2 
• Software Security 2 
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• PD3 
• Language Development 9 

• PD4 
• NISQ Hardware Development 3 

• PD5 
• Need for purely Quantum oriented SDLC 2 

 

B) Language Development 

The problem of a lack of programming languages 

specialized in QC can greatly hinder the growth and research 

on quantum software and QSE in various fields and 

applications. At present, problems that require quantum 

software solutions are often implemented in classical coding 

languages using QC software libraries such as Qiskit in 

Python. This means that despite being able to manipulate the 

QC aspects through the available software, the processing 

power is yet limited to that of a classical computer. 

Therefore, to better test and implement quantum software, 

there are two important directions, i.e., the development of 

completely quantum-oriented programming languages and 

the development of more capable NISQ hardware. 

C) Software Security 

Software security is a problem that should be taken into 

consideration while applying quantum software solutions. 

Due to the computational power of quantum computers, the 

security of many classical cryptographical algorithms is now 

at a great risk of being exposed or broken. There is much 

work to be done toward the standardization and testing of 

various in-progress post-quantum cryptography methods 

and algorithms. Moreover, the current advancement of NISQ 

hardware is quite limited, so that quantum software solutions 

are rather sensitive to errors such as noise or the loss of 

information coherence in the involved qubits. The major 

objectives of current research in QC are to increase the 

information coherence of the involved qubits, as well as to 

increase the number of manageable qubits. Meeting these 

objectives will improve the security of quantum software 

solutions against external error agents.  

D) NISQ Hardware Development 

The hardware that currently supports quantum computing 

and software, aka Noisy intermediate scale quantum (NISQ) 

hardware, can use very simple and basic quantum circuits 

and logic gates. It is imperative to be able to produce, 

manipulate and manage complex logic circuits and logical 

structures to improve the prudency and applicability of QSE 

solutions to problem domains. Furthermore, the current 

NISQ hardware is hard to manage a large number of qubits. 

There is also a need for an engineer knowledgeable in QC to 

individually program every qubit and its entanglements with 

other qubits. According to the physical nature at present, 

qubits also require significant external resources to maintain 

their quantum state and information coherency, such as 

supercooling structures. This will remain a limiting problem 

hindering the prudency of QSE until we are able to improve 

it beyond these limiting factors. 

E) need for a Purely Quantum Oriented SDLC 

There is a problem about the lack of a standardized SDLC 

purely focusing on various aspects of QC. An efficient 

application of quantum will require the software staffs and 

teams to have not just a basic but a thorough understanding 

of QC and the involved software, in order to efficiently 

design a solution that can meet the requirements. 
4.2 Response to RQ2:  

The second SLR finding is related to the list of factors which 

are reported with each problem domain and recommended 

for the adoption of QC based solutions. Table 3 shows the 

list of identified factors and their associated problem 

domains and frequency analysis result.

Table 3. List of identified factors 

Factor# Description Frequency Problem Domain (PD) 

F1 Limitations of Scope of Application 12 PD1, PD3 

F2 Software Specialization/Adaptation 15 PD1, PD2, PD5 

F3 Error Management 6 PD2, PD4 

F4 Current Hardware Limitations 16 PD2, PD3, PD4 

F5 Standardized Coding Practices 15 PD2, PD3 

F6 Staff Knowledge of QC/QSE 12 PD2, PD5 

 

The outcome of Table 3 indicates that “F4: Current 

Hardware Limitations”, “F2: Software 

Specialization/Adaptation”, and “F5: Standardized Coding 

Practices” are three highly emphasized factors covering five 

problem domains with suggestion of QC based solutions. 

The “Error Management” is the least emphasized factor by 

the SE community. Finally, all factors except F1 are 

associated with the problem domain PD2 (Software 

Security). The following briefly describes these factors and 

their relationships with the problem domains. 
4.3 Response to RQ3:  

For RQ3, an empirical study is performed through an online 

survey to obtain feedback from domain experts about the 

identified problem domains and related work. The aim of the 
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questionnaire is to collect insights from the experts and 

investigate their opinions. The online survey has two 

categories. The first category focuses on demographic 

questions, while the second one covers open and closed-

ended questions related to the context of our proposed work. 

A 7-point Likert scale is adopted, including these levels: 

Strongly Agree, Agree, Somewhat Agree, Neither agree and 

disagree, Somewhat disagree, Disagree and Strongly 

Disagree [19]. The online survey method has been widely 

recognized as an efficient way for finding information that 

is difficult to gather using observational techniques. To 

ensure reliability and consistency of the survey, a pilot 

evaluation is first conducted after designing the survey. Pre-

testing of the survey is performed next, as it aids to improve 

the quality of the questionnaire and collect suitable 

responses from the population [20, 21]. Afterwards, the 

online survey has been made available to solicit participation 

from 08/28/2023 to 11/13/2023 and gotten 89 responses in 

total. Excluding demographic information, there are several 

questions to reason the domain experts’ awareness about the 

problem domains and related factors. Figure 4 indicates the 

experts’ familiarity with the problem domains. The findings 

are: 

Domain experts are more familiar with “Algorithm 

Development” as compared to other problem domains. 

Domain experts are less familiar with “Language 

Development” and “NISQ Hardware Development”. 

Domain experts also have other problem domains reported 

in comparison with our identified ones but there is no 

consistency among them on a single problem. 
 

      

Figure 4: Awareness of experts about problem domains.      Figure 5: Factors related to PD1 

Similarly, domain experts’ awareness about the factors for 

individual problem domains is discussed. Figure 4 starts 

with factors related to the problem domain PD1. The results 

indicate a high awareness of the developer community about 

factors related to PD1 in terms of a good number of positive 

responses. Clearly, we observe that the developer 

community has experienced the “Limitations of Scope of 

Application”, “Software Specialization/Adaptation”, and 

“Current Hardware Limitations” factors for PD1. However, 

a few responses show that the developer community does not 

agree with the “Standardized Coding Practices” and “Staff 

Knowledge of QC/QSE” factors. 

The experts’ awareness about the factors related to PD2 is 

shown in Figure 6. The results also indicate a high awareness 

of the developer community about factors related to PD2 

according to a good number of positive responses. It is clear 

to see that the developer community has experienced the 

“Current Hardware Limitations”, and “Software 

Specialization/Adaptation” factors for PD2. A few responses 

however show that the developer community does not agree 

with the “Standardized Coding Practices” and “Limitations 

of Scope of Application” factors for PD2. To achieve the 

research objective, Figure 1 shows the layout of our 

proposed methodology that will first conduct an SLR 

exploratory study, followed by an empirical study to confirm 

with practitioners. The results of the two studies are then 

integrated to develop a decision-making framework, and the 

framework effectiveness is validated. The awareness of 

domain experts about the factors related to PD4 is shown in 

Figure 8. The results indicate a reasonable degree of 

developer’s awareness about certain factors, but significant 

consequences cannot be observed.
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Figure 6: Factors related to PD2                                                    Figure 7: Factors related to PD3 

 

Essentially, the developer community has experienced the “Staff 

knowledge of QC/QSE”, and “Current Hardware Limitations” 

factors for PD4, but is unsure about the “Error Management” 

factor. 

 

  

Figure 8: Factors related to PD4                                                            Figure 9: Factors related to PD5 

Figure 9 depicts the awareness of domain experts about the 

factors related to PD5. The results imply the developer’s 

awareness about all factors for PD5, and significant 

consequences can be observed to match with our SLR 

findings. The awareness about the “Software 

Specialization/Adaptation” and “Staff Knowledge of 

QC/QSE” factors has a consistent coordination with our 

SLR findings, as shown in Table 3. 
4.4 Response to RQ4:  

The SLR findings about problem domains and the related 

factors to employ QC practices have been shown in Table 2 

and Table 3, respectively. The awareness and opinions of the 

developer community are also visible from Figure 4 to 

Figure 9. After carefully analyzing and assessing the results, 

a systematic decision-making framework is introduced to aid 

the QSE community about what problem domains could be 

considered to recommend QC-based solutions and what 

factors could be considered for the effective development of 

QC applications. The layout of the proposed decision-

making framework is shown in Figure 10. 

 

Figure 10: Proposed decision-making framework 

4.5 Response to RQ5:  

The final step of the proposed study is to assess the validity 

of the proposed decision-making framework. An online 

survey is conducted to assess how effective the proposed 

framework is in terms of the decision-making process of the 

community about their selection of problem domains where 

QC-based solutions can be recommended. Approximately, 
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an average of 82% of the responses refers to the validity of 

the proposed framework.  

5. Implications to Research Community 
The main implications of the proposed research to the QSE 

research community are as follows. 

• The practitioners and/or domain experts can use the list 

of identified problem domains and related factors as a 

knowledge base to guide their QSE process. This can 

aid by emphasizing the most acute areas to make the 

QSE process effective. 

• The QSE relevant organizations can exploit the 

identified list of problem domains and related factors to 

advance their project management skills by developing 

training opportunities on targeted areas where further 

skill development is needed. This can enrich the overall 

skills of their software staffs and teams, leading to a 

more successful QSE process. 

• The practitioners and/or domain experts can benefit 

from directing on the higher priority factors of each 

problem domain, as this can aid them in better planning 

for the improvements of the QSE process.  

• The QSE relevant organizations can also utilize the list 

of factors as a basis for engaging software engineers 

with specific talents, as a risk mitigation strategy for 

QSE projects.  

• Finally, the developed decision-making framework is in 

a better position to assist the QSE process in 

preliminarily focusing on the important problem 

domains to yield better outcomes. 

6. Threats to Validity 
There are several threats related to the validity of the 

proposed study. The first threat corresponds to the data 

extraction process from literature. Although the state-of-the-

art practices are followed, it is still necessary to present a 

more systematic approach to ensure the quality of the 

research process. The second threat is subject to limited time 

and available resources to perform the empirical study with 

the QSE domain. The collected survey samples (n=89) may 

not be adequate yet to fully support the validity of the 

concluded results. The third threat is related to possibly a 

different understanding of the online survey instruments 

among the participants. To mitigate the threat, the 

Kitchenham and Pfleeger's guidelines are followed to create 

survey questions [22] and improve the understandability for 

the participants.  

7. Conclusions and Future work 

The industrial migration from conventional computing to 

quantum computing (QC) is a challenging and costly task. 

This study eases the migration by conducting a systematic 

literature review (SLR) to identify the problem domains and 

their associated factors, with which the project manager can 

utilize to make cost effective decisions to adopt QC-based 

solutions in an efficient way. Our objective is achieved by 

performing a mixed qualitative and quantitative research to 

help identify the key components (domains and factors) for 

the developer community to work on. This work has five 

problem domains and six associated factors successfully 

identified from the review result of 27 primary studies. The 

89 received responses from our developed online survey are 

then used to understand the developer community in terms 

of their awareness and opinions on our identified problem 

domains and associated factors related to the quantum 

software engineering (QSE). The correlation between the 

SLR and the empirical research findings is then evaluated to 

develop a conceptual decision-making framework to aid the 

QSE community.  

The conclusions of this study include 1) an observation of 

no consistent opinion between certain developer’s 

perceptions on adding new problem domains and our 

identified five problem domains only from literature, 2) an 

observation that certain factors are interleaved with multiple 

problem domains, 3) an observation that the “Algorithm 

Development” and “Language Development” problem 

domains are two major ones where the community is 

interested in recommending QC-based solutions, and 4) an 

observation that the “Current Hardware Limitations”, 

“Standardized Coding practices” and “Software 

Specialization/Adaptation” factors are critical factors that 

can be seen interleaved with several of the identified 

problem domains.  

In the future, a plan is to extend the proposed study to 

explore more problem domains and factors through the QSE 

practitioners. Moreover, we would like to employ the 

Interpretive Structural Modeling (ISM) approach to 

incorporate an interactive learning process, so that the 

relationships between the problem domains and associated 

factors are elaborated and structured into a comprehensive 

system model.   
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