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ABSTRACT 
 

 

 

Context. Requirements engineering is one of the key phases in software development. The higher the 

complexity of the system under development, the higher the importance of requirements engineering. 

The size and complexity of today’s systems are exponentially higher than the previous systems. Further, 

the common misconception in requirements engineering, is that techniques work similarly in both large 

scale and small scale. Therefore, it is crucial to identify scalable techniques and the factors affecting 

scalability. 

Objectives. In this study we investigate the factors affecting scalability of techniques. We also 

investigate the techniques proposed in the literature and the techniques used in the industry.  

Methods. We conducted a systematic literature review using snowballing approach to gather the 

techniques proposed in the literature. By analyzing these techniques, we made few interpretations about 

the factors affecting their scalability. These factors were then validated using an empirical survey. This 

empirical survey was conducted using an online questionnaire. We also gathered data about the 

techniques currently used in the industry. 

Results. We have found different techniques which are present in the literature and which are used in 

the industry. Further, the five identified scalability factors from the literature review were empirically 

validated using the survey. Among these factors, collaboration was found to have the highest impact on 

the scalability of the techniques. 

Conclusions. We conclude that only a few techniques present in the literature are scalable. Further, the 

industry prefers automated work in the form of tools over manual work. We also conclude that 

collaboration, representation, traceability, abstraction, variability and automation to be the factors 

affecting the scalability of the techniques. We excluded tools from our research in order to limit the 

scope of this study, but tools are used extensively by industry practitioners. 

 

Keywords: Scalability, Large scale, Very Large scale, 

LSRE, VLSRE, Techniques. 
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1 INTRODUCTION AND BACKGROUND 
 

The requirements engineering process comprises of eliciting, analyzing, 

specifying the behavioural and non-functional properties of a system. It is one of the 

most important phases in software development [1]–[3]. Poor execution of this phase 

can lead to failure of the whole project [1], [2], [4], [5]. These requirements serve as 

a basis for further phases such as design, implementation and testing. They are 

elicited from stakeholders through coordinated sessions such as interviews, 

brainstorming sessions, surveys and ethnographic studies.  

Unfortunately, two increasingly common software engineering practices have 

crippled the effectiveness of requirements engineering techniques. First, is the 

growth of Global Software Engineering which led to the global distribution of most 

of the projects. Second, the growth of the size of the systems being developed [1], 

[2], [6], [7]. Due to this growth, complexity of the systems also increases and the 

number of stakeholders involved in the project also increases. This results in 

increased difficulty in managing the human-intensive requirements engineering 

process in large scale projects [7].  

Regnell et.al proposed a classification by considering the number of 

requirements to be a substitute for complexity. It has four levels namely Small Scale 

Requirements Engineering (SSRE) for 10’s of requirements, Medium Scale 

Requirements Engineering (MSRE) for 100’s of requirements, Large Scale 

Requirements Engineering (LSRE) for 1000’s of requirements and Very Large Scale 

Requirements Engineering (VLSRE) for a magnitude of 10000 requirements [2], [3]. 

Most of the research performed in requirements engineering mainly targets SSRE 

and MSRE [3]. A recent report published by the Software Engineering Institute 

marks the upcoming concept of Ultra-Large Scale (ULS) systems [6]. The size and 

complexity of these systems is exponentially higher than most of the systems 

developed today [7]. Further, a common misconception among requirements 

engineering is that the techniques work similarly in small scale and large scale 

context [8]. Therefore, it is crucial to develop new techniques or to improve the 

scalability of the existing techniques to support these systems. 

Scalability can be defined as a “property of increasing the scope of software 

engineering methods, processes and management according to the problem size” [9]. 

Scaling up the techniques in requirements engineering is currently an unaddressed 

challenge. Further, the lack of evidence on scalability of requirement engineering 

techniques is clearly identified in the literature [9]. There are many techniques 

identified in requirements engineering for small scale systems. However, it is still 

mostly unexplored problem whether these techniques scale well in large scale 

systems [7]. For example, use case diagramming is a widely used technique in small 

scale systems [7], but it is a challenge to represent the large number of requirements 

in LSRE and VLSRE effectively [2]. Further, the factors affecting the scalability of 

these techniques are yet to be identified. Therefore, the need for identifying 

potentially scalable techniques and the factors affecting scalability has led to this 

research.  

In this study, we conducted a systematic literature review (SLR) using 

snowballing approach [10] to identify the techniques used in LSRE or VLSRE. 

Then, we analyzed the scalability of these techniques and proposed five factors 

affecting it. These factors were then empirically validated using web based survey. 

We have also identified the techniques used in the industry in LSRE or VLSRE. 

The rest of this study is organized using the following sections. Section 2 

provides the design of this research which enlists the aims and objectives and the 

research questions. Section 3 provides a brief overview over the methodologies used 

for conducting this research. Section 4 depicts the process of SLR and survey. 
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Section 5 presents the results from SLR. Section 6 presents the results from survey. 

Section 7 presents the limitations and threats to validity and Section 8 presents the 

final conclusions and the future work. 
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2 RESEARCH DESIGN 
 

The main aim of this study was to determine the factors affecting scalability of 

requirements engineering techniques. In order to achieve this aim, we can review the 

literature for the possible scalability factors. But, as previously mentioned there was 

no prior research identifying these factors or solutions or suggestions to improve 

scalability of the techniques. So, we decided to review the literature for the 

techniques used in LSRE or VLSRE. Further, we wanted to analyze them to find out 

their important characteristics which enable their usage in large scale projects. Based 

on this analysis, we could make some interpretations about the factors affecting 

scalability, which would be validated using the survey. The following objectives 

were set to reach these goals. 

 To identify the various techniques used in LSRE or VLSRE in the 

literature. 

 To identify the various techniques used in LSRE or VLSRE in the 

industry. 

 To analyze whether these techniques or studies discuss scalability. 

 To identify the factors affecting the scalability of these techniques. 

 

Based on these aims and objectives, we formulated the following research 

questions: 

RQ1: Which techniques are present in the literature that are used in LSRE and 

VLSRE? 

 

RQ2: Which techniques are used for LSRE and VLSRE in the industry? 

 

RQ3: Is scalability of these techniques discussed? 

 

RQ4: What are the factors affecting the scalability of the identified techniques? 
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3 RESEARCH METHOD 
 

A mix of qualitative and quantitative approaches were used for this research. 

Systematic Literature Review (SLR) and Web based Survey were used to answer 

our research questions. Initially, by conducting the SLR we identified the techniques 

in the literature and factors affecting their scalability, thereby answering our RQs 1, 

3 and 4. Then, by performing the survey we identified the techniques used in the 

industry and validated the scalability factors identified in the literature, thereby 

answering our RQs 2, 3 and 4. 

 

3.1 Systematic Literature Review 
 

For this research, snowballing was chosen as a search approach instead of the 

usual database search approach. However, the planning of this SLR is independent 

of the search strategy used [11], [12]. 

The reason behind opting out the database search approach was that it was 

difficult to formulate a good search string as some of the terminology like Large-

Scale Requirements Engineering (LSRE) was not yet standardized [2]. Further, the 

risk of getting huge number of irrelevant papers is high in this kind of scenario [12]. 

Additional challenges include formulating different search strings for different 

databases, dealing with different interfaces on different databases, different search 

options etc. 

 

3.1.1 Snowballing Approach 
The approach was proposed by Wohlin [10], which emphasizes on building 

knowledge through literature. Wohlin proposed guidelines for using this 

snowballing approach as a search strategy which also supplements the existing SLR 

guidelines [10], [11]. Snowballing approach was parallely evaluated against the 

traditional SLR approach and the former approach was found to be more efficient. 

Further, it also reduces the noise compared to the traditional approach.  

3.1.1.1 Database for the Start Set 

Wohlin proposed to use Google Scholar to avoid publisher bias while searching 

the articles for the start set [10]. But in some cases, it is very difficult to control the 

scope of our search. Scholar finds too much data and sometimes it does not provide 

the details about academic credibility and quality. Even though it may be easy for 

the experts to select a good start set, it may not be similar with everyone. Even, the 

experiment conducted by Wohlin, confirms this fact and has multiple articles with 

the same author in the start set [10]. 

As an alternative, we chose Inspec database i.e, "Engineering Village" for 

searching the articles for the start set. Engineering Village is the first go to database 

for searching articles. 

 

3.2 Survey 
 

3.2.1 Web based survey 
 

Empirical research was conducted to validate the outcomes of SLR. Empirical 

research is conducted using surveys, case studies and experiments. Experiments are 

not applicable for this research because of the controlled environment of the 
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experiment [13]. Case study is the next possible alternative for conducting the 

empirical research. But, in a case study we can only observe the techniques which 

are used in a particular industry or a particular project. So, it will difficult to identify 

the factors affecting scalability using a single case. Even, if we managed to identify 

them, it is difficult to generalize them [14]. For these reasons, case study approach 

was not suitable for this research.  

Hence, empirical research was conducted with a web- based survey. Here, a 

survey was conducted to identify the techniques used in the industry. Further, the 

scalability factors which we obtain from the SLR will be validated using the survey. 

The main objective behind conducting survey was to gather data from the employees 

working in various projects and different magnitudes of requirements engineering 

and also for generalizing the results [15].  

Survey questionnaire was prepared from the results obtained from literature 

study. Main reason in selecting questionnaire for data collection was that it can 

collect data from various sources across the globe within short amounts of time [15].  

 

3.3 Data Analysis 
Qualitative Data mainly consists of non-numeric data values which are non-

measurable [16], [17]. Reasoning and decision making skills of the analysts have a 

great impact on the qualitative data analysis. Hence qualitative data is considered to 

be the most difficult form of information to be analyzed [18]. Due to these reasons, 

analysis of qualitative data is quite troubling. But, there are guidelines for carrying 

out this analysis like narrative analysis and comparative analysis which are discussed 

in detail in this section. The other type of data which is quantitative data consists 

mainly of numeric data values. The analysis of this data is carried out using statistical 

analysis methods.  

3.3.1 Narrative analysis 
To analyze the data from the SLR, we used narrative analysis. According to 

Cruzes et al. [19], narrative analysis can be used to analyze data from both 

quantitative and qualitative approaches. Other than narrating the findings, it involves 

determining, selecting, ordering and reporting of data extracted through the 

literature.  

3.3.2 Comparative analysis 
For any research, comparison is very important. To fathom the similarities and 

differences between the entities, various types of techniques are used by the 

researchers [20]. In qualitative comparative analysis, one element is compared with 

the other to find out the similarities and differences between them. We used 

comparative analysis to find out the similarities and differences between the results 

obtained from SLR and survey. 

3.3.3 Statistical analysis 
To analyze the quantitative data, statistical analysis is mainly used. It involves 

assessing the numerical data using different variables and statistical methods [21]. 

The quantitative data obtained from this survey will be mainly of nominal and 

ordinal scale. There are different types of statistical analysis available to analyze this 

type of data. Rea et al. analyzed these alternatives and suggested the best suitable 

methods for different situations [22]. Based on these suggestions, we decided to use 

chi-square test to analyze the associations between the data of nominal and nominal 

scale and nominal and ordinal scale. To analyze the associations between ordinal 

type of data and ordinal type of data and to analyze the trend, gamma test will be 

used [22]. If the trend is not measured, then chi-square test is the better alternative 

[22]. 
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3.3.3.1 Chi-Square test 

Chi-square test is used to analyze the significance of the relationship between 

the dependent variable and the independent variable. Here, the independent variable 

mostly stays the same and affects the dependent variable. It is mainly used to explain 

the changes of the dependent variable. The dependent variable changes mainly due 

to the independent variable or it is dependent on the independent variable [22]. Chi-

square statistic is measured using the following equation. 

𝜒2 =  ∑
(𝑓0 − 𝑓𝑒)2

𝑓𝑒
 

 

Where, 𝑓0 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦, 𝑓𝑒 = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 

 

If the obtained chi-square value is higher than the critical chi-square value, then 

we can ascertain the significance of the relationship between the dependent variable 

and the independent variable. The critical chi-square value varies based on the 

degree of freedom (𝑑𝑓). It can be calculated using the following equation. 

 

𝑑𝑓 = (𝑐 − 1)(𝑟 − 1), 
 

Where, 𝑐 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑜𝑙𝑢𝑚𝑛(𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) 

            𝑟 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑜𝑤𝑠(𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) 

 

The critical chi-square value for the respective degree of freedom is presented 

in the Appendix D. Also, for the chi-square test to be valid, not more than 20% of 

the cells should have expected frequencies less than 5 [22]. 

 

3.3.3.2 Gamma Test 

Gamma is generally a better test when compared to chi-square test when 

analyzing the trend (e.g. a hypothesis like when the size increases, more the 

importance of error-free systems) [22]. The gamma value can be calculated using 

the equation below. 

 

𝛾 =  
∑(𝑓𝑖. ∑ 𝑓𝑠) − ∑(𝑓𝑖. ∑ 𝑓𝑑)

∑(𝑓𝑖. ∑ 𝑓𝑠) + ∑(𝑓𝑖. ∑ 𝑓𝑑)
 

 

Where, 𝑓𝑖 = 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑎𝑛𝑦 𝑐𝑒𝑙𝑙 
    𝑓𝑠  = 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑐𝑒𝑙𝑙 𝑜𝑟𝑑𝑒𝑟𝑒𝑑 𝑖𝑛 𝑠𝑎𝑚𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑐𝑒𝑙𝑙 
 𝑓𝑑  = 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑐𝑒𝑙𝑙 𝑜𝑟𝑑𝑒𝑟𝑒𝑑 𝑖𝑛 𝑖𝑛𝑣𝑒𝑟𝑠𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑐𝑒𝑙𝑙 
 

We can determine ∑(𝑓𝑖. ∑ 𝑓𝑠) by taking the frequency of every cell and 

multiplying it with the frequencies of all the cells that are both below the cell and to 

the right of it [22]. Similarly we can determine ∑(𝑓𝑖. ∑ 𝑓𝑑) by taking the frequencies 

of all the cells that are both below and left to it. 

The calculated gamma value varies between -1.00 to +1.00. The positive value 

of gamma is read from upper left corner of the cross-tabulation to the right across 

the columns and from the upper left down the rows and vice-versa. Based, on the 

value of the gamma, we can interpret the significance of relationship between the 

two variables from no association to perfect association. These values are further 

presented in Appendix E.  
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4 RESEARCH PROCEDURE 
 

4.1 Systematic Literature Review 
 

4.1.1 Snowballing 
 

Snowballing search strategy consists of mainly two phases. (1) Deriving a 

tentative start set, (2) Conducting Backward and Forward iterations. 

4.1.1.1 Start set 

A good start set should have the following characteristics [10]. 

 The size of the start set depends upon the extent of the research area to 

be covered. 

 The start set should cover different authors and publishers. The main 

concern here is diversity. 

 The start set should be formulated from the keywords in the research 

questions and their synonyms. 

To achieve these characteristics, the following steps were followed. 

 

Step 1: Search string formulation 

The search string was formulated based on the keywords from the research 

questions and their synonyms. Using these keywords and synonyms, and the 

Boolean operators OR and AND, a search string was formulated. 

Search string used: (((technique OR process OR method) AND ((large scale) 

OR (very large scale) OR (software intensive) OR LSRE OR VLSRE) AND 

(requirement)) WN KY) 

A good start set is the objective of the search here. So, an exhaustive search 

string with all possible synonyms for the key terms was considered. The point here 

was not miss out on important papers that could lead to very good start set. 

Engineering village database was used for search operation. We found the articles 

which were used to build the background of the study in the results from the search 

string, thereby validating it. 

Few relevant articles which were gathered during proposal were used as a 

validation set for the search string. The search string was continuously tested 

against the considered validation set. Then search string was developed iteratively 

by checking the occurrences of fault positives and false negatives. 

 

Step 2: Tentative start set of papers 

After finalizing the search string, the search for the relevant papers that could 

form a tentative start set was done. An inclusion exclusion strategy was adopted to 

filter out the most relevant studies. Title, abstract and full text were studied to check 

the relevance of articles. The detailed criteria for inclusion and exclusion were 

mentioned below: 

   Inclusion Criteria: 

     1. Articles in English language 

     2. Peer reviewed journal or conference articles 

     3. Availability of full text. 

   Exclusion criteria:  

     1. Duplicate studies 

     2. Studies that discussed about tools 

     3. Studies that extend previous studies with no new contribution. 
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Initially, the search string generated 1850 results. After applying these inclusion 

and exclusion criteria, we got 343 results. Then, after reading the title we filtered 

them into 190 articles. Further, after reading the abstract, we filtered them to 75 

articles. Finally, after reading the full text we got 5 results. Even though, the start 

set is small, it was an ideal start set for many reasons. The authors for these articles 

were different and the publication venues for each articles was also different.  

 

4.1.1.2 Forward and backward snowballing in iterations 

Forward and backward snowballing was applied for the start set that was 

obtained. Forward snowballing included checking the citations of the papers, 

whereas references of the papers were considered for backward snowballing [10]. 

Google scholar was used for checking the citations of each papers. A total of four 

iterations were done, till there was no occurrence of new relevant articles.  

Articles in each iteration were filtered depending upon the criteria mentioned 

above i.e. language, title and abstract were used as first filters to check relevance. 

There were significant occurrences of duplicates in every iteration that were 

removed. Full text was studied as the next filter. The papers that discussed RE 

techniques for LSRE or VLSRE only were considered. This process was similar for 

all iterations and during fourth iteration no new relevant articles were found.  

 

4.1.2 Quality assessment using rigor and relevance 
Using the guidelines provided by Ivarsson et al. we have used the following 

checklist for quality assessment [23]. 

Rigor: 

  Context (C): The study set its research with different competent subjects like 

graduates, practitioners, researchers is considered to of having strong description of 

context and its value is considered 1. Medium description with value 0.5 is given if 

there were no above discussed elements. Weak description with 0 value is given if 

the study is totally missing the relationships. 

   Design (D): strong description of research design is given value 1 if there is 

ample description about the research operation. Explicit mention of research 

method, sampling, treatment description and identification of variables should be 

there. If any of these elements are not mentioned in detail then a medium description 

of 0.5 value is assigned. Study is classified as weak description if there is no 

mention of research operation and design. 

   Validity threats (V): If the study has described all four kinds of validity threats 

i.e. internal, conclusion, external and construct validity, then V is assigned value 1. 

If study partially discussed about the threats then it is assigned V value of 0.5. If 

there is no mention about any kind of validity threats then it is assigned value 0. 

 

Relevance: 

  Subjects (S): If the participants of study are industry practitioners, then S is 

given value 1. If the subjects are either graduate students or researchers then it is 

given value 0.5. If there is no mention about the type of subjects used then s is 

assigned 0 value. 

   Scale (SC): If the application in study is scaled to industry then SC is assigned 

value 1. If not 0 is given. 

   Research Method (RM): If the applied research method is empirical involving 

industry practitioners like case study, surveys or experiments then RM is assigned 

value 1. If no research methods mentioned above are used then it is assigned 0. 

    Context(C): This deals with setting of study. Study carried in real world with 

industry practitioners is given value 1. If not C is assigned 0.   
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4.2 Survey 
 

A survey was designed and executed to understand the LSRE or VLSRE 

techniques used in the industry and to validate the scalability factors obtained from 

the literature. This survey was also used to gain additional information about the 

scalability factors. 

4.2.1 Survey planning and execution 
The survey planning involves 3 steps [22]. They are listed in the Table 1. 

 
Table 1. Steps for survey 

Survey Planning 

Defining the objectives 

Scheduling survey 

Planning resources 

Survey Design 

Constructing the questionnaire 

Validating the questionnaire 

Sample selection 

Survey Execution 

Collection of responses 

Analyzing the results 

Reporting the results 

 

4.2.2 Planning the survey 
The first step in planning the survey was to identify the objectives we needed to 

accomplish by conducting it. This helps to characterize the scope of the survey and 

from there on serves to characterize the sample population. The objectives are as 

follows. 

 To identify the techniques used in LSRE and VLSRE. 

 To validate the scalability factors identified in the literature. 

 To gather additional factors affecting the scalability of the techniques. 

 

We have scheduled the survey for three weeks. This time span was chosen after 

taking into account the time constraint for this thesis. We did not accept any 

responses after this time span. 

Since, we wanted to post the questionnaire online, we had to plan about the sites 

on which this survey is to be posted. In order to post the questionnaire in some 

groups, there was a prerequisite that we have to be registered first. So, we had to 

plan these resources carefully before executing the survey. Survey was planned to 

be posted in various groups related to requirements engineering is various sites such 

as LinkedIn, Google groups, Facebook, Quora, Requirements engineers’ blogs and 

blogs of famous researchers in requirements engineering field. Apart from this, we 

also planned to mail the researchers in this topic and to our contacts. 

4.2.3 Designing the survey 
We decided to design the survey in such a way that, it is simple to understand 

and small enough to not affect the response rate. The survey we designed had six 

questions out of which three questions pertained to the demographics of the 

respondents. These demographics include role, experience of the respondent and the 

magnitude of most number of number of requirements they have worked with. The 

remaining three questions are presented in the Table 2. 

 
Table 2. Research questions and its corresponding survey questions 

Research question Survey question Type of answer 
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RQ4: What are the factors 

affecting the scalability of 

these techniques? 

Q4: How likely the 

following factors affect the 

scalability of techniques 

List of factors identified in 

the literature were 

presented and were asked to 

rate on a 5-point Likert 

scale. 

RQ2: Which techniques are 

used for LSRE or VLSRE 

in the industry? 

RQ3: Is the scalability of 

these techniques discussed? 

Q5: Please describe the 

techniques you have used in 

LSRE and VLSRE and their 

characteristics. Are these 

techniques scalable? 

Open-ended question (with 

a hint asking them to give a 

short description about the 

technique and the phase it is 

used in). 

RQ4: What are the factors 

affecting the scalability of 

these techniques? 

Q6: Are there any factors 

that affect the scalability of 

these techniques? 

Open-ended question. 

(optional) 

 

This questionnaire was then pilot tested to check its understandability and the 

time taken to complete it. We asked some of our contacts in the industry and fellow 

researchers to evaluate the questionnaire. The response was positive and the average 

time taken to complete the survey was around 9 minutes. Based on the constructive 

feedback obtained, we added more description to the questionnaire which helped in 

improving the understandability. 

After validating the survey, we had to choose from various types of sampling. 

These sampling methods are mainly sorted into two types, namely probabilistic and 

non-probabilistic sampling [24]. A probabilistic sampling includes targeted people 

who have non-zero likelihood of being in the sample. A non-probabilistic sampling 

is a type of sample wherein we know the target audience and they are picked based 

on their easy availability. These include convenience sampling, snowballing, etc. 

We have chosen non-probabilistic sampling, since we were aware of the target 

audience for this survey and they were contacted using e-mails, or via social 

networking sites. The targeted audience included Requirements Analyst, 

Requirements Manager, Requirements Engineer, System Architect, Requirements 

Design Team, Business Analyst and Researchers. 

 

4.2.4 Survey Execution 
After the finalization of the survey design, the survey was posted online using 

Google forms on 17th Dec 2015 until 7th Jan 2016. E-mails were sent to our contacts 

and also to the researchers in our field, inviting them to answer our survey. In 

addition, the survey was posted in the relevant groups in sites mentioned already in 

the section 4.2.2. The results were validated by mailing the results to the respondents 

and inquiring them to check if our interpretations were correct. 
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5 RESULTS OF SYSTEMATIC LITERATURE REVIEW 
 

5.1 Selected Articles 

5.1.1 Start Set 
5 articles were chosen for the start set from 343 articles obtained from the 

Engineering village database. These articles are listed in Table 3. In the following 

iterations, backward snowballing was used to study the references of the selected articles 

and forward snowballing was used to study the citations of the selected articles. 

  
Table 3. Start Set 

Final 

ID 

Initial 

ID 

Papers 

R1[25] A1 

B. Wen, P. Liang, and K. He, “Stakeholders-driven requirements semantics acquisition for 

networked software systems,” in Computer Software and Applications Conference Workshops 

(COMPSACW), 2010 IEEE 34th Annual, 2010, pp. 255–258. 

R2[26] A2 

P. Srichetta and S. Tangsripairoj, “Using Social Network Analysis to Better Understand the 

Dependencies in UML Use Cases Collection,” in Software Engineering, Artificial Intelligence, 

Networking, and Parallel/Distributed Computing, 2008. SNPD’08. Ninth ACIS International 

Conference on, 2008, pp. 428–433. 

R3[27] A3 

K. Wnuk, B. Regnell, and L. Karlsson, “What happened to our features? Visualization and 

understanding of scope change dynamics in a large-scale industrial setting,” in Requirements 

Engineering Conference, 2009. RE’09. 17th IEEE International, 2009, pp. 89–98 

R4[1] A4 
S. Konrad and M. Gall, “Requirements engineering in the development of large-scale systems,” 

in International Requirements Engineering, 2008. RE’08. 16th IEEE, 2008, pp. 217–222. 

R5[9] A5 
M. Laitinen, M. Fayad, and R. P. Ward, “The problem with scalability.,” Commun ACM, vol. 43, 

no. 9, pp. 105–107, 2000 

5.1.2 Iteration 1 
In the first iteration of snowballing, 67 references and 54 citations were studied. Out 

of them, 9 articles were chosen for our research which are listed in Table 5 and the 

overview of the selection process is presented in Table 4. 

 
Table 4. Selection Overview 

ID 

Number 

of studied 

reference

s 

Number of 

selected 

references 

Number 

of studied 

citations 

Number of 

selected 

citations 

Number of papers excluded based on 

Langu

age 

Dupli

cates 

No 

Ful

l 

text 

Not 

an 

articl

e 

Title 
Abstrac

t 

A1 9 2 1 0 1 0 1 0 2 6 

A2 12 0 1 0 0 0 0 0 8 5 

A3 16 1 22 5 5 1 0 0 17 10 

A4 20 0 24 1 5 1 0 0 27 10 

A5 10 0 6 0 0 0 0 0 15 1 

 
Table 5. Iteration I 

Final 

ID 

Initial 

ID 

Intermediate 

ID 

Papers 

R6[28] A1-P1 B1 J. Wang, K. He, P. Gong, C. Wang, R. Peng, and B. Li, “RGPS: A unified 

requirements meta-modeling frame for networked software,” in Proceedings 

of the 3rd international workshop on Applications and advances of problem 

frames, 2008, pp. 29–35 

R7[29] A1-P2 B2 P. Liang, P. Avgeriou, and V. Clerc, “Requirements reasoning for distributed 

requirements analysis using semantic wiki,” in Global Software Engineering, 

2009. ICGSE 2009. Fourth IEEE International Conference on, 2009, pp. 388–

393 

R8[30] A3-P1 B3 K. Wnuk, B. Regnell, and L. Karlsson, “Visualization of feature survival in 

platform-based embedded systems development for improved understanding 

of scope dynamics,” in Requirements Engineering Visualization, 2008. 

REV’08., 2008, pp. 41–50 
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R9[31] A3-P2 B4 E. Bjarnason, K. Wnuk, and B. Regnell, “Are you biting off more than you 

can chew? A case study on causes and effects of overscoping in large-scale 

software engineering,” Inf. Softw. Technol., vol. 54, no. 10, pp. 1107–1124, 

2012. 

R10[32] A3-P3 B5 K. Wnuk, B. Regnell, and B. Berenbach, “Scaling up requirements 

engineering–exploring the challenges of increasing size and complexity in 

market-driven software development,” in Requirements Engineering: 

Foundation for Software Quality, Springer, 2011, pp. 54–59 

R11[33] A3-P4 B6 K. Wnuk, B. Regnell, and L. Karlsson, “Feature transition charts for 

visualization of cross-project scope evolution in large-scale requirements 

engineering for product lines,” in Requirements Engineering Visualization 

(REV), 2009 Fourth International Workshop on, 2009, pp. 11–20 

R12[34] A3-P5 B7 S. Gürses, M. Seguran, and N. Zannone, “Requirements engineering within a 

large-scale security-oriented research project: lessons learned,” Requir. Eng., 

vol. 18, no. 1, pp. 43–66, 2013 

R13[35] A3-P6 B8 K. Wnuk, J. Kabbedijk, S. Brinkkemper, and B. Regnell, “Towards Exploring 

Factors Affecting Decision Outcome and Lead-time in Large-Scale 

Requirements Engineering,” 2013 

R14[36] A4-P1 B9 P. Liang, P. Avgeriou, K. He, and L. Xu, “From collective knowledge to 

intelligence: pre-requirements analysis of large and complex systems,” in 

Proceedings of the 1st Workshop on Web 2.0 for Software Engineering, 2010, 

pp. 26–30 

5.1.3 Iteration 2 
In the second iteration of snowballing, 345 references and 161 citations were 

studied. Out of them, 17 articles were chosen for our research which are listed in Table 

7 and the overview of the selection process is presented in Table 6. 

 
Table 6. Selection overview 

ID 

Number 

of studied 

reference

s 

Number of 

selected 

references 

Number 

of studied 

citations 

Number of 

selected 

citations 

Number of papers excluded based on 

Langu

age 

Dupli

cates 

No 

Ful

l 

text 

Not 

an 

articl

e 

Title 
Abstrac

t 

B1 16 0 71 0 22 1 1 0 54 9 

B2 32 0 25 2 5 1 0 0 23 26 

B3 10 0 7 0 0 3 0 0 10 4 

B4 73 5 22 3 0 2 5 0 39 41 

B5 11 1 18 2 0 6 1 0 4 15 

B6 32 0 4 1 0 3 0 0 13 19 

B7 70 1 5 0 0 4 2 0 46 22 

B8 80 2 0 0 0 4 2 0 57 15 

B9 21 0 9 0 0 5 0 0 14 11 

 
Table 7. Iteration II 

Final 

ID 

Initial 

ID 

Intermediate 

ID 

Papers 

R15[37] B2-P1 C1 P. Liang, P. Avgeriou, and K. He, “Rationale management challenges in 

requirements engineering,” in Managing Requirements Knowledge (MARK), 

2010 Third International Workshop on, 2010, pp. 16–21 

R16[38] B2-P2 C2 M. Feldgen and O. Clua, “Teaching effective requirements engineering for 

large-scale software development with scaffolding,” in Frontiers in Education 

Conference (FIE), 2014 IEEE, 2014, pp. 1–8 

R17[39] B4-P1 C3 B. Alenljung and A. Persson, “Portraying the practice of decision-making in 

requirements engineering: a case of large scale bespoke development,” 

Requir. Eng., vol. 13, no. 4, pp. 257–279, 2008 

R18[40] B4-P2 C4 E. Bjarnason, K. Wnuk, and B. Regnell, “Overscoping: Reasons and 

consequences—A case study on decision making in software product 

management,” in Software Product Management (IWSPM), 2010 Fourth 

International Workshop on, 2010, pp. 30–39. 

R19[41] B4-P3 C5 E. Bjarnason, K. Wnuk, and B. Regnell, “Requirements are slipping through 

the gaps—A case study on causes & effects of communication gaps in large-

scale software development,” in Requirements Engineering Conference (RE), 

2011 19th IEEE International, 2011, pp. 37–46 
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R20[42] B4-P4 C6 J. Kabbedijk, S. Brinkkemper, S. Jansen, and B. Van der Veldt, “Customer 

involvement in requirements management: lessons from mass market software 

development,” in Requirements Engineering Conference, 2009. RE’09. 17th 

IEEE International, 2009, pp. 281–286. 

R21[2] B4-P5 C7 B. Regnell, R. B. Svensson, and K. Wnuk, “Can we beat the complexity of 

very large-scale requirements engineering?,” in Requirements Engineering: 

Foundation for Software Quality, Springer, 2008, pp. 123–128. 

R22[43] B4-P6 C8 S. Aaramaa, T. Kinnunen, J. Lehto, and N. Taušan, “Managing Constant Flow 

of Requirements: Screening Challenges in Very Large-Scale Requirements 

Engineering,” in Product-Focused Software Process Improvement, Springer, 

2013, pp. 123–137. 

R23[44] B4-P7 C9 J. McZara, S. Sarkani, T. Holzer, and T. Eveleigh, “Software requirements 

prioritization and selection using linguistic tools and constraint solvers—a 

controlled experiment,” Empir. Softw. Eng., pp. 1–41, 2014. 

R24[4] B4-P8 C10 K. S. Neetu and A. S. Pillai, “A study on the software requirements elicitation 

issues-its causes and effects,” in Information and Communication 

Technologies (WICT), 2013 Third World Congress on, 2013, pp. 245–252 

R25[45] B5-P1 C11 K. Wnuk, B. Regnell, and C. Schrewelius, “Architecting and coordinating 

thousands of requirements–an industrial case study,” in Requirements 

Engineering: Foundation for Software Quality, Springer, 2009, pp. 118–123 

R26[35] B5-P2 C12 K. Wnuk, M. Borg, and S. Assar, “Towards scalable information modeling of 

requirements architectures,” in Advances in Conceptual Modeling, Springer, 

2012, pp. 141–150 

R27[46] B5-P3 C13 K. Wnuk, T. Gorschek, D. Callele, E.-A. Karlsson, B. Regnell, and E. Ahlin, 

“Supporting Scope Tracking and Visualization for Very Large-scale 

Requirements Engineering-Utilizing FSC+, Decision Patterns, and Atomic 

Decision Visualizations,” Softw. IEEE, pp, 99, 2015. 

R28[47] B7-P1 C14 M. Bergman, J. L. King, and K. Lyytinen, “Large-scale requirements analysis 

revisited: the need for understanding the political ecology of requirements 

engineering,” Requir. Eng., vol. 7, no. 3, pp. 152–171, 2002 

R29[48] B6-P1 C15 S. Saito, Y. Iimura, K. Takahashi, A. K. Massey, and A. I. Antón, “Tracking 

requirements evolution by using issue tickets: a case study of a document 

management and approval system,” in Companion Proceedings of the 36th 

International Conference on Software Engineering, 2014, pp. 245–254 

R30[49] B8-P1 C16 J. Kabbedijk, K. Wnuk, B. Regnell, S. Brinkkemper, and others, “What 

decision characteristics influence decision making in market-driven large-

scale software product line development?,” Hildesheimer Inform.-Berichte, 

vol. 2010, pp. 42–53, 2010 

R31[50] B8-P2 C17 J. N. Dag, B. Regnell, V. Gervasi, and S. Brinkkemper, “A linguistic-

engineering approach to large-scale requirements management,” Softw. IEEE, 

vol. 22, no. 1, pp. 32–39, 2005 

 

5.1.4 Iteration 3 
In the third iteration of snowballing, 870 references and 421 citations were studied. 

Out of them, 7 articles were chosen for our research which are listed in Table 9 and the 

overview of the selection process is presented in Table 8. 

 
Table 8. Selection Overview 

ID 

Number 

of 

studied 

referenc

es 

Number of 

selected 

references 

Number 

of studied 

citations 

Number of 

selected 

citations 

Number of papers excluded based on 

Langu

age 

Dupli

cates 

No 

Ful

l 

text 

Not 

an 

articl

e 

Title 
Abstrac

t 

C1 39 0 46 0 8 1 0 1 72 3 

C2 38 0 6 0 0 2 0 0 39 3 

C3 50 0 0 0 0 4 0 4 37 5 

C4 35 0 15 1 1 5 0 1 34 8 

C5 28 0 43 1 0 4 0 1 57 8 

C6 16 1 22 0 0 6 0 0 22 9 

C7 8 0 57 3 4 13 0 0 27 18 

C8 31 0 1 0 0 8 0 0 17 7 

C9 87 0 1 0 0 7 0 0 83 8 

C10 87 0 0 0 0 4 0 5 72 6 

C11 6 0 16 0 1 8 0 1 4 8 



 

14 

 

C12 24 0 0 0 0 4 0 1 15 4 

C13 108 1 0 0 0 7 0 1 85 15 

C14 97 0 110 0 6 3 0 1 195 2 

C15 19 0 0 0 0 1 0 6 11 1 

C16 28 0 6 0 0 8 0 0 18 8 

C17 8 0 98 0 4 4 0 2 91 5 

 
Table 9. Iteration III 

Final 

ID 

Initial 

ID 

Intermediate 

ID 

Papers 

R32[51] C4-P1 D1 E. Bjarnason, K. Wnuk, and B. Regnell, “A case study on benefits and side-

effects of agile practices in large-scale requirements engineering,” in 

Proceedings of the 1st Workshop on Agile Requirements Engineering, 2011, 

p. 3 

R33[52] C5-P1 D2 U. Abelein and B. Paech, “State of practice of user-developer communication 

in large-scale IT projects,” in Requirements Engineering: Foundation for 

Software Quality, Springer, 2014, pp. 95–111 

R34[5] C6-P1 D3 M. S. Feather, S. L. Cornford, and M. Gibbel, “Scalable mechanisms for 

requirements interaction management,” in Requirements Engineering, 2000. 

Proceedings. 4th International Conference on, 2000, pp. 119–129 

R35[53] C7-P1 D4 G. Sabaliauskaite, A. Loconsole, E. Engström, M. Unterkalmsteiner, B. 

Regnell, P. Runeson, T. Gorschek, and R. Feldt, “Challenges in aligning 

requirements engineering and verification in a large-scale industrial context,” 

in requirements engineering: foundation for software quality, Springer, 2010, 

pp. 128–142 

R36[54] C7-P2 D5 M. Kelanti, J. Lehto, S. Aaramaa, and P. Kuvaja, “A practice for recording 

problem and solution domain requirements in VLSRE,” in Software 

Engineering and Advanced Applications (SEAA), 2012 38th EUROMICRO 

Conference on, 2012, pp. 323–326 

R37[55] C7-P3 D6 S. Aaramaa, S. Saukkonen, J. Hyysalo, J. Similä, P. Kuvaja, and M. Oivo, 

“Design for Excellence in the Context of Very Large-scale Requirements 

Engineering,” 2015 

R38[56] C13-P1 D7 C. Ebert, “Dealing with nonfunctional requirements in large software 

systems,” Ann. Softw. Eng., vol. 3, no. 1, pp. 367–395, 1997 

 

5.1.5 Iteration 4 
In the fourth iteration of snowballing, 175 references and 155 citations were studied. 

No articles were chosen for our research in this iteration. However, the overview of the 

selection process is presented in Table 10. 

 
Table 10. Selection Overview 

ID 

Number 

of studied 

reference

s 

Number of 

selected 

references 

Number 

of studied 

citations 

Number of 

selected 

citations 

Number of papers excluded based on 

Langu

age 

Dupli

cates 

No 

Ful

l 

text 

Not 

an 

articl

e 

Title 
Abstrac

t 

D1 14 0 22 0 1 4 0 1 25 5 

D2 37 0 3 0 0 3 0 0 33 4 

D3 12 0 39 0 0 1 0 3 46 1 

D4 18 0 37 0 1 4 0 0 47 3 

D5 12 0 1 0 0 2 0 0 9 2 

D6 67 0 0 0 0 2 0 0 60 5 

D7 15 0 53 0 3 1 0 0 62 2 

 

5.2 Overview of Selected Articles 
A total of 38 articles were chosen over a course of 4 iterations. Among the selected 

articles, 37 articles were primary studies and 1 article (R24) was a secondary study. Most 

of the articles were published recently from 2008-15. The distribution of the number of 

articles published over the years is depicted in Figure 1. 
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Figure 1. Overview of selected articles 

 

Further, we classified the selected articles based on the orders of magnitude in 

requirements engineering [2]. The different categories and their prerequisites are 

presented in Table 11. 
Table 11. Orders of magnitude [2] 

ID Level Order of magnitude 

SSRE Small-Scale Requirements Engineering 10 Requirements 

MSRE Medium-Scale Requirements Engineering 100 Requirements 

LSRE Large-Scale Requirements Engineering 1000 Requirements 

VLSRE Very Large-Scale Requirements 

Engineering 

10000 Requirements 

 

The classification of the selected articles was made using the number of 

requirements on which the research was carried out. This classification is presented in 

Figure 2. All the selected articles claimed to have focused their research on LSRE and 

VLSRE. As the classification presented in Table 11. is not yet standardized, the articles 

may imply different magnitudes when they mention LSRE or VLSRE. Therefore, we 

explicitly investigated for the number of requirements on which the research is carried 

out. Six studies have not explicitly stated the number of requirements on which the 

research was performed (R1, R5, R7, R15, R16 and R28) and were marked as unclear 

in Figure 2. Among the others, four articles (R2, R6, R23 and R29 conducted their 

research on approximately 100 requirements and were marked as MSRE. It is the similar 
Figure 2. Classification of selected articles 
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case with article (R36) which conducted its research on approximately 10 requirements 

and was marked as SSRE. The remaining 24 articles actually performed their research 

on LSRE and VLSRE. This classification has been performed on the primary studies 

only. 

 

5.2.1 Categorization of articles 
 

Among the selected articles, 37 articles were primary studies and 1 article was 

secondary study. The selected primary studies were categorized based on the type of 

study such as proposal, evaluation, validation or solution and their research 

methodology such as case study, survey or framework [57], [58]. This categorization is 

presented in Figure 3.  

 
Figure 3. Categorization of articles 

 

5.2.2 Quality assessment based on rigor and relevance 
The primary studies among the selected articles are sorted into four categories (A, 

B, C, and D) as per the rigor and relevance of their research. The studies which have 

their rigor scores varying from 0-1.5 are considered to be of low rigor and any studies 

with score above 1.5 are considered to be of high rigor. It is the same case with 

relevance, but the studies with scores between 0-2 are considered to be of low relevance 

and studies with scores above 2 are considered to be of high relevance. The results 

obtained from the articles with high rigor and relevance are considered to be most 

reliable. So, if we have contradicting results about a certain topic, then we can go with 

the results from the articles which have the highest rigor and relevance. 

24 studies with high rigor and high relevance were categorized into category A. The 

outcomes from these studies are considered to be highly reliable. Further, 4 studies with 

low rigor and high relevance were categorized into category B. Moreover, 5 studies with 

low rigor and low relevance were categorized into category C. In addition, 4 studies with 

high rigor and low relevance were categorized into category D. These categories and the 

respective scores of the primary studies are depicted in Figure 4 and also presented in 

Appendix C. 
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5.2.3 Quality assessment for secondary studies 
Article R24 is the only secondary study among the selected articles. The quality 

assessment criteria for this study is presented in Table 12. 

 
Table 12. Quality assessment criteria 

Quality Assessment Criteria R24 

Is the motivation for conducting the systematic literature review clearly 

expressed? 

Yes 

Is the process for conducting the systematic literature review clearly stated? Yes 

5.3 Data Extraction and Analysis 
 * indicates articles with high rigor and high relevance. 

5.3.1 Techniques 
In this section, the techniques used in LSRE and VLSRE as mentioned in literature 

are discussed. 18 articles (R1, R2, R3*, R6, R7, R8*, R11*, R14, R20*, R22*, R23*, 

R26*, R27*, R29, R31*, R36, R37 and R38*) have discussed about these various 

techniques. The remaining articles proposed minor improvements or practices to be used 

in LSRE or VLSRE based on a particular case or from their past experiences. We 

categorized the techniques based on which requirements engineering phase they were 

proposed. In each sub-section, the techniques are presented in a descending order of 

their rigor and relevance.  

Since, the main aim of the study is to find the scalability factors, we concentrated 

more on the scalability of these techniques rather than exploring the techniques in detail. 

Further, we examined these articles to check whether they have accounted for scalability 

Figure 4. Rigor and relevance 
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of the techniques. First, we explicitly searched the articles for scalability or scale. Then, 

we examined the articles to check whether the technique can be used in different 

magnitudes of requirements engineering. Then, we analyzed the techniques to find 

possible factors that affect the scalability of these techniques. 

5.3.1.1 Requirements Elicitation 

Two techniques which can be used for Requirements Elicitation were found in the 

literature. The first technique is a requirements semantic acquisition technique for large 

scale service based software proposed by Srichetta et al. in article R1. Firstly, it involves 

building an ontology of service requirements by requirements or domain experts. Then, 

a collaborative interaction platform between the stakeholders is to be created. This 

platform enables them to freely edit, tag and annotate the semantics present in the 

previously built ontology to form service oriented requirements semantics ontology 

(SORSO). Then, using this ontology as a base, the requirements engineers and experts 

instantiate annotations of the semantics. These semantics should support requirements 

reasoning and consistency check. These semantics can then be exported as high quality 

requirement artifacts for further use. This article used a proposal type of research, as 

such there was no empirical evidence that this technique will work as effectively as the 

authors claim it to be and there was no discussion on scalability of this technique. Even 

though, this technique enables collaboration between stakeholders, it may require 

training them to be able to efficiently use the platform. This introduces significant 

overhead in large scale projects where there are large number of stakeholders. 

The second, is a practice named System-Stakeholder Request\Requirement (SSR) 

which is to be used in the early stages of requirements elicitation phase proposed in 

article R36. This practice was developed for the requirements engineering specialists to 

separate problem and solution domain requirements. A pilot study was conducted and 

the results were encouraging. However, it was only conducted on around 50 

requirements (SSRE) and it still needs improvements to apply it in large scale industry 

(LSRE). Further, scalability of this technique was not discussed. This technique is 

probably not suitable for large scale systems, because the requirements engineering 

specialists have to separate these requirements manually and it usually requires 

knowledge over a large part of the project.  

5.3.1.2 Requirements modelling 

Two frameworks which can be used for modelling of the requirements were found 

in the literature. The first framework was a unified requirements meta-modelling 

framework named RGPS for networked software was proposed in article R6*. 

Networked software is usually an ultra large scale system in service oriented computing 

(SOC) deployed completed on network environment. This framework is named after its 

four layers i.e. Role layer, Goal layer, Process layer and Service layer. The authors 

validated the proposed framework by illustrating a case study in urban transportation 

domain. But, it is unclear whether this case study was LSRE or not. Further, there was 

no mention of scalability of this framework. 

The second framework was a modeling framework for processing requirements 

related information in very large scale requirements engineering presented in the article 

R26*. This framework also involves external sources of information and stresses on the 

temporal aspects of the model. When this framework was empirically evaluated, the 

aforementioned features were identified to be the strengths of this model by the 

respondents. However, the scalability of this framework was not discussed. 

5.3.1.3 Requirements Analysis 

Four techniques which can be used for Requirements Analysis were found in the 

literature. The first technique is a requirements prioritization and selection method 

named SNIPR presented in the article R23*. This method incorporates the use of a 
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linguistic tool and a constraint solver for prioritizing requirements in large scale 

requirements engineering. Additionally, with the use of a natural language processing 

tool, dependencies between the requirements can also be identified. This method is 

empirically evaluated on a set of 100 requirements and is proven that it consumes 

approximately 20% less time and yields 10% more accuracy than the conventional 

weighted sum model. However, it is still empirically unclear whether this method is 

functional in large scale requirements engineering. Further, the scalability of this method 

is not discussed. 

The second technique is a requirements screening process used in very large scale 

requirements engineering presented in article R22*. This process follows a step-by-step 

approach which consists of three analysis steps and one follow up step to provide a 

prioritized list of feature proposals for release planning. This process is mainly used for 

managing high rate of constant inflow of new requirements. They validated this process 

by performing an exploratory trial case study on a very large scale project. However, 

there was no discussion on the scalability of this process. 

Article R14 proposes a technique wherein Web 2.0 tools and technologies were 

used. First, the collective knowledge of requirements is obtained by collaborate tagging 

performed by stakeholder. Second, these tags are then transformed to requirement 

ontologies. Finally, collective decision-making of the requirements in these ontologies 

using requirements reasoning. However, no empirical evidence of the functionality of 

this system was provided. Further, scalability of this technique was also not discussed. 

Article R7 proposes a requirements rationale model to support reasoning using 

semantic wikis. It is mainly used for automated distributed requirements analysis where, 

the sites maintain their own list of requirements. In the article, they present a use-case 

model of the functionalities that will be provided by the proposed model. They also 

mentioned certain rules implemented by the model for selecting the appropriate 

requirements without conflicts. This model is proposed for large scale collaborative 

projects, yet no empirical evidence supporting this claim was provided. However, they 

provided a proof of concept for the applicability of the model by mapping it to an 

existing model named WinWin. Further, scalability of this model was also not discussed. 

5.3.1.4 Requirements Management 

Five techniques which can be used for Requirements Management were found in 

the literature. The first technique is a linguistic approach for managing the requirements 

presented in the article R31*. The authors try to analyze the semantic similarity between 

the requirements using lexical tools. They believe that the approaches like natural 

language processing cannot cope to the huge number of requirements in LSRE and 

VLSRE. Further, they presented an experiment conducted in an industry with more than 

3,000 business requirements and 8,000 market requirements, which is a clear case of 

VLSRE. Although, the experiment yields positive results, they did not explicitly account 

for the scalability of this approach. 

Another technique is a practical method for including customers through 

requirements management process using different types of involvement proposed in 

article R20*. These include involvement through incident reports, idea feedback and 

suggestions. Through these customer participation sessions, possible product 

development requests are generated. Then, these requests are analyzed by the product 

managers on five different levels namely, similarity analysis, complexity analysis, 

ambiguity analysis, completeness analysis and feasibility analysis. The requests which 

have passed all these levels are then converted into requirements. To validate this 

method, a case study was conducted in a company which handles around 15 to 20 

thousand requirements which is a clear case of VLSRE. However, there was no 

discussion on scalability of this method. 

Article R29 presents an approach to track requirements evolution through the use of 

issue tickets. First, based on stakeholders’ request, an issue ticket is created using a pre-

defined template. Then, with the use of pre-defined rules, requirements evolution events 
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are identified from a combination of operations. These evolution events are then visually 

represented using Requirements Evolution Chart (REC). This technique was empirically 

evaluated on a very large scale document management and approval system. Further, 

the technique is mentioned to be not scalable for systems which cannot be easily 

modularized. 

Article R37 presents conceptual framework to implement a knowledge based 

approach in the RE process. The piloting of this framework is presented as a case study 

and the results are shown to be positive. However, the scalability of this framework was 

not discussed. 

Article R38 presents some techniques to be used in LSRE for managing the 

requirements. They also present certain guidelines for measuring various non-functional 

requirements and other metrics. There was no empirical evaluation of these techniques, 

guidelines or measures. Further, scalability was also not discussed. 

5.3.1.5 Visualization Techniques 

Article R3* presents a visualization technique named ‘Feature Survival Charts’ 

(FSC) which illustrates the scope decisions and changes over time. It involves plotting 

a graph with features on y-axis and the scope changes over time on x-axis. One feature 

is normally ten or more requirements bundled together. This technique helps to identify 

scope decision problems such as setting a large scope early on with limited resources or 

setting a very limited scope, etc. It allows to analyze this data from on-going projects as 

well as the past and projects. They also proposed five measurements with different 

attributes to effectively analyze these scope changes. They validated this technique by 

carrying out a case study on three different projects in a company with 223, 531 and 174 

number of features each. The practitioners involved acknowledged the benefits of this 

technique owing to the volatility of scope. This technique also made the company to be 

more flexible towards decisions related to scope. But, there was no discussion of 

scalability or how the technique would work on various large scale and very large scale 

projects since the technique involves displaying all the features on a single graph. 

Article R8* presented a similar visualization technique named ‘Feature Growth 

Chart’ (FGC). It illustrates the number of features in a particular state with respect to 

time. The different states include ‘primary or secondary flow’, ‘out scoped’ and ‘not yet 

decided’. They validated this technique by using a case study on large scale embedded 

systems with approximately 500 system level features. However, there was no 

discussion on scalability. 

Article R11* also presents a visualization technique similar to FSC named ‘Feature 

Transition Charts’ (FTC). FSC only visualizes data about a single project, so it is not 

possible to know if the descoped features migrated to other projects along the same 

product line. With FTC, it is possible to visualize cross-project feature transitions, 

within-project feature transitions and multi-step feature transitions. They validated this 

technique by conducting a case study on a set of two large scale projects worth 206 

features and 568 features each. They mentioned that this technique is scalable to large 

scale projects. However, they are unsure if the technique would work in very large scale 

projects. 

Article R27* presents a visualization technique named FSC+ which is an improved 

version of FSC. FSC+ has additional features like zooming, filtering, state-change 

views, and support for variable time spans. Furthermore, FSC+ also has product, 

portfolio and company level scope visualizations. Instead of the measurements used by 

FSC a set of new analytics were proposed for FSC+. It was empirically evaluated over 

8728 features and this technique is claimed to be scalable for a dataset with more than 

the evaluated number of features. This technique was claimed scalable, because of its 

pan and zoom functions and also filtering which improve visual scalability of a 

technique.  

Article R2 proposes a way to visualize and analyze dependencies between the design 

artifacts like UML models from the past large scale projects which are stored in a 
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repository. It adopts some techniques of social network analysis (SNA) for representing 

these models as relation networks. The authors used a hospital project with 3 main 

systems, 3 sub-systems and 83 use-cases as a case study for demonstrating this method. 

They claim that these visualizations will help the developers to reuse the artifacts. But, 

in large and complex systems these visualizations will hard to view and understand. It 

is also unclear whether this method addresses the scalability issues. 

 

5.3.2 Scalability 
Article R5 defines scalability in context of software engineering to be, “The property 

of reducing or increasing the scope of techniques, methods, processes and management 

according to the problem size”. The authors also mentioned that, “A method is scalable 

only if it can be applied to problems of different sizes without fundamentally changing 

the method”. Further, they mention that it is unclear if all these methods can be scaled 

up or down without such change. Furthermore, the need for practical guidelines that 

scale to real-world applications has been identified in articles R4*, R10, R12 and R34*. 

As seen in the previous sub-section, three articles have slightly discussed about 

scalability, but none of them mention explicitly about the factors affecting scalability. 

So, we present some factors that might affect scalability based on our interpretations 

from the literature. They will be further validated using an empirical survey. 

5.3.2.1 Variability  

For a technique or method or process to be scalable, it has to account for the 

variability of the various systems it is going to be used on. This may include various 

types of embedded systems, intelligent transportation management systems, military 

systems, health-care systems, etc. (R15, R19*, R24, R31* and R34*).  

5.3.2.2 Abstraction 

Abstracting a set of requirements into a feature or a bundle is widely used in LSRE 

and VLSRE (R4*, R11*, R21*, R27*, R28, R29 and R33*). This abstraction should be 

done in a way that these features should have minimum number of dependencies with 

other features. Further, the techniques should efficiently modularize the given project 

and present these modules in an easy to understand manner (R17* and R25). Abstraction 

can also be used in techniques like the grey-box use cases (R4*), a technique used in a 

special case in the industry. It involves use-cases acting like white boxes on systems 

level (interactions between subsystems) and black boxes (subsystems) on subsystems 

level. 

5.3.2.3 Traceability 

Due to the massive amounts of stakeholders and requirements and the dependencies 

between them, traceability is an important factor (R13*). Change is inevitable in any 

project, and when changes are made to a requirement, it might affect the other 

requirements which have dependencies with the former. It is also quite challenging to 

detect these the propagation of these changes (R4*, R10*, R14, R21*, R29, R31* and 

R35*). Establishing an efficient traceability model has been proven to be useful (R4*). 

5.3.2.4 Representation 

Effective representation is also important in large scale projects since, it is not easy 

to understand the huge number of modules, requirements, stakeholders and their 

interdependencies. Effective documentation standards were used to overcome this 

problem by using custom templates (R4* and R30*). Further, visualization has also been 

acknowledged to be an effective means for informing all the stakeholders (R2, R3*, 

R8*, R11*, R12 and R27*). 
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5.3.2.5 Collaboration 

Due to the large number of stakeholders in a large scale or very large scale project, 

the communication and mutual understanding between them can cause problems (R9*, 

R12, R14, R19*, R22*, R33 and R35*). Different models were created especially to 

enable this collaboration (R1, R7, R14 and R23*). Further, certain practices are followed 

to improve the communication and collaboration between the stakeholders (R6*, R20*, 

R26*, R32*, R34* and R36). Finally, when we say ‘communication and collaboration’ 

we mean that, the techniques should facilitate the stakeholders to have an effective 

overview of the current progress and should facilitate for an easier collaboration among 

them. 

 

5.3.3 Overview 
We have identified 38 articles through a course of four iterations. Out of these 

articles, only 18 articles discussed mainly about the techniques used for requirements 

engineering. The remaining articles discussed about minor improvements to the 

traditional approaches or suggestions based on a particular case or from past experience. 

The 18 techniques are categorized based on the requirements engineering phase in which 

they can be used.  

 Requirements Elicitation – 2 

 Requirements Modelling – 2 

 Requirements Analysis – 4 

 Requirements Management – 5 

 Visualization Techniques – 5 

The requirements management techniques and the visualization techniques are used 

throughout the requirements engineering phase. Of the 18 techniques, only 3 techniques 

discussed about scalability, of which only 2 techniques are claimed to be scalable. They 

are Feature Transition Charts (FTC) and Feature Survival Charts+ (FSC+). After 

analyzing these techniques and the remaining articles for scalability, we made 

interpretations about the factors which might affect their scalability. Based on these 

interpretations, we made assumptions that five factors namely variability, abstraction, 

traceability, representation and collaboration would affect scalability. These 

assumptions were validated using an empirical survey. 
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6 RESULTS AND ANALYSIS OF SURVEY  
The survey was answered by 54 respondents.  The results from this question are 

calculated based on the number of answers and not the number of respondents. For 

the questions which used Likert scale, we calculated the results using average rating 

and percentage of each response on the scale. The responses to the open ended 

questions were analyzed using open coding method [59]. Statistical analysis was 

performed to the relevant questions using chi-square test or gamma test [22]. The 

survey questions are available in Appendix A 

6.1 Demographics 
Figure 5. illustrates the roles of the respondents in their organization. Most 

responses were from Requirements Engineers (12 responses or 22%) and 

Researchers (12 responses or 22%). The second largest category was Requirements 

Managers (9 responses or 17%). The third largest category was System Architects (6 

responses or 11%). Three respondents described their roles as Requirements 

Analysts (5%) and two respondents described their roles to be part of Requirements 

Design Team (4%). Of the remaining ten respondents, four described their roles as 

CEO (7%), three respondents described their roles to be in the Directors level (6%) 

and the remaining three respondents as Vice-presidents (6%). What is interesting in 

this data is that the number of responses from the senior management level is 

relatively high, as there are generally few in the organization compared to the other 

roles. 

 

Figure 6. depicts the experience of the respondents dealing with requirements 

or in the field of requirements engineering. Most respondents were having more than 

15 years of experience working with requirements (25 or 46%). The second largest 

category was 6-10 years (11 or 20%), followed by 1-5 years (8 or 15%), 11-15 years 

(7 or 13%) and less than a year (3 or 6%). 

Figure 5. Roles of respondents 
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Figure 7. investigates the most number of requirements the respondents have 

worked with in their projects or organizations. Most number of respondents have 

worked with around 1000 requirements (LSRE) (25 or 46%). The second largest 

category was around 100 requirements (MSRE) (15 or 28%), followed by around 

10000 requirements (VLSRE) (13 or 24%), and around 10 requirements (SSRE) (1 

or 2%). 

 

 

6.2 Scalability Factors 
The respondents were asked to identify to what extent the identified factors 

would potentially affect the scalability of the techniques. The responses were 

recorded in a Likert scale from 1 (Not likely) to 5 (Very likely). The results 

identifying the potential impact of these factors are presented in Table 13. 

 

 

 

Figure 7. Magnitude 

Figure 6. Experience of the respondents 
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Table 13. Scalability factors 
 Not likely 

(1) 

Likely (2) Somehow 

likely (3) 

More 

likely (4) 

Very 

likely (5) 

Avg. 

rating 

Variability 8 (15%) 13 (24%) 10 (19%) 14 (26%) 9 (17%) 3.06 

Abstraction 2 (4%) 16 (30%) 11 (20%) 17 (31%) 8 (15%) 3.25 

Traceability 4 (7%) 6 (11%) 11 (20%) 17 (31%) 16 (30%) 3.65 

Effective 

representation 

5 (9%) 7 (13%) 12 (22%) 12 (22%) 18 (33%) 3.58 

Collaboration 0 (0%) 1 (2%) 5 (9%) 10 (19%) 38 (70%) 4.58 

It is apparent from Table 13 that all the identified factors from the literature 

affect the scalability of the techniques. All these factors were rated between More 

likely and Very likely by the respondents. Interestingly, 38 responses (70%) deemed 

the impact of Collaboration on the scalability of the techniques to be Very likely. 

Further, all the responses deemed it to have atleast Likely impact on scalability. Even, 

the average rating indicated that Collaboration will most likely impact the scalability 

compared to other factors. One plausible explanation for this result would be the 

importance of stakeholders’ participation in requirements engineering [60]. 

Statistical tests were performed to identify any significant relationships between 

these factors and the demographics. Chi-square tests were performed to identify the 

relations between these factors (ordinal) and the roles of the respondents (nominal). 

Gamma tests were performed to identify the relations between these factors (ordinal) 

and the experience and most number of requirements the respondents have worked 

with (ordinal). Results from these tests are presented in sections 6.2.1, 6.2.2 and 

6.2.3.  

 

6.2.1 Impact of roles on scalability factors 
The roles of the respondents were measured on a nominal scale and the impact 

of variability on scalability of techniques was measured on an ordinal scale. Due to 

this, Chi-square test is the only possible choice for testing the significance of this 

relationship. But, the Chi-square test could not be conducted because, more than 

20% of the cells had a count less than 5 [22]. So, we grouped similar roles like 

Requirements Engineers, System Architects, Requirements Analysts and 

Requirements Design Team into Personnel and Requirements Managers, CEO, 

Director and Vice-presidents into Management level.  

 
Table 14. Roles vs Variability 

 Role 

Variability Management 

Level 

Personnel Researcher Total 

Not likely 

(1) 

1 (1.9%) 7 (13.0%) 0 (0%) 8 (14.8%) 

Likely (2) 6 (11.1%) 6 (11.1%) 1 (1.9%) 13 (24.1%) 

Somehow 

likely (3) 

7 (13.0%) 1 (1.9%) 2 (3.7%) 10 (18.5%) 

More 

likely (4) 

4 (7.4%) 6 (11.1%) 4 (7.4%) 14 (25.9%) 

Very likely 

(5) 

1 (1.9%) 3 (5.6%) 5 (9.3%) 9 (16.7%) 

Total 19 (35.2%) 23 (42.6%) 12 (22.2%) 54 (100%) 

The Table 14. presents the cross-tabulations between roles of the respondents 

and variability. 9 cells (60%) have values less than 5. So, chi-square test is still not 

possible. But, the results indicate that Personnel had mixed opinions on the impact 

of variability. One possible reason could be that the Personnel had less experience 

compared to other roles in our sample. This reason was validated after performing 

gamma test on experience and variability, which is further discussed in the 

subsection 6.2.2. 



 

26 

 

As the chi-square tests could not be performed between roles of the respondents 

and the remaining factors, cross-tabulations are presented in the Appendix. These 

cross-tabulations indicate that management level were less inclined about the impact 

of abstraction on scalability, compared to other two roles. But, they were more 

inclined about the impact of effective representation compared to others. 

 

6.2.2 Impact of experience on scalability factors 
The experience of the respondents was measured on an ordinal scale. So, we 

performed gamma tests to identify if there was any association between experience 

and the factors affecting scalability [22]. The results indicated moderate association 

between experience and variability, very strong association between experience and 

effective representation and strong association between experience and 

collaboration. There were no statistically significant associations between 

experience and abstraction and experience and traceability. 

 
Table 15. Experience vs Variability 

 Experience 

Variability Less than 

a year (1) 

1-5 years 

(2) 

6-10 years 

(3) 

11-15 years 

(4) 

More than 

15 years (5) 

Total 

Not likely 

(1) 

2 (3.7%) 2 (3.7%) 2 (3.7%) 1 (1.9%) 1 (1.9%) 8 (14.8%) 

Likely (2) 0 (0%) 4 (7.4%) 3 (5.6%) 2 (3.7%) 4 (7.4%) 13 (24.1%) 

Somehow 

likely (3) 

1 (1.9%) 0 (0%) 2 (3.7%) 0 (0%) 7 (13.0%) 10 (18.5%) 

More 

likely (4) 

0 (0%) 2 (3.7%) 2 (3.7%) 2 (3.7%) 8 (14.8%) 14 (25.9%) 

Very 

likely (5) 

0 (0%) 0 (0%) 2 (3.7%) 2 (3.7%) 5 (9.3%) 9 (16.7%) 

Total 3 (5.6%) 8 (14.8%) 11 (20.4%) 7 (13.0%) 25 (46.3%) 54 (100%) 

The cross-tabulation between experience and variability is presented in the 

Table 15. and the calculated gamma value for this relationship is presented in the 

Table 16. 

 
Table 16. Gamma test 

 Value Approx. Significance 

Gamma +0.405 .002 

The gamma value is +0.405, which indicates moderate association between 

experience and variability. The positive value of gamma indicates that, as the 

experience of the respondents increases, the more inclined they are about the likely 

impact of variability on scalability. Further, the significance variable is less than 

0.05 which indicates 95 percent level of confidence. 

 
Table 17. Experience vs Effective representation 

 Experience 

Effective 

Representation 

Less than 

a year (1) 

1-5 years 

(2) 

6-10 years 

(3) 

11-15 

years (4) 

More than 

15 years 

(5) 

Total 

Not likely (1) 2 (3.7%) 2 (3.7%) 1 (1.9%) 0 (0%) 0 (0%) 5 (9.3%) 

Likely (2) 0 (0%) 5 (9.3%) 2 (3.7%) 0 (0%) 0 (0%) 7 (13.0%) 

Somehow 

likely (3) 

1 (1.9%) 1 (1.9%) 7 (13.0%) 2 (3.7%) 1 (1.9%) 12 (22.2%) 

More likely (4) 0 (0%) 0 (0%) 1 (1.9%) 4 (7.4%) 7 (13.0%) 12 (22.2%) 

Very likely (5) 0 (0%) 0 (0%) 0 (0%) 1 (1.9%) 17 

(31.5%) 

18 (33.3%) 

Total 3 (5.6%) 8 (14.8%) 11 

(20.4%) 

7 (13.0%) 25 

(46.3%) 

54 (100%) 

The cross-tabulation between experience and effective representation is 

presented in the Table 17. and the calculated gamma value for this relationship is 

presented in the Table 18. 
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Table 18. Gamma test 

 Value Approx. Significance 

Gamma +0.927 .000 

The gamma value is +0.927, which indicates very strong association between 

experience and effective representation. The positive value of gamma indicates that, 

as the experience of the respondents increases, the more inclined they are about the 

likely impact of effective representation on scalability. Further, the significance 

variable is less than 0.05 which indicates 95 percent level of confidence. 

 
Table 19. Experience vs Collaboration 

 Experience 

Collaboration Less than 

a year (1) 

1-5 years 

(2) 

6-10 years 

(3) 

11-15 

years (4) 

More than 

15 years 

(5) 

Total 

Not likely (1) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Likely (2) 0 (0%) 1 (1.9%) 0 (0%) 0 (0%) 0 (0%) 1 (1.9%) 

Somehow 

likely (3) 

3 (5.6%) 1 (1.9%) 1 (1.9%) 0 (0%) 0 (0%) 5 (9.3%) 

More likely 

(4) 

0 (0%) 4 (7.4%) 2 (3.7%) 1 (1.9%) 3 (5.6%) 10 

(18.5%) 

Very likely 

(5) 

0 (0%) 2 (3.7%) 8 (14.8%) 6 (11.1%) 22 (40.7%) 38 

(70.4%) 

Total 3 (5.6%) 8 (14.8%) 11 (20.4%) 7 (13.0%) 25 (46.3%) 54 

(100%) 

The cross-tabulation between experience and collaboration is presented in the 

Table 19. and the calculated gamma value for this relationship is presented in the 

Table 20. 

 
Table 20. Gamma test 

 Value Approx. Significance 

Gamma +0.744 .000 

The gamma value is +0.744, which indicates a strong association between 

experience and collaboration. The positive value of gamma indicates that, as the 

experience of the respondents increases, the more inclined they are about the likely 

impact of collaboration on scalability. Further, the significance variable is less than 

0.05 which indicates 95 percent level of confidence. 

 

6.2.3 Impact of magnitude of requirements engineering on scalability 

factors 
Magnitude of the requirements engineering was also measured on an ordinal 

scale. So, we performed gamma tests to identify any association between magnitude 

and scalability factors. The results indicated a strong association between magnitude 

and variability, magnitude and collaboration and a moderate association between 

magnitude and effective representation. 

 
Table 21. Magnitude vs Variability 

 Magnitude 

Variability Around 10 

requirements 

(SSRE) 

Around 100 

requirements 

(MSRE) 

Around 1000 

requirements 

(LSRE) 

Around 10000 

requirements 

(VLSRE) 

Total 

Not likely 

(1) 

1 (1.9%) 4 (7.4%) 2 (3.7%) 1 (1.9%) 8 (14.8%) 

Likely (2) 0 (0%) 8 (14.8%) 5 (9.3%) 0 (0%) 13 (24.1%) 

Somehow 

likely (3) 

0 (0%) 2 (3.7%) 6 (11.1%) 2 (3.7%) 10 (18.5%) 

More 

likely (4) 

0 (0%) 1 (1.9%) 8 (14.8%) 5 (9.3%) 14 (25.9%) 
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Very 

likely (5) 

0 (0%) 0 (0%) 4 (7.4%) 5 (9.3%) 9 (16.7%) 

Total 1 (1.9%) 15 (27.8%) 25 (46.3%) 13 (24.1%) 54 (100%) 

The cross-tabulation between magnitude and variability is presented in the 

Table 21. and the calculated gamma value for this relationship is presented in the 

Table 22. 

 
Table 22. Gamma test 

 Value Approx. Significance 

Gamma +0.687 .000 

The gamma value is +0.687, which indicates strong association between 

magnitude and variability. The positive value of gamma indicates that, as the 

magnitude of the respondents increases, the more inclined they are about the likely 

impact of variability on scalability. Further, the significance variable is less than 

0.05 which indicates 95 percent level of confidence. 

 
Table 23 Magnitude vs Effective representation 

 Magnitude 

Effective 

Representation 

Around 10 

requirements 

(SSRE) 

Around 100 

requirements 

(MSRE) 

Around 1000 

requirements 

(LSRE) 

Around 

10000 

requirements 

(VLSRE) 

Total 

Not likely (1) 1 (1.9%) 3 (5.6%) 1 (1.9%) 0 (0%) 5 (9.3%) 

Likely (2) 0 (0%) 3 (5.6%) 2 (3.7%) 2 (3.7%) 7 (13.0%) 

Somehow 

likely (3) 

0 (0%) 4 (7.4%) 7 (13.0%) 1 (1.9%) 12 

(22.2%) 

More likely (4) 0 (0%) 3 (5.6%) 7 (13.0%) 2 (3.7%) 12 

(22.2%) 

Very likely (5) 0 (0%) 2 (3.7%) 8 (14.8%) 8 (14.8%) 18 

(33.3%) 

Total 1 (1.9%) 15 (27.8%) 25 (46.3%) 13 (24.1%) 54 (100%) 

The cross-tabulation between magnitude and effective representation is 

presented in the Table 23. and the calculated gamma value for this relationship is 

presented in the Table 24. 

 
Table 24. Gamma Test 

 Value Approx. Significance 

Gamma +0.517 .001 

The gamma value is +0.517, which indicates moderate association between 

magnitude and effective representation. The positive value of gamma indicates that, 

as the size of the respondents increases, the more inclined they are about the likely 

impact of effective representation on scalability. Further, the significance variable is 

less than 0.05 which indicates 95 percent level of confidence. 

 

 
Table 25. Magnitude vs Collaboration 

 Magnitude 

Collaboration Around 10 

requirements 

(SSRE) 

Around 100 

requirements 

(MSRE) 

Around 1000 

requirements 

(LSRE) 

Around 10000 

requirements 

(VLSRE) 

Total 

Not likely (1) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Likely (2) 0 (0%) 0 (0%) 1 (1.9%) 0 (0%) 1 (1.9%) 

Somehow 

likely (3) 

1 (1.9%) 4 (7.4%) 0 (0%) 0 (0%) 5 (9.3%) 

More likely 

(4) 

0 (0%) 5 (9.3%) 3 (5.6%) 2 (3.7%) 10 

(18.5%) 

Very likely 

(5) 

0 (0%) 6 (11.1%) 21 (38.9%) 11 (20.4%) 38 

(70.4%) 

Total 1 (1.9%) 15 (27.8%) 25 (46.3%) 13 (24.1%) 54 (100%) 
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The cross-tabulation between magnitude and collaboration is presented in the 

Table 25. and the calculated gamma value for this relationship is presented in the 

Table 26. 

 
Table 26. Gamma test 

 Value Approx. Significance 

Gamma +0.641 .002 

The gamma value is +0.641, which indicates a strong association between 

magnitude and collaboration. The positive value of gamma indicates that, as the size 

of the respondents increases, the more inclined they are about the likely impact of 

collaboration on scalability. Further, the significance variable is less than 0.05 which 

indicates 95 percent level of confidence. 

 

Discussions 

The survey results confirm the SLR findings regarding the factors affecting 

scalability of requirements engineering techniques. The results also indicate that 

collaboration would most likely impact the scalability of the techniques compared 

to others, followed by traceability, effective representation, abstraction and 

variability. Surprisingly, all of the responses have mentioned collaboration to likely 

impact scalability. Further, collaboration had strong associations with magnitude 

and experience of the respondents. The reason could be with the increase of 

experience and magnitude, they may realize the importance of stakeholders in 

projects. It is similar case with representation and variability. Although, 

representation had a moderate association with magnitude, it had a very strong 

association with experience. As identified in the literature review, with the increase 

in scale of the projects, some projects had to incorporate new documentation 

standards [1], and others focused on efficient visualization techniques [34], [51]. 

Further, variability was reported to have moderate association with experience and 

strong association with magnitude. A possible explanation for this might be that in 

large scale systems, any small issue can have an exponentially higher impact on the 

project compared to small scale systems. So, we have to account for different issues 

which arise due to different domains [5], [50]. 

 

6.3 Additional Factors 
Using an open ended question, respondents were inquired about any additional 

factors that might affect scalability, see Appendix A (Question 6). The question was 

optional and we received only four responses (7% out of 54 responses). Surprisingly, 

all the responses mentioned automation. As one of the respondent stated, “In large 

scale, we have to keep track of everything we do for analyzing interdependencies, 

establishing traceability, etc. So, I use an automated tool to do that for me”. 

 

6.4 Techniques 
Using another open ended question (Appendix A Question 5), respondents were 

inquired about the techniques they are currently using in LSRE or VLSRE and their 

characteristics. In addition, we inquired about their opinion on scalability of these 

techniques. There were 9 empty responses (16.6%) to this question. The reason could 

be that, 16 respondents (29%) have only worked until MSRE (1 from SSRE, 15 from 

MSRE).  

The data analysis for this question was carried out using open coding method [59]. 

Nine broad codes emerged from the analysis and are listed below and depicted in the 

Figure 8. 

 Visualization tools (18 responses) 
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 Requirements analysis tools (14 responses) 

 Readability analysis tools (7 responses) 

 Customer focus groups (7 responses) 

 Use case 2.0 (4 responses) 

 UML 2.0 (3 responses) 

 Prioritization techniques (3 responses) 

 Joint Application Design (JAD) (3 responses) 

 Quality Function Deployment (QFD) (2 responses) 

 Feature Transition Chart (FTC) (2 responses) 

 Modelling framework (1 response) 

 

Even though, the respondents were inquired about techniques, the three most 

frequent codes were about the tool usage. As already pointed out in additional 

factors, it seems that the majority of the respondents preferred automated work over 

manual work in LSRE or VLSRE. Interestingly, of the 11 respondents with less than 

5 years of experience, 8 respondents (72%) have mentioned about the usage of tools. 

Surprisingly, the codes JAD, QFD, FTC were only found in the responses of 

researchers. Further, the codes Use case 2.0 and UML 2.0 were only found in the 

responses of the people who are working with MSRE. The codes Customer focus 

groups were mostly used by respondents at management level (5 out of 7). 

 

 

 

 

 

  

 

Figure 8. Techniques used in industry 
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7 LIMITATIONS AND VALIDITY THREATS 

7.1 Limitations 
The main limitation for this study would be that we chose to exclude ‘tools’ and 

to focus only on techniques in order to limit the scope of this study. But, as seen in 

the survey, tools get a lot of importance in the industry. Further, only a few articles 

(3 out of 38) in our literature review, focused on the scalability of their technique. 

So, we had to make assumptions about the factors affecting scalability based on the 

interpretations from the literature. Although, we were able to validate these 

assumptions in our survey, the survey had a low response (only 54 respondents). 

Further, the responses failed to mention the techniques which they are currently 

using in practice. We have even conducted a pilot test of the survey, to check if the 

respondents correctly comprehend the questionnaire.  

7.2 Validity Threats 
The threats to validity of this study were categorized into internal validity, 

external validity, construct validity and conclusion validity [13]. 

7.2.1 Internal validity 
The internal validity threats deal with the factors of the process which show an 

impact on the result [13]. These factors include the strategies used for the literature 

review, the tools used for the data collection, etc. Firstly, snowballing was chosen 

for capturing all the literature related to the topic to minimize the researcher bias. In 

order to do this, we designed a review protocol with attributes like forming the search 

string, search strategy, database selection, inclusion and exclusion criteria, quality 

assessment criteria, etc. was made and was assessed by the supervisor. In addition, 

threats like missing related articles was mitigated by involving the supervisor in the 

inclusion and exclusion phase of every iteration. We also followed mapping 

guidelines suggested by Peterson et al. [61] and quality assessment guidelines 

suggested by Ivarsson and Gorschek [23] to reduce internal validity threats. 

Moving on to the survey part of the study, the questionnaire was designed in a 

simplest possible way, to make it easy to comprehend for the respondent. Pilot 

survey was also performed to ensure that all the questions were correctly understood 

by the respondents. In order to ensure high response rate, we decided to design it as 

few questions as possible. Personal details of the respondent were not inquired in the 

questionnaire, except their email address which was also optional. The email address 

was only inquired to validate the interpretation of their responses. 

7.2.2 External validity 
External validity threats deal with the generalization of the results to the whole 

population. In order to mitigate this threat, we decided for web based survey and the 

questionnaire was posted in almost all the groups related to requirements engineering 

in every social networking site, discussion site we could find. Further, we had at 

least a few responses from each category of possible roles associated with 

requirements engineering. In the SLR, most of the studies had an acceptable level of 

rigor and relevance. Further, most of the studies were performed in the industrial 

context. Therefore, the results can be generalizable to the industry. 

7.2.3 Construct validity 
Construct validity threats are related to misinterpretation threats as Kaner [62] 

put it, “How do we recognize that we are measuring exactly what we want to 

measure?” In the literature review, construction of search strings, selecting relevant 

articles and extraction of data could be the possible threats. All these threats were 

mitigated by involving the supervisor in all these phases. Moving on to the survey, 
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asking inappropriate or irrelevant questions could be a possible threat. To mitigate 

this threat, we framed the questionnaire using the results from the literature review 

and also conducted a pilot survey. 

7.2.4 Conclusion validity 
Conclusion validity threats are related to the ability to draw valid conclusions 

from the extracted data [13]. The conclusions from the literature review were 

validated using the survey. Further, the conclusions from the survey were drawn 

after rigorous data analysis using techniques like chi-square test, gamma test. These 

tests were also used to establish a correlation between the factors and the 

demographics of the respondents. 
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8 CONCLUSION AND FUTURE WORK 

8.1 Conclusions 
The main goal of this study was to determine the factors affecting the scalability 

of techniques. Although the phenomenon of scalability and its importance have been 

reported in literature, there is no empirical evidence on the factors which affect 

scalability. Further, only a few articles explored it and most of the techniques 

proposed in the literature did not account for scalability.  

The SLR has identified 18 techniques used in LSRE or VLSRE and the factors 

affecting scalability. We categorized these techniques based on the phase of 

requirements engineering in which they were used. We then analyzed these 

techniques and found that only 3 of them accounted for scalability and only 2 of 

them to be scalable. Based on this analysis, we interpreted the factors affecting 

scalability to be variability, abstraction, traceability, representation and 

collaboration.  

The survey results confirm the findings from the SLR regarding the factors 

affecting scalability. Collaboration was found to be the most agreed factor which 

highly impacts the scalability of the techniques followed by traceability, 

representation, abstraction and variability. Surprisingly, all the responses 

mentioned collaboration to impact scalability. Traceability and abstraction were 

found to impact the scalability irrespective of the demographics of the respondents. 

However, collaboration, representation and variability had positive associations 

with experience and magnitude. This implies that with the increase of magnitude of 

the projects and experience of the respondents, the more they realize the importance 

or the impact of collaboration, representation and variability. 

Few responses also suggested automation to have an impact on scalability. 

Further, we have also inquired about the techniques used in the industry. But, the 

majority of the responses were related to tools usage.  

Although there are few techniques proposed in the literature for each phase, their 

scalability was not discussed. Of these techniques, FTC was the only technique used 

in the industry. Further, automation is more preferred in the industry than manual 

work. We did not focus more on this topic in our literature review, so as to limit the 

scope of this study. But, we could only conclude that in the techniques which require 

manual work, it is really important that the personnel should only understand the 

module/sub-system he is working on and not the entire system. Yet, they should have 

an overview about the whole project.  

We finally conclude that the factors affecting scalability are collaboration, 

traceability, representation, abstraction, variability and automation. However, our 

sample size is too small to ascertain that these are the only factors which affect 

scalability. But, lack of the aforementioned factors will severely impact the 

scalability of a technique in a large scale environment. However, it depends mostly 

on the context. For example, a technique may be proposed only for a particular 

domain. Then, the need to account for variability is less compared to the other 

factors. But, none of the techniques we encountered with in the literature were 

limited to a particular domain. Finally, to propose a technique which can be widely 

used irrespective of domain, size and other contextual factors, it has to account for 

these identified scalability factors.  

 This study helps the researchers to understand various factors affecting 

scalability and helps them in researching towards scalable techniques. It also helps 

the practitioners to implement scalable techniques in industry. 
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8.2 Future work 
 

Since this study did not focus on tools, it is possible to conduct a literature 

review to find the tools proposed in the literature. These can be analyzed to find any 

additional scalability factors. 

Further, the impact of automation as a factor affecting scalability was not 

analyzed. Further research can be performed over this factor, since the industry 

prefers automated work over manual work. 
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APPENDIX 
 

 

A. Survey Questionnaire 

 

Scalability Drivers in Requirements 
Engineering 

Hello, 
            I am Krishna Chaitanya, pursuing my Masters in Software Engineering at Blekinge 
Institute of Technology, Sweden. This research is part of my Masters’ Thesis, conducted to 
identify the factors affecting scalability of the techniques used in large scale requirements 
engineering and very large scale requirements engineering. Here, scalability is the property of 
reducing or increasing the scope of techniques, methods, processes, management, etc. based 
on the problem size. 
           This research investigates what techniques are currently used in LSRE (Large-Scale 
Requirements Engineering) and VLSRE (Very Large-Scale Requirements Engineering) and 
the factors affecting the scalability of these techniques. Here, LSRE denotes requirements 
engineering of over 1000 requirements and VLSRE denotes requirements engineering of over 
10000 requirements. 
            I have already identified some scalability factors which are listed below in the 
questionnaire. I would appreciate your opinions on these factors. I request you to forward this 
questionnaire to different members of the software groups in which you work, and ask them to 
participate too. 
* Required 
1. Which of the following options best describes your role in the organization? * 

o Requirements Analyst 
o Requirements Manager 
o Requirements Engineer 
o System Architect 
o Requirements Design Team 
o Business Analyst 
o Researcher 
o Other:_________ 

 
2. How long have you been actively working with requirements? * 

o Less than a year 
o 1-5 years 
o 6-10 years 
o 10-15 years 
o More than 15 years 

 
3. In your experience, please mention the highest number of requirements you have 
worked with * 

o Around 10 requirements (Small Scale Requirements Engineering) 
o Around 100 requirements (Medium Scale Requirements Engineering) 
o Around 1000 requirements (Large Scale Requirements Engineering) 
o Around 10000 requirements or more (Very Large Scale Requirements Engineering) 

 
4. How likely the following factors affect the scalability of the techniques? * 
(Lack of the following factors should make the technique not scalable.) 
 Not likely Likely Somehow 

likely 
More 
likely 

Very likely 

Variability 
(accounting for 
various types of 
systems) 

O O O O O 
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Abstraction 
(efficient 
abstraction 
mechanisms also 
accounting for 
interdependencies) 

O O O O O 

Traceability O O O O O 

Effective 
Representation 
(improve 
understanding) 

O O O O O 

Collaboration 
(enable the 
stakeholders’ 
participation) 

O O O O O 

 
5. Please describe the techniques you have used in Large Scale Requirements 
Engineering and Very Large Scale Requirements Engineering and their characteristics. 
Are these techniques scalable?* 
(A short description about the technique and its characteristics. Also, the phase it is used in.) 
Your Answer:___________ 
 
6. Are there any additional factors that make these techniques scalable or not scalable? 
How likely will these factors affect the scalability of these techniques? 
Your Answer:___________ 
 
 
 
E-mail address: ____________ 
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B. Cross tabulations 

 

 

Abstraction * Role 
 

Crosstab 

 
Role Total 

Management 

level 

Personnel Researcher 

Abstraction Not likely Count 2 0 0 2 

% of Total 3.7% 0.0% 0.0% 3.7% 

Likely Count 8 7 1 16 

% of Total 14.8% 13.0% 1.9% 29.6% 

Somehow likely Count 6 3 2 11 

% of Total 11.1% 5.6% 3.7% 20.4% 

More likely Count 3 5 9 17 

% of Total 5.6% 9.3% 16.7% 31.5% 

Very likely Count 0 8 0 8 

% of Total 0.0% 14.8% 0.0% 14.8% 

Total Count 19 23 12 54 

% of Total 35.2% 42.6% 22.2% 100.0% 

 

Chi-Square Tests 

 
Value df Asymptotic 

Significance (2-

sided) 

Pearson Chi-Square 28.564a 8 .000 

Likelihood Ratio 30.861 8 .000 

N of Valid Cases 54 
  

a. 11 cells (73.3%) have expected count less than 5. The minimum expected count is .44. 

 

Symmetric Measuresc 

 
Value Approximate 

Significance 

Nominal by Nominal Phi .727 .000 

Cramer's V .514 .000 

Contingency Coefficient .588 .000 

N of Valid Cases 54 
 

c. Correlation statistics are available for numeric data only. 
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Traceability * Role 

 

Crosstab 

 
Role Total 

Management 

level 

Personnel Researcher 

Traceability Not likely Count 2 2 0 4 

% of Total 3.7% 3.7% 0.0% 7.4% 

Likely Count 2 2 2 6 

% of Total 3.7% 3.7% 3.7% 11.1% 

Somehow likely Count 4 3 4 11 

% of Total 7.4% 5.6% 7.4% 20.4% 

More likely Count 5 8 4 17 

% of Total 9.3% 14.8% 7.4% 31.5% 

Very likely Count 6 8 2 16 

% of Total 11.1% 14.8% 3.7% 29.6% 

Total Count 19 23 12 54 

% of Total 35.2% 42.6% 22.2% 100.0% 

 

Chi-Square Tests 

 
Value df Asymptotic 

Significance (2-

sided) 

Pearson Chi-Square 4.415a 8 .818 

Likelihood Ratio 5.290 8 .726 

N of Valid Cases 54 
  

a. 11 cells (73.3%) have expected count less than 5. The minimum expected count is .89. 

 

Symmetric Measuresc 

 
Value Approximate 

Significance 

Nominal by Nominal Phi .286 .818 

Cramer's V .202 .818 

Contingency Coefficient .275 .818 

N of Valid Cases 54 
 

c. Correlation statistics are available for numeric data only. 
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Representation * Role 
 

Crosstab 

 
Role Total 

Management 

level 

Personnel Researcher 

Representation Not likely Count 0 5 0 5 

% of Total 0.0% 9.3% 0.0% 9.3% 

Likely Count 0 5 2 7 

% of Total 0.0% 9.3% 3.7% 13.0% 

Somehow likely Count 0 10 2 12 

% of Total 0.0% 18.5% 3.7% 22.2% 

More likely Count 9 1 2 12 

% of Total 16.7% 1.9% 3.7% 22.2% 

Very likely Count 10 2 6 18 

% of Total 18.5% 3.7% 11.1% 33.3% 

Total Count 19 23 12 54 

% of Total 35.2% 42.6% 22.2% 100.0% 

 

Chi-Square Tests 

 
Value df Asymptotic 

Significance (2-

sided) 

Pearson Chi-Square 35.952a 8 .000 

Likelihood Ratio 44.819 8 .000 

N of Valid Cases 54 
  

a. 11 cells (73.3%) have expected count less than 5. The minimum expected count is 1.11. 

 

Symmetric Measuresc 

 
Value Approximate 

Significance 

Nominal by Nominal Phi .816 .000 

Cramer's V .577 .000 

Contingency Coefficient .632 .000 

N of Valid Cases 54 
 

c. Correlation statistics are available for numeric data only. 
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Collaboration * Role 

 

Crosstab 

 
Role Total 

Management 

level 

Personnel Researcher 

Collaborati

on 

Likely Count 0 1 0 1 

% of Total 0.0% 1.9% 0.0% 1.9% 

Somehow likely Count 1 4 0 5 

% of Total 1.9% 7.4% 0.0% 9.3% 

More likely Count 3 5 2 10 

% of Total 5.6% 9.3% 3.7% 18.5% 

Very likely Count 15 13 10 38 

% of Total 27.8% 24.1% 18.5% 70.4% 

Total Count 19 23 12 54 

% of Total 35.2% 42.6% 22.2% 100.0% 

 

Chi-Square Tests 

 
Value df Asymptotic 

Significance (2-

sided) 

Pearson Chi-Square 5.769a 6 .450 

Likelihood Ratio 6.979 6 .323 

N of Valid Cases 54 
  

a. 9 cells (75.0%) have expected count less than 5. The minimum expected count is .22. 

 

Symmetric Measuresc 

 
Value Approximate 

Significance 

Nominal by Nominal Phi .327 .450 

Cramer's V .231 .450 

Contingency Coefficient .311 .450 

N of Valid Cases 54 
 

c. Correlation statistics are available for numeric data only. 
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C. Rigor and Relevance Scores 

 

ID Context Design Validity 

threats 

Rigo

r 

Subject

s 

Scal

e 

RM Context Releva

nce 
R1 0.5 0.5 0.5 1.5 0 1 0 0 1 

R2 1 0.5 1 2.5 1 0 1 0 2 

R3 1 0.5 1 2.5 1 1 1 1 4 

R4 1 0 1 2 1 1 0 1 3 

R5 0 0 1 1 0.5 1 0 1 2.5 

R6 0.5 1 0.5 2 1 1 1 1 4 

R7 0 0 1 1 0 1 0 1 2 

R8 1 0.5 1 2.5 1 1 1 1 4 

R9 1 1 1 3 1 1 1 1 4 

R10 1 0.5 1 2.5 1 1 1 1 4 

R11 0.5 0.5 1 2 1 1 1 1 4 

R12 0.5 0.5 0.5 1.5 0.5 1 1 1 3.5 

R13 0.5 0.5 1 2 0.5 1 1 1 3.5 

R14 0 0 1 1 0 1 1 1 3 

R15 0 0 1 1 0 1 0 1 2 

R16 0 0 1 1 0.5 1 0 0 1.5 

R17 0.5 0.5 1 2 0.5 0 1 1 2.5 

R18 0.5 0.5 1 2 0.5 0 1 1 2.5 

R19 0.5 1 1 2.5 0.5 1 1 1 3.5 

R20 0.5 0.5 1 2 1 0 1 1 3 

R21 1 1 1 3 1 1 1 1 4 

R22 1 1 1 3 1 1 0 1 3 

R23 0.5 1 0.5 2 1 0 1 1 3 

R25 0.5 0.5 1 2 1 0 1 0 2 

R26 0.5 1 1 2.5 1 0 1 1 3 

R27 1 1 1 3 1 1 1 1 4 

R28 0 0 1 1 0 0 1 0 1 

R29 0.5 0.5 0.5 1.5 0.5 1 0 1 2.5 

R30 0.5 0.5 1 2 0.5 1 1 1 3.5 

R31 0 1 1 2 0.5 1 0 1 2.5 

R32 0.5 0.5 1 2 0.5 1 0 1 2.5 

R33 0.5 0.5 1 2 0.5 1 1 1 3.5 

R34 1 0.5 1 2.5 0.5 1 0 1 2.5 

R35 0.5 1 0.5 2 1 1 1 1 4 

R36 0.5 1 1 2.5 1 0 0 0 1 

R37 0.5 1 1 2.5 1 0 1 0 2 

R38 1 0 1 2 1 0 1 1 3 
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D. Critical Chi-square values 
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E. Gamma Test 

Value Interpretation 

0 No association 

0.01 to 0.09 Negligible association 

0.10 to 0.29 Low association 

0.30 to 0.59 Moderate association 

0.60 to 0.74 Strong association 

0.75 to 0.99 Very Strong association 

1.00 Perfect association 

 

 

  


