Communication media for requirements engineering

Abstract
This report is written as part of assignment of course Research Methodologies at Blekinge Institute of Technology. Due to globalization software industries are shifting from onsite development to offshore due to several benefits like cost, time, skilled people and place in market. Apart from the benefits it has also brought some challenges for researchers like culture, communication, language and time zone difference etc. The aim of this report focuses on comparison of two communication techniques namely synchronous and asynchronous communication media used in GSD. Moreover, by analyzing the effective means of communication for Requirement Engineering (RE) in Global Software Development (GSD) and thereby have proposed appropriate communication media for RE in GSD.
Introduction
Due to advancement in technologies the world has been changed to global village which has impacted software organizations by in large. Further, software organizations are now changing their onsite development to off site development due to rapid change in markets, processes and technologies [26]. Global Software Development (GSD) is on boom from the last few decades of academia and practitioners as well and therefore software organizations are changing to GSD due to enormous benefits it offers like reduction in development cost, close to market and customers, availability of skilled people, innovation and last but not least satisfied customers [20]. GSD has not only benefits but in parallel it has also so many challenges and problems to tackled carefully. In addition, as in GSD teams are dispersed geographically therefore several problems like communication and coordination, Requirements Engineering, culture, language, trust and time differences etc arises [27, 19].

Requirements Engineering (RE) is one of the most difficult and challenging phase in Software Development Life Cycle (SDLC). In addition, as time evolves requirements changes due to customer needs changes, lack of available resources and time [1]. Likewise, RE phase needs continuous and intense communication with customers in order to update the requirements based on their priorities. Furthermore, RE becomes more challenging and requires a lot of efforts because teams are dispersed geographically and therefore communication and coordination between them becomes hard.

Communication problem can arise at any stage of RE like during analysis and negotiation, prioritization, management and specification. For example, a requirement needs to be changed but development teams might want to know the idea and reason behind including the requirement, reaching on consensus during prioritization and specifying requirements etc [28]. Further, all these communication problems arises due to time differences, language differences, culture differences and lack of co-ordination between different teams.

Communication is one of the biggest challenges faced by academia and researchers in GSD and can cause so many problems like understanding requirements in full, reaching on consensus and agreement etc due to usage of difference in communication media. In addition, there are mainly two types of communication media namely asynchronous i.e. email and synchronous i.e. teleconferencing, video conferencing etc [29]. Likewise, both of them has problems in using at different situations e.g. in some situation in GSD software industries used to prefer synchronous while in other they prefer asynchronous based on time differences, language and trust. Moreover, in the context of this thesis the authors will analyze the preferred and suitable media i.e. synchronous or asynchronous for RE in GSD. Further, the analysis will be solely based on the severity level of communication, drawbacks and challenges of these two media, language, trust and culture etc.

Moreover, this paper comprises of several sections. Research methodology is discussed in section 2. Qualitative study is discussed in section 5. In section 6 quantitative method is described in the form of experiment and the result of the experiment has been identified under its sub section. The conclusion and references has been outlined in section 7 and 8 respectively.
Research Methodology
In the context of this report, two different approaches i.e. qualitative and quantitative both are applied [6, 8]. First, we will perform a thorough literature study in order to collect material related to challenges of RE in GSD due to communication. This is necessary to be performed because to gain a fundamental understanding of those research areas and underlying concepts and to know the current state of research. In addition, the literature study is embracing the study of existing articles, books and web references, if appropriate. However, it should be kept in mind that literature study can be time consuming and to reach on consensus [6].

Secondly, after identifying different challenges of communication media problems in RE in literature we have performed an experiment to select the appropriate media for communication of RE activities in GSD.
Challenges of RE in GSD
As we know RE is the most challenging phase in Software Development Life Cycle (SDLC) [1]. These challenges are increasing due to the fact that more organizations starting its projects across global distances [2] and these projects have more challenges due to loss of rich face to face interaction which can't be found in the GSD [3]. There are differences of infrastructure in distributed location and also problems of connectivity, management systems and development labs problems etc [4]. The activities like communication, coordination and collaboration are the main processes in GSD [5] and these processes have some serious challenges which are discussed below.
1. Communication Problem. Communication problem is one of the fundamental challenge of RE in GSD. Communications among the different group of the same project have problems because of differences in professional backgrounds, software processes and culture across locations, which can cause communication gap [14].

2. Cultural Difference. Cultural issue is one of the big challenge of RE in GSD. In GSD we have to deal it very carefully, because people have in remote areas had different cultural, values and work environment. Cultural differences can also cause communication problems, which can lead you to misunderstanding and can cause bad impact on coordination [20].

3. Co-ordination breakdown. According to [16], --Coordination is the act of integrating each task with each organizational unit, so the unit contributes to the overall objective. Orchestrating the integration often requires intense and ongoing communication. In GSD coordination is one of the important factors for collaboration of the groups. Without good coordination it is not possible to cooperate and integrate the task with each other within the group members, which can affect the decision making [7, 16].

4. Language. Language differences is also a big challenge of RE in GSD. GSD is a dispersed environment over the world so there is lot of difference in language but also have problems of different in vocabulary in the same language which can suffer RE [22]. It is not necessary for one of the party to communicate with other party in his/her local language and English being regarded as the common sources of communication there may be misunderstanding of the language because of different pronunciation and ascent. As the GSD is focused on the location far away from the customer so the language is the most effective means of sharing ones views and wants. So until and unless both the party are aware of each other's language than there is lacking in the productivity [7].

5. Collaboration. Collaboration is another critical success factor of RE in GSD. Good collaboration can be found in the form of good communication, on-time deliveries among the sites and establishing good network. If these characteristics are lacking than it can be hard to achieve success in the organization goals [5]. With effective planning and procedure we can get rid of some sort of problems and if all the team members collaborate then organization can go through those problems which are creating of problem [10].

6. Trust. As GSD totally implements its activities outside the world and there are the challenges of communication because of distance and infrastructure, so it is natural thing that there will be lack of trust in the GSD. Lack of trust can bring barriers to achieve the goals while trust among remote teams can develop good working environment for organization [11].

7. Loss of Teamness. It is difficult to manage different globally depressed teams like a one team [9]. As the software houses depend upon the other organization or group of people so each and every thing is carried out on the beliefs of each other. Moreover the participants are much less likely to have unexpected contacts with the members on the other site. So they rarely meet with each other and because of this they lack Teamness. As we know that a project is successful when there is the effective contribution of each and every member of the team so in GSD there are very fewer opportunities to interact with each other and the participants know much less about who are experts and who are less in what. Hence Teamness is lacking in the GSD [4].

8. Time Zone difference. As GSD have distributed environment across the world and time zone difference is a natural problem of GSD. Time zone differences prevent us from the synchronous type of communication because the different work timings which is very best channel for resolving GSD problem [19].
Communication
According to [16], --Communication is a mediating factor affecting both coordination and control. It is the exchange of complete and unambiguous information— that is, the sender and receiver can reach a common understanding". As we know communication is very important process for the sake of coordination and control in organization and it is basically exchanging of information which can be easily understandable between two or more people. In GSD it is very important process for communication between team leader and software developers. Research shows that team leaders and developers spend lot of time in communicating each other [16]. Basically communication helps in problem solving, relationship building, decision making and coordination and informing and monitoring [17].

Good communication is the key for success of team work in GSD [9]. Today, organizations are providing different means of communications media systems for video and audio conversations to achieve the desired results from the distributed teams of organizations [15]. It is an important and one of the difficult process of RE for negotiation among teams in GSD. Communications among the different group of the same project have problems because of differences in professional backgrounds, software processes and culture across locations, which can cause communication gap. Communication gap in RE can be resolve by using different means of communication media which is called asynchronous and synchronous [14]. There are two types of communication involving in GSD, which are asynchronous i.e. e-mail, instant message and synchronous i.e. video conferencing and teleconferencing etc [16, 18].
1. Asynchronous. Due to time zone differences organizations use asynchronous communication media in large, which can cause time consuming in response [7]. This type of communication include E-mail, Voice mail, Online Discussion and Offline Message etc. In asynchronous type of communication there is time to think for response and it is preferred by the non-English speakers so they can read or listen again and again to understand the message. While this type of communications also have some disadvantages like some time it take lot of time to get feedback which is time consuming and the message can also be lost.
E-mail. As we know GSD have lot problem in RE of the time zone difference, so e-mail have very significant role as an asynchronous communication type. It has lot of advantages in GSD like it is better communication tool for the non-English speakers who are not fluent in English and through it we can explain detailed message which can be further use as a record. There are also some problems with this type of communication like you write a detailed e-mail to your remote group and they forgot to check their e-mail or were lost means not delivered on time and you also don't know about when reply came back, which can cause delay in work[19].

Voice Mail (VM). It also an important tool for asynchronous communication just like e-mails. It needs just basic skills. VM is a type of technology that digitally record, save and playback voice messages through computer software. Most of organization's telephone systems respond busy, which can cause delay in organization. Through VM this problem can be resolve and the receiver can receive your message even he busy and can hear next time when he feel free. It can also resolve time difference barrier. But VM needs some kind of equipment installation on both sides [12].

Discussion Forums. Discussion Forums has a vital role as asynchronous communication in GSD. It is form of communication media in which team leader provide information for developer like time schedule, plane and tasks. Usually it is one way communication carrying by the project managers. It has the disadvantage that in this type of communication developers cannot communicate with team leader [24].
2. Synchronous Communication. Synchronous communication is largely use for RE in GSD, this type of communication includes video conferencing, telephone and application sharing. In this type of communication all parties are involved at the same time in communication. Through synchronous communication we can get immediate response which can be very helpful for the decision making at right time. Even though it have all disadvantage for the response person that he have very less time for think to give response which can be dangerous for RE in GSD. Synchronous communication can also be varying by the region like American prefers this type of communication while Asians didn't like it as much [14]. The basic reasons behind the using of synchronous communication media are to resolve misunderstandings and miscommunications and other problems [16].
Video Conferencing. Video conferencing is one of the most reliable sources to conduct meeting among remote areas [8]. It is use for the meetings like presenting or demonstrating ideas. It feels like original meeting in one room and it engage members, which can increase coordination and collaboration among teams. It have disadvantage of cost and most of members can't use it easily and it can also be difficult among the teams where time zone are different [24].

Teleconferencing. Teleconferencing is another good tool in synchronous communication for GSD. It is also very popular among developers for problem solving. It is form of dialogue among more than two peoples in distributed geographical location. Problems with this type of communication are that it is difficult to control because different people are speaking at same time, difficult to conduct in different time zones, and need equipments [25].

Telephone. Telephone is one of the favourite medium for synchronous communication in GSD. Developers and team leaders prefer telephone over the Net Meeting and other tools because of it easy to use phenomena. Net Meeting and other tools are very hard to setup [22]. But the disadvantage of the telephone is there is no face to face communications which can effect trust which very important in GSD.

Face to Face Communication. Face to Face communication can be a good way for collaboration and coordination for RE in GSD. In this communication member visit to offices which are located other geographical areas. It increases the trust among the geographically dispersed teams specially when they spent time with each other and know about their language and culture. Face to Face meetings is necessary for team building at least once. The disadvantage of this type of communication is that as we know the GSD is geographically dispersed environment and it is difficult to conduct on regular basis [25].

Application Sharing. Application sharing is one of the important types of asynchronous communication. It is very good for collaboration for the team leader and developers in GSD. Through application sharing they can exchange data, information and other important documents. It facilitates remote users to work in joint working environment by sharing same program running over the separated geographical environment. The main problem with the application sharing is that it need high tech environment which can be challenging [21].

NetMeeting. NetMeeting is one of the best solutions for communication in GSD in which video audio and data channels are use by remote developers for communication. In this communication usually Microsoft Power Point is uses to show different diagrams and system design. In this process teleconferencing call tool is uses for the audio in real time. Although it is challenging task in GSD but still it has positive response from the developers and team leaders [19]. NetMeeting is not largely used by developers because of its complicated setup, which they consider time consuming [22].
By observing and analyzing different challenges and communication media used in GSD, the authors came to a conclusion that asynchronous communication media would cause some ambiguity in gathering requirements in a globally distributed environment. It also affects the time measures which is very much important in this competitive world. So the authors feel that synchronous communication media would serve better rather than asynchronous. This can also be proved statistically with the help of quantitative study.
Qualitative study
As mentioned above that qualitative study is in the form of literature review.

The qualitative research strategy was done based on case studies and observations that was carried out on a global communication requirement engineering practises. The case studies were performed based on historical data that was collected in the field of global requirement engineering practises projects. The authors have used case studies because it is an important method which can provide in depth knowledge and understanding of an activity or a process that includes surveys, interviews in a real life situation using various sources of evidences. The selection is based on communication practises between two organizations which performs offshore and onsite development projects. Participants in this case study were stake holders of the organization such as engineer, developers and project managers and other staffs. Authors analyse the level of appropriateness in communication of the parties within the organization that are going to communicate globally. The authors examines different sources of communication within the organization that is asynchronous or synchronous and tried to analyze the results based on certain scale of factors such as time Measures, Effectiveness, Clearness, Completeness, Ambiguity, Understandability. These factors are scaled for qualitative measurement as shown in the figure below.

Mode Synchronous Communication Media Asynchronous Communication Media
· Measures

· Time Measures

· Effectiveness

· Clearness

· Completeness

· Ambiguity

· Understandability
Quantitative study: Experiment

Definition
According to Wohlin et al [12] definition phase is used to determine the foundation of an experiment. The experiment is motivated to find which communication media is efficient and effective for requirements engineering in GSD. As we know that RE is a crucial activity of software development life cycle, therefore appropriate media should be use for communication from synchronous and asynchronous. Therefore, authors will focus on the main research question which is given below:
· Which one is the efficient and effective communication media for RE in GSD?
Object of Study
The objects of the study were two communication media i.e. synchronous and asynchronous.
Purpose
The purpose was to compare the above stated objects for the communication of requirements in GSD.
Quality Focus
The quality focus was efficiency and effectiveness of the communication media to communicate requirements globally among different units of an organization.
Perspective
The perspective was researcher's point of view, to observe the efficiency and effectiveness of a communication media i.e. synchronous or synchronous for requirements communication. The results will be helpful from stakeholder's perspective to choose the best communication media.
Context
The experiment was performed with the help of one software organization. The main focus of this experiment was to analyze the effectiveness of communication in globally distributed teams. The experiment was conducted in two ways. One by means of synchronous communication (face to face communication), the other by means of asynchronous communication (special communication tools like email) within the organization. The participants of the experiment were the entities within the organization such as development team, quality team etc. In order to check the effectiveness of the asynchronous communication the experiment was conducted based on special communication tools between two globally distributed teams within the same software organization. In the asynchronous mode we conducted the experiment to examine the level of effectiveness and trust worthiness between two parties. One team was from the local organization and the other person was from off sore. For example one team was located in India and the other in the United States. Communication was maintained between them with the help of global software tools. Individual feedbacks were taken from the two teams to examine the effectiveness and trustworthiness of communication .The same experiment was conducted between the two teams in a synchronous way at a same place. Feedbacks were taken individually from both the parties after the experiment was performed. Our conclusion was that face to face communication which is a form of synchronous communication seemed to provide more trust and effectiveness communication than the asynchronous one. Thus we conclude that synchronous communication was more effective than asynchronous communication.
Planning
1. Context Selection. The context selection of this experiment was the effectiveness of two different communication media for the same requirements (Requirements are not mentioned here due to the page limit of this report). The characteristics of the experiment are given below:

· Offline - The experiment was not connected to any real time project.

· Subjects -sparticipants of the software organization involving global communication.

· Real - according to author's opinions, the results of the study will be helpful for industry as well as academia.

· General - in general the software artefact was taken in the form of some set of requirements from already finished library system. However, in this case the requirements set were in the form of initial requirements like which had problems like ambiguities, incompleteness, inconsistency etc. The system description and the overall set of requirements are not given here due to the space limit of the report.

2. Hypothesis. The following hypotheses were set for this study.
Null hypothesis, H0: Both of the communication media were same while communicating requirements in a virtual GSD environment. Hence,

H0: Synchronous communication media for RE in GSD = Asynchronous communication media for RE in GSD

Alternative hypothesis, H1: There was a difference in efficiency and effectiveness in both of the communication media were used for communicating requirements in a virtual GSD environment.

H1: The effectiveness of Synchronous communication media for RE in GSD <> The effectiveness of Asynchronous communication media for RE in GSD.

H2: The efficiency of Synchronous communication media for RE in GSD <> The efficiency of Asynchronous communication media for RE in GSD.
3. Variable Selection. While conducting an experiment it is important to select dependent and independent variable for study. Therefore, authors have selected the following dependent and independent variables for experiment which are mentioned below:

· The dependent variables:

· Efficiency

· Effectiveness

· The independent variables:

· Synchronous communication media.

· Asynchronous communication media.
The dependent variables were measured through understandability of requirements and time consumed while communicating requirements.
4. Selection of Subjects. For this study authors had selected a sample software organization and the study is conducted based on the communication between two globally distributed teams by making a comparison of face to face communication and communication using special GSD tools. According to author's perspective the background of subjects was suitable for experiment because all the subjects were related to global software engineering environment and addressing the challenges in GSD is one of the main issues in software engineering.

5. Experimental Design. The selected subjects for this experiment had good academic experience and had experience in industries. From experience point of view it was a versatile selection of subjects' but aim of the study was to compare the results from both groups and not to focus on the individual outcome. Further, the experiment design was balanced because equal numbers of subjects were involved in the process of RE activities through communication media in GSD. Furthermore, two factors and two treatments were selected as the design types of experiment. The factors were the understandability of requirements and time consumed. The treatments were two communication infrastructures i.e. synchronous and asynchronous.
Instrument used
The instruments used in this experiment are as follows:
· Software artefact: this was a requirements set written in the form of system description. The complexity level of this document was medium.

· Synchronous communication infrastructure: Different synchronous communication media infrastructure like video conferencing, telephone, face-to-face etc, was given for subjects to communicate in the form of GSD.

· Asynchronous communication infrastructure: Different asynchronous communication media infrastructure like email, voice mail and discussion forums were given for subjects to communicate in the form of GSD.

· Internet: a 10 MB internet was also available for both groups of subjects.

· Instruction guide: a three page instruction guide which helps the subjects, how to perform experiment.
Validity Evaluation
Different validity evaluations are given below:
1. Internal Validity. Internal validity of the experiment aims to the question that there is no effect caused by independent variables or other factors [30]. All dependent and independent variables and other factors were limited because the participants had nothing to gain from the experiment and all participated voluntarily. All participants finished the experiment, so no one was excluded from the analysis. Concerning the selection, all participants were students of MSc computer sciences and had enough background of RE activities, so the selection was under control. The threat might be the experience of subjects of using different communication media. The other possible threat might be the assignment of different communication media and its usage by subjects in groups. Nonetheless, the threat of lack of motivation is seen as minimal.

2. External Validity. External validity relates to the generalization of the results of experiment to industrial practice [12]. The main external threat was that the selected subjects were students instead of professional. However, all the selected subjects were computer science graduate and now they were enrolled in MSc computer science and also were in the final semester. In addition to it all subjects had good and sound background of RE. The only possible threat might be the industrial experience of subjects because they had no enough industrial experience.

3. Construct Validity. According to Wohlin [12], the purpose of the construct validity is to generalize the experiment result. Therefore, both groups i.e. G1 and G2 had gotten the same information and used the same requirements set. One threat might be the difference of culture, language etc, which are the challenges of GSD. Thus we come to the conclusion that the treatment is only difference between both groups.

4. Conclusion Validity. According to Wohlin [12], main intent behind the conclusion validity is to mention the problems which can affect the correct correlation of treatment and outcome.
Heterogeneity of subject: According to Wohlin [12] there is always heterogeneity in a study group. Therefore, there might be a threat regarding the heterogeneity of different subjects from different countries i.e. all students were taken from different countries to find the results of study along with challenges of GSD (see section-6.1).

Treatment's reliability: The treatment of the implementation was considered as reliable, because all the subjects were brief about the whole process of experiments and all participants were taken in full confident. Further, the experiment was performed in parallel by both of groups i.e. G1 and G2.Group 1 deals with synchronous mode of communication, Group 2 deals with asynchronous mode of communication. The treatment variable x and y are those that which are going to interact in a global requirement engineering environment.
Experiment Operation
1. Preparation and Execution. Before starting an experiment all the participants were divided in four groups i.e. G1x, G1y, G2x and G2y etc. The experiment was lasted in one day and was started from 8:00 AM morning to 4:00 PM evening, according to the Swedish time zone. According to the Swedish rules and policies, there was a break from 12:00 PM to 1:00 PM. The timetable and execution is presented in Table 02. We started the experiment with a presentation about Software artefact in the form of some set of ambiguous, incomplete etc requirements. Further, all participants was also brief about the different communication media and its usage. Authors also briefed them regarding the aim of the study i.e. selection of communication media for RE in GSD, so that authors can easily use all media available to them. The introduction session was followed by a training session on how to use different communication media while making requirements more understandable and within time. Before starting experiment a two pages instructions document was distributed among the subjects as a guide to experiment. All types of instruments was available for subjects which could help in RE activities like IEEE format of SRS document, Internet, video conferencing, telephones etc. the different roles of RE was assigned by the participants according to their own knowledge of RE like requirement analyst etc. The students were supposed to log all requirements which seemed to be error free, unambiguous, etc. At the end of experiment reports was collected from students.

2. Analysis. After this experiment two types of data were collected. The understandability of requirements set by using different communication media used by each group i.e. G1 and G2 and time data represented the time spent on doing this by each group. On the basis of this data authors calculated the whole time taken by G1 and G2 while working requirements and percentage of understandability of requirements by correcting different errors like incompleteness, ambiguity etc. At last authors compared time taken and percentage of requirements understandability by both groups G1 and G2 in which G1 was using Synchronous communication media and G2 was using Asynchronous communication media.
Different procedures are available in literature for the analysis of experimental data. Therefore, we used some procedures which are proposed by Wohlin [12], for this study data analysis which consist of following steps i.e. descriptive statistics, Data set reduction and Hypothesis testing.

While performing the above given steps for analysis, it was important to know the distribution of data, whether it is normal or not. On the basis of distribution of data, we were selected test type for analysis i.e. parametric or non-parametric. To find out and measure the mean, mode, median and standard deviation in descriptive statistics we analyzed central tendency and dispersion of data set taken from experiment. For the data set reduction and to do normalization of result it was decided to discard some data to improve the conditions of the data set.

It is important to negate null hypothesis to conform the result of an experiment. So therefore, authors had analyzed the data set negate null hypothesis. In case of this experiment the analysis was done to negate the hypothesis: Both of the communication media were same while communicating requirements in a virtual GSD environment.

According to Wohlin [12], if there are more than one factors in experiment as in this case, ANOVA should be used to test the hypothesis. The two factors mentioned here are the time measures and ambiguity measures for both null and alternate hypothesis. So as there are two factors we used ANOVA technique to test the validity of each hypothesis. Therefore, after analysis of distributed data and taking design type into account, we used ANOVA test for hypothesis testing of this study.

The synchronous communication media as said earlier includes all the media such as telephones, face-to-face meetings, video conferencing etc. The results we presented include the time measures, effectiveness measures and efficiency measures for both synchronous and asynchronous media. By analyzing data and collecting result, authors observed that the group G2 subjects who were using Asynchronous communication spend approximately 30% more time while communicating requirements along with the GSD challenges. Further, there was about 33% ambiguity and incompleteness in the requirements set, therefore which had less understandability. During this experiment it was proved through the results of statistical test that the null hypothesis is false. Therefore, authors concluded that statistically Synchronous communication media is more effective and efficient than Asynchronous communication media regarding requirements activities i.e. understandability and time consumed by each media. One thing authors want to clear that the results presented here do not represent the exact measurements .The following table Table3.shows some more measures we have observed during our experiment.
Results
The results come out from this experimental study, authors come to conclusion that Synchronous communication media is efficient and effective for RE activities in GSD. As this was an experiment performed by different students taken as subjects, therefore, this result might not suitable in real global environment.
Conclusion
In this report the authors suggested the appropriate media for RE in GSD. Furthermore, literature overview has been presented with research questions and applied research methodology discussed in detail. Besides, possible potential threats to validity are identified and discussed. Moreover, this paper discusses in detail the expected outcomes and potential contributions of the research study to both academia research and industry.
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