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 Abstract
In this paper, the communications among software project team members in a graduate level software engineering capstone course is described. Students in software engineering are required to take a spectrum of courses from requirements gathering to maintenance, which span the complete software development cycle and the support cycle. Throughout these courses they have heard of the importance of teamwork. A successful team has several key attributes. Of these key attributes, the active practice of effective information exchange among team members is one of the key factors for success. Due to the large amount of students who hold full time employment, communications and information exchange is an extra challenge placed on these graduate students to perform a team project. By observing the patterns, the volume, and the focus of communications in their software projects, potential relationships to how the projects are progressing may be detected. This study of the project teams communications characteristics has given us all a renewed appreciation for and an improved understanding of the relevancy of communications among team members.

                                                     Introduction

Software engineering students are introduced to various software development processes and methodologies. These range from the traditional waterfall process as first defined by Winston Royce [1] to the more recent XP or Extreme Programming methodology [2]. Through the years, more and more interactions with users, customers, and developers are embedded into the software process and methodologies. As the size and the complexities of software projects increased, the necessity of teamwork among all the stakeholders is also gaining acceptance. There is clear recognition that communication plays a significant role and is at the heart of effective teamwork [3]. In some situations, the relationship between team communications and team performance has been found to be curvilinear [7]. There is also evidence that communications artifacts generated by the software development team can be used to gain further insights into software development processes and methodologies [4, 5]. This paper will present some of the observations made on the communication patterns and on the communication volumes of three software team-projects in a graduate-level software capstone course. 

The graduate capstone course is a one-semester course. The students are asked to take a real problem and develop the solution to satisfy the problem. Thus it covers the complete development life cycle and part of the support cycle. The support cycle is artificially short
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because the course only lasts one semester. The students deliver their solution 
approximately two weeks before the end of the semester, conduct user training and enter into a customer support mode, which includes providing a service-phone-call support and bug fixes, if necessary. There were three projects completed by three distinct groups of students. Their working styles and team behavior contributed to different communications patterns and different volumes of communications, which may, in turn, have influenced the results of the three different projects.
                                                Team Characterization  

The number of students in the class provided enough resources for three team projects. In this section the makeup of these three teams will be described. One team worked on producing the second release of a previous product. The previous product was developed by a prior capstone course team, and the product has been in use for approximately 6 months. There has not been any reported defect in the product during the six months of usage; however, through close to daily usage, more requirements surfaced. A small number of changes are also suggested. In all, fourteen new and changed requirements were implemented as the release 2 of the existing product. This first team had eight members. Of the eight team-members, four were professionally employed in the software industry. All four had extensive knowledge and experience with software development and process. The team was further divided into sub-teams that specialized by tasks such as requirements analysis and customer support, design and code, and testing. The team had a natural leader in that one of the persons was extremely familiar with the technology and voluntarily acted as the human configuration manager for all the code. This person not only designed and coded some of the new and changed requirements, but also controlled the weekly product builds for the testers. Thus there was a built-in center of communication to this person. In addition, there was also a designated team project leader who oversaw the overall status of the complete project. This project leader focused on requirements and customer support along with ensuring that all the deliverables and schedules matched. This person was the second center of communications. There was also a strong, separate sub-group that focused on test cases and testing. Except for one or two situations, the team members were generally excited about the project because they could see how the previous release is being actively used and appreciated by the customers.

The second team is made of nine students. Of the nine team-members, four were professionally employed in the software industry. However, relative to the first team, the level and the amount of experience and knowledge of these four people in software development and process are quite limited. There was a designated team project leader who oversaw the over all activities. However, the project leader did not seek for nor enjoyed this role. This team was also further divided into sub teams of requirements analysis and customer support, design and code, and testing. The second team’s project was to develop a web based software, which managed the faculty book ordering process. Although any reuse was encouraged, it was unlike the first team’s project in that it was not a follow on release of an existing system. The team had to develop it from scratch. Thus the requirements process was more involved. There was no, common reference point for the customers and the second team to use as a basis for requirements discussion as the first team, who had the first release as the point of reference. The team did decide to utilize the same set of development tools and platform as the first team to cut down on technical risks from a feasibility perspective. Besides, it was thought that the first team is always available for consultation should there be any need of technical assistance. However, no one in the second team has had past experience with the tools or the platform. Furthermore, no natural leadership emerged from any of the sub-teams either. The team members were more on the passive side. There did not seem to be the same level of enthusiasm as the first team through out the entire project. 

The third team had a very different project from the first two teams. This team was composed of five members. Of the five team members, four were employed. Two were employed in the software industry and the other two were in different industries. There was a person among the team members who wanted to lead the team and enjoyed that role because the person has been a professional project manager before. There was also an extensively experienced software developer. The members of this third team were closely knit in that they often cared about each other beyond the scope of the project. The team was enthusiastic about the project because they recognized the significance of the deliverable to the customer. The project was the development of a university final examination scheduling system. The key to this project was the scheduling algorithm. The deliverable from this project was to be part of a broader system that a different group would maintain. Thus, besides the customers, this team had to interface with another group of stakeholders, who would inherit and support the developed product. 

                                          Communications Patterns

Patterns of communications may be described in many different ways. In this paper, the observed patterns will be described from the perspective of network-style of communication and from the perspective of channels of communications. The channels of communications were quite limited for all three teams in that there were only two major ones. The two main channels were:

· weekly group meeting

· electronic-mail

Electronic mail was the more predominant channel of communications. The teams had face-to-face group meetings once a week. The group meetings were not always fully attended by all the team members. 

There are three commonly known network-styles of communications for small groups [6]. The three network-styles are: 

a) chained : following a formal hierarchy, 

b) wheel : there is a central conduit, and 
c) all-members : direct member to another member.  
There is a fourth network-style called circle, but it is a restricted case of the all-member, and it is rarely observed in practice. These three network-styles of communications are shown in the figure below.
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All three styles were observed, although the chained network-style was observed least frequently among the three project teams. The following observations relating to the network-style of communications are based mostly on the electronic-mail channel of communications. 

The first team, which had a natural, technical leader and an appointed project team leader, often utilized the wheel network-style, centering on these two leaders. The wheel network-style, in the case of the first team clearly identified the emergence of these two team members as leaders. It also employed the all-member and the chained network-styles, with the chained network-style used least frequently. The face-to-face weekly team meetings were always fully attended. Depending on the topic, the team either communicated in a wheel network-style within the subgroups when special issues were discussed within the subgroups or in an all-member network-style when the discussion touched on general topics. Rarely was there chained network-style in these face-to-face group meetings or in the electronic-mails.

The second team utilized the all-member network-style most often. As mentioned earlier, the designated project leader did not really enjoy the role. Throughout the project the most popular network-style of communication was the all-member style until late into the project where one person in this second team emerged as the quasi-leader. Team two faced a technical learning curve problem. There was no one who was a master in the chosen development tool and the development environment. Most of the team members were still learning the tool and the environment. The designated project team leader had no solution and did not take the lead to look for solution. Not until one of the team members finally came up the learning curve and became the technical lead, did the team members move from all-members to a wheel network style. The wheel centered around this newly emerged technical leader and around another person who focused on and led the testing activities. The team communications during the requirements gathering and specification period was also conducted in an all-member network-style. No leader emerged from the requirement subgroup. No communication ever centered on the designated project team leader of team two. The weekly face-to-face group meetings were often poorly attended, with two or three members frequently missing without informing anyone in the team. Even in these team meetings, the all-member network-style was often utilized until the quasi-leader emerged later in the project. At that point the face-to-face team meetings moved to the wheel network-style of communication. Also the team members started to fully attend the face-to-face meetings. The chain network-style of communications was never observed in team two, whether it was the face-to-face team meeting channel or the electronic-mail channel.

The third team always had a strong designated team leader, and the network-style of communications was predominantly the wheel style from the start of the project. This team also had a technical expert who led the design and implementation; however, there never developed a wheel network-style of communications around this technical expert. Sometimes, the all-member network-style was observed. Again, the chain network-style of communications was never observed here. This team only had five members and the boundary of subgroups was never a strong one. The team was small enough that it operated as one team most of the time. In the weekly face-to-face team meetings, the predominant network-style of communications was both wheel and all-member. The chain network-style was never observed in any of the face-to-face meetings nor in the electronic-mails of team three. 

It is interesting to note that where there was an emergence of a leader, the wheel network-style of communication was observed around that person. The two teams, team one and team three, progressed more smoothly had wheel network-style communications throughout their projects. They had natural and strong leaders throughout the projects. Team two, which had the most trouble, was in all-member network-style for a long period until a quasi-leader emerged when the wheel network-style communications around that leader was observed. These are small numbers of observations, but they do make logical sense. The wheel network-style communications around a team member provides an indication of the emergence of a leadership person, and even small project teams require some leadership to succeed. 
                                                  Volume of Communications

By volume of communications we mean the number of communications and the size of the communications, where size is measured by number of sentences or incomplete sentences. For example, an electronic-mail message with one sentence would have a volume of one, and another electronic-mail message with five sentences would be counted as having a volume of five. The length of the sentence, in terms of number of words, was not taken into account because many of the electronic messages dealt with short, incomplete sentences. The volume of communications was clearly different for the three project teams. Furthermore, the volume of communications varied at different stages for different tasks of the software project among the three project teams. Four categories of tasks are defined. They include the following: 

a) requirements gathering and specifying, 

b) design and code, 

c) testing, and

d) project status/information exchange.

The volume of communications will be described only for the electronic-mail channel.  Since a large number of students were working and the team members were not collocated, electronic mail was a more frequently utilized channel of communications for the team members. The volume of communications for face-to-face project meeting channel is not analyzed here. 

The first team worked on fourteen discrete new/changed requirements for a release two of an existing product. They worked in an incremental mode in that not all fourteen requirements were collected and analyzed together. Coding started after about half of the requirements were specified. For team one, the total number of messages exchanged was 590 and the total volume of communication was 652. The number of messages dealing with requirements was 75, and the volume of communication related to requirements was 88. The number of messages attributable to design and code was 122, and the total communication volume was 139. The number of messages during testing and about tests was 203, and the volume of communication for testing was 227. For the last category, status/information exchange, the number of messages was 190, and the volume of communication was 198. Towards the second half of the project the testing related and status related messages and volume of communications clearly increased, and less requirements and coding related messages and volume of communication was observed. Note that the biggest number of messages and volume of communication was related to testing.

	                                                Team 1 ( 8 members)

	     Req.
	  Des./Code
	   Testing
	  Proj. Status/Info. 
	        Total

	# of

mess
	vol.
	# of

mess
	 vol.
	# of

mess
	vol.
	 # of

 mess
	   vol.
	 # of

 mess
	   vol.

	 75
	 88
	122
	139
	203
	227
	 190
	  198
	  590
	  652


The second team, which had the most technical problem in getting the project moving, was observed to have the least total number of electronic messages and the lowest volume of communication among the three teams. For team two, the total number of messages exchanged was 224, and the total volume of communication was 248. The number of messages associated with requirements was 13, and the volume of communication associated with requirements was 16. The number of messages related to design and code was 37, and the volume of communication was 51. The test phase was more active than the requirements and the design/coding phases. The number of messages in the test category was 61 and the volume of communication for testing was 67. The largest category for team two was in the status/information exchange area, with 113 messages. The volume of communication for status/information exchange was 114. This one category accounted for close to half of the communications in team two.

	                                                    Team 2  ( 9 members )

	     Req.
	  Des./Code
	     Testing
	 Proj. Status/Info.
	       Total

	# of

mess
	 vol.
	# of

mess
	  vol.
	 # of

 mess
	  vol.
	 # of

 mess
	  vol.
	 # of

 mess
	  vol.

	 13
	 16
	 37
	   51
	  61
	   67
	  113
	  114
	 224
	  248


The third team which had less people than the first two teams had an overall number of 350 messages and a total volume of 397. This team also had a strong team leader who communicated often with other team members.  The number of messages attributable to requirements processing was 43, and the volume of communication was 51. The next group of messages was related to design and coding. The number of messages was 59, and the volume of communication was 65. The number of messages connected to testing and test activities was 110, and the volume of communication was 125. For team three the status and information exchange category also had the largest number of messages and volume of communication. It had 138 messages and 156 as the volume of communication. 

	                                                 Team 3 ( 5 members )

	      Req.
	  Des./Code
	     Testing
	  Proj. Status/Info.
	        Total

	 # of

mess
	 vol.
	 # of

 mess
	  vol.
	 # of

 mess
	  vol.
	 # of

 mess
	   vol.
	 # of

 mess
	  vol.

	43
	 51
	  59
	   65
	  110
	  125
	  138
	   156
	  350
	  397


The ratio of total volume of communications to the total number of messages for the three teams was approximately 1.1. This same ratio was found to be fairly consistent across the three teams. Therefore, the number of multiple-sentence electronic mail was relatively low for all three teams. 

The three teams had different numbers of total messages and volume of communications. 

Even though team two had the largest number of team members, team one had the most number of messages and largest volume of communications, followed by team three, and team two. However, after normalizing the data to messages per team member and to volume per team member, team one and team three had very close numbers. For team one, it was approximately 73 messages per person, and the volume of communication was approximately 81 per person. For team three, the number of messages was approximately 70 per person, and the volume of communication was 79 per person. Team two, not only had dramatically lower total number of messages and volume of communication, but the normalized data also showed dramatically lower numbers. The number of messages was approximately 25 per person, and the volume of communication was approximately 28 per person. These figures show that team two is communicating at about 35% of what team one or team three is communicating at. The team that had the most technical problem and least leadership also had the lowest number of messages and the lowest volume of communication per team member. 

                                                  Communications Focus 

Aside from the team communication patterns and the volume of communications, it is also important to study which software development activities the communications efforts were spent in. Team’s communications focus may give us some more clues to relating a team’s communication to its project performance and project success potential.

The following table shows the different percentages of the number of messages to the over- all number of messages by categories of activities for each of the three teams. It provides us with a broad view of the topics of communications.      

	                                           % of Messages by Categories

	
	Requirement
	 Des./Code
	   Testing
	  Proj. Status/Info.

     Exchange

	Team 1
	    12.7  
	     20.7
	     34.4
	       32.2

	Team 2
	      5.8
	     16.5


	     27.3 
	       50.4

	Team 3
	    12.3
	     16.9
	      31.4
	       39.4


It is interesting to note that relatively less communications about requirements occurred through electronic mail. This deserves a little explanation. All three teams had elicited requirements directly from the users and documented their requirements. They have all electronically posted the requirements document. Each requirement document was also reviewed by the respective users in a formal review meeting. A large amount of the discussions on requirements took place at these requirement review meetings, and thus an activity that would often induce a high number of messages and volume of communications, in this case, had the lowest percentage of electronic messages and volume of communications. 

It is not surprising that design and coding activities, which require more lengthy and private engagements, had less number of messages than a more interactive activity such as testing. The test cycle of finding a problem, reporting the problem, accepting the fix and re-testing to confirm the fix has a natural built-in need for communications. The surprises here were that the testing activities did not require more communications and that the project status and information exchange category had the largest number of messages for team two and team three.  

One may also look upon the four categories of activities and the messages and communications associated with them in a slightly different way. That is, requirements development, design/code, and test activities all directly contribute to the end product. The project status/information exchange activities only indirectly contributes to the end product. Team two, which spent the most communications effort in this category that only indirectly contributes to the end product, also had the most troubled project. In fact, approximately half, or 50.4%, of the number of messages for team two fell into this indirect-activities category.   

                                          Concluding Remarks     
The communications pattern, volume, and focus were observed through three graduate student software project teams. These characteristics may be associated with the progress of a team project.

· The wheel network-style communications around a team member provides an indication of the emergence or existence of a leader in that team, and a team leader is needed even for small project teams. 

· The team with the most technical problem and least leadership had the lowest number of messages and volume of communication per team member.
· Communications related to project status and information exchange activities, which are viewed as indirect activities, can be excessively high in a less successful team.
For software projects, the communications characteristic related to testing activities was a little surprise.

· The percentage of messages related to testing was approximately 30%, but was less than that of project status and information exchange for two teams.

While the number of project teams observed was only three, several interesting team communications characteristics were noticed. The information provided us an additional insight to the factors that influence effective team communications and effective software project teams.

This line of research may be extended in several ways. The obvious one is to increase the number of observed teams. The other is to also include the face-to-face channel of communications in gathering the volume of communication by categories.
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