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Promoting Effective Communication in Global Engineering Projects

Abstract

Effective communication plays a key role in the success of engineering teams. However,
achieving a high level of communication when developing projects globally can be challenging.
An organization’s learning capacity, its familiarity with the cultural diversity of its team
members, and its information technology support for project planning, data management, group
communication and collaboration among geographically distributed teams, are some key factors
that can help overcome this challenge.

Introduction

Through a study conducted in 2008 by NASA, communication was identified as one of the five
top level themes their highly valued Systems Engineers possesszl. The purpose of the NASA
study is to accelerate the development of critical Systems Engineering behaviors and to ensure
these behaviors were developed for the next generation of highly regarded System Engineers. In
reality, effective communication is extremely important in any type of engineering. For example,
in requirements engineering effective communication is imperative during processes that support
knowledge acquisition and understanding of stakeholder needs"’.

The increased need to improve communication efforts is evident due to many engineering
disciplines increasing their development efforts across different sites in different geographic
locations and across different time zones. Major factors that have contributed to this
globalization trend include cheaper labor, the need for specialized skills and expertise, and
corporate mergers. For example, the outsourcing of various functions or activities of the software
business has become increasingly prevalent leading to “capability sourcing”' particularly when
companies’ expertise falls short in some technical areas. In addition, some companies already
have offices that span the world creating a globally distributed technical asset, although they may
still outsource software development for strategic reasons.

Globalization can, however, bring on big challenges. It is well known, for instance, that effective
communication plays a key role in the performance of product development teams ***°.
Researchers have shown that well-coordinated teams demonstrate a higher level of overall
performance, especially when their tasks are interrelated and compactly situated®’. Achieving the
desired levels of coordination among geographically distributed teams can be extremely
challenging, however, due to the negative impact that increased distance has on communication®.
Research shows that a mere 100 meters of separation results in a significant drop in
communication between team personnel’. The communication degradation may increase with
distance; however, beyond 100 meters it becomes almost irrelevant whether collaborators are
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located in two different buildings, cities, countries, or continents: communication is degraded
and team performance suffers serious setbacks in all these contexts.

These negative effects are even more pronounced when the teams are located several time zones
apart with minimal overlap in working hours”. Under these conditions, collaborators must rely
heavily on asynchronous interactions (i.e., different individuals providing input to the task at
different times); if the work is also not closely related, and the teams are not communicating
well, problems can escalate quickly.

This paper explores some of the challenges and possible factors that could contribute to
successful communication during globalized engineering efforts. We present the results of a
survey instrument that showed key factors that can help overcome some challenges in
communicating effectively in engineering teams.

Related Work

When developing complex systems there typically are many people involved. Many of these
project stakeholders are likely to be not at the same physical location. Critical communication
needs to take place among them in order for a quality product to result. In the next few sections
we explore possible factors that may affect communication efforts.

Cultural Differences

Cultural challenges are significant factors in the success of global software development'’.
Difficulties can arise in communicating one’s point of view and ideas clearly and precisely across
sites because of differences in culture, language, and values'”. Additionally, differences in time
zone forces most communication to be asynchronous. As a result, it is not only that much less
communication may take place; it is also a less effective form of communication’. A lot of time
is wasted coordinating and clarifying understandings via e-mail, voice mail, and message boards.
These issues also affect other important aspects of the project such as lack of information about
who is an expert in what, and who is responsible for which aspect of the projectlz.

Education is certainly one possible remedy for these potential conflicts. Educating team members
about the differences in work culture and values could have a positive effect on communication.
An experiment with students participating in a globalized project where half of the students were
located in the US and the other half were in India yielded interesting results'®. Students had a
positive experience when regularly injecting the cultural differences into classroom discussions.
For example, speakers who had experience in both the Indian and American workplace were
invited to the classroom to highlight cultural differences and similarities. The students also
experienced a week of socialization prior to the experiment, which contributed to the success of
the study. Furthermore, the students communicated with one another about expectations and
other viable communication methods.
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The communication overhead of a project where there are no cultural differences can be
challenging. Adding the cultural difference factors increases this overhead significantly. It is
suggested that to bridge the cultural gap a cultural liaison could be established'®. The liaison’s
role would be established at the outset and would be played by a project manager, or an architect
at the remote site.

Managerial Factors

Globalization and outsourcing require modified managerial skills. Many executives remain
unprepared for the transformation that comes with globalization'. The needed skills, such as
communication, project management, business analysis and team management, are much more
complex in a virtual setting14. A study was carried out among software developers and found that
their communication is much more effective when there are management efforts to encourage
communication between development teams'®. This would include established protocols of
meetings between team members as well as keeping team members informed of major decisions
regarding projects. This same study surveyed developers and found that communication was
more effective when management made efforts to improve organizational activities and processes
such as designating resources to assist employees in case of technical difficulties and also
participated in the definition of the project development planning. Another significant outcome
showed an increase in effective communication from management efforts to involve users during
the project development. The project, it appears, has a higher probability of success if the user is
informed of the progress and able to evaluate progress during the development.

A collaborative effort when developing complex systems, whether the team members are in the
same physical location or not, also requires IT support. IT support includes applications to assist
in project management, data management and collaboration. Project management is necessary to
keep track of deadlines, data management to keep track of source code, and communication to
keep track of team memory, effective idea exchange and reaching consensus. All of these
resources need management buy-in to be implemented and to be successful.

Learning and Group Cognition

Team members involved in development projects can be quite diverse in their approaches to
problem solving which obviously can cause conflict. When working on a specific problem
(Problem A), the management will most likely be faced with an additional problem (Problem B)
which deals with how to effectively manage the diversity among the problem solvers''. In order
to be productive, a team must spend more time working on problem A and less on problem B.
One way for management to accomplish more of a focus on problem A, the real engineering
problem to be solved, is to understand not only how to manage knowledge diversity but also to
understand the process of group cognition.

Knowledge diversity can be managed by offering training and promoting continuous learning in
an organization. Another way to manage knowledge differences is to actively promote
discussion of team goals, strategies, and work practices among team members. For example, in a
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systems engineering project the strategies/goals/practices include developing systems
requirements, specifications, and architectures.

The thought processes developers use is also fundamental to understanding engineering design
and developmentlg. Since the cognitive activities that occur in a group are even more varied and
more complex than those in individualslg, it is still more essential to understand the role of such
processes in group problem solving. Their complexity is compounded because one is faced not
merely with individual cognitive activities, but with the interplay of cognitive activities among
individuals.

With any type of engineering development, one particularly interesting cognitive effect is
cognitive bias. Cognitive bias refers to the tendency of individuals to be consistent and
predictable in their behavior with respect to the kind of errors they make. Such biases operate at
both the individual and the group level. Various techniques have been proposed to reduce
cognitive biases including obvious improvements such as using empirical as opposed to intuitive
analysis, as well as less obvious strategies such as systematically seeking what is called
disconfirmatory information, or systematically evaluating the tradeoffs for each project
guideline'®.  For example, intuitive approaches, which refer to immediate cognition not
reinforced by an explicit process, leave greater room for error than method-based approaches.
Stacy & Macmillian (2005) describe seeking disconfirmatory information as asking negatively
phrased empirical questions such as “How will I know if the feature does not work?” or “How
will I know if this is not the cause of the problem?” Finally, it is suggested that when applying
project guidelines which are defined as one engineers opinion based on a past experience, the
engineers needs to evaluate each of these guidelines as a two-sided tradeoff. For example, one
engineer may believe that Java is the best language for web development. It’s important to
communicate to the team the advantages and disadvantages of using Java for this particular
project. These techniques reduce cognitive bias by moderating the cognitive impact of previous
experiences, which cognition tends to bring to mind first, even though the previous experience
may be irrelevant or invalid in the current situation.

Group cognition is a coordinated, distributed cognitive process, the objective of which is to
create a shared, distributed understanding of a problem at a team level”. Though the importance
of this area of research is increasing, information technologies are frequently not designed with
the requirements of such teams in mind and they suffer accordingly. Nosek calls the cognitive
actions and interchanges that occur during collaborative problem solving group sensemaking.
Nosek’s model identifies three conditions required to create this kind of knowledge in a problem
solving group: distributed knowledge, distributed cognition, and coordinated cognitive
processing among group members. Proper coordination of cognitive processing allows the
members of a group to have comparable knowledge of a problem area'®. All of this has a strong
relationship to effective communication and can manage some of the diversity among the
problem solvers, thus, reducing problem B.
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Research Hypotheses

Effective communication, as pointed out previously, is an essential success factor when
collaborating. With globalized engineering development, however, it has been observed there is
much less communication and also less effective communication'.

Hypotheses, shown in Table 1, are designed to determine the role of organizational background
and IT infrastructure in producing effective communication when collaboratively designing and
developing engineering products among geographically distributed teams. Organizational
background refers specifically to two factors:

1. Learning capacity: referring to the promotion of learning about the project and knowledge
needed to achieve the project goals. The team members in order to realize full learning
capacity should also be motivated to learn and to cooperate.

2. Cultural familiarity: This refers to the level of familiarity of the culture of all team members
as well as the level of comfort team members experience when interacting and communicating
with team members.

IT infrastructure is also made up of the following two factors:

1. IT system support for organizational and management standards and policies such as project
planning and data management.
2. IT system support for group communication and collaboration.

Effective communication is measured by four factors: informed scale, task clarity,
communication effectiveness (among all stake holders), and coordination success. The informed
scale is defined as how well the engineers felt they and the project managers were informed on
the project status®. Task clarity is measuring how well the engineer understands their tasks and
responsibilities. Reducing task uncertainty decreases the amount information that needs to be
processed to make decisions’. Communication effectiveness measures generally the level of how
the engineers perceived the participation, satisfaction and understanding among the technical
staff, development teams, the organization and the users of the system. And finally the
coordination success can be implied from effective communication'”.

The results from the survey instrument (described in more detail in the next section) are used to
determine if organizational background and IT infrastructure influence effective communication.

Table 1. Effective Communication Hypotheses

HI1: A higher level of organizational background information will result in a higher level of
effective communication. Supported

HI1A: Effective communication of an engineering team is higher for teams with a higher level
of organizational learning capacity. Supported
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HI1B: Effective communication of an engineering team is higher when they have a higher
level of cultural familiarity amongst their team members. Supported

H2: A higher level of IT support will result in a higher level of effective communication.
Supported

H2A: Effective communication of an engineering team is higher for the team with higher
levels of IT that provides support to organizational and management standards and policies.
Supported

H2B: Effective communication of an engineering team is higher for the team with higher
levels of IT group communication support. Supported

Methodology and Results

The 43 question online survey was adopted from an earlier study by Mohtashami (2006) and
modified for our purposes. The survey was divided into three sections. The first section asked
the participants how well the organization engages in learning and asked them to evaluate the
level of cultural differences among their team members. The next section asked questions to
evaluate the information technology support that is provided to the team. Information technology
support is referring to everything from project management applications to group communication
software. And finally, the last section evaluated the communication effectiveness explained in
detail in the previous section. The survey was taken by 59 professional graduate engineering
students at the Penn State University. The students answering the survey averaged 8.2 years
experience working collaborative projects. The results were extremely positive as indicated by
the supported hypotheses in the previous section of this paper.

Figure 1 shows a fitted line plot resulting from an analysis of variance analysis (ANOVA). The
data was a summary of both the questions pertaining to how well the people in the organization
can engage in learning with their team members as well as the understanding of cultural
differences between collaborating team members. The ANOVA showed a p value of 0.0 (less
than .1%) significance. =~ Both of these factors have had an increasing effect on the
communication effectiveness among a team.

Fitted Line Plot
comn, effect, = 1,554 + 0.5963 tatal org. back

Effective Comnumication
*

Organizational Background

Figure 1. Effective communication versus organizational background
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Figure 2 shows a fitted line plot resulting from another ANOVA analysis. The data used in this
plot summarizes both of the questions pertaining to the level of support that IT systems provides
to organizational management standards and policies and the level of support that IT system
provides for group communication and collaboration. The ANOVA showed a p value of 0.0
(less than .1%) significance. These results indicate that the technology support also had an
increasing effect on the communication effectiveness of the team.

Fitted Line Plot
cornnn, effect, = 1.71% +0.8522 Tatal IT Tech

Effective Comnumication
*

Information Technolsgy Support

Figure 2. Effective communication versus information technology support
Conclusions

The success of collaboration in engineering design and development teams is derived from the
domain skills of the discipline as well as social and cognitive psychology and supporting
technology. All are fundamental to understanding how collaborative development groups interact
and produce their products. As a result, globalization affects engineering design and development
both in direct and indirect ways. Direct effects are those that are relevant to every stage of the
development process including processes and standards. Indirect effects are those related to
collaboration, the appropriate interaction environment and group organization. Business
considerations and economic benefits have to accept factors beyond the sales, marketing and
managerial realm to include cultural, linguistic, and geographic considerations.

Our contention is that team members who understand the cultural differences between team
members also will have effective communication within their team. Our results showed that a
team shifting some effort towards the indirect effects such as understanding a team member’s
culture, language and general work practices can increase communication effectiveness. In
addition, a small shift in focusing on learning by discussing team goals, strategies, and training to
accomplish various parts of the project can also make a significant impact on communication
effectiveness.
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