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ABSTRACT

The communication patterns of engineers has been well researched over thecadss. However,
due to the rise of new communication technologies and their speed of incepltiomsoeciety, it can
be argued that this research could be less relevant to modern commumiattéoms of engineers. In
addition, the engineers may have a preference on the communication techusg@dgyepending on
the subject or purpose of the communication. Therefore, this papessiiscthe results from an
exploratory study that has investigated the communication patterns of ensgiichin an SME in
2012. The instances of communication, subject of communication and the purposenainication
were of particular focus. From this, a list of subjects and purposes farotheunications was
generated, which engineers were able to assign their communication to.
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1 INTRODUCTION

It is well established that communication is intrinsic to almost all engingedesign activities and

there is a wide consensus that engineers spend a significant proportiornr ofmtaeiommunicating

with one another (Tenopir and King, 2004 p.30, Perry and Sanderson, 1998). Ellis and Haugan, (1997)
Zipperer, (1993) and Wood and DelLoach (2001) reveal that engineers make considerable use of
communication channels to seek for information as colleagues are seen as quick tevodthyus
sources. These earlier findings still remain the case in todays digital acekplihere it has been
shown that engineers still prefer to communicate with their colleagues tinfarekation as they are

often able to better understand the context surrounding their needs despite the introfimetidarn

search tools (Allard et al. 2009).

It has also been shown that engineers rely heavily on communicatiofi8 ie the gaps’ left by

formal documentation and processes (Brown and Duguid, 2000). Dong, (2005) and Liebowitz and
Wright (1999) shows that almost all successful design teams contain high feselsrunication as

it creates and maintains a shared understanding of the product and product developmentiproce
addition, Adler, (1995) and Daft and Lengel (1986) discuss how communication plays @eay r
reducing uncertainty and what is argued @dless’ uncertainty as the information/knowledge is
available but engineers are unable to find it. Finally, McKelvey and Page (b@#Qjght how
effective communication is crucial in enabling engineers to ensure conclasidrdecisions are well
informed.

Given the importance of engineering communication it is surprising that mudhe gbublished
research within the field was undertaken in the 1998arly 2000s (Tenopir and King, 2004). During

this time, it was seen that engineers’ main communication channels were Face-to-Face and the
Telephone with a relatively slow rise in the prominence of E-Mail when compaustidr industries.
These findings were justified by the proposition that communication trenklis wiigineering tend to

lag behind other hi-tech/service industries and society itself. With this assnrapt the age of the
research compared to the rate of change of communication technologies, this paperesquéretd

and how the communication channels and patterns have changed/evolved. In addition, thisgaper als
looks to explore the subject and purposes of communication by engineers as the authas hav
particular interest in verifying the elicited purposes from a reviewngineering communication
literature (Gopsill et al, 2012, In Review) as well as providing feedback as to therdigu#aliags to

be employed within a Social Media tool (see, Gopsill et al, 2013). To achieve tregplanatory

study of an engineering Small Medium Enterprise (SME) is undertaken. The paper bdyimbridt
description of the company alongside the methodology. The results are then discussechpared

to past research within the field.

2 THE STUDY
This section describes the company in which the study was performed and the methooiology f
capturing and reasoning behind the type of data being captured.

2.1 Company Description

The company is an SME located in Bath, United Kingdom and its focus is on prokietifty care

and assistive products to aid people with disabilities in their daily living.eTreagye from products

with few components, fully electronic-based products to fully motorised products. erhgioyment

ranges from 20-40 people (dependent upon workload and contractual agreements) of which
approximately two thirds have an engineering background. It can be seen from theirabigedh
product portfolio, that the engineers are involved in multiple disciplinescandtantly changing
product complexity. The company is based within a single building consisting ofldars fwith
engineering workshops and test space on Ttand offices on the"2

2.2 Methodology

As with previous studies within the field of engineering communicaticgarel, a survey was used as
the capture method. The survey was online based and performedBidtad-Day’ for a period of a
week by the engineers within the company. This survey was performed twice gajh between the
weeks of approximately one month, thus leading to two sets of results, @alfioweek. Performing
the survey twice provides the opportunity to see whether there are consideradrencd#$ in



communication between working weeks of the company. This is very important askVéhsil.
(2011) have shown that the proportion of the types of communication varies giegaetyding upon
the Product Development stage that they are in. The survey is illustrated in figidecbvers three
areas: Instances, Subject and Purpose of communications.

PartBook

End-of-Day Communication Survey
Tested on Safariand Chrome

Personal Information
Name:

Job Description:

Communication Information

Number Average

Method of Communication Number Made Received Duration (mins)
E-Mail [} 0 0
Telephone 0 0 0
Face-to-Face [v] 0 0
SMS o 0 0
Instant Message 1] 0 0
Video Call (Skype, WebEx) ] 0 0
Letter ] 0 a
Fax o 0 0
Note Passing 0 0 0

What Proportion of Today's Communications Contained an Element of...

Please Note: These values as not mutually exclusive.

L.E. the summation of all the percentages can be over 100%

For Example: An e-mail can contain multiple elements such a technical question alongside an additional question
regarding the time to finish a report.

Technical Engineering Communication \& 0%
(Product Related)
Far example, Product Problem Solving. Creating, Amending
and Locating Product Files, Seeking Clarification,
Information Seeking, Product Decision Making

Project Management C 0%
For example, Roles of Responsibility, Deadlines, Mesting
Planning

L 0%

Supplier Management
For example. Material Ordering, Delay Handling,
Quotations

O 0%

Customer Facing
Far exumple, Quotations, Customer Support, Sules and
After-Sales

HR - Organisational C 0%
For example, Holiday Booking, Expenses, Travel Planning,
Timesheets. Appraisals

Social
For example, evening plans. talking with friends

Request New Topic:

Can you approximate the number of technical communications that involved
Presenting an Idea 0

Asking for Help with/understanding a 0
Process

Highlighting/Discussing an Issue with the 0
Product

Sceking Clarification 0

Presenting an Observation o
Wanting Confirmation 0
Performing a Comparison o
Generating Options o]
Requesting for Information 0

Making a Project/Product Decision 0

Figure 1: Representation of the Initial Survey Form Used



2.2.1 Instances of Communication by Channel

Engineers were required to enter the number of times they made/received a cotionunéiiag the
various channels listed in table 1. This providesndication to the level of communication through
the company and the proportion taken up by each channel. There are limitations in dejermini
whether a communication continues from one chatonahother and whether using a communication
was a reply and therefore not generating a new communication topic. However thiei@¢ed for the
survey not to intrude too much into the workload and previous surveys using the saimeitnnais
been deemed suitable for comparative work.

Table 1: Communication Channel Categories

Communication Channel
E-Mail
Telephone
Faceto-Face
SMS
Instant Message
Video Call
Letter
Fax
Note Passing

2.2.2 Subject of Communication

To understand the variety of communications contributed to by engineers, this paper pfioposes
subjects of communication (Table 2), which are an aggregation of types descridabiak et al.,
(2011) Tenopir and King, (2004, p.39) and Gopsill et al. (2012). Engineers were rdquinditate
proportionally, how many communications contained the following subjects of commanidativas
strongly enforced that these proportions were not mutually exclusive and thauon@ations have
the potential to have a multiplicity of subjects. In addition, the engineeesgixgn an opportunity to
add or request amendments to the definitions of the subjects. The study wasgedwhether these
subjects cover all communications within engineering and the ability for engjit@ebe able to
distinguish between them.

Table 2: Proposed Subjects of Communication

Term Examples
Engineering Design | Product Problem Solving, Creating, Amending 4
Communication Locating Product Files, Seeking Clarificatig

Information Seeking and Product Decision Making.
Project Managemeni Roles of Responsibility, Deadlines and Meet
Planning

Supplier Material Ordering, Delay Handling and Quotations
Management
Customer Facing Quotations, Customer Support, Sales and After-Sale
HR/Organisational | Holiday Booking, Expenses, Travel Plannir
Timesheets and Appraisals

Social Evenirg Plans, Talking with Friends anthe football
last night’

2.2.3 Purpose of Engineering Design

Although there are a number of subjects for a communication, Engineering Desigmu@ication is
of key focus to the authors. Past research has identified that almost all EDGs dies®t purpose
(Wasiak et al. 2011, Maiden and Bright, 1996). Table 3 presents the aggregationvafidis
purposes of EDC that have been identified within an extensive review ofettatuie (Gopsill et al,
2012, In Review). These have been used within the survey alongside the oppoudunihe f
participants to add new purposes, so that it can be determined whether thispiadents a complete
list of purposes for an EDC communication and whether the engineers wete digénguish their
EDCs between these ten categories.



Table 3: Proposed Purposes of EDC Identified within the Literature

No. | Purpose of Communicatior] Description References

1 Idea The engineer wants to shqg Milne and Leifer (2000)
something potentially new Wasiak et al. (2011)

2 Help The engineer wants to solve | Ahmed and Wallace (2004
process problem

3 Issue The engineers wants to solve| Wasiak et al. (2011)
product problem Ahmed and Wallace (2004

4 Clarification The engineer wants to doubl Baya and Leifer (1995)

check their knowledge on a subje Wasiak at al. (2011)

Milne and Leifer (2000)
Ahmed and Wallace (2004
Perry and Sanderson (199

5 Observation The engineer wants to highlight § Wasiak et al.,(2011)
artefact of potential interest Ahmed and Wallace (2004

6 Confirmation The engineer wants to ensure { Aurisicchio et al. (2010)
artefact is correct Milne and Leifer (2000)

7 Comparison The engineers wants to convern Aurisicchio et al. (2010)
upon a solution Baya and Leifer (1995)

Eckert et al. (2001)

8 Option Generation The engineer wants to generatq Aurisicchio et al., (2010)
number of solution to a problem | Eckert et al. (2001)

9 Information Request The engineer wants f Baya and Leifer (1995)

locate/receive information wit| Wasiak et al. (2011)

regards to a particular subject Aurisicchio et al. (2010)
Milne and Leifer (2000)
Ahmed and Wallace (2004

10 | Decision The engineer want to propose| Toye et al. (1993)
decision that they are about | Eckert et al. (2001)
make and want other engineers’
input

3 RESULTS AND COMPARISON

This section provides the results and discussion of the results from tley,swith comparison to
previous research where applicable. The study managed to achieve an 87% returrsuateyane
and 50% return for survey two, thus giving a combined return percentage of #0%nwit= 30. The
main factors for the drop in return percentage was through engineers being on aotittayaway
from the office. The results are summarised with respect to Instances, SubjeBuraode of
communication.

3.1 Instances of Communication by Channel

The proportion of communication through the various communication channels of th&@Mhe
aggregation of the surveys from week A and week B is shown in figure 2. Atththe survey
presented nine channels for communication to flow, only three were significantly tusaad.ble seen

that E-Mail is the most frequently used communication channel, followed byté-&eee and then

the Telephone. Looking at the overall proportions of communication made/received, it can be seen that
it is consistent between the two weeks. The almost even proportion suppaiitsathed engineering

as a highly collaborative activity (Bellotti and Bly, 1996) where msts of communication
made/received are even across the company. E-Mail (and more significantly Eedéaied) takes up

a high proportion of the instances of communication and as it often used fdbutkst
communication, it is argued that these communications are with external sturéeformation
gathering. In comparison, FateFace made is greater than received and this could be indicative of
engineers receiving the majority of information through E-Mail, whichhéntdiscussed between
colleagues through FateFace.



I :-Mail Made

B :-Mail Received

[ Telephone Made
Telephone Received

I Face-to-Face Made

B r:ce-to-Face Received

Week B

Weska Proportion of

Communication

that was Made

Combined Week A : 42.8%
Weeks

Week B : 43.7%

3 L L L
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Proportion of Instances of Communication by Channel

1 il 1 L 1

Figure 2: The Proportion of Instances of Communication within the Company

Previous research has shown that communicating throughté-&aee represents 40% of engineers’
instances of communication (Tenopir and King, 2004 p.30), however the two weeks of suneeys hav
shown a decrease and Faod-ace now represents approximately 30% of an engineers
communication instances. Vest et al. (1996) highlights that engineers extermatmication had

often been through the use of the Telephone (up to 50%) and the resulthis survey shows that
Telephones prominence has been greatly reduced and further, am-Face-has also reduced,
revealing how important E-Mail has become as a method of communication.

3.2 Subject of Communication
The proportions of communications for each individual survey across both weeks ttzh toa
various subjects outlined in 2.2.2. is shown in figure 3. It is important to réeitiict the subjects are
mutually exclusive and each has been measured against the total communication instatioes tha
engineer has been involved in that day (i.e. What proportion of communications contained subject X?).
Therefore, values >100% will indicate a multiplicity of subjects wittiie communications, 100%
would be indicative of single purpose communication and <100% would indicate incompleteness i
being able to distinguish the subject/s of the communication.
T T

T
I Engineering Design Communication

160 |- I Project Management |
I Supplier Management
I Customer Facing
I Human Resources

140~ [ social -

Networking (Only Available in Week B)
I Continued Professional Development (Only Available in Week B)

120

100

80

60

40

«
i
«
[=]
)
-
1)
g
)
<
=

20
Communications
Contained
Elements of...(%)o

Incomplete Data

o 5 10 15 20 25
Individual Survey

Week A Week B
Note: This each category is mutually exclusive and therefore each is taken from as a percantage of the engineers total
communications for that day (i.e. How many communications contained subject X?), therefore the total on this axis
can be above 100%. >100% will show that there is mixing, 100% shows that communications have a direct purpose and
<100% shows communications may be of other subjects

Figure 3: The Proportions of Subjects contained within the Instances of Communications
for each completed survey



Week A contained a level of incompleteness and feedback from the engineers ptapasdditional
subjects of communications; Networking and Continuing Professional Development (CPD).
Networking has been described as communication that presents the opportunity to maintain their social
network and visibility within the company’s social structure. CPD is described as the communications
involved in aiding career development through external accreditation (for example, ifgpcom
chartered and/or additional qualifications). Placing these within the stovéy/eek B showed an
increase in the summation of the proportions. In addition, no other subjects were reiquésteld B

and therefore this combination of results provides evidence to suggest that erganeeifectively
categorise their communication with the list of subjects.

Comparing the proportions of communications containing the various subjects frormeiaitual
survey highlights the varied nature of communication of engineers within an SNEmay seem a
logical conclusion, as the size of company would require engineers to be involvadyiraapects of

the companies' activities for them to succeed. Even though there is a greativdhetgroportions of
subjects, it can be seen that Engineering Design Communication, Project Managemeat eartiin
extent Human Resources are the main subjects that engineers communications contain. Finally
looking across all the surveys, it can be seen that almost all ara thighiange of 80-120%, which as
mentioned pgviously above, is indicative of most engineers’ communication containing a single
subject.

Wasiak et al’s. (2011) analysis of e-mail content within an engineering project shows how the
proportions of the types (as referred to in their study) of communicatioaersed by both the
individual and over time, thereby supporting the variety that is present withinesult. Tenopir and
Kings’ (2004, p39) study on an engineers high-level activities are comparable to the subjects presented
here and the results show that engineering and management activities are the mainocaotréiout
engineers workload and thus, it is logical to see that EDC and Project Managemdrd arairt
subjects.

3.3 Purpose of Engineering Design Communications

The proportion of the instances of the purposes behind the creation of an Engineeigig Des
Communication to the total instances of EDCs with weeks A and B expresseatedgparshown in
figure 4. During both weeks, no suggestions were made to add any additional purpbseEDCs

and thus can be considered as an indicator to the completeness of the purposes iproploleed.

This is further supported by the engineers making use of all the avdéaiie which indicates that
every term within table 3 is requried. In addition, it shows that the engineeesable to distinguish
EDC from one another based upon their purpose. These terms could have great pobeitiglable

to organise EDCs within a computer-mediated environment. Comparing the resultsoftomeek

may suggest that there is a consistency in the proportions of the various purgeB€shEing made,
however due to the size of the dataset, no statistical significance can be achieved.

Kwasitsu’s (2003) study on information seeking behaviour shows that approximately 50% of
engineers communications involve solving a problem and this is comparable to combiring Hel
(solving a process issue) and Issue (solving a product issue), which is initmeakeg85-35%. In
addition, communicating an idea, engineers spent around 14%, which is consistenvgitidpithat
shows 12-18% of EDCs concerned ideas.

4 LIMITATION AND KEY RESULTS

Although these results present an insight into the communication practices of engiithin an
engineering SME in 2012, it is important to note the limitations of the mefeiesrated. Therefore
this section discusses the limitation of the above metrics and highlights tlreskdtg that can be
drawn from the study.

4.1 Instances of Communication

The instances of communication metric cannot be taken as the literal value even though it daes provid
an indication of the level of use each channel within the company. This is bedsuseliallenge to

be able to know whether one is creating a new communication, contributing to oruitanta
communication through an alternate channel. The handling of a communication can vary greatly
depending upon the channel chosen and this can aid or hinder the recognition of oneaireating
communication, contributing or the continuation of a past communication. In addition,



communications may start within one channel and transition to another channel, leadiogeto m
confusion. Finally, the accuracy of the capture is limited to the engineiexs dlgle to effectively
record the number of communications during the day and be able to report theat theecknd-of-

day’. Therefore, the instances of communication metric can only be considered as aariofliaaé

of the various methods of communication rather than the ability to trace the rexaber of
communications.

Thus, the key result is that engineers still make considerable use dbHeaee (~30%) alongside E-

Mail (~65%) communication channels, which has taken over the use of Telephone (~5%) for
distributed communications, and that there is an consistent level of makingfgc@i8%/77%)
communication showing the highly-collaborative nature of engineering within the company.

0.25 T

[ Week A
[ IWeek B

0.2 —

01 —

0.051 —
Proportion of
Communications
Created by the
Various Purposes

o
> Y
& Q@\Q (ﬁ& & & S & N & 3

Purpose of Engineering Design o & & &
Communication

Figure 4: Proportions of Purpose of the Engineering Design Communication

4.2 Subject of Communication

In the case of the subject of communication, again there are difficultiee Bngineers being able to
effectively postrationalise the communications they have had at the ‘end-of-day’. However, ensuring
that each subject was considered separately in relation to whole propdré@mmunications an
engineer had during the day. It can be therefore said that the key results are:

- The subjects of communication in table 2 can effectively repreecwramunications within an
SME in 2012.

- Engineering Design Communication, Project Management and Human Resourche amairt
contributing subjects.

- Engineers’ subjects of communication vary greatly from day-to-day, weekby-week.

- Almost all communications are focused upon a single subject.

4.3 Purpose of Engineering Design Communication

The final metric has been the identification of the purpose of each instance of EDC the engineer has
had during the day. Again, post-rationalisation and memory may lead to inaccuracies on the level of
instance however as this metric considers the engineers thought-process’dhey wished to have

an EDC and therefore they are best suited to distinguish their communications by this measure.
Thus, the key results is that engineers were able to distinguish their EDCs against theotsrsmir

EDC shown in table 3 and these have further potential for one wishing to support EDC.

5 CONCLUSION

This paper reports upon the results from a survey used to understand the cotionupétterns of
engineers within an SME in 20l3acloss two separate weeks. It has been highlighted that
communication is fundamental to engineering design and supports almost all engineagng des
activities, therefore ensuring the right communication are being had between the right engineers can be
seen as key to supporting engineering design. Although there has been much pedi msea
understanding the communication patterns of engineers, this has been mainly perf@nsedenade

ago and it has been argued that the rise in new communication technologies may tmechdedes



in the communication patterns of engineers. Therefore, this exploratory study loaketbtstand the
communication patterns of engineering within an SME in 2012 as well as proviggpartunity to
explore the subjects of communication and purposes behind Engineering Design Communication.

The results have been presented, comparisons made to previous communication pattern mesearch a
limitations of the metrics discussed, leading to five key results:

o Engineers still make considerable use of Raeeace (~30%) alongside E-Mail (~65%)
communication channels, which has taken over the use of Telephone (~5%) for distributed
communications, and that there is an consistent level of making/receiving (43%/77%)
communication showing the highly-collaborative nature of engineering within the company.

e The subjects of communication in table 2 can effectively represent athgoitations within
an SME in 2012.

e Engineering Design Communication, Project Management and Human Resources are the main
contributing subjects.

Engineers’ subjects of communication vary greatly from day-to-day, week-from-week.

¢ Almost all communications are focused upon a single subject.

e Engineers were able to distinguish their EDCs against the ten purposes sh&®Cin table
3 and these have further potential for one wishing to support EDC.
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