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Exploring the Social Processes of Ethicsin
Student Engineering Design Teams

Engineering and engineering design are increasimegiygnized as a social activignd
require interaction and collaboration with divegseups of people. Design has been defined as
“a social process in which individual object woridgeract, and design parameters and ideas are
negotiated,? as well as “the complex processes of inquiry amadrling that designers perform in
a systems context, making decisions as they proodtesh working collaboratively on teams in a
social process, and ‘speaking’ several languagésesich other (and to themselve$Jhese
definitions reflect the complex social and commatiie processes that need to be unraveled to
offer a complete understanding. While studentgiesontexts differ in important ways from
professional practic&> the program-based engineering education contprésents an
important space for novice engineers to learn ahndtdevelop understandings that will impact
their future engagement in design.

In the context of design, there are many diffesaities, such as innovation or a primary
concern for safety, that guide design decisionspandesses and can impact how designers think
about the ethical issues related to their desigdsiae implications of their “everyday” ethical
decisions. This is complicated as ethics is offggr@ached as an outcome (an ethical product or
use of a product), or a major decision premiseiwitesign work (such as choosing to falsify
data or failing to acknowledge a person’s contiing). It is rarely recognized as imerent
component of the design procesisan everyday occurrence that affects all thesitats a
designer makeSFurthermore, ethics in a team-based context is evare complex, as it
requires the interaction and negotiation of seveealple often from vastly different
backgrounds. The moral autonomy in individual @hreasoning is likely to be affected by
others in the team context. Typically in the teamtext, one has to justify one’s moral choices
and consider why others should accept one’s indaligroposition and engage in negotiation
with teammate$rather than making and executing decisions autonsino Team member
interactions, discussions, and individual evaluetiof each other and the design process itself,
all contribute to both individual ethical behavard team-level ethical reasoning and decision-
making.

In this paper we present a communicative approaetxamining these complex social
and relational interactions among team memberagmeering design teams that utilizes social
network analysis to illuminate the interaction stures that emerged across various domains
such as technical expertise, programmatic knowleaige ethics, as teams engage with each
other throughout the design process. Communicégmomes an essential ingredient in a team-
based work environment, necessitating negotiatiothaboration, and decision-making between
people of often diverse backgrounds. While commation is often conceived as the verbal
messages that convey information, it also inclubeselations individuals form as they interact
and collaborate, as well as the perceptions aitdags formed between members of a team.
Team member communication is an essential comparigunbup performance and a major
determinant of productivity and team succ&$a positive team climataffects decision-
making, creativity, and the effectiveness of prabisolving processes in tearfisThe precise
role of communication in a group’s effectivenesstil contested! making studies that examine
this process in depth of particular value.
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When considering ethical reasoning in a team ocojtiee social processes underlying
team work and decision-making are crucial. Pasblseship has examined the relationship
between the individual and the team, trying to ss#endividual characteristics or the greater
context of organizational life has greater implicas for ethical decision-makirtg. Scholars
have considered whether the problem or projedf iteeld affect the ethical conduct of the
teams and individuals involvéd. The individual aspect of organizational work bagn probed
to assess how relationships and interactions nfagtagthics:* While such studies have
undoubtedly furthered our understanding of thiskywarea, they have failed to examine the
social processdbemselvesdnstead focusing on the outcomes and net eftddtseese
considerations. Using a social network perspedtyarovide a more detailed understanding of
the interactions and relations that are formediwithese project teams around specific issues
related to engineering design work, we identify anabe the effects of how team structures
emerge around ethical and design-related issudssrmaible engineering educators to understand,
and later affect, the quality of ethical and desiguoisions made within teams.

Social Network Analysis

Social network analysis (SNA) is a type of anaykiat enables researchers to examine
the relationships among members of a given systegnonip’® The network analysis approach
enables researchers to identify, visualize, antiyaeahe informal communicative patterns and
networks that underlie the formal organizationalsture’® In contrast to the “organizational
chart” that might show how communicatiorsigpposedo flow within the organization, network
analysis shows thactualcommunication and relationships that emerge withénorganization
or team.

In this approach, several key terms must be deffftedhe definitions offered here, see
Wasserman & Faust, 1994, ch. Bctorsrefer to the social entities, who are the indiaidy
corporate, or collective social unitdkelational tiegefer to the social ties that link actors to one
another. A tie is what establishes a linkage betwaepair of actors. Ties can represent a
number of different relational linkages, such alsawéoral intention, association or affiliation,
formal relations, and cognitive ties, among marhet. Asubgroups defined as any subset of
actors, including the ties among them. This isdntrast to a dyadic or triadic relationship,
which consists of two or three people, respectively

Several elements of social network analysis arertapt for this study because they
provide insight into the strength, linkages, anttgzas of team networks. We examine external
structural rules (or network-level measurements)ativork density and structural rules (or those
that give information about the participation o€leapecific actor in the network), and degree
centrality. Different network structures have bémmd to affect employability, employee
turnover, employee satisfaction, and creatiVity® Leadership network structure has also been
associated with creativity in engineering desigmms'® Krackhardt and Hanen (1993applied
social network analysis to examine the trust netvima dysfunctional company, finding that the
person appointed to lead the team was in practiteantral to the trust network, meaning that
others on the team did not trust him and wouldyiket rely on him as a leader. Social network
approaches allow us to explain and predict pradssaes that arise in team-based work, as well
as being able to describe and illuminate the pattef relations that actually emerge in
organizational life. However, how such elementseain network structures affect team ethical
decision making is not known. Indeed, Whitbredlef2011¥° recommend that “future research
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should focus on establishing whether the struatumaif social networks will vary depending on
the nature of the organization and, if so, whichctral rules would emerge as being most
important in these other contexts” (p. 425) paféidy for engineering design teams. Our study
advances this call, attempting to investigate hdtergnt elements of design work produce
different structures and how these structures mgoact decision-making.

Relational concerns can have a major impact on feple work together, collaborate,
and solve problems. Social network analysis ofégramportant perspective on the team process
by showing how team members relate to one andlmactice rather than self-reports or
prescribed structures for interaction. We usedlamlyses to uncover how information flows
within the team, and which team members are inflakim which contexts—potentially giving
us insight into who the “moral or ethical auth@®i on a team are and how their moral/ethical
perspectives influence the team decision-makingge®. The social network measures help us
to visualize the patterns of interaction that miiga the discussion and process of decision-
making at a micro level, by showing a detailed act®f the role each member plays
communicatively in the team as well as the str#ctbat emerges around those interactions.

M ethod

Participants & Procedure

This paper presents a portion of a larger studiisgeo explore the communicative
interactions and constitutions that underlie teaot@sses in engineering design teams. In this
paper, we present findings from one class comp$dige project teams situated within the
EPICS Program at Purdue University. This progrsua multi-disciplinary service-learning
design course that emphasizes a human-centeregghdeedel. Student teams of undergraduates
partner with local or global not-for-profit commiybrganizations to define, design, build, test,
deploy, and support engineering-centered projbetisaim to significantly improve the
organization’s ability to serve the community. @&nts can participate multiple semesters;
teams typically have a mix of returning and newdstus on the team. Students take on different
team-level and project team-level formal rolesvitnich they can volunteer or be appointed.
Team-level roles include Project Manager, the divezader of the team; Webmaster, the
website content manager for the overall team; andri€ial Officer, the budget and funds
manager for the overall team. Project team lemelsrinclude Design Lead, the manager of the
respective project team; Project Partner Liaislba,main point of contact between the project
team and project partner, and Project Archivist,rttanager of documentation for each semester
of a project. The participants for this study edrin year, major, and length of time with the
program and with each specific project (see TahleThese demographic data were collected to
help explain the roles and interactions that dgyedowithin this team. To protect
confidentiality, pseudonyms were given to eachipi@dnt. To assist in the analysis and visual
representation of team relations, members of eejbgt team were given the same initials and
last name.
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Table1. Demographic and role breakdown of project teams.

. Semesters | Semesters
Team Member Year in ; . .
Formal Role with with Major
Pseudonym school .
project program
Aaron Abrams Team member Sophomore 1 semester &sem | Mechanical Engr
Abbey Abrams Design Lead, Team $enior 1 semester 4 semesters  Mechanical Engr
Adele Abrams Team member Junior 1 semester 5 sersest Mechanical Engr
Adi Abrams Team Member Sophomore 1 semester 3 s$emes| Mechanical Engr

Anderson Abrams

Team member

Sophompre 1 semes

erseme@sters

Electrical Engr

hgr

Annie Abrams Team member Junior 1 semestgr 3 sersest Mechanical Engr
Danielle Dougherty Project Manager Senior 3 semeste 7 semesters Mechanical Eng
Danny Dougherty Design Lead, Team2unior 3 semesters| 4 semesters  Electrical Eng
Daren Dougherty Team Member Strjg;?tte 1 semester 1 semester Industrial Engr
Dennis Dougherty Webmaster Senior 1 semester 3serne | Nuclear Engr
Diane Dougherty Team member Freshman 1 semester emdésser Biomedical Engr
Harrison Hanes Team member Sophompre 1 semester emesters | Mechanical Engr|
Heather Hanes D.es_lgn L(_aad, 'I_'eam Senior 2 semesters| 2 semesters Mechanical E
3; Financial officer
Henry Hanes Team member Sophomore 1 semester 2teesne| Chemical Engr
Qayanat Quenton Team member Freshman 1 semester emekter Mechanical Engr
Quincy Quenton Design Lead, TeamJunior 1 semester 4 semesters  Electrical Eng
Quinn Quenton Team member Junior 1 semester 1 semes :Enrt]eé:dlsmplmary
Zach Zanes Team member Junior 1 semestér 1 semesthtechanical Engr
Zander Zanes Team member Sophompre 1 semester esteem | Electrical Engr
Ziyu Zanes Team member Senior 1 semester 1 semestddechanical Engr
Zoe Zanes Design Lead, Team&inior 2 semesters| 5 semesters'\E/lrl]J(‘;[r'd'SClplmary
Erinn Eubam Teaching Assistant Strsg:rite N/A 6 semesters | Biomedical Engr|
Ertie Ebaum Teaching Assistant g{ﬁggﬂe N/A 1 semester Electrical Engr
Dr. Kyle Kastan Advisor N/A N/A 9 semesters I\/I_echan_lcal &
Biomedical Engr
Kristopher Kennington | Advisor N/A N/A 2 semesters ioMedical Engr

Procedure

The researchers conducted a social network analysisall 23 members. Because past

literature suggests that leaders have a significapéct on team functioning, we included the
two advisors and two teaching assistants becaeya¢present an important resource for
information and guidance to the project teams. sEhieams had lasted from one to three

semesters with at least one returning member eBebause social network analysis requires a

high response ratéwe were able to achieve a 100% response rateféraf cash incentives to
participants. For this study, we explored the d¢gmnsocial relations that emerged on these
teams surrounding technical, program, and ethioat ind advice. These relations were

assessed using three questions: “I can rely arptirison to have the technical competence
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needed to get the task done.” “I can rely on pieisson to have the project knowledge needed to
get the task done (non-technical).” “I would gahe person if | had serious ethical concerns
about the project.” We adapted these items fromaCmgram, & Morris (2008 to assess
cognition-based trust, which reflects the relidpiind competence associated with trust, and
affect-based trust, which involves empathy, rapmort self-disclosure, for the specific
constructs probed in this study. In keeping witadkhardt and Hansen (1983)his allowed

us to assess the cognitive elements of the sot&iaction that takes place on these teams. We
computed network density and degree centrality nreasand generated a sociogram for each
network to provide a visual representation of glationships we analyzed.

In addition to the social network analysis, we aleaducted in-depth semi-structured
interviews with 20 of the 23 members, including aaisor. These interviews were used to
give limited qualitative insights into how team mens perceived the relations in their project
teams and to begin to probe why different peoplerged as prominent in the network. In this
study we present interviews with one project te&®m people. Interviews averaged
approximately 55 minutes, ranging from 48 minutesrie hour. Finally, we conducted non-
participatory observations of every class meetimgughout the semester to provide context and
insight into the interactions probed in the intews.

Findings & Interpretation

For this study, we focused on two measures withénsbcial network analysis: degree
centrality and network density. Degree centrafiticates the network position of individual
actors and reflects how central an actor is imgtgvork. Network position refers to an actor’s
position within the network in relation to otherShere are several measures of network
positions, but for this study we focused on degesdrality. Degree centrality refers to the
number of direct ties a node has to other ndd&sndicating how many people on the team
evaluate that person as an expert or trust themgtnio seek advice on a certain topic. We
computed degree centrality scores for each indalida this overall team. We generated both
in-degree measures, which indicate an actor’s prende by showing how many people
included that actor in their network, and out-degmeasures, which indicate an actor’'s
influence or perceptions of others. We computatl bmeasures because trust relations are
directed, meaning that X trusting Y does not nem@gamply that Y trusts X. While in-degree
measures allowed us to see how other members tédihe perceive the participant, out-degree
measures are limited by their self-report natum @lowed us to assess how the participant
perceives him or herself in the context of the team

We also computed network density for these thresstipns, which shows the proportion
of actual relations to the total number of possiklations™> A highly dense network indicate
that the actors are all communicating with one lagiofrequently, generating more opportunities
for information, opinions, and values to be shdre@or the purposes of this study, higher
density also indicates more interactions withintdsam around the relevant concept, suggesting
the relative importance of that topic to the teanaavhole.

Our findings revealed that the networks which eraérground technical, programmatic,
and ethical advice differed in potentially signéfit ways. We discuss the density and degree
centrality measures that we examined for eachasfghhree questions. First, density varied by
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guestion for this team. Density for the technamadl program trust networks were identical
(0.402), indicating that almost half of the teaneracted with each other surrounding these
respective concepts. Network density for the elmetwork was much lower (0.277), indicating
that only around 30% of team members would seek etler out for ethical concerns.

In examining degree centrality, we found differemand similarities between the three
networks. All three networks were somewhat ceiziedl (with proportions of 0.6233, 0.5365,
and 0.6753, respectively), indicating the presariame or a few actors with much greater
centrality than the rest. Comparisons of degredrakty between the three networks also
yielded insight. Across the entire team, respof@ethe ethical network were significantly
decreased from the technical and program adviceanks. The ethical network was the most
highly centralized, indicating that the highestresovaried significantly in value. These
relations are visually represented in the sociogreaneach of these three questions, presented
in figures 1-3, in which node sizes reflect an Hstdegree centrality.

Diane Dougherty

Pl Dennis Doughert:

=* Henry Hanes

Figure 1. Sociogram of the informal relationshipat emerged around technical competence.
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Diane Dougherty

Henry Hanes

Quincy Quenton

Quinn Quenton

¥ Zach Zanes

Figure 2: Sociogram of the informal relationshipat emerged around program knowledge.
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Quinn Quenton
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i " Qayanat Quenton
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Ziyu Zanes.
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& Adele Abrams
H

Zach Zanes

e Daren Dougherty

Adi Abrams

'Dennis Dougherty

Abbey Abrams, Danny Dougherty Diane Dougherty

Anderson Abrams
Figure 3: Sociogram of the informal relationshipat emerged around ethical advice.

The sociograms provide a visual illustration of tliéerences in these three networks.
While the density for the first two figures was g@me, the more centralized distribution of the
technical network is evident in how tightly clugtdrthe center nodes are in figure 1. The
significant lack of ties (lower density) and higldgntralized distribution of figure 3 is also clear
in these depictions. We discuss some interpretstamd significance of these results in the
following section, where we put these findings intmversation with the qualitative analysis of
team member interviews. In keeping with the miapgdroach presented in this paper, these

findings are discussed in conjunction with insigintsn the results of the social network
analysis.
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Premisesfor Role Emergence

These findings provide insight into how roles eneesigd change within a team, as well as
the influence different roles in the informal sdciatworks within a team. The difference in the
structures of the technical, program, and ethieavarks implies that these three things are
viewed differently in this team, and shows thataierteam members affect these three issues
differently within the team social process. Inmkaing the individual performance of team
members across these networks, some interestiteyq@emerged for each network.

Technical Network

Analysis of the technical network provided insgyhito the technical dimension of
engineering design work and how interaction stmesuleveloped around technical expertise.
At the network level, this network had moderatalyhrdensity, indicating that team members
interact with each other around this topic reasbnbquently. The moderately high proportion
of centralization indicates that a few actors edmmeich higher scores than the rest. This
suggests that a few team members emerged as mibre tefchnical experts in the team.

In examining individual positions, across all thretworks, the two advisors earned the
highest scores for centrality, indicating that asrall three constructs, team members felt they
could go to the advisors or perceived them as éxpethose respective areas. In the technical
network, the two TAs followed, first Erinn and thErtie, followed closely by the Project
Manager, Danielle. The next tier of high scores wmstly among Design Leads. There were a
number of high or moderately high scores in thisvoek, indicating that many individuals
perceived a number of their team mates as teciynmainpetent to some extent. While the
network analysis shows that team members in fopositions of authority rated higher in
technical expertise, the explanations offered biigpants in the interviews suggests some of
the possible reasons why those positions are redancthis way.

First, technical competence seemed to be linkée\viels of experience. The individuals
with the five highest centrality scores in thiswettk were graduate students, professional
engineers, or a graduating senior who had bedreiprogram all four years of school. Dennis
explained that he picked “basically people whoought knew the technology the most. And |
guess | see the TAs as people who are grad—I| mestrgrad students who are able to provide
any input.” Similarly, Dennis linked technical eeise with ability to provide technical
guidance: “[l picked people] if | asked this perdor help with something technical... If I had
a problem with something technical, could | gohterh?”

These constructions of technical competence wdlexted in the demographic data for
the project team members. The Design Lead forsears, 4, and 5 were all either the only
returning member or the member who had been wighpérticular project the longest. On
several project teams, a team member with a lol@sscanking could serve as the Design Lead
because of his or her longevity with the projethese demographic distinctions suggest that
technical expertise is not simply based on sepiceiass ranking, or major, but rather it is highly
dependent on the project context itself. Thisiggmt was borne out in Danielle’s description of
her selections for technical competence, from #regective of the overall team Project
Manager:
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These are all—I mean, I've seen their skills, thheydeen on the team. They’re usually
the driving force behind the project as well. Ymow, I've seen that as kind of a pattern
on the team, is Design Leads have a clear visiomhait needs to get done, and kind of
can take the project in their own hands and lea groject on their own, without too
much issues or dependency on the advisors or nmorsilé TAs.

Thus, technical competence also seemed linkecetpdbsession of certain skills relevant
to the project. Danielle described her skill-bapetteption: “Technical skills, for me, really
depend on the project. So that's coding in Ardulmglding a circuit board, doing CAD
modeling, any hands-on skill that kind of buildslgsmogresses the project is what | would
define as technical skills.” While she identifsggecific engineering skills as credentials for
technical expertise, she also links those skilléoadvancement of the specific project. Along
the same vein, Diane, the freshman new member am g said that possession of general
technical skills was not sufficient for the highdlectrical project of which she was a part:

So I'm good with anything in the machine shop cateter. Like, | can do that. So if
they’ll be like, “Go cut in this half,” and | canalthat, it's fine. But a lot of the
knowledge stuff, like all the complicated physickke— | just haven't taken all these
classes that they’'ve taken. And all the like, ‘@ice this,” and “Go .. .” Like, I . ..
(laugh) I'll electrocute myself.

Program Network

While the technical network was a primary focusdngineering design team work, the
importance of expertise related to the programfiictvthese projects were situated was also
examined. At the network level, the program netwmad the same density as the technical
network, indicating that this is a topic around e¥hpeople on this team interact and consider.
However, this network had a lower proportion oftealization, indicating that the higher scores
were more proportionally distributed among the temembers and it was not quite as dependent
on the expertise of only a few. While the two advs were still ranked highest and the TA
Erinn’s score was the third highest, Danielle’stcaity measured fourth, above the other TA,
Ertie. This indicates that team members percedauielle as more of an expert in
programmatic competence than Ertie.

One possible explanation for this difference isltmgevity in the program itself. While
Ertie was a graduate student and rated higheleitetthnical network, Danielle had been with
this program all four of her years during her uggdaduate education. Danielle described her
own view of the distinction between Erinn and ErniErinn actually used to be on [this team],
and she’s been through [this program], where | kimaie | think is brand-new to the program.”
She went on to explain how this longevity with gregram impacted her assessment of the two
in terms of program competence:

It's not his ability to be a TA. Like, he’s beaeaf, really helpful, but | know . . . at least
in comparing the two, | would have stronger coriickein Erinn than Ernie. Like | said,
there’s a learning curve for everyone, and | havedoubt that—you know, he’s been
doing a good job, but I've also seen Erinn kindeafding that front.
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Dennis also articulated this sentiment, tying itamiliarity with the processes and procedures
particular to the program:

Basically just experienced with [the program], dntiought of, um . . . | definitely
thought of people who had roles in [the classe lds in like Project Partner [Liaison],
like something like that, so they just are familidth like the [program’s] way of doing
things. Because | know Danny and just other anduhss for [the program], they have
the proper [program] competence. | think projeotpetence falls under that scope as
well.

These assessments also suggest the reason faghhschres of most team members in
this network as well. Returning members were asgkas having greater program competence,
regardless of their class standing, major, or dthetors. Referring back to Figure 2, the
members on the most extreme edges of the netwark aliefirst-semester participants in this
program. Diane, Quinn, Ziyu, and Zach were attipgating for their first time on any project
in this program, and they all rated lower in thédvmork despite other differences such as class
level (they include Freshmen through Seniors) gomeaDiane articulated this sentiment
concisely:

Okay. Basically | put everyone except myself aaeD® because ...l know this is his first
time working with the project, and | feel like himd myself just because we don’t know
really the background of the project. But everypetse | think knows. Like obviously
Dr. Kastan and Kristopher know ... what [this progilamand the history of the project.

| think they've been involved since the beginnibgnny and Danielle and Dennis I'm
pretty sure have all been there since the beginning

Diane places herself and Daren on the same |évelreexpertise for this network,
despite Daren’s status as a graduate student gadtéx his area. For his part, Daren also
articulated this sentiment: “It's not really angameering kind of thing; it's more just a
[program] . . . you know, if you're in [the progrdmyou need to learn how to do this.” These
findings all suggest that program competence isndisfrom technical competence and is
assessed differently by team members. Clearlymttimbers of this team see program and
technical competence as different kinds of resauvdgehin design work.

Ethical Network

The ethical network differed the most from theviwas two in several ways. As a
network-level measurement, the low density for tlesvork indicates that individuals were not
communicating with one another as frequently arahigltopic as in the previous networks.

The low values for network density and across therdbin degree centrality in the ethical
network suggest that team members are more sededtiout ethics, or perhaps are more
uncomfortable identifying it in their work team$he high centralization for this network
indicates that in addition to the low general levkinteractions around ethics, those interactions
that do take place are highly dependent on a staatber of actors.

This network also showed differences in individpasitions. First, after the two
advisors, Erinn and Danielle tied for the secorghbst scores, with Ertie coming in with the
third highest score. This indicates that team masiperceived Danielle as more central to the
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ethical advice network, meaning that they wouldahber for ethical advice above Ertie, the
other TA. While formal roles and traditional soesf authority hold much weight in team
dynamics, this divergence suggests that therenmiefong about Danielle that appeals more
significantly to their sense of ethical guidancartertie. One possible explanation could be
similar to the program network--Danielle’s longésthry with the project may have in some way
impacted her team members’ assessment of her le¢hjoertise. This aligns with the high
scores received by the advisors and Erinn as vitalvever, after these five, the scores for the
other team members were all very low and did natalestrate the same pattern of high scores
for longer membership. Indeed, referring backigufe 3, Zoe Zanes, who after the advisors
and Danielle was tied for the longest membership thie program at 5 semesters, is located on
the periphery of the network. Adele Abrams, whea\igkentical to Zoe in class standing and
longevity with the project, is located more cenyraWhile new members such as Diane,
Anderson, and Ziyu are still on the periphery @& tietwork, returning members like Abbey,
Aaron, and Adi are also out there. These findsugggest that something more is going into
team members’ assessments of ethical expertisgsitetam that may be independent of some of
the qualifications discussed in the technical amdymm network.

The patrticipants articulated this intangible quald their ethical assessments in the
interviews. In contrast to some of the tangiblsatigtions participants offered of physically
witnessing demonstrations of technical skills arggam competence, they spoke more
tentatively about why they selected individualstfugir ethical network, appealing more to
intangible cues, “gut feelings,” and inferencesenbis justified his selections by saying, “I think
| just selected people who | thought, just basedhgrown intuition, had a pretty good moral
compass about them.” Indeed, based on the qisaditdata it seems likely that perceptions of
ethical expertise are associated strongly withpbenial cues, such as length of time working
together, feelings of liking or similarity, or geakassessment of interpersonal cues like being
talkative or “nice.” Participants struggled toieutate or justify these assessments, often relying
on statements such as “there was just somethingt &ibw.” While this issue is not yet fully
understood, the low values for degree centrality @etwork density in the ethical network
suggest that team members are more selective atiocs, or perhaps are more uncomfortable
identifying it in their work teams.

Conclusion

This paper offers a new method for examining eegjiimg design teams that may be
particularly useful to engineering education proggaas well as offering insights from the
application of this method into the social processederlying engineering design team work.
The social network analysis and qualitative resofitthis study indicate that technical
competence, program knowledge, and ethics aradéfased yet distinct components of design
work in an engineering education program. Ourifigd suggest that these three elements of
design work in an engineering education progransaen very differently by members of these
teams, and the interactions surrounding them enardelevelop in distinct ways. Our findings
suggest that elements of team processes suchatiemal links, assessment of others’ character,
and talk about team issues are all important terstdnding overall team functioning. We also
found that students use different decision prenf@eassessing technical, program, and ethical
competence. While an individual may be seen axpart in one area, they may be seen very
differently in another area, which in turn affettie emergence of the networks surrounding
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these three constructs and the individuals who Inaag more influence in these areas. This
study provided an initial step into studying howartemembers navigate the complex social
processes underlying design work.

Additionally, this study suggests some of the claxpelationship between ethics and
design. The inconsistency of centrality measuekded to team member demographics and the
inability of participants to articulate their dgois premises for ethical expertise reveals a tensio
between some of the more frequent assessments iiotimel other networks and the emergence
of the ethical network. Future research is ne¢dddrther untangle the complexities of the
emergence of the ethical network. However, thragch used in this study provides much
insight into how different aspects of design aradriavork function differently on this team. We
also provided insight into how ethics is perceiaad handledh practiceon a team engaged in
practical engineering design work with specific coamity partners, building on previous
studies that probed ethics in experimental or Hygtital scenarios.

Finally, these findings also indicate that the ipgrants were more comfortable with and
able to make assessments about team members’'dathnd program competence than ethics.
Our findings support and further past scholarshifhis area, which indicates that ethics is often
unnoticed or dramatized in an engineering desigreod’ and that students struggle to identify
the role and prevalence of ethics in their teaindeed, these findings suggest that not only is
ethics elusive as it relates to the project andihségn process itself, but also as it relates to
individuals engaged in this work together.

Our findings offer important insights to enginegreducators by promoting better
understanding of how ethics is manifest in projeated program contexts, as well as how ethics
seems to be identified, attributed, and managddrdiitly from technical and program
knowledge. A major focus of engineering educatson teaching and practice of the technical
and program skills needed to engage in design vibrtkthis approach begins to offer additional
insights into the need for ethics to be taught amdamental part of design, and promoted as an
important aspect of design work. Further studyeisded to investigate specific suggestions for
how to successfully integrate ethics into desigsedigprogram contexts similarly to the level of
technical and programmatic knowledge expectedunfesits.
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