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Abstract
This study explores how peer advising affects student project teams’ discussions 
of engineering ethics. Peer ethics advisors from non-engineering disciplines are 
expected to provide diverse perspectives and to help engineering student teams 
engage and sustain ethics discussions. To investigate how peer advising helps engi-
neering student teams’ ethics discussions, three student teams in different peer advis-
ing conditions were closely observed: without any advisor, with a single volunteer 
advisor, and with an advising team working on the ethics advising project. Micro-
scale discourse analysis based on cognitive ethnography was conducted to find each 
team’s cultural model of understanding of engineering ethics. Cultural-historical 
activity theory (CHAT) analysis was also conducted to see what influenced each 
team’s cultural model. In cultural model, the engineering team with an ethics advis-
ing team showed broader understanding in social implications of engineering. The 
results of CHAT analysis indicated that differences in rules, community, and divi-
sion of labor among three teams influenced the teams’ cultural models. The CHAT 
analysis also indicated that the peer advisors working on the ethics advising project 
and the engineering team working on engineering design project created a collabo-
rative environment. The findings indicated that collaborative environment supported 
peer ethics advising to facilitate team discussions of engineering ethics.
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Introduction

The focus of current thinking about engineering ethics education is no longer 
on preventing disasters or upholding a code of conduct. Instead, the focus has 
been shifted to ensuring broad social responsibility of engineering (Fuentes et al. 
2016; National Academy of Engineering 2005; Zandvoort et  al. 2013). Studies 
of engineering students’ understanding of ethics, however, show that engineer-
ing students still understand the social responsibility of engineering in a narrow 
and rigid way (Cech 2014; Culver et  al. 2013; Garibay 2015; Lee et  al. 2015). 
Moreover, students’ understanding of ethics and social responsibility tended to 
decrease through higher education (Cech 2014; Garibay 2015). For example, 
Cech (2014) found that students’ concern for public welfare declined through the 
typical four years of engineering education, and Garibay (2015) found that STEM 
students’ views on the importance of working for social change had diminished at 
the end of college education. There seems to be a discrepancy between what engi-
neering ethics education emphasizes and what engineering students actually learn 
through higher education.

This study is a part of a larger research project that studied engineering eth-
ics as a socially situated activity shaped by how undergraduate and graduate stu-
dents understand engineering ethics and make decisions in practical situations. 
Undergraduate students’ understanding of engineering ethics was investigated 
by observing student project teams and classifying their understanding of engi-
neering ethics and social responsibility of engineers. The research project also 
includes a pedagogical intervention using peer advising. This study focuses on 
how peer advising affects undergraduate project teams’ understanding of engi-
neering ethics, and looks at the phenomenon with a high level of qualitative 
detail. The main research question of the study is “When and how can peer advis-
ing help an engineering student team engage and sustain its engineering ethics 
discussion?” followed by supporting questions such as “What are mental models 
of helpful peer advising processes?” and “What are conditions or environments 
that support peer advising?”

To explore these research questions, this study observed how engineering stu-
dent teams discussed ethics pertaining to their engineering design projects. Best 
practices in engineering education should include team-based projects because 
professional engineering practices rely heavily on teamwork. Teamwork is more 
than just a task accomplished by individual contribution of team members. Team-
work is a complex process of collective cognitive, behavioral, and attitudinal 
activity (Salas and Fiore 2004). Discussing ethics issues pertaining to the team 
project is an activity based on team cognition. Considering ethics issues, under-
standing and decision-making of the engineering team are not the same as under-
standing or decision-making of an individual engineer in the team (Basart and 
Serra 2013). Therefore, a student project team, not an individual student, was a 
unit of analysis.

Engineering emphasizes the importance of including relevant expertise and 
of multidisciplinary collaboration (Volkwein et  al. 2004). The approach to peer 
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advising on ethics in this study is based on the concept of cross-disciplinary col-
laboration, in which different experts in different areas collaborate to solve a 
shared problem. Students from the Philosophy of Science and Technology course 
joined engineering student teams’ discussions in the role of peer ethics advisors. 
The expectation was that two different groups of students—one from engineering 
and the other from humanities—could collaborate to discuss engineering ethics 
issues by effectively making use of their multidisciplinary perspectives.

The next section briefly explains situated learning, distributed cognition, and cul-
tural-historical activity theory (CHAT) as theoretical frameworks. The third section 
explains the methods and study design. This study takes a team discussion as a cog-
nitive activity and investigates its process using micro-scale analysis. Thus, cogni-
tive ethnography, which aims to analyze the cognitive process in detail, and CHAT 
analysis, which aims to analyze the relationship between cognition and activity, are 
the main methodologies in this study. Data analysis using cognitive ethnography and 
CHAT is explained in the third section. The fourth section presents results in the 
form of the cultural model and of the CHAT diagram respectively. These cultural 
models and CHAT diagrams are discussed in the fifth section to explain the differ-
ences among teams and the influence of peer ethics advising. The conclusion and 
the implication for engineering education are presented in the last section.

Theoretical Framework

This study is based on two theoretical frames, one is situated learning and the other 
is distributed cognition. Learning is situational, shaped by a culture of practice (Lave 
and Wenger 1991). Team-based projects in engineering education enhance students’ 
learning because conducting a team project becomes a learning experience similar 
to real-world practice (Volkwein et al. 2004). Students’ reasoning and decision-mak-
ing in engineering practice, including engineering ethics, are affected by situational 
factors including social norms and culture (Fuentes et al. 2016). Discussing ethics 
issues of the engineering design project is a situated learning activity; therefore, this 
study is designed to observe these activities to investigate students’ understanding of 
engineering ethics.

Hutchins (1995) explained that while conducting cognitive activities, cognition 
can be distributed across systems that include brains, bodies, artifacts, environ-
ments, and social interactions. According to Hutchins’ theory of distributed cogni-
tion, when a student team discusses ethics issues of their engineering project, their 
cognition and decision-making about those issues is distributed across team mem-
bers, the contexts of the projects, the tools and resources that the team uses, envi-
ronmental conditions, and social interaction among the team. The discussion is part 
of the cognitive problem-solving process, and not merely an input to it. In a typical 
experimental study design, these elements may be considered as confounding vari-
ables that influence the result. Instead, this study treats a student team’s ethics dis-
cussion as a distributed cognitive activity, and this study is designed to observe each 
team’s discussions as a unique case in which cognition is distributed. In addition to 
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situated learning and distributed cognition, CHAT became an important theoretical 
framework to make the relevant methodological design.

Situated Cognition and Situated Learning

Situated cognition theory views cognition as the dynamic interaction between agents 
and environments, rather than as the outcome of function or process within the 
agent’s mind. (Lave and Wenger 1991; Roth and Jornet 2013). According to Lave 
(1988), the interaction in which situated cognition emerges occurs at multiple levels, 
and each of these levels needs to be a mode of analysis to understand situated cogni-
tion. First, there is an interaction between semiotic systems and social structures, and 
Lave (1988) calls this level of analysis “constitutive order” (p. 177). Second, there 
is an interaction between agents, setting, and activity, the level of an “experienced, 
lived-in world” (p. 179). Finally, practices consist of an interaction between experi-
enced, lived-in world and its constitutive order. Lave argues that cognition must be 
analyzed, not at the level of abstract cognitive process alone, but in terms of a theory 
of practice involving the relation or interaction between the experienced, lived-in 
world and its constitutive order. Based on the situated cognition theory, Roth and 
Jornet (2013) establish the following set of hypotheses that explain how cognition 
appears in an everyday situation: (1) Cognition is embodied—cognition arises when 
there is a physical interaction between agents and environments. (2) Cognition is 
fundamentally social, distributed, or enacted—Cognition is related to its social con-
text because cognition arises when an agent is interacting with other agents or with 
her social environment. During the social interaction, cognition is often socially dis-
tributed across the settings. Sometimes cognition is enacted to fulfil the purpose of 
agents. (3) Cognition often works without representations—Cognition arises even 
when an agent does not have explicit concepts or ideas in mind. An agent still can 
engage in cognitive activity by interacting with the environment.

Learning, one of the most complex cognitive activities, is also situational and 
consists of two components: agents and contexts (Young 1993). Situated learning 
is an activity in which agents interact with social, cultural and physical contexts to 
construct knowledge, and learned knowledge is considered as the outcome of the 
relationship between agents and contexts (Billet 1996; Young 1993). Wilson (1993) 
suggests that learning is mostly a social activity, and learning ability is often struc-
tured by situationally provided tools. In situated learning, learners form a commu-
nity of practice in which learning occurs (Lave and Wenger 1991). In college engi-
neering education, students are required to conduct team-based projects to design 
and produce engineering products. This type of team-based project is highly recom-
mended because it models real-life situations in the engineering world (Volkwein 
et  al. 2004). It also provides a good opportunity for situated learning. As Wilson 
(1993) points out, engineering students’ learning through team projects is a social 
activity, and their learning ability is structured by situationally provided tools during 
the team projects. In this case, a student team becomes a natural community of prac-
tice. Situated learning also conceptualizes expertise in a situational perspective (Bil-
let 1996). In situated learning, a newcomer to the community of practice becomes 
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an expert through peripheral learning, gradually working from simple tasks to the 
professional task (Lave and Wenger 1991). An expert is a person who has high capa-
bility achieved through practice. Engineering ethics requires expertise from two 
domains: engineering and ethics. Learning engineering ethics needs to take place in 
a community of practice through the social activity of participation (Case and Jawitz 
2004). In the perspective of situated learning, discussing ethics issues of the engi-
neering team project is an ideal opportunity to learn engineering ethics in practice.

Distributed Cognition

Distributed cognition is a theory of human cognition that emphasizes the spread of 
cognitive processes across systems with flexible elements including brains, bodies, 
artifacts, environments, and social interactions (Hutchins 1995; Sutton 2006). Fre-
quently mentioned examples of distributed cognition include a team of naval navi-
gators’ work to calculate the ship’s location using instruments and protocols, airline 
pilots’ flight using instruments in the cockpit, and human interaction with comput-
ers (Heersmink 2017; Hutchins 1995; Hutchins and Palen 1997). There are different 
views on how cognition is distributed; on one hand, cognition in general is considered 
distributed, and on the other hand, individual cognition and distributed cognition are 
distinguished and considered to be dynamically interacted (Salomon 1993). Hutchins 
(2014) argues that distributed cognition is a perspective through which cognition can 
be viewed, rather than a distinctive type of cognition. According to Hutchins (2014), 
cognition emerges when elements of a cognitive system interact with one another, 
and all cognitive processes include distributed processes at various scales. Therefore, 
any cognitive process can be studied from the distributed cognition perspective, and 
the boundary of the unit of analysis is determined by the scale of the cognitive pro-
cess and by the scale of the cognitive system carrying out that process. Decision-
making by a team is considered to be a cognitive process that is distributed across 
the cognitive system of humans and technological artifacts, similarly to the example 
of the naval navigating team’s determination of the ship’s location (Hutchins 1995).

By contrast, ethical decision-making may not be as easily analyzed from the per-
spective of distributed cognition, because it is not clear whether morality and respon-
sibility, involved in ethical decision-making, are also distributed. Floridi (2013) sug-
gested that morality can be distributed across the cognitive system. He argues that 
morally relevant actions can be seen as an accumulated result of smaller actions, 
where each small action is morally neutral or morally negligible. In his view, the 
cognitive system is a multi-agent system that consists of small systems that produce 
small actions. Thus, the morality of the multi-agent system can be distributed across 
the small systems. Verbeek (2011) also suggests that morality can be distributed 
across the system that consists of humans and technology. Verbeek (2011) consid-
ers moral agency to be distributed across the hybrid system of human and nonhu-
man entities, and because technology is closely embedded in human decision, neither 
humans nor technology influences moral decision exclusively. Heersmink (2017) also 
suggests that responsibility can be distributed across the cognitive system that con-
sists of humans and technological artifacts, but artifacts cannot take responsibility 
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alone. Sometimes, responsibility is distributed within the social system. In this case, 
different human elements, such as social groups, can share distributed responsibility. 
In engineering, for example, ethical responsibility can be distributed across engineers 
and users. If we can consider that morality and responsibility can be distributed, we 
can conclude that ethical decision-making is also a distributed cognitive process.

Cultural‑Historical Activity Theory (CHAT)

CHAT is a theoretical framework that aims to understand the relationship between the 
human mind and human activity through a cultural-historical approach (Cole 1996; 
Engeström 1999). A cultural-historical approach considers cultural, historical, social, and 
environmental elements as parts of the human activity system. In many cases of distrib-
uted cognition, how cognition is distributed depends on what kind of activity it is along 
with different forms of mediation, division of labor, and social rules (Cole and Engeström 
1993). CHAT analysis is well suited to capture the relationship between interconnected 
elements within an activity system (Roth and Lee 2007). The model of an activity sys-
tem in CHAT is often represented by a triangular diagram called a “mediational trian-
gle,” composed of seven elements: subjects, objects, mediating artifacts, rules, commu-
nity, division of labor, and outcomes (Engeström 1999; Patchen and Smithenry 2014; 
see Fig. 1). These seven elements are important elements compose the activity system, 
and relationships among these elements constitute the characteristics and processes of an 
activity. CHAT analysis to study an activity is conducted by mapping observed behaviors, 
artifacts, and features of the environment to mediational triangle and examining the rela-
tionship among seven elements. In this mediational triangle, the upper part of the trian-
gle shows the basic subject-mediator-object relationship in action, while the bottom part 
shows how this action is further mediated by components of the social context such as 
social rules, members of community, and division of labor (Cole 1996).

Fig. 1   The CHAT mediational triangle. See Engeström (1999)
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Methods

General Project Design

This section describes the general research design of the engineering ethics education 
research project to which this study belongs. Engineering student teams working on 
engineering design projects were recruited and asked to discuss ethics issues related to 
their design projects. Senior Design Project (SDP) is a required course for senior engi-
neering students in the program that constituted our field site. This course requires stu-
dents to complete a team-based project over a period of two semesters. Student teams 
are also required to address the ethical aspects of their design projects on a publicly 
displayed poster and in their final reports. To help students explicitly address these ethi-
cal aspects of their design projects, multiple ethics discussions were assigned in the 
SDP course. The course instructor was a member of our research team and supervised 
the implementation of ethics discussion activities. Four SDP teams were recruited in 
the first-year pilot study and sixteen SDP teams were recruited in the second-year full 
term study. The study was conducted under Institutional Review Board approval. The 
students conducted ethics discussions as course activities, while the participation in the 
study was voluntary. If students did not give informed consent or withdrew their con-
sent, the data about that team was removed from the study.

Teams were randomly assigned to two conditions. In the control condition (CC), 
teams discussed ethical considerations of their project on their own using a general 
prompt, while teams in the intervention condition (IC) were joined by peer ethics advi-
sors. Peer ethics advisors were students who were taking a philosophy of science and 
technology course. These peer ethics advisors were expected to provide diverse per-
spectives that could enrich engineering ethics discussions. In the first-year pilot study, 
the SDP teams were asked to discuss ethics twice during the second semester of their 
projects. Among the four participating teams, two teams were assigned to the control 
condition and discussed ethics issues without peer ethics advisors. The other two teams 
were assigned to the intervention condition. They discussed ethics issues on their own 
first, and a peer ethics advisor joined them at the second discussion. All four participat-
ing teams in the first-year pilot study were observed and video-recorded. In the second 
year, sixteen participating teams were assigned to two conditions. Three teams in each 
condition were randomly selected to observe and video-record.

Ethics Advising Design

After the pilot study in the first year, some SDP teams demonstrated defensive or 
uncomfortable attitudes toward the ethics advisor during the discussion. Often, the 
discussion turned out to be a question and answer session, in which ethics advisors 
asked questions and SDP teams answered them, and the exchanges of ethical views 
between the two parties were infrequent. Sometimes ethics advisors’ questions were 
received by SDP teams as irrelevant for their design project, which made SDP teams 
respond that those questions had “nothing to do with our project” or that they had 
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“never thought about it.” In one case the response from the SDP was actively hos-
tile to the advisor’s questions. There are a few possible reasons for this uncomfort-
able situation. First, ethics advisors joined in the second semester of the SDP pro-
jects, when SDP teams were in their final stage of their design project. Apparently, 
it was not a good time for SDP teams to think about possible ethics issues related to 
their project. Second, both SDP teams and ethics advisors were provided with little 
explicit guidance about the ethics discussion and the role of ethics advisors, as we 
initially wished to see the interaction unfold organically. This may have created the 
misunderstanding that the ethics advisor came to teach ethics to the SDP team or 
to make ethical judgments about their project, and in turn this may have triggered 
defensive or uncomfortable attitudes from SDP teams.

In response to these problems, the protocol of ethics advising was changed in the 
second year. First, ethics advisors joined the discussion from the beginning of the 
SDP course, so SDP teams could discuss ethics aspects of their design project with 
ethics advisors as early as the planning stage of their projects. Second, the role of 
ethics advisors as advisors and the open nature of the ethics discussion were made 
clear to both ethics advisors and SDP teams. Third, instead of a single ethics advi-
sor, ethics advising teams were formed and assigned to SDP teams to participate in 
the discussion. These peer ethics advisors were students enrolled in a philosophy of 
science and technology course, and one of the course requirements is a team pro-
ject of professional ethics advising. Therefore, these ethics advising teams were also 
conducting a course project by helping SDP teams in their ethics discussion. Ethics 
discussions became a collaborative activity between SDP teams and ethics advis-
ing teams. To encourage a collaborative environment, the role of the ethics advis-
ing team was defined as a partner in discussions that seeks to identify, investigate, 
and resolve ethical concerns of engineering design. Ethics advising teams’ role was 
neither correcting the SDP team’s errors nor teaching ethics to the team. In addition 
to the knowledge about current studies of engineering ethics, ethics advising teams 
received instruction in the philosophy of science and technology course about the 
nature of SDP projects and the protocol to engage SDP team in discussion. Table 1 

Table 1   Ethics advising environment in the first and the second year

Year 1 (Pilot) Year 2

Role of ethics advisors Consultant Partner
Nature of discussion Intervention to improve SDP teams’ 

ethics understanding
Collaboration to enhance ethics 

aspects in SDP teams’ design 
projects

Discussion participants Single advisor in each SDP team Ethics advising team & SDP team
Ethics advisor’s contribution Joined at the later stage of the 

project
Joined at the beginning stage of the 

project
Participated in one of two discus-

sions
Participated in all discussions

Training for how to advise No particular training Instructions in the class



1751

1 3

Engineering Ethics Discussion with Peer Advising

summarizes the changes made in the second year to create friendly and collaborative 
environment for SDP teams and peer ethics advisors.

Participants’ and Course Background

All engineering and computer science senior students at our field site are required to 
complete team-based capstone project or Senior Design Project (SDP). Each depart-
ment has slightly different course requirements and a project management plan. The 
students who participated in this study are from the Department of Electrical and 
Computer Engineering. Students form a project team, choose a design topic, and 
select a technical advisor from the faculty. Some projects are sponsored by a com-
pany or faculty member, in which case they will also deal with a hiring customer. 
Each team usually has between four and six members,

During the Senior Design I and Senior Design II courses, students develop their 
projects for two consecutive semesters. Students earn three credits each semester. In 
Senior Design I, the entire class meets weekly with an instructor in addition to team 
meetings with their technical advisor and customers (if any) and individual research 
and development tasks. In Senior Design II, the entire class usually meets only twice 
during the semester, at the kick-off meeting in the beginning of semester and at the 
check-off meeting in the middle of semester. This schedule frees students to concen-
trate on their projects.

The course instructor(s) coordinates the SDP processes, teaches best practices 
and procedures for project management, and helps students in constructing teams 
and proposals. The technical advisor helps conduct a project. The course requires 
each SDP team to submit a project proposal, hold weekly team meetings, meet per-
formance metrics, submit weekly progress update reports, give a short oral pres-
entation at the end of each semester, make a poster presentation at the end of each 
semester, and submit a final report and project results. These requirements are also 
the grading criteria. Invited judges score the presentations and posters, and these 
scores determine the grade on these assignments. Ethics is emphasized as a core 
component of the project and required to be explicitly addressed in the poster and 
the final report. SDP students took a required ethics course in their junior or senior 
year, but experience and knowledge of ethics beyond this required course are deter-
mined by each student’s interests and circumstance.

Students who participated as peer ethics advisors were enrolled in one of three 
philosophy of science and technology courses. These courses include “Science, 
Technology and Values,” “Philosophy of Technology” and “Gender, Science, and 
Technology.” All courses included content related to professional ethics in science 
and technology, such as “ethics of data gathering,” “ethics and politics of design,” 
and “feminist bioethics.” Students read and discussed each topic, took a final exam 
and wrote an individual research report. Most students who enrolled in these courses 
were majoring in Arts & Humanities or Arts and Technology, but some students 
were STEM majors. As described in the Ethics Advising Design section of this 
paper, a practical ethics advising group project was added to the course in the sec-
ond year. Its purpose was to advise engineering students on the ethics issues in their 
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senior design projects. Each ethics advising group consisted of three to four mem-
bers. The core goal of peer ethics advising was to provide benefits for both engineer-
ing students to obtain different perspectives on ethics issues of their projects and for 
ethics advisors to experience practical advising of ethics. Before meeting engineer-
ing teams, these peer ethics advisors learned about the nature of senior design pro-
jects, information about this research, and informed consents along with voluntary 
participation in the research. They also studied the National Society of Professional 
Engineers (NSPE) Code of Ethics. The instruction sheet containing the collaborative 
approach protocol was provided to peer ethics advisors. The instruction included the 
expected role of ethics advisors and the guideline for how to proceed. For example, 
the ethics advisors’ job is described as “not to tell them what to do, to police them, 
or to tell them what is right or wrong; rather, it is to help facilitate a better under-
standing, first, of their own ethical agency and responsibilities in the course of the 
project, second, to encourage their moral imagination, and, third, to help them rec-
ognize the ethical and social issues that might be relevant.” The guideline suggests 
building a rapport with the SDP team first, then to ask questions about their project, 
and finally to explore ethics issues in the project.

Data Collection

As explained in the General Project Design, there is a difference between the first-
year pilot study and the second-year full term study. In the first year, four SDP teams 
volunteered to participate in our research project. Addressing ethics issues in the 
SDP poster presentation was a requirement, but ethics discussions were an extra 
activity, not a requirement. The observation and video-recording of these SDP teams 
occurred during the spring semester, i.e. the second semester of the SDP course. 
The four SDP teams were asked to discuss ethics issues twice and were randomly 
assigned to two conditions. Two SDP teams in the control condition discussed ethics 
issues twice without an ethics advisor. Two SDP teams in the intervention condition 
discussed ethics issues without an ethics advisor first, and for their second ethics 
discussion, an ethics advisor joined them. The ethics advisors were students from 
the philosophy of science and technology course, who volunteered to participate in 
the project. The length of the discussion is from 20 to 40 min. At each discussion, 
one of our research team members observed the discussion while taking field notes 
and video-recordings with two cameras. The observer explained the research project 
and obtained informed consent at the beginning of the discussion but did not partici-
pate in or facilitate the discussion.

In the second year, the ethics advising design was changed, as explained in the 
section “Ethics Advising Design” of this paper. Furthermore, there was a change in 
the SDP course. Ethics discussions became a course requirement, and all SDP teams 
needed to conduct four ethics discussions, two discussions in the first semester and 
two discussions in the second semester. The SDP teams began the first discussion 
usually a month after the semester started and did the second discussion 4–6 weeks 
later. The same pattern was repeated in the second semester. The SDP teams sched-
uled their discussion time at their convenience. Although ethics discussions were 
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required course activities, participation in the research project was voluntarily based. 
Sixteen SDP teams participated in our engineering ethics research project, and nine 
teams were randomly assigned to the intervention condition and seven teams to the 
control condition. SDP teams in the intervention condition conducted all four eth-
ics discussions with ethics advising teams. Each SDP team worked with two eth-
ics advising teams because the philosophy of science and technology courses are 
one-semester courses. Pairing SDP teams with ethics advising teams was randomly 
done, but students’ schedules were also considered. To help SDP teams engage in 
their ethics discussion, discussion prompts such as “What are the most important 
principles or ideas of engineering ethics?” and “What ethical questions or concerns 
does your project raise?” were constructed. In the first semester, all SDP teams in 
both conditions were provided with a worksheet containing question prompts and 
instructions to write a draft ethics statement for their presentations. SDP teams filled 
out the worksheet after the discussion and submitted it to the course instructor. In 
the second semester, specific question prompts tailored to each team’s project were 
added. These prompts were provided only to encourage discussion, and SDP teams 
were informed that they could discuss any ethics issue beyond these prompts.

To observe and video-record ethics discussions, three teams from the interven-
tion condition and three teams from the control condition were randomly selected 
for observation. A total of 24 ethics discussions from six SDP teams were observed 
and video-recorded. The length of the discussion varied from 20 to 80 min. Again, 
one of our research team members observed the discussion taking a field note 
and recording it with two cameras. At each discussion, the observer explained the 
research project and obtained informed consents, but did not participate in or facili-
tate the discussion.

Selection of Video Segments for Analysis

Thirty-two ethics discussion videos were collected from ten SDP teams. The 
video data were reviewed and ethics discussion episodes were coded in regard of 
professional, practical, and social contexts. The video data that show teams’ con-
cerns for social implications of engineering were annotated and transcribed. Eth-
ics discussions were divided into segments, and descriptions of ethics discussion 
segments that show interaction between SDP teams and ethics advising teams were 
constructed. The length of each segment varied. The beginning of a segment was 
marked when a new issue was brought up to discuss or when a direction of the dis-
cussion was changed. The end of a segment was marked when another issue was 
brought up or a conclusion was reached. Several video segments in which ethics 
advising teams assisted SDP teams to engage, explore, or sustain their ethics dis-
cussion were identified. A few examples are described in Table 2. These examples 
are video segments of ethics discussions from three SDP teams that discussed eth-
ics issues with ethics advising teams in the second year. The T-shirts Accelerating 
Robot (TAR) team designed a robot that launches T-shirts to the spectators at a 
sports event. The MicroPac (MP) team’s project was to develop the proof of concept 
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for motor control using SiC H-bridge. The SATA team’s project was fabricating of a 
SATA Pass-Thru Disk Drive Controller.

To analyze how peer advising helps a SDP team engage and sustain their ethics 
discussion, segments that show ethics advisors helping a SDP team were collected. 
To analyze what conditions and environments supports peer advising, video seg-
ments that show discussions of similar issues in different ethics advising conditions 
were collected. Three video segments were selected for analysis. In these video seg-
ments, each SDP team discussed how to design a safe product for users, but each 
team discussed it in a different ethics advising condition. Table 3 shows the informa-
tion about these three selected video segments. The TAR team’s segment of discuss-
ing user safety was selected for the intervention condition with the ethics advising 
team. The Saber Sound Effects (SSE) team designed sound effects for an electric toy 
“laser sword.” The SSE team participated in the second year of our study and dis-
cussed ethics issues without ethics advisors (control condition). The Helmet Display 
(HD) team designed a heads-up display system for a motorcycle helmet. This team 
participated in the first-year pilot study, and a student ethics advisor joined in their 
second discussion (single advisor intervention condition).

Data Analysis I: Cognitive Ethnography

Cognitive ethnography is a type of ethnography that focuses on the study of cogni-
tive processes in sociocultural settings. Traditional ethnography usually focuses on 
the meanings that a sociocultural group creates. The observer who is placed within 
the group carefully observes what they create and interprets the meanings of it. Cog-
nitive ethnography follows the steps of traditional ethnography, but the focus is on 
the process of cognitive activity that a group of people is doing. Instead of focusing 
on the meanings that the group creates, cognitive ethnography focuses on how the 
group creates those meanings (Williams 2006). This makes cognitive ethnography 
a useful method to observe and analyze how a group’s cognitive activity, such as 
group discussion, is unfolding. Naturally, cognitive ethnographic methods combine 
traditional ethnographic methods, such as participant observation, interviewing, 
and artifacts analysis, with methods of cognitive science, such as process analysis 
or micro-analysis of specific practices and events (Alac and Hutchins 2004). The 
result of analysis is often presented as a narrative description or a cultural model. 
Cultural models represent ideas or practices which are shared within the observed 
cultural group (Fryberg and Markus 2007). Three selected video segments shown in 
Table 3 were analyzed through qualitative, micro-scale discourse analysis stemming 

Table 3   Information on the selected video segments

SDP team Condition/year Issues in discussion Peer ethics advising

Saber sound effects (SSE) CC/year 2 User safety No advisor
Helmet display (HD) IC/year 1 User safety Single advisor
T-shirts accelerating robot (TAR) IC/year 2 User safety Advising team
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from cognitive ethnography, and a cultural model that represents how a student 
team thinks of ethics issues in its engineering design project was identified in each 
case (Hutchins 1995; Kelly and Crawford 1997; Williams 2006). Each segment was 
analyzed focusing on key-words, verbal and nonverbal cues, and connectives. Fig-
ure 2 shows an example of the SSE team’s analyzed transcription. The SSE team 
discussed ethics issues without ethics advisors. In the selected segment, the SSE 
team discussed the possible danger of their design product when it is used by young 
children. In Fig. 2, the dialogue transcription is coded by key-words. For example, 
words in bold are key-words related to safety and words in italic and underlined are 
key-words related to users. These key-words are coded not only by their literal mean-
ing but using the contextual meaning gathered from the larger SDP team discussion. 
The key-words of safety in this dialogue include “toy,” “weapon,” “responsibility,” 
“ripped it open,” and “kill yourself.” The key words of users include “somebody 
that’s 5,” “didn’t know what you’re doing,” and “kid.” These key-words indicate that 
the SSE team thought that an important safety issue in their design project is young 
children who might misuse their product because their product is a sophisticated toy 
sword. Figure 2 shows only one of many steps of key-words coding, verbal and non-
verbal cues, and annotation. After the coding and annotation, an interpreted tran-
scription was produced and revised it by repeated re-examinations.

This analysis revealed the SSE team’s resolution for a possible safety concern. 
The SSE team concluded that charging a high price would reduce risk because 
young children cannot afford it. This conclusion indicated that the team approached 
the safety issue from the perspective of the providers of the product. At first, the 

Fig. 2   An example of analyzed transcription of the SSE team’s video segment
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SSE team was discussing the users’ ethics and how they might see their product as a 
toy or a weapon. Then, they recognized that misuse by young children is an impor-
tant safety issue in their design. Next, they came up with the idea of charging a high 
price and concluded that it would deter young children from obtaining the product. 
The SSE team seems to think that they are the agent who takes control of any action 
in this matter. The key-words related to engineer’ actions in Fig. 2 include “give,” 
“don’t give,” “charging,” “think it’s better,” and “makes.” These key-words indicate 
the idea that the users are recipients, and engineers are providers who control the 
safety issues. Their main idea is “If a safe product is provided to the qualified users, 
the possible safety issue could be resolved,” so they should find a way to secure 
safety of the product by providing it only to qualified users. In this case, qualified 
users are adults, and the way to secure safety is charging a high price for the product. 
To represent how the SSE team thinks and approaches to this concern, a cultural 
model was developed as seen in Fig. 3.

Data Analysis II: CHAT Analysis

After a cultural model of each team was identified based on the cognitive ethno-
graphic analysis, each team’s discussion was analyzed again, based on the CHAT 
framework. While a SDP team’s discussion is considered as a cognitive activity 
during the cognitive ethnographic analysis, each SDP team’s discussion is con-
sidered as an activity system during the CHAT analysis. In fact, it depends on 
how to view a team discussion, from the point of a process or from the point of 
a system. Unlike the cognitive ethnographic analysis focusing primarily on the 
SDP team’s dialogues, this time the discussion activity was analyzed in terms 
of agents, actions, and settings. Seven elements of CHAT triangular diagram 
were mapped to features of each discussion activity; SDP team as the subject of 
the activity, the purpose of the discussion as the object of the activity, and the 

Fig. 3   Cultural model of the SSE team representing their understanding of safe design
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conclusion of the discussion as the outcome of the activity. Then a CHAT trian-
gle for each discussion activity was created to model the interconnections.

Figure 4 shows a CHAT triangle of the SSE team’s discussion. The top part of 
the triangle represents the basic, three-way relationship between subject, mediat-
ing artifacts (means), and object in the discussion activity. The subject who acts 
is the SSE team, and the object of the action is to discuss safety issues in their 
engineering design project. The mediating artifacts include computers, work-
sheets, prompts, and the project design. The mediating artifacts are material or 
intellectual tools that the subject uses to achieve object. In the SSE team’s case, 
the team used their computers to find resources and to write their documents dur-
ing the discussion. Additionally, ethics discussion worksheets and general discus-
sion prompts provided by the course instructor became the mediating artifacts. 
The team’s engineering design was also an important mediating artifact. The bot-
tom part of the triangle represents additional elements to construct the discus-
sion. In the SSE team, the rule of the discussion was simply discussing ethics 
issues of the team project. Because the SSE team had no ethics advisor, they did 
not need a complex rule of interaction. Their community involved in the discus-
sion consisted only of the team and their imagined users. The division of labor in 
this discussion included the SDP team and qualified users. What the SDP team 
did was to suggest a high price for the design product to solve safety issues; the 
team imagined that only qualified users would be able to afford the high-priced 
product, and thus that they would use the product safely. The outcome of this dis-
cussion was the engineering design for those qualified users.

This CHAT triangle shows a discussion activity in terms of agents, actions, and 
settings. This analysis helps compare different conditions of the discussion and iden-
tify what elements encourage or discourage the activity.

Fig. 4   CHAT analysis of the SSE team’s discussion activity
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Results

Cultural Models

The SSE team’s cultural model is described above, and the other two teams’ cultural 
models are described in this section. The HD team that designed a heads-up dis-
play system for a motorcycle helmet participated in our first-year pilot study. A peer 
ethics advisor joined in their second discussion. In the selected segment, this team 
showed a very defensive attitude toward the ethics advisor. Figure 5 shows an exam-
ple of key-words coded dialogue.

The dialogue below is a part of the HD team discussion in Fig. 5. When the ethics 
advisor suggested the possibility that some users might become overly dependent on 
this new device and possible safety concerns following from that dependence, the 
HD team saw it as a challenge aimed at stopping their project, and immediately tried 
to defend their design:

Advisor: So.. as parents or grandparents may want them to be as safe as pos-
sible, get them this helmet ah… hoping that increases the safety…. but then, as 
a consequence, he just wears it all the time, he hasn’t developed.. those motor-
cycle skills.. perhaps..
HD Team: Really, I just think it’s ridiculous, not designing this product 
because of possibility that someone forgets how to look at the dash(board), 
then you should say why….you know it’s ridiculous…

Their responses, both verbal and nonverbal, revealed that the team thought that it is 
unlikely that this potential safety problem would occur. In addition to what a team 
member says, other team member bursts into laughter, showing non-verbal agree-
ment to the word, “ridiculous” (See Fig. 5). In their view, even though this problem 
might impact a few unqualified users, it would not likely happen to most users. Only 
a handful of unqualified users, such as inexperienced drivers and “someone who 

Fig. 5   An example of analyzed transcription of the HD team’s video segment
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forgets how to look at the dashboard,” would cause this type of safety problem. In 
other conversations, the HD team also mentioned that it is the responsibility of the 
driver’s license system to determine the users’ qualification. Therefore, the concern 
raised by the ethics advisor was not a valid reason to stop their design project. They 
seemed to think in the way that “engineers are providers, users are recipients.” If 
they design the product that is as safe as possible, and provide it to the qualified 
users, the safety issue will be resolved. In this way, their cultural model seemed to be 
similar to the SSE team’s model. Figure 6 shows the cultural model of the HD team 
in regard of the safe engineering design for the users. Comparing Fig. 6 to Fig. 3, we 
can see the similarity between cultural models of the HD team and the SSE team.

The TAR team that designed a T-shirts launching robot participated in the sec-
ond year and discussed ethics issues with an ethics advising team. In the selected 
segment, the team discussed the potential need for an emergency shut-down of the 
robot. Figure 7 shows a team dialogue transcription that is key-words coded with a 
non-verbal gesture.

It is noticeable that, at the ethics advising team’s suggestion, the TAR team 
agreed to design a physical shut-down switch, so the operator or anyone nearby can 
stop it in an emergency situation. The team also mentioned that their initial solution 
would be to install the emergency shut-down software. The dialogue excerpt below 
shows the TAR team’s response to the ethics advising team’s opinion.

Advisor: Ummm and besides the operator, I know there are only two opera-
tors, but will there be anyone actually physically able to like stop it if some-
thing does go wrong with it?
TAR Team: What we might do also, is you know, if we talked about the 
emergency stop earlier, and I think you know, good practice is,… what you 
usually do is, you have, a… software…but then also you have a physical 
switch………. which you can run up and you know, pull the lever and it’ll shut 
off, so we’ll make sure to have one of those on there too.

Fig. 6   Cultural model of the HD team representing their understanding of the safe design
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Although the TAR team thought of the software-based solution, they accepted the eth-
ics advising team’s suggestion and revised their design by adding a physical back-up 
plan. It indicated that the TAR team had a different cultural model from the other two 
teams in regard to the safe engineering design for the users. If the TAR team only used 
the software-based design, it would not have been much different from the other teams, 
offering a safe product to users. Unlike the other two teams, the TAR team included a 
user’s role in the emergency stop process. As shown in Fig. 8, the TAR team’s cultural 
model indicates that a safe design includes not only a design product but also an active 
role for the users.

Fig. 7   An example of analyzed transcription of the TAR team’s video segment

Fig. 8   Cultural model of the TAR team representing their understanding of the safe design
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CHAT Analysis

As shown above, cultural models in the TAR team’s and the other two teams’ discus-
sions were different. To see what may have made such a difference, each team’s dis-
cussion activity was analyzed based on cultural-historical activity theory (CHAT). 
The SSE team’s CHAT triangle is described in the former section. Figures 9 and 
10 show the HD team’s and the TAR team’s discussion activity in CHAT triangle, 
respectively.

The CHAT analysis of three engineering project teams’ discussions revealed that 
the basic activity represented in three-way relationship between subject, mediat-
ing artifacts (means), and object was similar among the three teams. In all three 
discussion activities, the subject who acts was the SDP team and the object of the 
action was to discuss safety issues in the team project. The means that the subject 
used to achieve the object were almost identical in all three discussions. There was 
a difference, however, in the bottom part of the triangle. In the SSE team, the rule 
of the discussion was discussing ethics issues of the team project (see Fig. 4). The 
HD team’s rule of the discussion was answering the ethics advisor’s question. The 
team members did not exchange opinions among themselves, did not raise a ques-
tion, and only focused on answering the ethics advisor’s questions (see Fig. 9). In 
the TAR team, the rule of the discussion was collaborating to improve ethics aspect 
of their engineering design through the discussion. The team members of the TAR 
team exchanged opinions with ethics advisors and accepted some of ethics advisors’ 
opinions (see Fig. 10).

In terms of community, there was a clear difference among three team discus-
sions. Each case involved the SDP team along with an imagined group of users. 
The SSE team did not have ethics advisors, thus the community involved in the dis-
cussion was only the team and the users. In the HD team’s case, the community 
consisted of the engineering project team, the imagined groups of users both quali-
fied and unqualified, and the ethics advisor. In the TAR team’s case, the community 

Fig. 9   CHAT analysis of the HD team’s discussion activity
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consisted of the engineering project team, the ethics advising team, and the users. In 
terms of the division of labor, what the SSE team did was to suggest high price as a 
solution to the safety problem. The role of the imagined users was to accept it pas-
sively, if they could afford it, and to go without the product if not. In the HD team’s 
case, the role of the HD team was to defend their design from the ethics advisor’s 
questions. The HD team’s defensive attitude indicated that this community is not 
in a collaborative atmosphere, but rather that the ethics advisor occupied an adver-
sarial role. Although two imagined groups of users were a part of the community, 
they did not play any role. In the case of the TAR team, the TAR team’s role was 
to modify their design in collaboration with the ethics advising team. The ethics 
advising team’s role was to work together with the SDP team to improve the safety 
of the design, and the imagined group of users played a role to provide potential aid. 
Table 4 shows the difference among three teams in terms of a rule, community, and 
division of labor in CHAT analysis.

Discussion

Three SDP teams in this study were in different discussion environments. The SSE 
team did not have ethics advisors. The HD team had an ethics advisor, but the inter-
action between the team and the advisor did not help the team understand social 
implications of ethics issues; this may have been a result of the adversarial nature 
of the interaction. Based on this result, which occurred in the first-year pilot study, 
the ethics advising environment was changed. The TAR team discussed their design 
with the ethics advising team under this changed environment. The ethics advising 
team was not simply consulting with the SDP team, but they were also conduct-
ing their course project about ethics and values in engineering design, with a more 
directive structure aimed at generating collaboration. Therefore, both the SDP team 

Fig. 10   CHAT analysis of the TAR team’s discussion activity
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and the ethics advising team were helping each other in their projects as partners in 
collaboration.

Compared to the SSE team’s discussion, the TAR team seemed to acquire socially 
broad understanding of engineering ethics issues as a result of the discussion. As 
engineers, they sought to make a technically safe design as much as the SSE team, 
but they also accepted the possibility that users’ involvement may improve safety. It 
was revealed when they admitted that their original solution would have been soft-
ware for emergency shut-down, but they would also consider a physical switch for 
anyone nearby to perform the emergency shut-down. The emergency shut-down 
process with a visible physical switch, often labeled as a Big Red Button, is not 
uncommon in engineering design. Although this modification was done following 
the ethics advising team’s suggestion, the TAR team might have come up with this 
idea at some point even without the ethics advising team’s comments. The notice-
able point in this discussion is not the idea of physical emergency shut-down switch, 
but the exchange of opinions between two teams.1 The TAR team showed willing-
ness to consider the ethics advising team’s suggestion that indicates the involvement 
of users in safety procedure. The physical switch in a robot is useful not only for 
operators and staffs but also for any bystanders. The SSE team also thought about 
the users’ safety and tried to find a way to prevent possible dangers. The solution 
that they found was, however, to make their product expensive, because they thought 
that young users who may cause trouble or be in harm’s way cannot purchase expen-
sive toys on their own. Pricing is not usually an engineers’ task, so the solution that 
SSE team found was not something they could actually do. Without outside input, 
however, the team members did not consider other options and continued the discus-
sion based only on this option.

CHAT analysis was conducted to study what made a difference between these 
teams’ discussions. According to CHAT analysis, the difference between these 
teams seemed to be related to their different micro-cultural context of the discus-
sion activity. In the TAR team’s discussion, the community included both the SDP 
team and the ethics advising team, and the rule of activity was to collaborate. On 
the contrary, the SSE team alone formed the community and the rule was to discuss 
within the team. This difference closely related to the different division of labor. In 
the case of the SSE team, the team played an active role, while the imagined users 
played a passive role. In the case of the TAR team, all the involved parties such as 
the TAR team, the ethics advising team, and the imagined users played active roles. 
Although the SSE team and the TAR team had similar elements of subject, means, 
and object, they had different elements of rule, community, and division of labor. 
The outcomes of these two teams are reflected in their cultural models of safety in 
design. The TAR team’s outcome in their CHAT triangle was a design that included 
a role for users, and it represented the team’s idea of safe design shown in their 

1  According to the instructor of their Senior Design course, however, this safety switch did not make it 
into their final product. This could be for any number of reasons, including time pressures and technical 
issues. Nevertheless, the observed impact on their ethical decision-making remains the phenomenon of 
interest.



1766	 E. A. Lee et al.

1 3

cultural model. The SSE team’s outcome was to design for qualified users (i.e., those 
who could afford the expensive product), and it also represented the team’s cultural 
model about safe design. The interconnected elements of the CHAT triangle created 
a different micro-cultural context in each team’s discussion activity, which resulted 
in different cultural models.

The influence of the ethics advisors, however, may not always be positive in 
social understanding of engineering ethics, unless it is carefully prepared. The HD 
team, though they had an ethics advisor, showed a similar cultural model to the SSE 
team. It indicated that the ethics advising did not influence them to acquire a broader 
understanding of social implications in engineering ethics. CHAT analysis revealed 
that, although the community for the discussion activity consisted of the SDP team 
and the ethics advisor, both parties were taking contradictory positions. The HD 
team considered the ethics advisor as an outsider who tried to raise objections to 
or identify problems with their design, so the rule of the discussion turned out to 
be: the ethics advisor questions, the SDP team answers. It limited the team’s role to 
defending their design, while the ethics advisor inadvertently played an adversarial 
role. Comparing the HD team to the TAR team, the change made in the ethics advis-
ing environment seemed to create an effective, collaborative context for engineer-
ing ethics discussion. At the beginning of this study, it was expected that engineer-
ing student teams’ ethics discussions with ethics advisors would be expert-guided 
activities that help engineering student teams understand ethics better in social con-
text. The comparison between the HD team and the TAR team indicated, however, 
that a collaborative relationship between the SDP team and the ethics advisors is 
important for ethics advisors to help engineering student teams. As seen in the HD 
team discussion, the ethics advisor could have difficulty to be of any help to the SDP 
team if the SDP team and the ethics advisors did not create collaborative rapport 
first. When engineering ethics discussion becomes a cross-disciplinary, collabora-
tive activity between two different expertise groups, they can explore engineering 
ethics that extends to social responsibility and understand diverse aspects of ethics 
issues in engineering.

Conclusion

In this study, three engineering student teams’ discussions of the safety issue in 
different peer advising conditions were examined. It is expected that situated and 
expert-guided discussions may help students understand the social dimension of 
engineering ethics better, particularly about social implications of engineering ethics 
issues. As a result, different cultural models of safe design for users were identified 
in these three engineering student teams. According to these cultural models, the 
team that discussed in the collaborative ethics advising environment showed more 
advanced understanding of social implications of engineering ethics. Also, expert-
guided engineering ethics discussion was not always fruitful as expected but needed 
to be supported by a collaborative environment between ethics advising teams and 
the engineering design teams. Therefore, we concluded that situated learning activi-
ties, such as ethics discussions in engineering design projects, can be benefited by 
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cross-disciplinary collaboration between two groups rather than by expert’s guid-
ance from one group to the other or by engineering students working alone.

Understanding professional ethics is essential for future scientists and engineers. 
A situated and cross-disciplinary approach in engineering ethics education can help 
enhance students’ understanding of professional ethics in terms of ethical integrity 
and social responsibility. Designing and implementing collaborative ethics educa-
tion programs such as dialogue-based activities embedded in collaborative team pro-
jects may become a useful situated and cross-disciplinary approach. Nevertheless, 
it is too early to make any solid conclusions about the general effectiveness of peer 
ethics advising in engineering student projects based on this study, because the anal-
ysis did not aim at general effectiveness but focused on the process of peer advising 
in micro-scale, a specific moment of the discussion in three cases. In spite of this 
limitation, this study can add valuable information on two points. First, the findings 
can provide a type of pedagogical intervention template to design situated, dialogue-
based, and cross-disciplinary collaboration activities in engineering ethics edu-
cation. Second, encouraging collaboration between engineering design teams and 
embedded peer ethics advisors will facilitate the belief in engineers that ethical con-
siderations are natural parts of the engineering design. It will also enhance engineer-
ing practice that includes dealing with various types of ethical concerns throughout 
the design process. A full-scale analysis of interventional effects will be required to 
provide detailed evidence on the general effectiveness of peer ethics advising. The 
development of relevant assessment techniques for such a larger-scale study will 
also be necessary. Despite the benefits of such a scaled-up study, more cases should 
be explored at the micro-scale as done in this study, because it will provide deeper 
understanding for effective interventions in engineering ethics education.
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