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Navigating the Mystery: An Approach for Integrating Experiential Learning 
in Ethics into an Engineering Leadership Program  

 
 
Abstract 
 
This Practice Paper describes an approach for integrating ethics experiential learning into an 
Engineering Leadership (EL) program. We discuss motivations for EL programs’ continued efforts at 
incorporating and enhancing ethics learning; for instance, to strengthen students’ sense of connection 
between ethics and day-to-day engineering work, to grow their abilities to recognize decisions with 
ethical implications, and to build their awareness of how ethical lapses can transpire in team settings. 
We review experiential learning as a means of facilitating development in these areas through 
activities that immerse student teams into unfamiliar dilemmas requiring ethical reasoning. Further, 
we describe key challenges of operationalizing experiential learning in ethics, such as incorporating 
realism and unpredictability, prompting the critical thinking necessary for recognition of ethical 
dilemmas, and creating a learning context that does not feel contrived or exaggerated. We then 
present designs of a class session and an associated team-based experiential “engineering leadership 
lab” (ELL) recently developed at the Gordon-MIT Engineering Leadership Program (GEL). Focusing 
on the ELL, we discuss how this activity was structured to address aims and challenges; for instance, 
by embedding an ethical dilemma into a product development scenario requiring decision making 
under schedule and financial pressures in a realistic organizational environment. We share team-level 
performance observations from a recent instance of the activity; here, all 23 teams composing the 
program’s first-year cohort participated. We observed that team performance varied across a range 
of outcome categories: those that submitted the activity’s deliverables while failing to navigate its 
ethical dimensions, those that contributed deliverables reflecting a partial recognition or incomplete 
handling of ethical dimensions, and those that submitted deliverables reflecting thorough navigation 
of ethical dimensions. These performance observations were possible because the activity involved 
making resource choices linked to ethical implications, resulting in certain materials’ use (or 
absence) evident in teams’ physical deliverables. Students’ post-activity reflections, submitted after 
they participated in an activity debrief, included indications of intended learning in a majority of 
cases (83% of submittals) based upon a rubric. Drawing from activity observations and reflections, 
we discuss how teams’ ethical decision making appears to have been strained by various intended 
pressures intrinsic to the activity (e.g., time and resource constraints, a competitive context, and costs), 
yet, that many students’ reflections contained ideas for mitigating such pressures through enhanced 
critical thinking and team collaboration. Though program-level evaluation of ethics learning is ongoing, 
we conclude by sharing lessons-learned from this module’s development, identifying implementation 
considerations for other programs wishing to explore similar forms of ethics experiential learning. 
 
Introduction 
 
Undergraduate Engineering Leadership (EL) programs frequently describe ethics education as a key 
facet of their curricula (e.g., [123-45]), a movement aligned with contemporary engineering accreditation 
criteria emphasizing ethics [6] and with calls for curricula that reflect a prominent need for ethical 
reasoning in engineering practice (e.g., [78-  9]). At the same time, recent studies suggest much work 
remains in establishing how to best deliver engineering ethics learning in programs [1011-1213]. Ongoing 
challenges include strengthening students’ sense of a pragmatic connection between ethical reasoning 
skills and their use in day-to-day engineering work [10 - 12], sharpening students’ recognition of when 
decisions carry ethical implications [10, 11], and helping students to see ethics from beyond a lens of 



 
   

individual conduct (i.e., toward group, organizational, and societal perspectives) [12, 13], among others. 
This paper describes how an undergraduate EL program, the Gordon-MIT Engineering Leadership 
Program (GEL), has recently developed experiential learning content aiming to address challenges 
such as these. After briefly introducing GEL’s inclusion of ethics-related learning components across 
its curriculum, we focus this Practice Paper on the design of a particular ethics learning activity dubbed 
“The Mystery Lab.” We discuss motivations underlying the creation of The Mystery Lab, observations 
from a recent instance of the activity, and initial lessons-learned from its development and operation. 
 
Integrating ethics education into EL programs 
 
While it is now common to find ethics courses or units of instruction in EL programs, educators 
caution that ethics coverage still risks be handled by programs as “a box to tick” [8, p. 118]. What it 
takes to achieve deeper integration of ethics into the core of programs continues to receive scholarly 
attention, both in terms of learning goals to target, and in how programs or courses are best structured. 
For instance, traditional approaches involving discussion of professional ethics codes and their 
application to cases of past mistakes and failures, though fundamentally informative, can instill 
concepts at a high level of abstraction in professionally inexperienced students, making it difficult for 
them to employ these concepts in new or unclear situations [10, 14]. Scholars point out that 
strengthening students’ understanding of how ethical reasoning can apply across various ambiguous 
and less dramatic contexts can be as important as developing an ethical reasoning capacity itself [12]. 
Further, incorporating learning in critical thinking [15], alongside learning in professional ethical 
orientations and frameworks, can help students strengthen their ability to recognize when ethical 
reasoning applies to a situation [9, 10]. Traditional engineering ethics instruction can also tend to 
emphasize individual behavior in emergency-type scenarios [12], while inadvertently downplaying 
emphasis of ethics as pertinent to day-to-day group and organizational processes and environments 
[10, 12]. The latter contexts, for instance, include engineering organizational cultures that risk 
perpetuating groupthink, biases, or inequitable conditions in engineering, which, in turn, can result in 
unjust outcomes in both engineered products/services and among the profession’s workforce. 
Recognizing how broader social systems intersect with ethical considerations and are influenced by 
engineering leadership is identified as another key learning enhancement opportunity area [8, 16, 17]. 
 
Scholars of EL education have also highlighted how ethics content’s positioning in the curriculum 
can be salient to student perceptions [7, 8]. For instance, are engineering ethics-related lessons or 
courses embedded in EL programs’ required cores, or are they limited to optional or elective 
content? If ethics coverage is included in programs’ cores, how is the learning operationalized to 
reinforce it as being integral to engineering leadership practice? Proposals for embedding ethics 
instruction more integrally within engineering coursework have included increasing the emphasis 
on human-centric approaches to design on engineering team projects [10, 17], mitigating or 
reducing the isolation of ethics instruction from other aspects of courses and projects [8, 13], and 
increasing the use of experiential learning approaches for ethics instruction [12, 1718-1920], among 
others. As this paper’s central focus, we illustrate how an ethical reasoning challenge can be 
operationalized in an EL program using a team-based experiential learning approach. 
 
Motivation for curricular innovation – The promise of experiential learning in ethics 
 
A growing set of examples in engineering education literature describe new experiential learning 
approaches for ethics instruction in engineering [12, 17 - 20]. Motivating this trend, scholars discuss 



 
   

how traditional approaches to ethics instruction have largely focused on retrospection and historic 
review, often at the expense of other learning modes, such as experimentation and personal 
experience [18, 19]. Those latter modes can be important toward building an ability in students to 
handle “unfamiliar tensions” [18], a capacity essential for joining new work environments and in 
dealing with new products or unproven technologies [17, 18]. Further, while retrospective approaches 
can help students learn important generalized concepts in ethics, critics have pointed to students’ 
difficulties in building perceptiveness of how these concepts can apply to them personally in realistic 
early-career engineering situations [12, 17, 19]. Existing approaches, in other words, risk inadvertently 
building within students a false sense of distance between themselves and ethical reasoning contexts 
due to the high-profile scenarios often used to categorize ethical failings [12, 19]. In light of these 
considerations, we reason that an approach of integrating unexpectedness and early-career realism into 
scenarios requiring critical thinking for recognition of ethical dilemmas may be a promising means of 
constructing experiential learning modules in engineering ethics. 
 
Researchers have explored several lesson or activity design approaches for ethics experiential 
learning. Spierre et al. [18] and Voss [19], for instance, describe leveraging students’ participation 
in games or game-like scenarios. Kim et al. [12] and Ochs et al. [20] propose utilizing students’ 
experiences in real workplace environments, such as internships. And Golecki and Bradley [17] 
describe leveraging the context of a capstone design course. Despite their variety, these approaches 
share a common foundation: leveraging students’ personal experiences as a setting for ethical 
reasoning, such as through requiring students to evaluate their own decisions or courses of action 
(i.e., where the stakes and tradeoffs are real to the learner). As one author describes it, these 
approaches “[allow] students to draw on their own experiences…to create a focal point and 
meaning around abstract ethical concepts” [19, p. 1390].  
 
While the literature on experiential learning in engineering ethics has grown substantially in 
recent years, extensions of this strategy into the realm of engineering leadership education is 
comparatively rarer in published research. Our development of The Mystery Lab, therefore, 
leverages an opportunity to explore how the strengths of an experiential approach to ethics 
instruction can be applied not just to personal decision making, but to the collective behaviors of 
teams and to the decisions of team leaders through a team-based experiential learning activity. 
 
Background 
 
GEL program structure 
 
Established in 2007, GEL is an undergraduate certificate program for juniors and seniors at 
Massachusetts Institute of Technology. The program can be taken as a one- or two-year course of 
study, with the latter track composed of additional peer leadership opportunities and coursework 
leading to an "advanced" designation on students’ engineering leadership certificates. GEL rests on a 
curriculum referred to as Capabilities of Effective Engineering Leaders [2], which was developed at 
the program’s launch through a yearlong series of design workshops conducted with faculty in 
engineering and in leadership, accomplished practitioners from industry, and leadership educators 
from the military [21]. The program's first year core structure is described in detail by [21], and can 
be summarized as consisting of three pillars: 1) an Engineering Leadership Lab (ELL) where students 
meet weekly in small teams to face leadership challenges keyed to the Capabilities [2], 2) a seminar-
style Engineering Leadership class (EL), synchronized to the lab, where students study the academic 
background underlying the leadership capabilities prior to the related ELL and discuss and reflect 



 
   

on the lessons learned following a given lab, and 3) one from a number of elective courses that 
fulfill a Design and Innovation Leadership Requirement, which focuses on the engineering design 
process and the roles of leadership and teamwork therein. The program’s second-year students serve 
as “team coaches” for the ELL teams (which are composed of first-year students). The second-year 
students also take turns serving as facilitators of the ELL activities, responsibilities for which they 
receive separate guidance and coaching from the program’s teaching staff during additional for-
credit time when first-year students are not present. A given unit of instruction for first-year students 
in GEL therefore consists of a seminar-style class centered on a topic from the Capabilities [2], 
with associated reading and pre-work assignments, followed by a team activity-based ELL facilitated 
by second-year students. First-year students who serve as their team’s leader for a given week’s 
ELL (a rotating assignment) are required to submit a structured reflection assignment on the ELL. 
 
Experiential learning context in GEL 
 
The primary context for experiential learning in GEL is the weekly two-hour ELL. Operating this 
lab as three separate sections enables the program’s first-year cohort of up to 150 students to be 
distributed into approximately 24 six-student teams, with up to eight teams per lab section. Course 
staff establish these student teams in Week 1 of the semester by diversifying team membership by 
academic home departments, campus living group affiliations, and demographics (information that 
is provided when students apply for admission to GEL). These student teams formed in Week 1 remain 
together for the duration of the semester. GEL program cohorts, meanwhile, have tended to be 
demographically diverse in their representation of historically underrepresented groups in engineering. 
For instance, in the most recent three program cohorts preceding this paper (through Fall 2023), 
women have composed 54% - 60%, Black or African American students have composed 14% - 19%, 
and Hispanic or Latinx students have composed 10% - 24% of their cohorts. Recently reported (Fall 
2023) representations of these groups in the undergraduate population at MIT are 49%, 9%, and 15%, 
respectively [22]. Academic department representation in GEL has followed a typical top-five ordering, 
which has tended to track the relative ordering of department enrollments in MIT’s School of 
Engineering. In the most recent three cohorts, the departments most represented have been Electrical 
Engineering/Computer Science (32% - 40%), Mechanical Engineering (20% - 25%), Aerospace 
Engineering (7% - 15%), Chemical Engineering (4% - 6%), and Biological Engineering (1% - 3%). 
 
Though students have prior exposure to a given leadership capability from one or more preceding EL 
seminars, ELL provides the opportunity for hands-on practice and feedback for the given capability. 
Each ELL usual begins with five minutes of introduction or framing of a problem or scenario, 
delivered by a second-year program student. Then, one member of the first-year student team, 
designated as the team leader for the week, steps forward to receive an instruction packet that 
outlines the specific objectives, deliverables, constraints, etc., for the scenario. It is this first-year 
student leader’s responsibility to disseminate this information to their team and to organize and lead 
the team’s activity toward achievement of the scenario’s objectives. After the activity period (usually 
55-70 minutes), teams’ results are typically revealed to the full class, followed by approximately five 
minutes, each, of both team-level and classroom-wide debrief discussions. Throughout the ELL, 
approximately three to five invited guest observers who are, themselves, practicing engineering leaders 
from industry or research environments, watch the activity. These guests, referred to as “engineers in 
the room,” are then invited to spend a few minutes sharing observations and advice, helping to 
contextualize the learning by connecting it to their world of practice. Finally, as the ELL period 
ends, each team’s second-year student team coach conversationally delivers feedback to the first-



 
   

year team leader (scaffolded by a feedback form shown in Appendix A); that first-year team leader 
then has five days to submit a personal reflection on their ELL experience and feedback (via a 
reflection prompt shown in Appendix B). 
 
Each ELL activity is self-contained (i.e., not part of an ongoing, semester-long challenge or project), 
with each primarily focused on one or two Capabilities [2]. The decision to situate the ELL 
learning activities into this short-duration format represents a trade-off in educational design that is 
balanced, in part, by other facets of GEL. For instance, GEL students participate elsewhere in a 
multi-week team project, where success rests on a range of capabilities, as part of their coursework 
for the program’s Design and Innovation Leadership Requirement. Further, students select a long-
duration engineering project for a leadership post-mortem analysis as the basis for an essay 
assignment in the EL seminar course. Yet, in ELL, keeping the activities restricted in time and 
scope allows greater emphasis to be placed on a narrower range of capabilities, which, in turn, 
allows for timely and focused feedback that is commensurately scoped. GEL is therefore 
composed of both deep practice opportunities in particular capabilities and of experiences 
emphasizing the integration of a wide range of capabilities. 
 
Embedding ethics education into GEL – The class-lab pair 
 
Ethics learning is facilitated in several areas of GEL’s curriculum. First-year program students 
initially encounter it in their first semester through The Mystery Lab and its associated seminar class 
session. Yet, while The Mystery Lab serves as a principal introduction to ethical reasoning, most 
ELL activities rest upon multiple capabilities; achieving successful outcomes in several other 
downstream ELLs, for instance, also involves ethical reasoning. Notable examples include 
“Advocating” (a scenario with truth-in-advertising implications), “Negotiating and Compromising” 
(a scenario that introduces tensions between local incentives and organizational- and societal-level 
harms/benefits), and “Inquiring and Dialoguing” (a scenario with social justice implications related 
to recognizing and mitigating harassment and discrimination). Beyond these first-year ELL 
experiences, second-year students are tasked with providing first-year students with feedback on 
ethical reasoning as part of their recurring duties as ELL Team Coaches (see: Appendix A). GEL 
students, meanwhile, are prompted to practice ethical reasoning through stakeholder awareness or 
human-centered design modules within their Design and Innovation Leadership Requirement 
coursework. Finally, the second-year program students are required to complete a semester-long 
Engineering Leadership Elective course, several options for which are ethics courses (e.g., Ethics for 
Engineers, Ethics of Technology, Experiential Ethics). We focus this paper on first-year students’ 
introductory learning in The Mystery Lab, yet we note the other learning experiences, above, to 
illustrate how ethics coverage in GEL occurs throughout the program. 
 
The Mystery Lab and its preceding Engineering Leadership seminar class session are designed as a 
class-lab pair. This paired scheme is used throughout Year 1 in GEL; however, at the point early in 
the program schedule when The Mystery Lab occurs, students are not yet accustomed to it. The 
Mystery Lab is run as the third ELL of the year (from among 24 ELLs in total), and those ELLs 
preceding it are only loosely coupled with the Engineering Leadership class. Topics covered in the 
earlier sessions, for instance, include team forming, team contracts, and leadership styles. The 
associated early ELLs include a basic teamwork challenge centered on resourcefulness and a 
Teamwork and Leadership Reaction Course [23] composed of a series of 20-minute micro-
activities where students take turns leading and providing feedback to each other. The Mystery Lab 
is therefore the first full ELL in the program that embodies the class-lab pedagogical model. The 



 
   

Mystery Lab’s positioning in this regard is notable because its unannounced, unexpected main topic 
is both intentional and uncharacteristic of the remainder of program (where ELL topics and 
learning objectives are otherwise fully transparent and discussed in advance). 
 
The Engineering Leadership class session that precedes The Mystery Lab is structured similarly to 
how this class operates throughout the year. Namely, there is assigned pre-reading, instructor-led 
discussion, and short-format in-class groupwork. We briefly review this session’s design here 
because it is integral with the design of The Mystery Lab. Students attend this class session earlier 
in the same week (i.e., on Monday or Tuesday) as the lab (i.e., on Friday). Assigned pre-readings 
for the class span three topic areas: a compilation introducing ethical reasoning frameworks (i.e., 
consequence, duty, virtue, and justice) (see, e.g., [2425- 26]), a critical thinking framework for 
engineers [15], and an excerpt discussing how ethical dilemmas can often arise as “ill-structured 
problems” in engineering [24, p. 135 - 137]. After a brief instructor-led review of the ethical 
frameworks (with emphasis that the frameworks set is a non-comprehensive introduction), students 
are prompted to discuss how they would navigate a situation where the acceptable courses of action 
implied by the different frameworks conflict. Here the class is introduced to the concept of pluralism 
in ethical reasoning [24], where frameworks are used together to help identify a “best” course of 
action even if alignment with all frameworks is imperfect (e.g., illustrating why one might choose not 
to cheat even where positive consequences appear to outweigh negative ones, yet where duty, virtue, 
and justice frameworks would be violated). The class then discusses how ethical dilemmas in 
engineering rarely arrive as clear, binary choices (i.e., they are more often ill-structured [24]), often 
arrive without warning, and often require critical thinking skills to recognize them (e.g., to notice 
conflicts of interest, or unfounded or biased assumptions giving false confidence). In small 
breakout discussion groups, students then discuss with peers how they would use concepts from 
class to resolve an engineering situation involving the discovery of very low probability errant sensor 
readings in an autonomous vehicle’s navigation system – a dilemma taking place within a business 
context where delays could imperil the small company involved. The groupwork prompt leads to a 
class-wide debrief in which student groups compare their proposed courses of action. The class 
concludes with an instructor-led discussion on how expanding teams’ reasoning beyond optimizing 
for short-term incentives, such as in situations similar to the groupwork prompt, can lead teams to 
more substantial consideration of duty and justice dimensions intrinsic to engineering practice, 
including those that relate to public safety, diversity and equity, and sustainability (see, e.g., [16, 17]). 
The end of a typical Engineering Leadership class session would also usually include a preview of 
the forthcoming Friday ELL, with guidance on how the frameworks from class might be 
effectively employed there; such a preview is intentionally skipped for this particular week. 
 
Learning objectives established for the full cycle of learning of the class-lab pair (i.e., the EL 
class session on Ethical Action and Integrity, The Mystery Lab ELL, and the brief wrap-up 
discussion at the start of the following week’s class) are as follows. Terms in parenthesis indicate 
the primary venue of learning for each. 
 

By the end of this unit of instruction, students will be able to… 
 

• Analyze a given ethical dilemma using multiple ethical decision-making frameworks (class) 
• Describe how critical thinking processes can aid in evaluating competing demands to 

determine appropriate courses of action (class) 
• Recognize an ethical dilemma (lab) 
• Consider appropriateness of resource use as part of ethical decision-making (lab) 
• Navigate ethical decision-making in “gray area” situations tied to external pressure (lab)  
• Practice using an ethical decision-making model in the context of a build project (lab) 



 
   

The Mystery Lab’s activity, described in the section that follows, presents student teams with a 
decision-making challenge involving the use of scarce public resources during an engineering start-
up’s formative stages. Given that recognition is a key learning objective, the mechanism of 
unexpectedness (i.e., not labeling the activity as an ethics challenge) is central to intended learning. 
The use of critical thinking in a teamwork setting is designed to be an antecedent to effective 
recognition of the ethical dilemma, as might manifest during the activity through team members’ 
inquiries such as: “might this deal be too good to be true?,” “what are we missing?,” “are we 
making reasonable assumptions about what we’re entitled to here?” Further, The Mystery Lab is 
designed to establish a close sense of proximity between the undergraduate students who undertake 
it and the risks of ethical lapse it carries: the activity is ostensibly about a group of employees who 
choose to spin a start-up company out of a government-funded research lab, yet it closely parallels 
the types of shared resource dilemmas university students might face in their day-to-day lives. This 
latter point is emphasized through another revelation at the lab’s conclusion: the resource availability 
constraints and guidelines employed in the activity are actually those from an MIT policy that 
currently applies to them as students. 
 
Experiential learning activity: Design of “The Mystery Lab” 
 
At the onset of the activity period, ELL student team leaders receive instructions for the day’s 
challenge (Appendix C), which categorize the activity as a decision making and resourcefulness 
challenge. The instructions inform students that they are a team of research fellows at a Federally 
Funded Research and Development Center (FFRDC). They then learn that one of their Center’s 
projects, development of a “groundbreaking multi-purpose 9-legged helper robot,” has been 
cancelled by the government. Despite the cancellation, the team believes this product has 
significant potential in commercial markets, so they decide to spin-out a startup company to 
continue the project on their own. The students’ fellowships at the FFRDC will be ending soon and 
they begin transitioning their work to this new private venture. In the meantime, they learn, given 
the nature of the project’s termination, that they are allowed to use the intellectual property from 
the robot project for their own pursuits. Yet, they also learn that their FFRDC employer maintains 
an “Acceptable Use Policy” governing whether and how the government lab’s internal resources can 
be used by employees outside the bounds of the Center’s own projects. 
 
The students discover that their nascent robotics startup is taking off very quickly. They find 
themselves with four competing demands for early-stage robot hardware all due at the same time: 
A) one to show at a research conference, B) another to present at a trade show, C) a third robot for 
their first paying client, a hospital, and D) a fourth robot for an unknown additional paying client. 
The startup has only limited cash on hand from its two early clients’ order deposits; yet, the team 
faces substantial needs for physical materials and software licenses to complete the four pieces of 
hardware. The student teams are provided with information about parts and software accessible to 
them, both commercially and within their FFRDC employer (Table 1). Their robots require 
“programmable control cards,” “machined frame members,” and “software licenses,” all of which 
can be acquired by different means and at differing costs. The robots themselves must be built to 
comply with a specific physical configuration (Figure 1) and must be delivered to the front of the 
classroom by the end of the activity period. In total, when the activity concludes at the 55-minute 
mark, the student teams must deliver the physical hardware and their profit/loss calculation, and 
must be ready to explain how they’ve best positioned their company for success thus far. 
 



 
   

Beyond the activity’s backstory and team deliverables, several aspects of the activity’s logistics are 
intentional facets of its educational design. For instance, the various material resources (both 
FFRDC’s resources and commercially-available resources) are positioned at “material stores” 
physically separated by a distance of over 75-meters at opposite ends of a long corridor near the 
classroom. This distance adds a time demand and a need for forethought. The material stores, 
themselves, have small built-in time delays in their operation (see: Appendix D) that result in student 
queuing. The design of the “9-legged helper robot” is technically trivial (it is composed of small 
foam blocks, toothpicks, and stickers), yet it is laborious to assemble, with a specific pattern of 
toothpicks required at internal connection points (Figure 1); moreover, there are four of them to 
build. All of these time demands are meant to instill pressure upon the teams to make decisions about 
resource acquisitions quickly; they are meant to mimic real-life pressures that can cloud ethical 
decision-making. Further, the company’s dire financial situation (i.e., limited cash on-hand to fulfill 
near-term obligations, while nonetheless being accountable for a profit/loss calculation) is similarly 
meant to strain decision-making. However, student teams learn during the activity that a substantial 
loan is available to them from a prospective investor to cover near-term expenses (see: Appendix D). 
Thus, financial solvency is not an issue that limits completion of the milestones due within the activity 
period. Lastly, through a statement in the opening paragraph of the students’ instructions (Appendix 
C), the existence of the FFRDC’s “Acceptable Use Policy” regarding employees’ use of Center 
resources is made clear to students. However, as explained in a footnote, the full text of this policy is 
available “by request.” This detail is meant to instill realism: formal guidance is often available in 
larger organizations, but some level of inquiry and proactiveness may be necessary to obtain it. 
 
 

Table 1. Resources available to build robots during The Mystery Lab activity  
 

 
 
 

 
 

Figure 1. The Mystery Lab’s hardware deliverable: “9-legged helper robot” 
(composed of toothpicks, foam blocks, round stickers) 



 
   

The activity is designed to facilitate students’ recognition, through critical thinking and application 
of ethical reasoning, that any use of the taxpayer-funded resources from the FFRDC’s internal 
inventory is unethical in their for-profit, private startup company. This realization may take place 
during the activity time or during the team- or class-wide debrief discussions at the end of the 
activity. The fact that a “research conference” and a “hospital” are two of the use cases for their start-
up’s robots is an intended distraction meant to stir internal team debate: though those venues may be 
associated with public causes, the venues themselves are not the operative consideration here; 
rather, it is that the FFRDC’s internal resources are intended for the work of the public research lab 
on other projects. Consuming such resources here is unethical, at least in part, because it pulls them 
away from their intended purposes to give considerable advantage to a private company at an 
unwitting public’s expense. 
 
Observations from “The Mystery Lab” 
 
Student teams in action 
 
In a recent instance of The Mystery Lab described here, the participating GEL cohort consisted of 
23 student teams across the three ELL sections. All of these student teams participated in the activity, 
as indicated by all teams’ delivery of robots to the front of the classroom at the activity’s conclusion 
and all teams reporting their profit/loss calculation. Figures 2 - 3 show teams in action; for instance, 
assembling robots and acquiring robot components. Figure 4 shows an example line-up of one 
ELL section’s completed robots on the designated delivery table. 
 

 
 

Figure 2. Student teams preparing robots 
 

                         
 

Figure 3. A student purchasing robot components      Figure 4: Delivered robots at the activity’s conclusion 



 
   

Team deliverables 
 
Table 2 summarizes the resource composition of each of the 23 teams’ delivered robots, showing the 
breakdown of materials used from the internal lab resources and those sourced from an external 
commercial source (with the latter highlighted in bold for ease of comparison). The table also 
indicates whether each team requested a copy of the Acceptable Use Policy at some point during the 
activity. A small majority of teams (13 of 23 teams, 57%), requested a copy of the policy. Finally, 
Table 2 shows teams’ reported expenses and their net profit (with net losses highlighted in bold). 
61% of teams operated profitably during the activity period, while a substantial minority chose to 
operate at net losses (an outcome enabled by the availability of the loan). 
 
From Table 2, it is clear that a wide variety of solutions to the activity’s prompt was pursued and 
delivered among the teams. One team, Team 20, elected to use entirely commercially-sourced 
resources across all four of their robots. Eight other teams (Teams 2, 3, 10, 13, 15, 17, 19 and 23) 
chose to use substantial proportions of commercial materials such that they incurred financial losses 
in delivering their four robots. Many teams, 14 in total, however, chose to use predominately internal 
materials from the government lab to build their robots, resulting in positive net profits for the 
activity period. Across all teams, the robots for the paying customers (Robots C and D) were more 
likely to be constructed from commercial materials, while those for the research conference and trade 
show (Robots A and B, respectively) were more likely to be constructed from internal lab materials. 

 
Table 2. Summary of team deliverables and expenses reported during The Mystery Lab activity  
 

 



 
   

Activity debrief and reflections 
 
After the close of the activity period, team results were shared with the entire classroom (i.e., 
separately at each of the three ELL sections). Robots were displayed at the front of the room for all to 
see, and profit/loss calculations were posted on the chalkboard. A non-student role player representing 
the investor then announced whether they would be choosing to further invest in any of the teams, 
revealing, at this point, a criticism of teams’ choices to take materials from the government lab. 
Pointing to the availability of their loan, as well as to legal and ethical considerations, they explained 
they were expecting teams to source all materials commercially and that they would only further 
invest in teams that had undertaken full commercial sourcing (in this case, only Team 20 received 
notice of further investment). The second-year student facilitating the activity then revealed that the 
capability of Upholding Ethical Action, Integrity, and Courage [2] was in fact the ELL’s main 
focus. First-year student teams were next asked to hold a 5-minute team-level debrief at individual 
team tables, at which point the second-year Team Coaches at each table asked their team to discuss 
what they felt they did well and what they could improve upon regarding carrying out the preceding 
activity. Following the team-level debrief, the class section convened a class-wide debrief where 
teams were invited to share insights from their team discussions, and instructors and guests offered 
comments. As the final component of the ELL, those first-year students from each team who served 
in the capacity of team leader received feedback on their performance from their Team Coach (in the 
format of Appendix A, which references capability definitions from [2]) and were asked to submit a 
reflection on the activity and their feedback within five days (in the format of Appendix B). 
 
As part of the conclusion to the class-wide debrief, the second-year student ELL facilitator 
revealed that the Acceptable Use Policy from The Mystery Lab was in fact an excerpt from MIT’s 
Acceptable Use Policy, with the institution name changed. The policy excerpt, therefore, illustrated 
how one large non-profit institution handles its widely-accessible internal resources in a context 
where many community members are engaged in personal side-projects and pursuits; while 
“incidental” use for personal purposes is allowed in some cases, resources are indeed substantially 
restricted in their acceptable uses. Instructors explained to students the educational reasoning 
behind the choice to embed MIT’s policy into the activity: to emphasize to students that the ethical 
dilemmas exist in closer proximity to them than they may realize. Also at the end of the class-wide 
debrief, the Engineer in the Room guests, who had been observing teams throughout The Mystery 
Lab, were invited to discuss connections between the activity and their experiences in practice. For 
instance, one guest shared a story from their professional experience where a colleague took the 
uncomfortable step of inquiring why safety tests run by another colleague seemed to be completed 
unusually quickly, an action that led to the discovery of fraudulent behavior that compromised 
product safety. The guest shared with students that “asking the extra question” is often 
uncomfortable, but expressed hope that the ELL’s practice opportunity will strengthen their 
confidence for handling these challenges in the workplace. 
 
All 23 first-year student team leaders submitted their reflections on The Mystery Lab. For ELL class 
credit, these reflections are graded simply for completeness and timeliness; yet, for descriptive 
purposes here, two instructors (both coauthors of this paper), independently reviewed them for 
indications of intended learning using a predetermined rubric. Most reflections (19 of 23, 83%) 
demonstrated some degree of student development in their capacity for recognition of ethical 
dilemmas. The rubric consisted of two criteria, both of which needed to be satisfied for a reflection 
to be counted in this percentage: 1) an acknowledgement somewhere within the reflection that the 
activity represented an ethical or moral dilemma, and 2) a discussion of how recognition of an 



 
   

ethical dilemma was integral to performing effectively in the activity, either in terms of reflecting 
on how their team could have done better with recognition, or why they did well with it. Examples 
of how students discussed the need for enhanced recognition in situations similar to the activity 
included the following: 
 

• “Rather than immediately jumping to the deliverables of a problem statement, I should 
grapple with and understand all the background – something that led me to overlook the 
ethics of this lab.” 

 

• “Although I did not know that there was an ethical dilemma at the time…I should have 
slowed down to make sure that I understood what the task was and helped lead my team 
down the correct path.” 

 

• “I knew there was something missing...but I silently assumed that I'm missing it due to the 
pressure of performing on the spot...Because I didn’t have a good grasp of the problem 
myself, I wasn’t able to guide my team...to think about the ethics problem.” 

 

• “I would say that we just did not pay enough attention to details. Our main thought process 
was that we needed to make something and we needed to profit. This was our driving 
factor, and we bulldozed ahead to complete this mission.” 
 

• “We forgot crucial details about what we were actually doing - we only assigned commercial 
materials to models that we were planning on selling, forgetting that all of our activities are 
commercial…we took the policies laid out too literally: Rather than understanding it as an 
ethical document.” 

 

Further, several students raised key points about teamwork or their team’s social context as they 
discussed what it would take to recognize and act upon the activity’s ethical dilemma, for example: 
 

• “I felt something was off throughout most of the lab, but because certain members of my 
team had interpreted the instructions a certain way and were quite confident about it, I 
didn’t really raise my concerns until the end of the lab when it was too late.”  

 

• “Once we finished the project some of my teammates said ‘I’m confused about what the 
challenge is,’ ‘Is there a difference,’ ‘Free stuff is that good or bad,’ and ‘We should have 
someone read the fine print.’ As a leader I was happy and proud of what I thought was that 
we finished the project in ample time. I did not dismiss what my teammates said, but I also 
did not act upon what they said. These oversights cost us in the long run.” 

 

• “I implemented a very action-oriented decision making structure for this challenge...this 
meant I didn't leave much room for taking a deep dive on the instructions. Going forward...it 
may be a good option to delegate a team member to specifically look for details...” 

 
 
Discussion 
 
Insights on student learning 
 
At first glance, the set of student team deliverables from the activity component of The Mystery 
Lab (Table 2) is striking in its variety (e.g., materials that ranged from fully government-sourced to 
fully commercially-sourced; profits that varied from -248% to +174% from the mean). Yet, given the 
intended experiential learning mode, it is important to emphasize the purpose of the activity 
component within the overall educational unit: it is not for student teams to obtain a specific right 
answer in one try; rather, it is to create a personal experience “focal point” [19, p. 1390] for students 
to draw upon as they build more concrete meaning of the unit’s ethics concepts. The ELL format, 
furthermore, helps to situate these personal experiences in a comparative frame of peer examples 



 
   

and available alternatives through the class-wide sharing of all teams’ outcomes. This comparative 
frame plays a key role in supporting discussion during post-activity debriefs and as well as students’ 
engagement in reflection. Compared to teams’ physical deliverables, students’ post-activity 
reflection submittals paint a much more consistent picture of intended development from the overall 
educational unit. Here, only 17% (4 of 23 reflection submittals) neglected to discuss intended learning 
in the area of recognizing an ethical dilemma through applied critical thinking; all others were able 
to cite pertinent areas of their activity performance to refine toward enhancing their ability to detect a 
similar ethical dilemma in the future. We caution, however, that students’ reflective sense of how to 
perform more effectively, while a component of intended learning [18], is not, on its own, an assurance 
of improved future performance. In this light, we also discuss planned assessment of longer-term 
ethics-related development among program students in Challenges, limitations, and future work.  
 
An illustrative example of students leveraging the post-activity comparative frame to enhance their 
learning relates to sensemaking about profit in the activity. As shown by Table 2, it became clear 
to students soon after the activity that profitability was approached quite differently by different 
teams. This sense of difference appeared to prompt questions during team- and class-level debriefs 
about the role of profit in the scenario, as well as to prompt scrutiny of assumptions surrounding 
profit. Instructors observed student teammates (i.e., on teams that elected to take a positive profit) 
asking each other why they originally sensed they needed to report being profitable during such an 
early stage of their hypothetical start-up company. These discussions unearthed unfounded (and 
initially unspoken) assumptions that teams realized they had been harboring regarding a perceived 
need to become profitable within such a short timeline as a goal of the scenario. Acknowledgement 
of these unspoken assumptions also appeared in reflection submittals (e.g., “I was so primed to 
think only about ‘maximizing profit’” and “our original thought process was…that we needed to 
profit”). There was, of course, no such requirement in the activity prompt about being positively 
profitable, a point that was reinforced by the investor role-player at the conclusion of the activity. 
Moreover, the debrief and reflection components appeared to provide an opportunity, albeit 
retrospectively, for students to practice identifying and testing poorly-founded assumptions, a key 
component of the unit’s critical thinking framework [15]. 
 
Also an encouraging sign among students’ reflection submittals were the discussions of the role of 
teamwork and team social context toward (or straining) ethical decision making in the activity. 
Here, some students appeared to develop a sense of pitfalls and opportunities tied to ethical action 
in team settings. As one expressed: “because certain [team] members...were quite confident...I didn’t 
really raise my concerns until the end...”  Another, citing their own perceived overconfidence as a 
leader, shared: “I was happy and proud of what I thought was [success]... I did not dismiss what 
my teammates said, but I also did not act upon what they said. These oversights cost us...” In both 
such cases, the reflection submittals suggest students’ heightened sense of the importance of 
effective listening and of accounting for diverse perspectives when it comes to navigation of ethics 
dilemmas in team settings – skills, however highly valued in a broad sense, that students may not 
have connected directly to team-level ethical performance until now. 
 
Risks, opportunities, and extensions of experiential learning in engineering ethics 
 
Despite their potential to help situate ethics learning into practice-representative contexts, activity- 
or simulation-based experiential learning modules can involve curtailing or condensing otherwise 
realistic experiences. A real-world ethical dilemma akin to a company’s decision-making process 



 
   

about material sourcing, for instance, may be unlikely to take place within 55-minutes. We can 
identify elements of nuance that are at risk of being lost by condensing experiences. For example, a 
mechanism within The Mystery Lab intended to reinforce the presence of an ethical dilemma is the 
role that the Acceptable Use Policy plays in emphasizing choice implications. Ethics and adherence 
to rules or laws, however, are not identical concepts [24]. The presence of the policy, and its implicit 
authenticity in coming from the students’ university’s policy, provide an efficient means of conveying 
the gravity of the situation and of reinforcing students’ connectedness to it; yet, we cannot be sure 
that students are correctly interpreting the intended role of the policy during the activity period. It is 
important here that students do not infer a simple equivalency between ethical reasoning and 
“following the fine print.” Examples of risks to learning, such as this, highlight the opportunity 
offered by the class-lab pairing. This scheme provides a venue, via the class component, for longer-
form instructor-moderated discussion about concepts (and conceptual distinctions, in this case) as a 
means of supplementing the fast-paced experiential learning component. For this reason, in the EL 
class sessions that follow each ELL session, time is reserved at the start of class to continue 
developing, discussing, or reinforcing concepts tied to the activity. 
 
The class-lab pairing scheme also enables instructors to extend the learning achieved within a given 
ELL beyond a particular week’s educational unit. Given that the ELL activities are self-contained, 
they risk being isolated; it is the seminar class component, therefore, that serves as the “glue” that 
connects learning experiences, both to elsewhere in the class and to future sessions of the lab. This 
ability to facilitate connections allows separate experiential learning instances to be additive, which 
is particularly salient for ethics-related learning where The Mystery Lab serves as merely a conceptual 
introduction. This introductory unit is strongly connected to (and extended by means of) many other 
units in the program. As select illustrative examples of how these connections are forged within 
GEL’s first-year curriculum: the critical thinking framework from the introductory ethics unit is 
employed in a future unit on understanding customer and societal needs, benefits, and harms; the 
concept of ill-structured problems from this unit is revisited in a unit on systems thinking; and the 
ethical frameworks, particularly duty and justice, are referenced in a lab activity on inquiring and 
dialoguing, where students learn, through conversations with non-student role players, about 
colleagues facing unjust workplace conditions (of discrimination and harassment) and contemplate 
how to be supportive allies. More broadly, themes about ethics’ integral role in building just and 
equitable team and organizational environments in engineering [8, 16] and of engineers’ 
responsibilities for safety and public wellbeing [27] are built upon throughout the program through 
this additive set of experiences and discussions. The introductory ethics unit and its Mystery Lab 
component are therefore strategically positioned early in this sequence so that learning achieved 
there can provide a springboard to future concepts rooted in the foundation it lays. 
 
Challenges, limitations, and future work 
 
The distributed nature of ethics learning in GEL poses challenges for assessing its overall impact 
on student development. Evidence of learning presented in this Practice Paper is highly localized 
(in time) relative to one learning experience, yet research suggests that development of ethical 
reasoning in engineering undergraduates may be best evaluated longitudinally [11, 20]. We 
therefore present The Mystery Lab (and its associated class lesson) as a promising building block 
of ethics learning, rather than as a holistic solution. Our understanding of The Mystery Lab’s 
overall impact integral to its host EL program would be strengthened by further assessment. This 
assessment work is presently in-process at GEL as part of a program-level longitudinal assessment 



 
   

plan [28] that includes self-efficacy measures related to ethical reasoning; we plan to report on this 
effort in future work (see [9] for further details of a similar program-level self-efficacy-based 
assessment approach employed elsewhere). Moreover, the longitudinal assessment in-process in 
GEL will examine full program cohorts, whereas the evidence of learning discussed in this Practice 
Paper draws from an approximately random sample of reflection assignments contributed by those 
students appointed to the team leader role during The Mystery Lab activity. 
 
Meanwhile, local to the activity itself, observations suggest an opportunity to augment or refine the 
questions set in the team debrief prompt in the ELL Instructors’ Document (Appendix D). Since some 
students reported (via ELL reflections) that team members’ inputs relevant to team decision making 
were not always taken into account during the activity, a debrief question assessing the inclusive 
environment in the team would be helpful to call peers’ attention to these lapses. A current debrief 
question asks about achieving “agreement” and “resolving differences” within the team, but can be 
improved by first asking about the extent that diverse inputs are being heard and considered by the team. 
 
Lastly, we call attention to The Mystery Lab’s unique positioning in the GEL curriculum, highlighting 
the possibility that its learning efficacy could be sensitive to such. For instance, we were seemingly 
able to sustain students’ unexpectedness of the activity’s ethical dimensions based on when and how 
the activity was positioned in its host program’s sequence (as described earlier in Embedding ethics 
education...). It is unclear how effective The Mystery Lab would be, on the other hand, if it were 
part of a semester-long class on ethics where every learning component is expected to be about 
ethics, or if it were announced as an ethics activity. Positioning should therefore be kept in mind by 
programs considering a similar ethics experiential learning activity. Future work that examines a 
learning activity similar to that of The Mystery Lab in different curricular positionings could 
supplement the findings shared here.  
 
Conclusions 
 
The Mystery Lab was designed to challenge students with navigating an unheralded ethical dilemma 
intertwined with day-to-day, team-based engineering work. Viewed in isolation, observations from 
The Mystery Lab’s activity component suggest that many student teams struggled to identify and 
reason through the embedded dilemma, resulting in submittal of deliverables that ostensibly violated 
pertinent ethical standards. Yet, broader observations of learning from beyond the activity 
component, specifically, those from the reflection component of the unit, indicated development in 
intended areas in the majority of cases. Our observations from operating The Mystery Lab therefore 
suggest there is promise in employing experiential learning toward developing EL students’ ethical 
reasoning skills; yet, that care should be paid to designing the learning segments that immediately 
precede and follow an experiential component, including conceptual learning, discussion, and 
reflection components. While GEL’s implementation of The Mystery Lab relies on a certain set of 
program structures described here (i.e., class-lab pairing, positioning within a year-long sequence, 
and the presence of other longer-form coursework components), we hope that sharing its design 
may assist other EL programs with examining the viability of similar experiential learning modules 
tailored to their programs. Given both the relevance and challenges of facilitating learning in ethics 
for EL students, a library of examples of such modules would strengthen the EL education 
community’s ability to impact this area of learning across program types and configurations. 
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Appendix A: Engineering Leadership Lab team leader assessment feedback form 
 

 



 
   

 
Appendix B: Engineering Leadership Lab team leader reflection template 
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Appendix C: The Mystery Lab student instructions 
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Appendix C: The Mystery Lab student instructions [Continued] 
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Appendix C: The Mystery Lab student instructions [Continued] 
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Appendix D: The Mystery Lab instructors’ documentation 
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Appendix D: The Mystery Lab instructors’ documentation [Continued] 
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Appendix D: The Mystery Lab instructors’ documentation [Continued] 
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Appendix D: The Mystery Lab instructors’ documentation [Continued] 
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Appendix D: The Mystery Lab instructors’ documentation [Continued] 
 

 
 
 

Policy text drawn from posted MIT policies at: https ://policies.mit.edu/policies-procedures 



 
   

Appendix D: The Mystery Lab instructors’ documentation [Continued] 
 

 Policy text drawn from posted MIT policies at: https ://policies.mit.edu/policies-procedures 


