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Abstract We believe that the professional responsibility of bioscience and
biotechnology professionals includes a social responsibility to contribute to the
resolution of ethically fraught policy problems generated by their work. It follows
that educators have a professional responsibility to prepare future professionals to
discharge this responsibility. This essay discusses two pilot projects in ethics ped-
agogy focused on particularly challenging policy problems, which we call “frac-
tious problems”. The projects aimed to advance future professionals’ acquisition of
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“fractious problem navigational” skills, a set of skills designed to enable broad and
deep understanding of fractious problems and the design of good policy resolutions
for them. A secondary objective was to enhance future professionals’ motivation to
apply these skills to help their communities resolve these problems. The projects
employed “problem based learning” courses to advance these learning objectives. A
new assessment instrument, “Skills for Science/Engineering Ethics Test” (Skill-
SET), was designed and administered to measure the success of the courses in doing
so. This essay first discusses the rationale for the pilot projects, and then describes
the design of the pilot courses and presents the results of our assessment using
SKilISET in the first pilot project and the revised SkillSET 2.0 in the second pilot
project. The essay concludes with discussion of observations and results.

Keywords Fractious problems - Navigational approach - Ethics education -
Problem-based learning (PBL) - Ethics assessment

Introduction

The scope of professional responsibility of bioscience and biotechnology profes-
sionals, we believe, includes a responsibility to contribute to the resolution of
ethically fraught policy problems generated by their work. Those who educate
future bioscience and biotechnology professionals, accordingly, should prepare
them to discharge this responsibility. We discuss here two pilot projects in ethics
education in which we aimed to do so, and in which we administered a new
assessment instrument designed to measure the success of our effort.

The main learning objective of our pilot courses was to cultivate skills for
understanding and resolving ethically fraught policy problems. We also aspired to a
related secondary objective, buoyed by observations of students enrolled in our first
pilot courses: to advance students’ motivation to apply these skills to help their
communities understand and resolve these problems.

Our courses focused on the study of particularly challenging policy problems
generated by advances in bioscience and biotechnology, what we call “fractious
problems” (Berry 2007; see Appendix 1 of ESM). Fractious problems are
notable for the contentiousness of the debate and policymaking processes that
surround them. Recent and prospective examples include policy problems
associated with human embryonic stem cell research, human reproductive cloning,
human enhancement technologies, neuroimaging for lie detection or to predict
violence, and the creation of DNA databases for forensic identification. These
problems share five characteristics that appear to contribute to the challenges they
pose; in brief, they are novel, complex, ethically fraught, unavoidably of public
rather than purely private concern, and unavoidably divisive.

The skills cultivated in our pilot courses were designed to support an effective
policymaking approach for fractious problems, what we call a “navigational
approach” (Berry 2007). Our six “fractious problem navigational” (FPN) skills are
designed to address the characteristics of fractious problems; in brief, the FPN skills
include: bringing multiple perspectives to bear, drawing on similar or related
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precedent, predicting the consequences of possible policy resolutions, generating an
expansive array of possible policy resolutions, incorporating persistence in policy
resolutions to allow for iterative response to change, and identifying and applying
consensus principles to guide the crafting of policy resolutions.

To advance our main learning objective and our secondary aspiration for
enhanced motivation, we employed problem-based learning (PBL) pedagogy, and
we devoted significant effort to cultivating PBL skills for team problem solving as
well. PBL skills and the PBL process they support—engaging teams of learners in
actively and collaboratively striving to understand and resolve problems—are
congruent with FPN skills and the navigational approach they support (see Berry
et al. 2013). In addition, we intentionally composed our PBL teams of diverse,
multi-disciplinary learners to support the acquisition of FPN skills, which aim to
enable broad and deep understanding of fractious problems and the design of
problem resolutions that effectively address their challenging characteristics.

To measure the success of our effort, we developed a new assessment instrument,
“Skills for Science/Engineering Ethics Test” (SkillSET). The first version of
SkillSET, administered in the first pilot project, was designed to measure gains in
FPN skills. The revised SkillSET 2.0, administered in the second pilot project, was
designed to measure gains both in FPN skills and in the motivation to apply them
(see Appendix 2 of ESM).

We discuss, first, the rationale for the pilot projects, including the asserted scope
of professional responsibility, our main and secondary learning objectives, the PBL
pedagogy we employed, and the assessment instrument we designed and admin-
istered. We then describe the design of the pilot project courses and present the
results of our assessments with SkillSET and SkillSET 2.0. We conclude with a
discussion of our observations and results, including suggestions for future
pedagogical experimentation. Appendix 1 of ESM (Four Fractious Problems) and
Appendix 2 of ESM (SkillSET 2.0) are included to supplement our discussion and
support future experimentation; additional course materials appear in two online
ethics education repositories (Berry 2012; Beckford et al. 2013).

Rationale for Pilot Projects
The Scope of Professional Responsibility and Ethics Education

The responsibility of science and engineering professionals to adhere to professional
ethical codes and rules for the responsible conduct of research is uncontroversial
(see Lee et al. 2013). The time-honored virtues of professional practice and
instrumental values coincide in support: the breach of a fiduciary obligation to a
client is disloyal and bad for business, fraud and falsification are dishonest and
undercut progress in research, the abuse of human subjects is maleficent and
undermines the social support essential to the research enterprise.

Despite ample evidence of widespread ethical lapses by professionals and the
energetic efforts of many educators to address these problems through better
educational preparation, explicit instruction in the ethics of professional conduct
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was late to arrive and slow to expand (see Eisen and Berry 2002; Herkert 1999).
These efforts were significantly assisted by the adoption of ethics education
requirements for grantees by the National Institutes of Health (NIH) in 1989 and the
National Science Foundation (NSF) in 1999, and for accredited engineering
programs by ABET, Inc., effective in 2001. The institutional response to these
requirements has resulted in the first extensive diffusion of ethics education across
science and engineering curricula in the U.S. (see Berry et al. 2013; Eisen and Berry
2002).

Our pilot projects centered on the ethical implications of professional practice—
what has been referred to as “macroethics” (Herkert 2005)—rather than the ethics
of professional conduct. We believe that the professional responsibility of scientists
and engineers extends to macroethics and includes responsibility for contributing to
the understanding and resolution of fractious problems. The virtues of professional
practice and instrumental values once again coincide in support.

A virtue of social responsibility in addressing the ethical implications of
professional practice arises from the nature of the modern, socially embedded
science and engineering enterprise. Science and engineering professionals possess
both distinctive power to impact the society in which they practice and distinctive
expertise essential to addressing the implications. The fractious problems generated
by the enterprise often prompt significant social discord and, on occasion, paralyze
the policymaking process; the expertise of bioscience and biotechnology profes-
sionals is essential to understanding these problems and crafting well-informed
policy resolutions.

Instrumental values support this professional responsibility as well. Fractious
problems threaten both the policymaking process and the bioscience and biotech-
nology enterprise that gives rise to the problems. Public trust in and support for the
enterprise—including the provision of public funding—are premised on an
expectation of social benefit; contentious and unproductive policy debates and
accompanying policy gridlock may undermine that expectation and erode public
trust and support.

Ethics education for scientists and engineers, thus, should acknowledge the full
scope of professional responsibility and prepare future professionals to contribute to
the resolution of fractious problems. Our pilot projects were one effort to prepare
future professionals through a skills-based curriculum employing PBL pedagogy.

Learning Objectives: FPN Skills and the Motivation to Apply Them

Our pilot projects aimed, first, to advance the acquisition of FPN skills. The design
of the pilot projects around this learning outcome was anchored in earlier work of
co-author (Berry), who served as principal investigator for both projects. Berry
observed that certain policy problems generated by advances in bioscience and
biotechnology stimulate contentious and sometimes fruitless policy debates
accompanied by policymaking dysfunction in diverse, pluralistic communities.
She noted five shared characteristics of these problems—they are novel, complex,
ethically fraught, unavoidably public, and unavoidably divisive—that appeared to
render them “fractious” in this way. Berry proposed a “navigational approach” to
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Table 1 Description of the six fractious problem navigational skills

Skill Description

P1 Perspectives Engage multiple perspectives to help understand the ethical, social, scientific, and
technological dimensions of the problem and possible policy resolutions

P2 Precedent Draw on analogies to similar or related problems to help understand the problem or
aspects of the problem and possible policy resolutions

P3  Prediction Consider the consequences of possible policy resolutions from the perspectives of all
who might be affected

P4 Possibilities Employ imagination and flexibility to expand the range of possible policy resolutions
considered

P5 Persistence  Design policy resolutions that allow for ongoing, iterative response to emerging and
evolving aspects of the problem

P6 Principles Identify and apply consensus principles to guide the crafting of a policy resolution

addressing these problems drawing on other problem-solving approaches that have
proved effective in addressing problems sharing one or more of these character-
istics, including common law decision making, contextualized approaches to
bioethical decision making, and negotiation (see Berry 2007, 2011a, b, Berry et al.
2013).

This navigational approach was operationalized for the pilot projects as the six
FPN skills, and the focus of the educational interventions in both pilot projects was
cultivation of these skills. The six FPN skills, which we number P1 through P6, are
briefly summarized in Table 1.'

The FPN skills are designed to enable problem solvers to gain a broad and deep
integrative understanding of the characteristics of fractious problems and to design
effective policy resolutions for them. Consider, for example, a practice problem
presented to our students at the outset of both pilot projects, “Bringing a
Neanderthal to Life,” (Appendix 1 of ESM, p. 1). The problem asks how a state
legislature should respond to the prospect that a research team, including
researchers located in the state, might clone and bring to life a Neanderthal to
advance scientific understanding of differences between Neanderthals and modern
humans (see Appendix 1 of ESM, p. 1; Berry 2011a, b).

Examination of diverse perspectives (P1) enables understanding of the novel,
complex, ethically fraught issues and the crafting of a policy resolution that
addresses the issues of unavoidably public and divisive concern, for example,
regarding reproductive cloning, freedom of scientific research, experimentation
involving a hominid subject, and the restoration of extinct species. Examination of
precedent (P2)—such as current policies permitting cloning of non-hominid animals
but not homo sapiens—also helps address these characteristics and initiate
consideration of potential policy resolutions. Predicting the consequences of
potential policy resolutions (P3) is also necessary: what would be the consequences
for these researchers, the research enterprise, the potential Neanderthal newborn,
and the community in which the Neanderthal is reared, considered from the

! The summary titles of the six FPN skills appear in Tables 3 and 5, below.

@ Springer



1654 R. M. Berry et al.

perspectives of those with the diverse worldviews and interests that contribute to the
problem characteristics? Generating a wide range of possible resolutions (P4) that
incorporate persistence (P5)—iterative response to future developments—also helps
cope with the problem characteristics. For example, a policy resolution might permit
researchers to proceed only to a certain point, avoiding problematic consequences
while yielding valuable scientific results, and this resolution might require continuing
oversight and re-evaluation as the consequences and the scientific value of continuing
research come to be better understood. And anchoring a policy resolution in consensus
principles (P6) that span diverse worldviews and interests will be essential to
designing a good policy resolution that addresses the problem characteristics.

If our pilot courses could succeed in developing these FPN skills, would the
future professionals enrolled in our pilot courses be motivated to one day deploy
these skills to help their communities address fractious problems? Discharge of the
professional responsibility that we posit here requires both skills and the motivation
to use them. Accordingly, our secondary learning objective was to cultivate
students’ motivation.

We pursued this objective in the second pilot project with some expectation that
we might achieve measurable success due, in part, to observations by research
personnel in the first pilot project of positive motivational effects on some of the
participating students (see Berry et al. 2013; Berry 2011b). The students in the first
pilot project, however, were self-selected participants recruited through notices
distributed across four campuses participating in the project, and the participants
were advanced learners, enrolled in graduate and professional programs. Perhaps
these students were predisposed to be motivated.

In the second pilot project, the student participants were undergraduates who
enrolled in the course without prior knowledge of the pilot project. The vast
majority were science and engineering majors seeking to satisfy distributional
humanities and ethics requirements. These students were to a limited extent self-
selected: they were able to select out of the course by dropping it, and those who
completed the assessment instrument self-selected to participate as human subjects,
receiving extra credit points in exchange for their completion of pre- and post-
course assessment instruments. On balance, the participation of these students likely
reflected less selection bias for a predisposition to motivation than the graduate and
professional students in the first pilot project.

Would these undergraduates display positive motivational effects? We sought to
advance and measure three elements of motivation: a sense of engagement with
ethical and policy issues resulting from the active-learning pedagogy and the
acquisition of FPN skills, an increased willingness to participate in policy problem
solving due to this engagement, and increased confidence in the capacity of the
policymaking process due to experience with the capacity of PBL teams to address
fractious problems.

Pedagogical Approach: Problem-Based Learning

A number of innovative efforts in ethics education employing active-learning
modalities, including PBL, have shown promising results (see e.g. Chang and Wang
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2011; Jones et al. 2010a, b; Jonassen et al. 2009). The pedagogy employed in both
of our pilot projects was facilitated PBL.

In the first pilot, we conducted two small courses, each divided into two PBL
teams of four to six graduate and professional students drawn from four Atlanta-area
institutions. Each team was facilitated by one and, on occasion, two faculty
members from our research team. In the second pilot, we conducted a 135-student
undergraduate course, divided into 20 PBL teams of six or seven Georgia Institute
of Technology (Georgia Tech) undergraduate students each, with five Masters
students in public policy facilitating four PBL teams each.

Our PBL pedagogy was adapted from the approach developed in the Department
of Biomedical Engineering (BME) at Georgia Tech (Newstetter 2005, 2006). In
Georgia Tech’s BME PBL curriculum, PBL teams are presented with authentic
BME problems together with an engineering model for problem solving. Following
a “cognitive apprenticeship” approach to learning, facilitators provide support for
the teams as they engage in the problem-solving process, and gradually recede as
the novice learners on their teams become more skillful in applying the problem-
solving model.

In similar fashion, we presented our pilot course students with fractious problems
designed to be plausible current or imminent policy problems (see Appendix 1 of
ESM; Beckford et al. 2013; Berry 2012). To enhance authenticity, PBL teams were
asked to present and defend their analyses and problem resolutions before panels
that included subject-matter experts, stakeholders, and those with policymaking
expertise or experience (see Berry et al. 2013; Berry 2012, 2011a, 2011b). The FPN
skills, P1 through P6, served as our model for problem solving. Our facilitators
supported the problem-solving process, gradually receding as the novice learners on
their teams advanced in their capacity to apply the FPN skills.

Our choice to employ PBL pedagogy, despite the logistical challenges of
coordinating inter-institutional team meetings in the first pilot project and of
coordinating facilitation of 20 PBL teams in the second, was based on our judgment
of its promise for advancing our learning objectives. PBL has been found more
effective than traditional approaches in advancing problem-solving skills (see Hmelo
1998; Patel et al. 1991, 1993), a fit with our emphasis on cultivating FPN skills rather
than imparting a pre-specified range of subject matter knowledge. Active engage-
ment with authentic problems also appeared well suited to developing our students’
capacity to integrate perspectives, precedent, and principles spanning multiple
disciplinary domains (see Newstetter 2005, 2006), a capacity demanded by the
characteristics of fractious problems. And PBL has been shown effective in
developing cognitive flexibility (Spiro et al. 1991); flexibility was essential if our
students were to bring multiple perspectives to bear and generate multiple possible
problem resolutions allowing for persistent, iterative responses to fractious problems.

We also anticipated that PBL pedagogy would be well suited to enhancing future
professionals’ motivation to apply their skills to help their communities cope with
fractious problems. We noted that PBL has been shown to be effective in fostering
the ability to work with others (see Hmelo 1998; Patel et al. 1991, 1993). We
believed that team problem solving, under conditions of considerable freedom but
also responsibility to arrive at and defend resolutions (see Barrows and Tamblyn
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1980; Newstetter 2005, 2006), held promise for developing a sense of engagement,
willingness, and confidence in the possibility of achieving good policy resolutions.

Our first pilot project entailed significant devotion of faculty effort in planning
the courses, designing the course materials, and facilitating PBL team meetings, and
we intentionally enrolled very few students in the two pilot courses. Our second,
scaled-up pilot project benefited from the planning and course materials from the
first pilot, and incorporated graduate students as facilitators of a 135-student class of
undergraduates divided into 20 PBL teams, offering the promise of a scalable and
sustainable model for delivering undergraduate PBL ethics education.

Assessment: SKillSET Free Response and Likert Scale Questions

In both pilot projects, we aimed to assess whether our efforts would yield
measurable results in advancing our learning objectives. Our learning objectives
differed from those amenable to measurement by existing assessment instruments,
such as versions of the widely used Defining Issues Test (DIT), which aim to
measure outcomes anchored in the work on moral development of Lawrence
Kohlberg and successors (see e.g. Drake et al. 2005; Borenstein et al. 2010). For that
reason, members of the first pilot project research team developed a new assessment
instrument—“Skills for Science/Engineering Ethics Test” (SkillSET)—designed to
capture the acquisition of FPN skills. In the second iteration of the instrument,
SKilISET 2.0, employed in the second pilot project, three Likert Scale questions
were included to capture improvement in students’ motivation. In both pilot
projects, these assessment instruments were administered to students enrolled in the
pilot courses and to control students enrolled in other courses.

Both SkilISET and SkilISET 2.0 (see Appendix 2 of ESM) presented a detailed
scenario involving a biomedical engineer facing a choice whether to accept a
position with a biotech startup firm engaged in controversial research involving the
use of human embryonic stem cells (hESCs). In the scenario, as the biomedical
engineer is considering the firm’s offer of employment, the work of the firm comes to
light, contributing to the public controversy surrounding hESC research in the state.
The scenario also indicates that legislative committee hearings have been scheduled
to consider possible state legislation addressing the ethical and policy issues.

In the first SkillSET instrument, students are asked to place themselves in the
shoes of the biomedical engineer in answering a series of five free-response
questions. In questions 1 through 4, students are asked to summarize their job choice
and situation (summarize decision), list questions they would like answered before
deciding whether to accept the job (identify unknowns), indicate the most important
considerations in making their choice (key considerations), and articulate the
reasons why a friend might disagree with that choice (alternative views). The fifth
and final question asks what the biomedical engineer would tell the state legislative
committee if invited to testify (legislative testimony). The final question, in
particular, is meant to elicit students’ application of the FPN skills in the post-course
administration of the instrument.”

2 The parentheticals provide the summary titles of these questions as they appear in Table 2, below.
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The second iteration of the instrument, SKilISET 2.0, includes a slightly revised
version of the scenario and substitutes two free-response questions for the earlier set
of five. Both questions are designed to elicit application of the FPN skills. The first
asks what input the biomedical engineer would provide if testifying to the
legislative committee (legislative testimony). The second asks what assessment
criteria the biomedical engineer would include in an editorial assessing an imagined
legislative resolution enacted in the previous month (assessment criteria).’

For both pilot projects, student responses were scored by teams of two scorers
(for the first pilot project, one of the teams included three scorers). Each scorer
independently scored each student response to each question for evidence of
application of each of the FPN skills, P1 through P6, on a scale from 0 to 3. (0 = No
evidence of application of skill in answering question; 1 = Minimal application of
skill; 2 = Moderate application of skill; 3 = Significant application of skill).
Scorers then met to reconcile any differences in scoring either by agreeing on a
consensus score, or if they were only able to agree within one on the 0-3 scale, by a
consensus score averaging the independent scores. All scorers were blinded to the
pre-post, control-experimental conditions. In the first pilot project, all scorers were
members of the research team. In the second pilot project, the scorers were graduate
students in public policy who were not involved in the research project but were
trained by project personnel.

In the second pilot project, three Likert Scale questions were included in
SKilISET 2.0 to assess improvement in motivation. The questions aimed to capture
students’ engagement with science- and technology-related ethical and policy
issues, their willingness to participate in policymaking efforts surrounding these
issues, and their confidence in the possibility of resolving policy problems involving
these issues.

Pilot Project Course Design and Results
Design of Pilot Courses

In the first pilot project, we conducted our pilot courses in the fall semesters of 2009
and 2010, with support from the National Science Foundation (NSF) Ethics
Education in Science and Engineering (EESE) program (National Science
Foundation 2010). In each semester, two small interdisciplinary and inter-
institutional teams of four to six graduate and professional students engaged in
problem-based learning (PBL), tasked with analyzing and proposing policy
resolutions for two fractious problems. The PBL teams met once per week with
one or two faculty facilitators drawn from our research team. Total enrollment in the
two courses was 19 students.

The disciplinary domains of the students spanned science, engineering, medicine,
law, the social sciences, and the humanities, and their institutional homes spanned
Georgia Tech, Emory University, Georgia State University College of Law, and the

3 The parentheticals provide the summary titles of these questions as they appear in Table 4, below.
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Morehouse School of Medicine. Each PBL team was composed of students who
were diverse in gender, ethnicity, disciplinary domain, and institutional home. The
research personnel on the project included 24 faculty also spanning these
disciplinary domains and institutions, plus faculty drawn from three additional
institutions.

In the second pilot project, we conducted one pilot course in the spring semester
of 2013 in a regular offering of a Georgia Tech undergraduate philosophy course,
“Science, Technology, and Human Values.” The course satisfies a humanities
distribution requirement for Georgia Tech students and also satisfies the ethics
requirements for several science and engineering majors. The course enrolled 135
students who were arrayed in 20 interdisciplinary PBL teams of six or seven
students each. Students once again were tasked with analyzing and proposing policy
resolutions for two fractious problems.

The students enrolled in the second pilot course spanned most science and
engineering majors at Georgia Tech and several other majors as well. Each PBL
team was composed of students who were diverse in gender, ethnicity, and major,
including one or two non-science and engineering majors per team. Five Masters
students in public policy served as facilitators, each Masters student facilitating four
PBL teams meeting twice per week for 1-h sessions. An additional Masters student
in public policy, who was a member of the research team, assumed primary
responsibility for training the five facilitators, both in PBL and in the FPN skills.
Another member of the research team, a Ph.D. student in mechanical engineering,
assumed primary responsibility for an additional weekly 1-h 135-student lecture;
these lectures incorporated additional exercises in the theory and application of the
FPN skills. The research personnel on the second pilot project included two
members of the research personnel for the first project plus three graduate students
spanning public policy, mechanical engineering, and electrical and computer
engineering.

In both pilot projects, students were introduced to the FPN skills by discussing
the practice fractious problem, “Bringing a Neanderthal to Life,” (Appendix 1 of
ESM, p. 1). Each PBL team then spent 67 weeks preparing presentations and
written reports of their analyses and policy proposals for each of two assigned
fractious problems. Examples of fractious problems undertaken by PBL teams in the
pilot courses include:

e Neuroimaging and Violence in the Educational Setting.
e Forensic DNA Identification.
e Sports Enhancement in U.S. Professional Sports Leagues.

(See Appendix 1 of ESM, pp. 1-3.)

Course documents, including syllabi and additional fractious problems assigned
in the pilot courses, are available at two online ethics education repositories
(Beckford et al. 2013; Berry 2012). More detailed discussions of the pilot project
courses, fractious problems, the application of the FPN skills to the problems,
student problem resolutions, and observations by research personnel appear
elsewhere (see Berry et al. 2013; Berry 2011a, b).
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Table 2 SkillSET results by question for pilot 1 courses

Description Average A Pilot A Control Estimated effect
Ql Summarize decision 0.34 0.02 —0.15% 0.16
Q2 Identify unknowns 0.41 0.08 —0.09 0.17
Q3 Key considerations 0.37 0.18 —0.08 0.26
Q4 Alternative views 0.48 0.03 —0.12* 0.15
Q5 Legislative testimony 0.46 0.03 —0.12 0.14

N = 48 students (16 pilot, 32 control)

For each question, the average score across all six FPN skills is shown. Paired t-tests were used to assess
the statistical significance of the difference between pre- and post-tests for both the pilot and control
groups. For the estimated effect, a difference-in-difference estimate (A Pilot — A Control) was calculated
and its statistical significance assessed using an ordinary least squares (OLS) regression with an inter-
action term to capture the combined effect of being in the pilot group and the post-test

TP <0.1;% P<0.05; ** P <001

Both pilot projects were approved and overseen by Institutional Review Boards
(IRBs) at the participating institutions. Informed consent was obtained from all
individual participants included in the pilot studies.

First Pilot Project Results

With respect to FPN skill acquisition captured in SkillSET, Tables 2 and 3 present
the combined results of our fall 2009 and fall 2010 pilot course offerings. These
tables show measured changes in SkillSET scores from pre- to post-course for
students in our pilot courses and control courses (ethics-focused graduate classes
taught in the same semesters at our four participating institutions). As described
above, SkillSet scores range from a low score of 0 (no evidence of application of
skill) to a high score of 3 (significant application of skill).

Table 3 SkillSET results by FPN skill for pilot 1 courses

Description Average A Pilot A Control Estimated effect
P1 Perspectives 0.87 0.28 —0.30%* 0.57*
P2 Precedent 0.16 —0.11 —0.05 —0.06
P3 Prediction 0.34 0.18 —0.04 0.22
P4 Possibilities 0.22 0.01 -0.10" 0.11
P5 Persistence 0.13 0.01 —0.08" 0.1
P6 Principles 0.75 0.03 —0.1 0.13

N = 48 students (16 pilot, 32 control)

For each FPN skill, the average score across all five questions is shown. Paired t-tests were used to assess
the statistical significance of the difference between pre- and post-tests for both the pilot and control
groups. For the estimated effect, a difference-in-difference estimate (A Pilot — A Control) was calculated
and its statistical significance assessed using an ordinary least squares (OLS) regression with an inter-
action term to capture the combined effect of being in the pilot group and the post-test

T P<0.1;* P <0.05 ** P <0.01
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Table 2 presents results for each of the five SkillSET questions (Q1 through QS5).
For each question, the average improvement across all six FPN skills for pilot
students was positive but not statistically significant. Question 3, asking students as
individuals contemplating accepting a job in an ethically contentious field “what
would be the most important considerations in making your decision [whether to
take the job]?” elicited the largest measured gains. Question 5, on the other hand,
which was intended to capture the application of the FPN skills to the task of
achieving a policy-level resolution—“what would you tell [the legislative
committee]?”—elicited relatively little measured gain.

Table 3 presents results for the application of each of the six FPN skills (P1
though P6), calculated by averaging individual scores for each FPN skill across all
five questions. Similar to the analysis by question above, there were no statistically
significant gains, although all were positive except P2 (Precedent). Relatively larger
suggestive, but not significant, gains were observed for P1 (Perspectives) and, to a
lesser extent, P3 (Prediction).

We note that the very small number of observations in this first pilot project—
involving a total of 19 students in the two pilot course offerings and 16 completed
assessments—raised the bar on achieving statistically significant results on these
individual pre- and post-comparisons. To help address this concern, we conducted a
second analysis, focusing on the direction of changes in the SKillISET results
between the pre- and post-tests. Specifically, we recorded the movement for each of
P1 through P6 for each of QI through Q5 for pilot and control students. We then
classified each of these thirty measurements as positive (if post-test > pre-test) or
non-positive (if post-test < pre-test). In the pilot group, 19 of 30 measurements
were positive, compared with 4 of 30 in the control group, providing suggestive
evidence that the pilot course may have had a modest effect.

The results in Tables 2 and 3 show no measured gains among control students on
any of Q1 through Q5 or P1 through P6 and only four of the 30 individual Q and P
combinations were classified as positive. We would not expect to see gains in
control classes, given that they were not designed to cultivate FPN skills. The
prevalence of declines, including statistically significant declines, we believe is
likely due to control students encountering lengthy assessment instruments near the
end of the semester. For students whose only engagement with the exercise was the
offer of an extra-credit point for completing both pre- and post-course assessments,
there would be minimal motivation to write well-developed free response answers
that might display the application of FPN skills.

Finally, we note that statistically significant results with respect to Pl
(Perspectives) appear when we calculate an estimated effect of the pilot course,
using a difference in differences estimate (see Table 3). This is due to the relatively
large suggestive pilot student gains for P1 and the relatively large and statistically
significant reductions among control students for P1.*

4 We repeated these analyses with a larger group of control classes, including those with some ethical
content in addition to those focused specifically on ethics instruction and found similar results (analysis
not shown). The results were very similar, with no evidence of meaningful differences in results.
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Second Pilot Project Results

With respect to our first learning objective—improved FPN skills—a revamped
SKIillISET 2.0 in our second pilot project asked students to answer only two free-
response questions. Q1 asked students to indicate advice they would give to a
legislative committee about arriving at a policy resolution, and Q2 asked students to
imagine that the legislature had already arrived at a policy resolution and to indicate
what assessment criteria they would include in an editorial assessing the
legislature’s effort. The goal for this revision was to ensure that students addressed
the problem in the context for which the FPN skills were designed: designing a
policy resolution.

Tables 4 and 5 present the measured changes in SkillSET 2.0 scores from pre- to
post-course for pilot students and control students. Table 4 shows the results for
each of the two SkillSET 2.0 questions. Statistically significant results were
obtained for both Q1 (P < 0.05) and Q2 (P < 0.01). Table 5 presents the results for
each of the six FPN skills. Statistically significant improvements were seen for three
of the FPN skills: P1 (Perspectives) (P < 0.1), P4 (Possibilities) (P < 0.01), and P5
(Persistence) (P < 0.01). Non-statistically significant gains appear for the other FPN
skills. In addition, the estimated effect of the pilot course, using a difference in
differences estimate, was statistically significant for P2 (Precedent) (P < 0.1), P4
(Possibilities) (P < 0.05), and P5 (Persistence) (P < 0.01). And examination of the
directional changes for the 12 measurements, P1 through P6 for Q1 and Q2, found
that 11 out of 12 of these measurements showed improvement from pre- to post-
tests in the pilot group, compared with 4 of 12 in the control group.

In this second pilot project, the control class was a 35-student section of the same
course, with 18 control students completing the pre- and post-course SkillSET 2.0.
Again, the control course offering did not aim to cultivate FPN skills, so we would
not expect to see statistically significant gains, and Tables 4 and 5 indicate that there
were none.

To assess the secondary objective pursued in the second pilot project—improved
motivation—we included a set of three Likert Scale questions in the revamped
SKilISET 2.0. These questions were designed to assess students’ sense of
engagement (L1), willingness to participate in addressing policy problems (L2),

Table 4 SkilISET 2.0 results by question for pilot 2 course

Description Average A Pilot A Control Estimated effect
Ql Legislative testimony 0.63 0.11* —0.04 0.15
Q2 Assessment criteria 0.53 0.12%%* —0.002 0.12

N = 93 students (75 pilot, 18 control)

For each question, the average score across all six FPN skills is shown. Paired t-tests were used to assess
the statistical significance of the difference between pre- and post-tests for both the pilot and control
groups. For the estimated effect, a difference-in-difference estimate (A Pilot — A Control) was calculated
and its statistical significance assessed using an ordinary least squares (OLS) regression with an inter-
action term to capture the combined effect of being in the pilot group and the post-test

T P<0.1; % P <0.05 ** P <0.01
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Table 5 SkillSET 2.0 results by FPN skill for pilot 2 course

Description Average A Pilot A Control Estimated effect
P1 Perspectives 0.76 0.127 0.07 0.05
P2 Precedent 0.40 0.08 —0.15 0.23"
P3 Prediction 0.61 0.05 0.11 —0.06
P4 Possibilities 0.43 0.17%%* —0.08 0.25%*
P5 Persistence 0.47 0.22%%* —0.03 0.24*
P6 Principles 0.79 0.06 —0.05 0.11

N = 93 students (75 pilot, 18 control)

For each FPN skill, the average score across all five questions is shown. Paired t-tests were used to assess
the statistical significance of the difference between pre- and post-tests for both the pilot and control
groups. For the estimated effect, a difference-in-difference estimate (A Pilot — A Control) was calculated
and its statistical significance assessed using an ordinary least squares (OLS) regression with an inter-
action term to capture the combined effect of being in the pilot group and the post-test

T P<0.1;*P <005 * P<0.01

Table 6 Summary of Likert Scale questions for pilot 2 course

Description Mean A Pilot A Control Estimated effect
L1 Importance of ethics and policy 3.76 0.11 0.06 0.05
L2 Willingness to testify 3.82 0.23 —0.11 0.34
L3 Confidence in legislature 2.63 0.15 0.0 0.15

N = 93 students (75 pilot, 18 control)

Reponses on L1 ranged from 1 (Not at all important) to 5 (Extremely Important), responses on L2 ranged
from 1 (Definitely not willing) to 5 (Definitely willing) and responses on L3 ranged from 1 (Very
unlikely) to 5 (Extremely likely). Paired t-tests were used to assess the statistical significance of the
difference between pre- and post-tests for both the pilot and control groups. For the estimated effect, a
difference-in-difference estimate (A Pilot — A Control) was calculated and its statistical significance
assessed using an ordinary least squares (OLS) regression with an interaction term to capture the com-
bined effect of being in the pilot group and the post-test

and confidence in the capacity of the policymaking process to arrive at good policy
resolutions (L3). L1 asked students to rate the importance of ethical and policy
issues in making their individual decision whether to take the job. This question
does not go directly to motivation, but offers a baseline measure, pre- and post-
course, of students’ engagement with the ethical and policy issues associated with
bioscience and biotechnology, a likely pre-condition to motivation. L2 asks students
to rate their willingness to provide input on the ethical and policy issues to the
legislative committee if asked to do so. And L3 asks students, given the
circumstances surrounding the ethical and policy issues, how likely they thought
it was that the legislature would succeed in “effectively analyzing the ethical and
policy issues and developing a policy resolution.”

Table 6 presents the results for these three Likert Scale questions and indicates
modest gains for pilot students on L1, L2, and L3, with the greatest suggestive
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Table 7 Assessment of inter-rater and inter-team reliability

SkillSet (intra-team) SkillSet 2.0 (intra-team) SkillSet 2.0 (inter-team)
Exact match 83.9 % (7879) 65.6 % (2929) 59.7 % (1333)
Within 1 98.4 % (9237) 96.7 % (4316) 96.3 % (2150)
N 9390 4464 2232

Each cell shows the percent and number of times the two scorers on each team (intra-team) or the two
teams (inter-team) reported the same score (or scores within 1) for a given measurement

evidence of gains in L2: willingness to participate in the policymaking process.
Control students show a modest gain in L1 (engagement), a reduction in L2
(willingness), and no change in L3 (confidence). The difference in differences between
pilot and control students shows non-statistically significant relative gains for pilot
students on all three questions, with the greatest difference again in L2 (willingness).

Measurement Reliability: SkillSET and SKilISET 2.0

The value of our analysis of the efficacy of our two pilot projects with respect to the
first learning objective is dependent upon the reliability of our scoring of the free-
response questions in SkillSET and SkillSET 2.0. It is important to ensure that when
scorers read the same student answer, both evaluate that answer as indicating the
same level of competency in the application of the skills that our educational effort
aims to cultivate (see Hammersley 1992). To assess the reliability of our novel
instruments, we calculated both intra- and inter-team agreements. Table 7 shows the
results of intra-team matches for SkillSET scoring in our first pilot project (fall 2010
course only) and for SkillSET 2.0, the instrument used in our second pilot project.
Table 7 also shows the inter-team matches for SkillSET 2.0.

Within-one “matches” for intra-team scoring on the 0 to 3 scoring scale were
very high, exceeding 95 % in all cases. Exact matches for intra-team scoring were
more variable, however: for SkillSET nearly 84 %; for SKillISET 2.0 (averaging the
intra-team matches for both teams) almost 66 %. Inter-team reliability was only
assessed for SkillSet 2.0—within-one “matches” were very high, over 96 %, but
exact matches between teams were just under 60 %. In general, we believe these
reliability levels, particularly the strong within-one “matches,” are appropriate for
pilot studies of new qualitative instruments. We attribute this to reasonably specific
SKillISET and SKillSET 2.0 questions, well-defined FPN skills, and the guidance of a
member of the research team with expertise in assessment in designing our
instrument and establishing our scoring procedures.

Discussion
Our two pilot projects yielded several interesting and promising observations and

results, which, we believe, suggest the value of our PBL approach to ethics
education aimed at cultivating FPN skills, and the motivation to use them, in future
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bioscience and biotechnology professionals. We found both suggestive and
statistically significant evidence that our pilot courses fostered the ability to bring
multiple perspectives to bear in addressing fractious problems and the ability to
develop an expansive set of possible policy resolutions that allow for persistent,
iterative response to change. We also found suggestive evidence that our approach
might advance future professionals’ motivation to apply the FNP skills to help their
communities understand and resolve fractious problems. We developed a reliable
qualitative assessment instrument for measurement of FPN skill acquisition. And we
succeeded in delivering a scaled-up and, potentially, sustainable PBL approach to
undergraduate ethics education using graduate student facilitators.

The most promising skill improvement suggested by the evidence in the first pilot
project was in P1 (Perspectives). While PBL teams in both pilot projects were
diverse in ethnicity and gender—similar to the diversity in the institutions from
which they were drawn—and this may well have contributed to the improvement,
we note also the very broad disciplinary diversity of students enrolled in the first
pilot project courses, spanning science, engineering, medicine, law, the social
sciences, and the humanities. The students in our second pilot project worked in
PBL teams with less disciplinary diversity—the overwhelmingly majority were
drawn from science and engineering majors—but with more direct engagement with
disciplinary diversity on their PBL teams than typical either in disciplinary or ethics
coursework for these majors, and these students showed modest but statistically
significant improvement in P1 (Perspectives). These results suggest that collabo-
rative learning in PBL teams composed of peer learners from diverse disciplines
may be important to advancing the capacity of future professionals to bring multiple
perspectives to bear in addressing fractious problems. We believe that this
possibility merits further educational experimentation.

In our second, scaled-up pilot project, the statistically significant improvements
in P1 (Perspectives), P4 (Possibilities), and P5 (Persistence) are the most noteworthy
results. While more traditional approaches to the study of issues at the interface of
science, technology, and society, might be expected to increase students’ awareness
of the importance of considering the predicted consequences of different policy
choices (P3) and of principles in guiding the formulation of policy (P6), the
distinctiveness of the navigational approach operationalized in the FPN skills
appears to be reflected in these results. To the extent that the theoretical case for the
value of incorporating multi-perspectival, flexible, and iterative approaches to
problem solving in ethics education is persuasive, the results suggest the value of
the PBL modality, which has been found particularly well suited to promoting
cognitive flexibility in addressing complex problems (see Spiro et al. 1991).

The value of any pedagogical effort to prepare future bioscience and biotech-
nology professionals to discharge their professional responsibility is ultimately
dependent upon their motivation to do so. Whether educators can exert an influence
on this motivation, and, if so, whether we can hope to measure the effects of that
influence are difficult to know. To the extent our Likert Scale questions in SkillSET
2.0 succeed in measuring that influence, we found only suggestive evidence for the
efficacy of our approach, including especially encouraging suggestive evidence with
respect to willingness to engage with bioethical policymaking. Given the
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importance of motivation—both to the genuine integration of professionalism into
the lives of future professionals and to the realization of the benefits of this by their
communities—further research on pedagogical efficacy in influencing motivation is
clearly needed.

Success in cultivating the FPN skills, our first learning objective, was not
amenable to assessment by versions of the DIT, which aim to measure improvement
in learning outcomes different from ours. Accordingly, we developed a new
assessment instrument, SkillSET and SkillSET 2.0, and we found this new
instrument to be reliable. We recognize the important role of continuing
pedagogical efforts aimed at learning outcomes measurable by the DIT, and we
also encourage experimentation and assessment anchored in other conceptions of
the aims of ethics education. More extensive discussion of the value of the FPN
skills, and the navigational approach they are intended to operationalize, appears
elsewhere (see Berry et al. 2013; Berry 2007, 2011a, b).

Finally, we observe that it is possible, even if sometimes challenging, to deliver
bioethics education employing PBL, both in the small post-graduate classroom and
in the large, scaled-up undergraduate class setting. Scaling up with the efficiency
essential to sustainability, we note, is possible with the engagement of graduate
students as facilitators. Given the potential of active-learning modalities such as
PBL to advance learning outcomes of the kind we and others have pursued (see
Chang and Wang 2011; Jones et al. 2010a, b; Jonassen et al. 2009), we hope that
experimentation in both small and scaled-up PBL ethics education as well as other
active-learning modalities will continue.

In sum, we believe the results of our two pilot projects offer good reason for
continued experimentation with and refinements of our approach and similar active-
learning approaches to ethics pedagogy, with the reasonable expectation that these
approaches might advance the problem-solving skills and, we hope, the motivation
of future bioscience and biotechnology professionals. In light of the professional
responsibility of these professionals to contribute to understanding and resolving the
challenging policy problems generated by their enterprise, it is incumbent on
educators to discover and design effective pedagogies to prepare them to do so, and
effective assessment instruments to measure our success.
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