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ABSTRACT
A multidisciplinary faculty committee designed
a curriculum to shape biomedical graduate students into
researchers with a high commitment to professionalism
and social responsibility and to provide students with
tools to navigate complex, rapidly evolving academic and
societal environments with a strong ethical commitment.
The curriculum used problem-based learning (PBL),
because it is active and learner-centred and focuses on
skill and process development. Two courses were
developed: Scientific Professionalism: Scientific Integrity
addressed discipline-specific and broad professional
norms and obligations for the ethical practice of science
and responsible conduct of research (RCR). Scientific
Professionalism: Bioethics and Social Responsibility
focused on current ethical and bioethical issues within
the scientific profession, and implications of research for
society. Each small-group session examined case
scenarios that included: (1) learning objectives for
professional norms and obligations; (2) key ethical issues
and philosophies within each topic area; (3) one or more
of the RCR instructional areas; and (4) at least one type
of moral reflection. Cases emphasised professional
standards, obligations and underlying philosophies for the
ethical practice of science, competing interests of
stakeholders and oversight of science (internal and
external). To our knowledge, this is the first use of
a longitudinal, multi-semester PBL course to teach
scientific integrity and professionalism. Both faculty and
students endorsed the active learning approach for these
topics, in contrast to a compliance-based approach that
emphasises learning rules and regulations.

While the scientific community generally endorses
the importance of scientific integrity, in practice it
relies heavily on mentoring to informally transmit
values affecting the ethical conduct of research.
After two decades of requiring training in respon-
sible conduct of research (RCR) by the National
Institutes of Health (NIH)1 2 and more recently by
the National Science Foundation,3 certain common
desired knowledge, skills, attitudes and behaviours
have emerged.2 4 5 Goals for instruction in scientific
integrity include decreasing research misconduct
and promoting standards of scientific conduct.4 6

Wake Forest University promotes profession-
alism and social responsibility for research and
strives to equip our students with the skills to
navigate the research environment with scientific
integrity. We designed a curriculum that uses
problem-based learning (PBL) embedding several
educational principles effective for adult learning

and recommended for promoting scientific integ-
rity.2 7 These include a sequenced approach across
graduate school training,8 9 an active rather than
passive learner-centred approach and case scenarios
with problems relevant to the learner ’s needs.10e12

The small-group design, with faculty facilitators,
encourages open communication and socialisation
around professional norms. Scientists with high
status, resources and symbolic value affect the
degree to which members of organisations inter-
nalise norms.9 13 14 Small groups create a close
proximity to role models (facilitators) to affect
behaviour in a positive way by leveraging identity
as part of the culture and internalisation of
norms.15 16 The course embedded moral reflection
into the cases to facilitate peer discussion and
concentrated practice in moral problem-solving, to
take advantage of the positive relationship between
moral reasoning and moral behaviour.17

PBL uses cases that comprise authentic ‘real-
world’ dilemmas and require students to acquire
new knowledge to resolve the problem. Unlike
case-based learning, which presents new content
and then demonstrates its application with a case
study using the new information, PBL is student
centred; the quest for more information drives
student learning in a collaborative, group-centred,
hands-on setting.18 Two fundamental pedagogical
principles underlie PBL: students learn best (1) in
groups rather than alone and (2) when they
actively participate in identifying and addressing
their knowledge gaps.
PBL differs from other case-based instructional

methods in several ways. It encompasses the ‘5E’
instructional model (engage, explain, explore, elab-
orate and evaluate), and each problem-case unfolds
over two group sessions separated by 4 to 7 days, to
promote a learning cycle. In session one, students
identify learning issues needed to solve the
problem. During the interval, individual students
acquire specific content knowledge to address these
learning issues. At the second session, students
collaboratively use their knowledge and resources
to solve more complex controversies and problems
revealed as the case continues.
Although most US medical schools make some

use of the PBL approach for developing skills,
shaping attitudes and transmitting didactic
knowledge19 and some PBL cases for research ethics
have been developed,20 we are unaware of another
longitudinal multi-semester PBL curriculum to
teach scientific integrity to biomedical graduate
students. Thus, the purpose of this report is to
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document this institutional experience in designing and imple-
menting an innovative new curriculum that also incorporates
the NIH basic principles for RCR instruction.2

METHODS
Wake Forest University School of Medicine (WFUSM) imple-
mented PBL as a principal educational strategy for medical
students in 1987. This provided rich resources for developing
course materials, including a grading rubric and facilitator
training materials. Earlier RCR and bioethics graduate courses at
Wake Forest University, as well as the nine RCR instructional
areas on the Office of Research Integrity (ORI) website (ie, data
acquisition, management, sharing and ownership, conflict of
interest and commitment, human subjects, animal welfare,
research misconduct, authorship, mentor/trainee responsibili-
ties, peer review and collaborative science) provided examples for
cases and objectives.

After discussions with the graduate school dean and graduate
programme directors, the graduate programmes recommended
a curriculum design to fit within the first 2 years of graduate
student training. These mandatory courses for all biomedical
graduate programmes (11 PhD programmes and 1 MS
programme) fulfilled the graduate school’s training requirements
for RCR.

We created an Advisory Committee for Ethics and Profes-
sionalism, composed of faculty, postdoctoral fellows and grad-
uate students from 14 departments at the two campuses of
Wake Forest University and the joint biomedical engineering
programme with the Virginia Polytechnic Institute and State
University in Blacksburg, Virginia. The Advisory Committee
prioritised case topics based on relevance to their graduate
students’ needs and advised on the implementation of the
course, such as synchronising topics to student experiences. Our
prototype cases were tested with faciliators and graduate
students and the feedback was used to refine the cases and
develop faciliator case notes. The faciliator case notes helped to
ensure consistently effective quality of delivery for different
groups.

The WFUSM Department of Academic Computing provided
electronic delivery of course materials through an established
enterprise-level web-based courseware system that ‘releases’ the
PBL cases to students at the start of the small group’s scheduled
meeting times. This system promoted ‘real-time’ analysis and
discussion of events.

RESULTS
Curriculum materials included 14 cases (see table 1), corre-
sponding facilitator case notes, course administration materials,
a grading schema, evaluation forms and facilitator training
materials.

Course faculty introduced the course objectives, the PBL
method, RCR concepts and pilot cases to first-year graduate
students during their orientation period.

All WFUSM graduate students must take four one-credit
courses: Scientific Professionalism: Scientific Integrity (I and II)
during the first year, and Scientific Professionalism: Bioethics and
Social Responsibility (III and IV) during the second year (table 1).
First-year cases focus on the discipline-specific and broad
professional norms and obligations for the ethical practice of
science and the principles of responsible conduct of research.
Topics include the studenteadvisor relationship, laboratory
personnel dynamics, research collaborations, appropriate
handling of data, attribution of credit, plagiarism, rights of

conscience and ethical issues in animal and human research.
Second-year cases focus on current ethical and bioethical issues
within the scientific profession and the implications of research
for society. Topics include entrance of bias into research, limits of
scientific authority, conflicts of interest, peer review, dual-use
research and commercialisation and globalisation of science. Each
case presents realistic, professional conflicts and ethical dilemmas
that range from very subtle to overt misconduct. Each course
builds on prior ones, increasing the complexity and sensitivity of
issues while taking advantage of increased competency with the
PBL method and enhanced group functioning.

Small-group design
Graduate students work in small groups of 6e8, with two
facilitators serving as metacognitive coaches and process facili-
tators. Each group includes students from diverse graduate
programmes and nationalities. The metacognitive facilitator
ensures that students acquire PBL skills and process for appro-
priate group dynamics. The initial implemenation relied heavily
on graduate faculty who were experienced medical school PBL
facilitators. By the second year of implementation, postdoctoral
fellows were trained as facilitators using a newly developed
certification programme that included sections on how to
facilitate PBL courses, principles and values in science, RCR and
moral reflection. Postdoctoral fellows were paired with a faculty
facilitator.

Facilitator training
Trained and experienced facilitators, serving as cognitive coaches
rather than content experts, are key to ensuring that case
delivery conforms to the designed methodology and achieves
case objectives. We created a training document, A Guide to
Facilitating the Scientific Professionalism Courses, that describes
course philosophy and structure, PBL methodology, moral
reasoning techniques, the small-group facilitation process and
facilitator role obligations (eg, debriefing, providing feedback,
grading, etc). We also developed a detailed rubric to promote
uniform evaluation across groups (see Grading section below
and table 2).
The PBL method takes advantage of a dynamic that emerges

from the group’s members as they interact with issues or
conflicts being discussed. The best way to learn to process and
facilitate this dynamic is to practise with each other by
assuming roles as facilitators and students. The novices then
receive suggestions on how to improve their performance, and
an explanation of how the group’s observations relate to the
evaluation rubric.

Structure of the curriculum cases
Each case emphasises certain professionalism issues in the
biomedical research culture, with students given specific
professional roles (eg, first-year student, advanced student,
postdoctoral fellow, principal investigator). Giving each group
member a specific role in each case drives moral reasoning more
strongly than typical case discussion, which drives abstract
problem-solving. Each case brings out learning objectives
covering professional norms and obligations as well as key
ethical issues for the topic area, one or more of the RCR
instructional areas, principles of scientific practice and virtues of
scientists (table 1). We designed scenarios to foster a realistic
understanding of the practice and social nature of science. The
cases go beyond a simple coverage of RCR and overt research
misconduct by addressing the need to manage competing
interests of various stakeholders and to deal constructively with
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difficult conversations and questionable research practices. Some
cases also touch on current philosophical, ethical and bioethical
issues within the scientific profession, and implications of
research for society. The curriculum design promotes self-
directed learning by requiring each student to prepare a written
assignment during the intersession of each case.

A major goal of the curriculum is to develop ethical reflection
skills by embedding into each case questions that address one or
two of the following concepts: moral sensitivity, moral

reasoning and judgement, moral motivation and commitment,
and moral character and competence.21 22 The curriculum
promotes moral sensitivity, the ability to see things from the
perspective of others and to be aware of legal, institutional and
national concerns, by presenting situations in which the ethical
issues are not predigested or interpreted. This technique
promotes student awareness of nuances as they learn to
distinguish relevant from irrelevant information and encounter
pertinent research customs, rules, regulations and laws. The
curriculum frequently requires students to consider the case
from various stakeholders’ points of view to promote the
development of sensitivity to ethical issues likely to arise in the
research setting.
The curriculum promotes moral motivation and commitment,

developing a sense of professional identity and internalisation of
the scientific culture’s norms and values, by structuring some
cases that require students to consider their choices and deci-
sions as a professional scientist. Also, some characters in the
cases are exemplar scientists.
Moral character and competence focuses on skills such as inter-

personal interactions and problem-solving. Small-group design
promotes interpersonal interactions and improves the partici-
pants’ group skills. Most scenarios require students to defend
their choices and decisions by supplying criteria for their
judgements. Some scenarios become very active by requiring
role-playing.

Table 1 Overview of PBL Ethics and Professionalism curriculum

Course Case title and content RCR element Principles* Virtues*

Orientation: Introduction
to PBL

Picking a Laboratory
Practice of science and
mentoretrainee relationship

Mentorship Community of science Excellence, respect

Being a Scientist
Practice of science and
scientific norms

NA Objectivity, research
reproducibility

Duty, altruism

Course 1: Scientific
Professionalism: Scientific Integrity

Mentors and Money
Financial awareness

Mentorship Community of science Excellence, respect

Reviewing the Literature
Plagiarism

Research misconduct,
authorship

Community of science Excellence, accountability,
respect

Team Work
Lab etiquette, group
collaboration

Collaboration Research freedom, community
of science

Excellence, accountability,
respect

Whose Turn Is It?
Publications and attributing
credit

Authorship Community of science, research
reproducibility

Respect

Course 2: Scientific
Professionalism: Scientific Integrity

Phantom Bands
Standards for reporting results

Data management and
conflicts of interest

Research reproducibility Respect, accountability,
altruism

Conscientious Objectors
Values and biases in science

NA Questioning certitude, objectivity,
research freedom

Respect

People, Places and Things
Translational research and
human subject research

Human Subjects, Conflicts of
Interest

Respect for subjects, community
of science, objectivity

Duty, altruism

A Fine Mess
Research oversight and animal
research

Animal subjects, mentorship Respect for subjects Duty, altruism, excellence

Course 3: Scientific
Professionalism: Bioethics
and Social Responsibility

It Cuts Both Ways
Dual use and obligations to
oversee and peer review
research

Research misconduct,
authorship, peer review,
collaboration, conflicts
of interest

Community of science, research
reproducibility

Duty, accountability

Confidentiality And Collegiality
Peer review

Peer review, conflicts
of interest

Community of science, research
reproducibility

Accountability, altruism

Course 4: Scientific
Professionalism: Bioethics
and Social Responsibility

Patent Pending
Commercial influences in
academic research

Conflicts of interest Research reproducibility,
objectivity

Altruism, integrity

‘And the Band Played On’
Capstone Experience (movie)

Research misconduct,
collaboration, conflicts
of interest

Objectivity, collaboration,
research reproducibility

Duty, integrity, accountability,
altruism

*Adapted from Jones28

NA, not applicable; PBL, problem-based learning.

Table 2 Example of a student evaluation rubric (individual skills in
group process)

Grade Examples to identify

4 (A) Leader in setting and maintaining agenda; very sensitive to peers; promotes
involvement of other group members; provides constructive correction

3 (B) Conscious of time and agenda; shares information; is accepted and trusted
by group members; displays adequate skill in expressing knowledge and
opinions

2 (C) Significant difficulty in expressing self; shares inappropriate information not
germane to conversation; not interested in group process; shows effort at
improvement; retains low leadership qualities

1 (F) Chronically late or absent; disrupting and/or dominating to point of group
irritation; excessively shy and unwilling to contribute; uninterested in
cooperation or group progress.

Each student evaluation criterion has a rubric with descriptive phrases that exemplify
behaviours considered superior (4 or A), competent (3 or B), needs improvement (2 or C), or
unacceptable (1 or F), to guide facilitators in arriving at objective, uniform evaluations.
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Moral reasoning and judgement is learning how to weigh the
principles, values and consequences embedded in moral judge-
ments. Forcing choices and decisions elicits better moral
reasoning and judgement rather than relying on abstract
problem-solving. For this activity, we drew on two published
moral reasoning methods: Developing a Well-Reasoned Response to
a Moral Problem in Scientific Research Ethics23 and Three Quick
Ethics Questions24 (table 3).

Debriefing group activity
Each case concludes with a debriefing activity designed to (1)
reinforce the course expectations, (2) reveal the concrete learning
objectives and skills acquired during the case and (3) improve the
group’s functioning through feedback. Debriefing assures
students who are more accustomed to didactic instruction that
they are still acquiring important content and skills. Moreover, if
not brought up in prior discussions, debriefing links the impor-
tance and relevance of each case’s content to current headlines
and discussions in the present-day scientific, regulatory and
political arenas.

Facilitator case notes
A major advantage of the PBL format is that facilitators do not
need to be content experts; their role is to promote effective
student discussion of case issues. However, it became necessary
to develop extensive case notes to present facilitators an over-
view of the specific skills, learning issues, content resources and
discussion guide. Notes (which students do not receive) include
a brief case synopsis, listings of case objectives, RCR elements,
values, principles and type(s) of moral reflection embedded in
each case. Table 4 shows a truncated example; complete facili-
tator notes typically encompass 10 or more pages of discussion.

Evaluation
The grading philosophy of the faculty reflected the curricular
goals of helping students recognise important ethical issues in
the practice of science and developing their skills at moral
reasoning, effective group participation, self-directed learning,
and articulation, defence and critique of reasoned arguments.
Each student was graded pass or fail on the following four
criteria: (1) problem analysis, moral reflection and reasoning, (2)
self-directed learning, knowledge acquisition and written
assignments, (3) individual skills in group process and (4) group

process development (effectiveness of the whole group) (see
sample rubric in table 2).

CONCLUSION
Kalichman proposed three goals for RCR education: ‘empow-
ering trainees to respond to the ethical challenges raised in the
conduct of research, increasing awareness of the purpose and
value of ethical decision making as well as the roles and
responsibilities of whistleblowers, and fostering a positive atti-
tude about promoting an environment that values RCR’.25

Often, scientists equate integrity with preventing research
misconductdfor example, falsification, fabrication and plagia-
rism. The research community is skeptical of a compliance-
oriented approach to training in scientific integrity, because it is
often seen as a thinly-veiled harangue on what is wrong with
the practice of science. Merely teaching rules and regulations
will not ensure ethical behaviour. Alternatively, excessive focus
on survival skills can have an unintended consequence of
endorsing questionable research practices in the name of career
success and self-preservation.26 In response, newer prototypes for
scientific integrity training use a broader approach by incorpo-
rating both micro-ethics (for example, making ethical choices in
the practice of research) and macro-ethics (for example, ethical
issues in larger social and institutional settings).2 27 Our curric-
ulum embraces this more expansive coverage of scientific integ-
rity that focuses on learning the role obligations of scientists,
micro- and macro-ethics and acquiring skills.
The deliberately complex problems in our cases are well suited

to provide contextually relevant ethical and professional prob-
lems in the practice of research, as well as broader contemporary
bioethical issues in scientific research. The PBL design permits
utilisation of different approaches to unravel the components of
a problem, such as the four types of moral reflection. The
curriculum also fosters development of various skills, such as the
scientific process (eg, resource evaluation, data collection, anal-
ysis and interpretation); recognition of ethical issues in the
practice of science; sound moral reasoning, effective group and
team work (clear communication, facilitating discussion,
constructive critique); self-directed learning skills and applica-
tion of new knowledge; and articulating, defending and
critiquing one’s professional decisions with reasoned arguments.
We propose that students do not need explicit education in

ethical theory. However, students found the two moral
reasoning techniques taught in the curriculum (table 3) useful,
because they afford a concrete method for working with
abstract ethical concepts. A larger issue was confronting the
myth that it is impossible to teach ethics. There is no doubt that
the moral underpinnings learned early in life highly influence
one’s future ethical conduct. However, it is equally important to
recognise that ‘. the correct conduct of science cannot have
been learned in childhood since many scientific practices (eg,
authorship practices, the confidentiality of peer review) are not
elements of childhood’.28 More to the point, graduate students
in science should begin to consider themselves members of the
scientific community who are becoming independent profes-
sionals. To do so, they need explicit training in the expectations
and norms for practising science. Initial student feedback on our
curriculum also indicated that some students believe that ethics
are personal and were uncertain whether their personal decisions
should be discussed openly. We contend that members of the
scientific community should be able to justify their actions to
peers and to society on the basis of professional norms.
At first, some students resisted the PBL method because of

unfamiliarity and a preference for pre-identified learning

Table 3 Examples of two moral reasoning methods used in case
discussions

A. Three Quick Ethics Questions*

Test Purpose

Impartiality: Would you agree to
this action if you were in the other
person’s place?

Corrects for self-interest: invokes the
golden rule: ‘Do unto others as you would
have them do unto you.’

Universalisability: Would you be
comfortable if everyone acted as
you propose to do, in this circumstance?

Adjusts for applicability: Invokes Kant’s
categorical imperativedthat is, if a rule is
difficult to maintain, investigate why.

Justifiability: Can I explain openly to
the public, my superiors or peers my
reasons for acting as I propose

Validates one’s reasoning: How can you
defend your reasoning if you’re not willing
to support it openly?

B. Developing a Well-Reasoned Response to a Moral Dilemmay
1. What are the issues or points in conflict?

2. Who are the stakeholders?

3. What is each stakeholder’s obligation, duty or responsibility?

4. List the possible actions and consequences to each stakeholder.

*Adapted from Iserson.24

yAdapted from Bebeau et al23 (http://poynter.indiana.edu/mr/mr-main.shtml).
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objectives within a didactic format. By the second semester,
however, students became competent and more comfortable
with the format. Because group facilitators are not content
experts who provide ‘correct’ solutions for cases, ultimate
responsibility for learning rests on the students, both individu-
ally and as a group. The process requires them to become self-
directed, independent learners by exploring various hypotheses
and approaches to address the central problem(s) of each case.
On the other hand, negative comments from students about
facilitators who attempted to dominate discussion with
monologues about their own experiences endorsed the value of
the PBL methodology. Students want, and will accept respon-
sibility for, their own learning and will take the initiative to keep
their group discussions aligned with PBL principles.

Our curriculum design also facilitates students’ ability to
develop an identity as a professional, socialise around professional
norms, acculturate to a strongly embedded ethos and acquire
moral reflection skills such as moral reasoning. The small-group
design is important for helping individuals internalise norms and
valuesdfor example, having open communication and social-
isation to cultural norms with peers and role models.15 16 If one
goal is to affect ethical behaviour, then shaping the organisational
ethical code of conduct is essential.29 Another advantage of the
small-group design is that the graduate faculty serve dual func-
tions, as metacognitive group coaches and as role models. This
format counters a tendency for graduate students to become
isolated too quickly within narrow laboratory social structures
and it expands their network of peers, role models and mentors in
ways that persist after the completion of the course. Further,

through our evaluation scheme, we emphasise the importance of
skill development to promote lifelong learning.
The importance of institutional support for a PBL curriculum

cannot be overstated. The small-group format with two
facilitators is labour-intensive and requires significant logistical
support to coordinate multiple groups and schedules. However,
our institution reconciled this investment through its commit-
ment to create a community that values scientific integrity. The
graduate school leadership also recognised that the curriculum
fulfilled larger training needs in two important ways: (1) the PBL
format provides concentrated practice working in groups,
thereby developing students’ interpersonal skills and their ability
to articulate, defend and critique professional decisions; and (2)
the PBL format increases the faculty’s competency in ethics,
because they also learn while facilitating discussions. In addi-
tion, the curriculum provides junior faculty and postdoctoral
trainees an opportunity to build a teaching portfolio and fulfil
newer requirements for RCR training,2 while still meeting other
professional demands within a research-intensive institution.
Essential factors for the successful development and imple-

mentation of our curriculum included, first and foremost,
support from the graduate school deans, who decided to
mandate the programme for all graduate students and used it to
fulfil the institutional RCR training requirements. Our earlier
extensive experiences with PBL for medical education, and
earlier RCR and bioethics courses, enabled quicker curriculum
development. Receiving cross-graduate programme input
through the Advisory Committee for Ethics and Professionalism
and conducting a formal evaluation of the curriculum (the

Table 4 Example overview of a facilitator’s case notes

Case title: Confidentiality and collegiality, peer review

RCR: peer review, conflict of interests
Principle of practice: community of science, research reproducibility
Virtue: accountability and altruism

Learning objectives 1. Explain the roles of an author, reviewer and editor in the peer review of a manuscript.
2. Discuss how scientists, as members of the community of science, have an obligation to serve as reviewers of research in order

to move knowledge forward and to ensure the veracity of results and technology.
3. Compare and contrast peer review of journal articles with research grant applications.
4. Deduce some obligations of reviewers (eg, confidentiality, objectivity, fairness of review and reviewing within their scope of expertise).
5. Examine how conflict of interest is a major ethical issue for peer reviewdfor example, institutional affiliation, relationships with colleagues

(past or present), scientific bias (including opposing theories), financial impact of data.
6. Discover ethical issues in peer reviewdfor example, using results prior to open publication, unfair critique, reviewing without an

editor’s approval, reviewing without appropriate expertise, difficulty remaining objective, giving insider information on a grant or paper outcome.
7. Synthesise the elements of a good reviewdfor example, being timely, critiquing the experimental design, assessing the strengths/limitations,

judging the appropriateness of the analysis, accurate interpretation of the findings, conclusions, significance, and quality of references.
8. Recommend ways to deal with controversies or conflicts that might arise in the process of authorship or peer review.

Synopsis Students are placed in the scenario as a finishing graduate student in the lab of a frequent journal reviewer. PI asks student to review three
manuscripts that the PI is unable to complete in a timely manner. Two are not challenging because the student is familiar with the labs and
their work; the third paper is outside the student’s expertise, so he asks a postdoc expert for help. The case is used to expose policies, limitations
and roles for appropriate manuscript review. Session 2 builds on principles of peer review by placing the students as a senior postdoctoral fellow
in a lab invited to be an ad hoc reviewer for a study section. Short vignettes describe some tensions of peer review. Proposal 1: The reviewer
knows the applicant and has negative results of their own that show the applicant’s experiments are conceptually flawed. Proposal 2: Gives
the reviewer a great idea to begin new experiments of his own. Proposal 3: The applicant references preliminary data using a reagent the reviewer’s
lab developed but the reviewer is unsure how the applicant could have got ten those reagents. Proposal 4: A less than meritorious application
from a minority applicant. Proposal 5: Poses whether to reveal insight into the review results to the applicant, a close colleague.

Moral reflection Moral motivation and commitment Students are asked to identify best practices of peer review and those actions that are outside
the ethical bounds of the profession of scientists.

Assignment Students develop the following:
< A list of activities for which the scientific community practices peer reviewdthat is, journals, grant proposals, promotion, committees.

Describe the typical practices and the key roles in these activities (eg, editor, reviewer).
< A list of essential key elements of a good peer review.
< A list of the greatest ethical risks in a peer review, and how to mitigate those risks.
< An example within their discipline of an ethical issue within peer review.

PI, principal investigator; RCR, responsible conduct of research.
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subject of a companion paper) were also important. These stages
actively involved graduate students, postdoctoral fellows and
faculty in refining the curriculumdand in the process they
became avid supporters of the endeavour.

Kalichman and Plemmons asserted that ‘[t]he implicit ques-
tion is, therefore, if responsible conduct is essential to being good
scientists, then how are the relevant knowledge, skills and
attitudes, and behaviors to be taught, and by whom?’ We
propose that the relevant knowledge should include a realistic
understanding of the practice of science. Skills should include
the ability to recognise ethical issues in the practice of science, to
understand the ethical implications of science for society,
to reason ethically, to work effectively within groups and to
articulate and defend one’s professional judgement. Students
should acquire attitudes regarding acculturation to the norms of
professional science, principles and values of science and its
obligations and virtues. All faculty, especially research advisors,
should be instructors for transmission of these important skills
and values for the scientific community. A curriculum such as
this will prepare graduate students to be future leaders in our
rapidly changing professional environment.
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