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Abstract Ethical conduct is the hallmark of excellence in engineering and sci-
entific research, design, and practice. While undergraduate and graduate programs
in these areas routinely emphasize ethical conduct, few receive formal ethics
training as part of their curricula. The first purpose of this research study was to
assess the relative effectiveness of ethics education in enhancing individuals’
general knowledge of the responsible conduct of research practices and their level of
moral reasoning. Secondly, we examined the effects of ethics education on the
positive psychological outcomes of perspective-taking, moral efficacy, moral
courage, and moral meaningfulness. To examine our research hypotheses, we uti-
lized a pretest—posttest quasi-experimental design consisting of three ethics edu-
cation groups (control, embedded modules, and stand-alone courses). Findings
revealed that both embedded and stand alone courses were effective in enhancing
participants’ perspective-taking, moral efficacy, and moral courage. Moral mean-
ingfulness was marginally enhanced for the embedded module condition. Moral
judgment and knowledge of responsible conduct of research practices were not
influenced by either ethics education condition. Contrary to expectations, stand
alone courses were not superior to embedded modules in influencing the positive
psychological outcomes investigated. Implications of these findings for future
research and practice are discussed.
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Introduction

Recent highly publicized events of the falsification of data and embezzlement of
government research funds by scientists in stem-cell research (Choe 2009), the
wide-spread unethical research practices admitted by government-funded scientists
(Cook 2005), and multiple instances of scientific misconduct by a Harvard professor
studying animal and human cognition surrounding morality itself (Wade 2010) all
heighten the need for more systematic attention to ethics education among scientists
and engineers. Similarly, calls for engineering education reform note the need for
greater emphasis on professional and ethical responsibilities as well as the societal
and global contexts in which engineers operate (Galloway 2007). Indeed, Roach and
Simon (2008) argue that educators do a disservice to future engineers, scientists, and
society as a whole if we don’t adequately train them to understand the ethical
significance of the work they do in their professions.

The purpose of the research discussed here was to build on this past research by
examining the relative effectiveness of ethics education courses created through a
3-year, multi-institutional faculty development program. We use the term “ethics
education” here to refer to the delivery of ethically-relevant content to students
which may include information on the responsible conduct of research as well as the
ethical decision-making process. In the present study we are concerned with three
important outcomes of such ethics education: (1) moral reasoning, (2) knowledge of
responsible conduct of research, and (3) positive psychological outcomes.

To assess the effectiveness of ethics education, we used a rigorous pre/post-test
control group research design to determine the effectiveness of a faculty
development program in enhancing ethics-related outcomes in their students. Our
research extended previous work in this area by: (a) examining the effects of ethics
education within the context of a long-term faculty development program,
(b) inclusion of psychological variables previously unexplored in the responsible
conduct of research or ethics literature, and (c) the inclusion of engineering and
science disciplines not previously examined in the responsible conduct of research
or ethics literature.

Literature Review

Recent research has attempted to understand the effectiveness of ethics education in
science and engineering through a variety of approaches. For example, Thomsen
(2007) conducted an in-depth case analysis of one course in ethical issues in physics
that he had taught for the last 15 years. He examined how the content had changed
over time to include topics on the responsible conduct of research (RCR) and
physicists’ interactions with society at large. Thomsen noted that instructors should
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tailor assignments to the career needs of students and attempt to help the students
understand what ethical standards exist in the field, why they exist, and how to apply
them to situations they are likely to face in their careers.

Other work by Plemmons et al. (2006) surveyed participants (e.g., undergraduate,
graduate, post-doctoral students) at the end of eleven different courses on the RCR
at ten different institutions. Qualitative and quantitative findings confirmed that the
participants felt that their knowledge of such issues was enhanced, but that their
skills and attitudes about the RCR were not necessarily influenced. Thus, additional
research is needed that focuses on ways to develop specific ethical reasoning skills
and attitudes concerning research conduct.

Powell et al. (2007) reported on the effectiveness of a RCR course with pre/post
data to try to address some of these research needs. Specifically, Powell and his
colleagues examined such outcomes as knowledge, ethical decision-making skills,
RCR attitudes, and the frequency of discussions students had regarding RCR topics
outside of class. Unfortunately, the only statistically significant improvement was in
students’ knowledge of RCR practices, but there was a positive trend toward an
improvement in reasoning skills and RCR attitudes. Other research on the
enhancement of moral reasoning skills with RCR courses in science and engineering
has demonstrated similar mixed results (e.g., Bebeau et al. 1995; Heitman et al.
2002).

Most recently, Antes et al. (2009) addressed the effectiveness of ethics
instruction in the sciences by conducting a meta-analysis of extant empirical
studies on ethics education for scientists in the fields of medicine, health, and
psychology. These researchers defined ethics education as “any instructional
program or course, including single courses in ethics, multiple courses in a sequence
covering ethics, or an entire curriculum, spread over time, that addressed scientific,
research or medical ethics” (p. 385). Overall, these researchers found that ethics
education did influence both students’ moral development and “ethical analysis”
(i.e., ethical decision-making and ethical sensitivity). Furthermore, when examining
potential moderators in their research, Antes et al. (2009) found that courses held in
a stand-alone fashion had greater overall effectiveness than those embedded in an
existing course/curriculum. Also of interest is the fact that these scholars found that
more rigorous research designs tended to find lower overall effects for ethics
education efforts.

Faculty Development Workshop

This research was conducted within the context of a NSF-funded, 3-year faculty
development project in ethics education for a major university located in the
Midwest. Faculty from the host institution and two nearby universities were
recruited through contacts with individuals in departments in the sciences and
engineering. Interested faculty participated in a 5-day workshop that first gave them
a firm grounding in the philosophical foundations of utilitarianism, rights, justice,
virtues, and sample cases in the sciences and engineering. Case discussions were
used to illustrate how to apply the material to specific problems faced by researchers
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and practitioners in science and engineering. Participants were also exposed to the
psychological foundations of moral development, the steps of ethical decision-
making, and a series of biases that individuals may experience when processing
ethical issues. Organizational dimensions that may influence ethical decision-
making were also covered in the seminars (e.g., organizational culture, leadership,
group norms, and reward systems). Finally, workshop participants were exposed to
considerations to attend to when implementing an ethics module in their courses
(goal, design, pedagogical method, etc.). All of the above content was covered
during the first 2 days of the workshop. In the third day, participants received
assistance from the University’s Center for Teaching Excellence in helping them
consider how to apply the material to their specific course or curriculum. Exemplars
were shared of previous work by workshop participants. Participants came back
after a few months to review of some of the topics covered during the first 3 days,
discuss professional codes of conduct, and give advice on their progress in
designing a module for their courses. Near the end of the semester, participants
came together for the fifth day of the workshop to present their ideas to the group on
the module they planned to implement in the curriculum they taught. Most of these
plans were for graduate level courses.

Ethics Education Outcomes

Careers in engineering and science are very complex. Not only do practicing
scientists and engineers require specific, and difficult to acquire, technical skills,
they also must use effective interpersonal skills to navigate the organizational
landscape. Similar to most professions in contemporary society, scientists and
engineers must collaborate with others, and they must effectively communicate
issues, ideas, and solutions. Moreover, engineers and scientists are often faced with
ill-structured workplace problems (Jonassen et al. 2006) which may have ethical
implications and they have a professional responsibility to both recognize and
address such issues.

The complex nature of professions in science and engineering has made it
difficult for researchers and practitioners to determine what processes to focus on to
encourage ethical behavior in the workplace. Although recent years have seen
progress in teaching ethics to science and engineering students, unfortunately there
have been relatively few empirical findings suggesting how to improve ethical
awareness, decision-making, and behavior. While empirical findings have been
scant, there has been some conceptual work that suggests important objectives for
science and engineering ethics education. For example, Harris et al. (1996)
identified nine objectives including: helping students deal with ambiguity,
improving ethical will-power, encouraging students to take ethics seriously,
increasing student knowledge of relevant standards, and improving ethical
judgment. Continuing this work on targeting outputs of ethics education, Newberry
(2004) argued that objectives could be consolidated into three broad categories:
emotional engagement (the willingness and courage to make ethical decisions),
intellectual engagement (knowing how to make ethical decisions), and particular
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knowledge (knowing the standards of ethical practices). Finally, Haws (2001)
argued that engineering programs must encourage students to evaluate alternatives
from other perspectives and understand issues from diverse stakeholder
perspectives.

Using these conceptual developments as a starting point and building on ethics
education research in other disciplines, we designed our study to capture several of
the dimensions thought to be important for science and engineering ethics
education. In the following sections we introduce this study’s six targeted outcomes
and discuss their rationale for inclusion.

Moral Judgment/Reasoning

Moral judgment reflects the process by which individuals determine whether a
particular action is morally right or wrong (Rest 1986), and has been viewed as a
foundation piece of ethical behavior in a variety of disciplines including science and
engineering (Harris et al. 1996; Haws 2001). Moral judgment is the foundation of
Kohlberg’s theory of cognitive moral development (Kohlberg 1969), which argues
that as individuals mature they move through increasingly sophisticated stages of
moral development, and that individuals with higher levels of moral development
should exhibit improved moral judgment. Therefore, consistent with previous
research in other fields, we sought to examine the effects of ethics education on
students’ level of moral reasoning in the specific context of science and engineering.
One of our goals in the faculty development workshops was to train faculty in the
ability to teach students one or more of the ethical foundations for how to examine
ethical issues.

Knowledge of Responsible Conduct in Research

Newberry (2004) maintains that particular knowledge, or knowing currently
accepted ethical standards, should be a primary objective of ethics education.
Therefore, another goal of ethics education efforts in science and engineering is to
develop the students’ knowledge of responsible conduct of research (RCR) practice.
As noted above, Powell et al.’s (2007) examination of a short-term course in RCR
showed that increased knowledge of RCR practices was the only statistically
significant outcome of the course. Plemmons et al. (2006) similarly found that the
impact of research ethics courses on knowledge outcomes was greater than changes
in skills or attitudes in their multi-institution study. Other researchers have sought to
develop an assessment tool of the core concepts and standards of RCR by doing a
content analysis of 20 published RCR texts (Heitman et al. 2007). These authors
demonstrated from baseline studies that the mean scores of new graduate students
are around 60% correct of 30 questions that address such topics as falsification and
fabrication of data, recording of data, plagiarism, responsibilities of authors, conflict
of interests, coercion in human research, reviewer’s responsibilities, informed
consent, institutional review boards, submission of manuscripts, animal research
policies, disclosure of conflicts of interest, and retention of data.
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Positive Psychological Outcomes

Recent developments in engineering (Newberry 2004) echo those in social
psychology (Haidt 2001), positive psychology (Handelsman et al. 2002), and
management (Sonenshein 2007) that argue rational ethical decision-making models
can be improved by focusing on the social-psychological and emotional nature of
such decision-making. Therefore, another major purpose of this research was to
expand the focus of typical ethics-related outcomes (i.e., moral judgment and
knowledge of standards) by incorporating ideas on positive ethics from positive
psychology. Positive psychology is generally concerned with the fostering the
positive subjective experience (e.g., well-being, satisfaction, and flow), constructive
cognitions about the future (e.g., hope), positive personal traits (e.g., the capacity for
love, courage, perseverance, forgiveness) and fostering responsible citizenship
(Seligman 2002). Positive ethics is focused on fostering ethical decision-making and
behaviors, rather than constraining unethical behaviors (Handelsman et al. 2002).

Specifically, recent work by May et al. (2009, 2010) in the business ethics
education literature suggests that future ethics education would benefit from
examining such positive variables as moral efficacy, moral courage, and moral
meaningfulness. Furthermore, we considered the effects of ethics education on
individuals’ abilities to take the perspective of others when considering their
actions. Each of these is briefly reviewed below.

Perspective-Taking

Ethics education often aims at enhancing the ability of students to understand the
consequences of their actions on others. In the engineering ethics literature, Haws
(2001) argues that ethical behavior should be grounded in considering alternatives
from different perspectives and communicating with divergent stakeholders. Such
perspective-taking also should contribute to what Harris et al. (1996) refer to as
increased “ethical sensitivity.” When individuals take on multiple perspectives, it
enables them to empathize with others and develop a deeper sensitivity to issues and
decisions that affect others. Empathy has two fundamental components—cognitive
and affective. We focus here on the cognitive component because it seems to play a
more significant role in the ethical decision-making process (Mencl and May 2009).
Cognitive empathy entails thoughts about the potential negative or positive effects
that an action has on others; that is, attempting to take their perspectives. Such
perspective-taking has been shown to result in better cooperation among team
members in an organization (Parker and Axtell 2001). Within the ethics literature,
cognitive empathy has been found to be more closely related to moral judgment
than the emotional/affective dimension of empathy (Kalliopuska 1983; Leith and
Baumeister 1998). Perspective-taking may even be a vital component to developing
what Harris et al. (1996) and Lau and Devon (2001) refer to as ethical or moral
imagination. When individuals take on the perspectives of others and engage with
them in collaborative dialogue, it increases the potential to cognitively imagine new
possibilities for ethical solutions.
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Moral Efficacy

As noted above, one of Newberry’s (2004) objectives of ethics education is
intellectual engagement (i.e., knowing how to make ethical decisions). We extend
this work beyond simple knowledge and argue for a social-cognitive perspective
based in Bandura’s work that maintains that individuals must have both competence
and confidence in their ethical abilities. Specifically, moral efficacy is derived from
the psychological literature on self-efficacy which is the belief that one can carry out
a task successfully (Bandura (1997). Believing that you can do something plays a
powerful positive force in one’s life (Maddux 2002). Indeed, self-efficacy has been
linked to a variety of behaviors, learning outcomes, and performance in a variety of
environments (e.g., Judge and Bono 2001). Extending these ideas to the ethics field,
May et al. (2009) defined moral efficacy as “an individual’s confidence in one’s
ability to actively and positively deal with ethical issues that arise in the workplace
and to overcome obstacles to developing and implementing ethical solutions to
ethical dilemmas” (p. 7). These authors found that a course dedicated to business
ethics education was successful in developing individuals’ moral efficacy beliefs.
Furthermore, subsequent work by these researchers found that moral efficacy
influenced individuals’ independently-rated moral behaviors in the workplace (e.g.,
raising ethical issues to management, making suggestions for solutions to ethical
problems) through their own moral courage (May et al. 2010).

Moral Courage

Harris et al. (1996) maintains that increasing “ethical will-power” should be an
important outcome of engineering ethics education. Will-power represents an aspect
of self-control and suggests an unwavering commitment to carry out desired tasks.
We use the concept of moral courage to represent this unwavering commitment to
carry out tasks in an ethical manner despite potential negative consequences for
oneself. Courage is a concept from positive psychology and one dimension, moral
courage, has been argued to be fundamental to positive human mental health (Lopez
et al. 2003). May et al. (2003) maintain that moral courage is “the fortitude to
convert moral intentions into actions despite pressures from either inside or outside
of the organization to do otherwise (p. 255).” Thus, individuals often face aversive
consequences if they choose to act in a positive moral manner to correct an injustice
or an unethical action. Moral courage helps explain how individuals translate their
morally efficacious beliefs into actual actions or behaviors (Hannah et al. 2011). As
noted above, recent research on moral courage suggests that it may influence peer
ratings of positive ethical behaviors in the workplace (May et al. 2010) as well as
peer ratings of ethical and pro-social behaviors in the military (Hannah et al. 2011).

Moral Meaningfulness
Instructors in all disciplines must integrate ethics effectively into the curriculum so

that students see it as meaningful and therefore take it seriously. As human beings,
we all strive to achieve meaning in our lives and individuals need values that lead to
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a sense of goodness to their lives and themselves as human beings (Baumeister and
Vohs 2002). Indeed, Blasi (1999) has argued that morality is critical to one’s
understanding of him/herself and other authors maintain that acting consistently
with ones values brings meaning to individuals (Bergman 2004). Thus, moral
meaningfulness represents the extent to which one gains meaning from behaving
ethically (May et al. 2009). Engineering and science instructors who effectively
build an awareness of the need to consider ethics in decision-making and apply it to
real-life problems faced by practitioners should enhance the meaning that students
see in their ethical behavior.

Research Hypotheses

Based on the above literature review, we expected that ethics education in science
and engineering courses would positively influence students’ knowledge of RCR
practices as well as their level of moral reasoning (i.e., moral judgment). Drawing
from recent research in the business ethics education domain, we also expected that
ethics education initiatives would positively influence the ethically-relevant
psychological variables of perspective-taking, moral efficacy, moral courage, and
moral meaningfulness.

In the current study, we were particularly interested in a comparative analysis of
the relative effectiveness of stand-alone versus embedded approaches to teaching
ethics to scientists and engineers. Given the recent research review by Antes et al.
(2009), we expected that the stand alone ethics courses would result in more
effective outcomes than the embedded ethics module courses. We contribute to their
research by examining the specific ethics-based criterion measures of knowledge of
RCR practices and moral judgment since they were only able to provide an overall
estimate for this comparison. Furthermore, our study extends the research in this
area by examining the four positive psychological outcomes of perspective-taking,
moral efficacy, courage, and meaningfulness.

Specifically, we maintain that in a stand alone ethics course much more time
and interaction is spent with the students on the ethical issues in their profession.
This additional “time on task” is likely to enhance students’ knowledge of proper
research practice. Furthermore, students in stand alone courses are able to
repeatedly practice how they would handle different ethical issues which should
both build their perspective-taking and moral judgment abilities as well as their
confidence in such abilities (i.e., moral efficacy). As noted by previous authors
(May et al. 2009), such confidence should be basis for the willingness to engage
in future morally courageous actions to report and/or correct unethical actions in
the research context. Finally, students in stand alone courses have more time to
integrate the importance of ethical actions into their identities as engineers and
scientists (i.e., moral meaningfulness). The study’s specific hypotheses are listed
below:

Hypothesis #1 Individuals who receive ethics education in an engineering or
science course should experience more improvement in their (a) knowledge of RCR
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practices and moral judgment and (b) positive psychological outcomes (i.e.,
perspective-taking, moral efficacy, moral courage, and moral meaningfulness) than
those who do not receive such ethics education (i.e., the control group).

Hypothesis #2 Individuals who participate in a stand alone ethics course should
experience greater improvement in these effectiveness measures than those who
receive ethics education in an embedded module condition.

Methods
Participants and Setting

Participants were students enrolled in graduate and undergraduate engineering and
science courses at three different Midwestern universities. Three treatment
conditions were selected for this study: a control group, an embedded ethics
module group, and a stand-alone ethics course group. The control group consisted of
participants who were not enrolled in any ethics-based coursed during the current
semester. The embedded group consisted of participants who were enrolled in a
course where ethics was not the primary topic, but instead ethics was embedded in
the curriculum. The stand-alone group consisted of participants who were enrolled
in a stand-alone ethics course, where ethics content was the primary material for the
course. In order to ensure the accuracy of classifying courses into their respective
treatment condition, participating course instructors were asked to indicate whether
ethics was the primary topic of the course (stand alone), embedded in the curriculum
(embedded), or the course included no overt ethics content (control). All groups
consisted of participants enrolled in programs in science, engineering, and
technology.

The second author administered the survey instruments to the participants in the
respective classes. Participants were invited to participate in a research project
concerning education curricula, but were unaware that the research questions
specifically focused on ethics education and were blind to the research hypotheses.
In order to match pretest and posttest survey instruments, participants were asked to
generate a unique identification number based on family information. All
participants were assured of strict confidentiality and that only the research
assistant would have access to individual-level data.

This study employed a quasi-experimental pretest—posttest with nonequivalent
control group design. Dependent measures were collected at two points in time for
the two treatment groups and the control group. Pretest measurement occurred
during the first week of classes, before any course material was covered. Posttest
measurement typically occurred the second to last week of the semester, after all the
course materials were covered. For the treatment groups, this represents collecting
the dependent measures before and after exposure to the ethics education content.
By also collecting pretest and posttest measure for the control group at equal time
intervals, we were able to control for the effects of repeated testing, history, and
maturation in the sample (Cook et al. 1990).
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As is common with pretest—posttest designs, some participants did not complete
all the measures at both points in time. In addition the survey materials took over
1 h to complete, and although participants were given ample time to complete the
survey, some participants did not complete all the measures. Of the 422 potential
participants in this study, 150 (36%) completed at least one of the measures for both
pretest and posttest conditions. Eighty-nine of the participants completed more two-
thirds of the dependent measures (21%), while sixty-nine (16%) of the participants
completed all of the dependent measures at both pretest and posttest conditions.
Participants who did not complete any of the measures for either pretest or posttest
were removed from the data analyses. These lower response rates were somewhat
expected given the pretest—posttest design, the use of a time-intensive survey, and
the volunteer nature of the survey at both the beginning and end of the semester.

To test whether the included respondents systematically differed from those
excluded, we conducted a multivariate analysis of variance (MANOVA) using the
socio-demographic variables collected in the study (gender, age, and education
level). This omnibus test revealed that these socio-demographic variables varied
somewhat as a function of inclusion/exclusion in the analyses, F(3,334) = 3.44,
Wilks’ Lambda = .97, p < .05. Follow-up tests revealed that there were no
significant differences in age nor education level, but there were significant
differences in gender, F(1,334) = 8.83, p < .01. In this sample, females were more
likely than males to complete the survey instrument at both pretest and posttest
conditions.

Of the total sample size of 150, 58.7% of the participants listed their current
program as engineering, 20.0% were physical science (e.g., chemistry, physics,
mathematics), 11.3% were natural sciences (e.g., biology, biochemistry, ecology),
and the remaining 10% listed “other” as their current program. Participants’ ages
ranged from 18 to 43 years (M = 25.1 years, SD = 4.4 years). Slightly more than
half (54%) of the participants were male. 50.7% of the sample was White/
Caucasian, 16% of the participants were Asian, and 25.3% did not report their
ethnicity. The percentage of undergraduates, masters/professional school, and
doctoral students were 32.7, 26.7, and 40.7% respectively.

Measures
Moral Judgment

Consistent with researchers (Antes et al. 2009; Kraiger and Jung 1996) who
advocate that the criterion measure selected to assess instruction should reflect the
intended outcome, we used one of the most widely adopted measures of moral
reasoning or moral development—Rest and colleagues’ Defining Issues Test (DIT-
2) (Rest 1976; Rest et al. 1999). Rest’s instrument is based on the work that
Kohlberg (1969) and Rest (1986) have done in the area of cognitive moral
development. This measure entails a set of five stories about social problems. After
each story participants are asked to answer a series of questions regarding the ethical
issues raised by each story. First participants are asked to take the position of the
protagonist and select an action from the three proposed alternatives. After selecting
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the action for each story, participants are then asked to rate 12 items in terms of
importance for their choice. Completed surveys were sent to the Center for the
Study of Ethical Development at the University of Minnesota for the initial
statistical analysis and scoring of the N2 Index.

The N2 Index provides an indication of the extent to which an individual is
acquiring more sophisticated moral thinking and gaining clarity about ideas that
should be rejected for their simplistic or biased solutions (Rest et al. 1999). The N2
score has two components: the degree to which post-conventional reasoning items
are prioritized plus the degree to which the personal interest items (i.e., lower stage
items) receive lower ratings than the ratings given to post-conventional items (i.e.,
higher stage items). Personal interest items focus on items that appeal to Stage 2
reasoning (i.e., focus on the direct advantages to the actor and on the fairness of
simple exchanges of favor for favor) and Stage 3 reasoning (i.e., focus on the good
or evil intentions of the parties, on the party’s concern for maintaining friendships
and good relationships, and maintaining approval) considerations. On the other
hand, post-conventional items represent items selected that appeal to Stage 5
reasoning (i.e., focus on organizing a society by appealing to consensus-producing
procedures, insisting on due process, and safeguarding minimal basic rights) and
Stage 6 reasoning (i.e., focus on organizing social arrangements and relationships in
terms of intuitively appealing ideal considerations).

The N2 score of moral judgment is based on the choice of action and the ratings
of the 12 subsequent items. Cronbach alpha reliability scores for the N2 score for
the pretest and posttest were 0.73 and 0.75 respectively.

Knowledge of Responsible Conduct of Research

Baseline knowledge of the responsible conduct of research was measured using a
30-question multiple-choice assessment of the core concepts and standards in
responsible conduct of research developed by Heitman et al. (2007) after extensive
review of the RCR literature. We chose to use this measure in our research due to
the breadth of RCR topics covered given that the faculty selected to participate in
the project were from a diverse set of departments (e.g., engineering, chemistry,
physics, and pharmacy). The total number of correct answers was used as the
participant’s knowledge of RCR.

Perspective-Taking

We measured perspective-taking using a six-item measure developed for this study
based on Davis (1980). Participants were asked to select the best response to a series
of statements using a 7-point Likert scale from 1 (strongly disagree) to 7 (strongly
agree). Sample items include: “I try to look at everybody’s side of an argument
before I make a decision” and “I sometimes find it difficult to see things from the
‘other person’s’ point of view (reverse-scored).” The Cronbach alpha for this
measure of perspective-taking was 0.68 for the pretest and 0.61 for the posttest.
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Moral Efficacy

Moral efficacy was measured using fourteen items based on Parker’s (1998) self-
efficacy scale. Participants were asked to indicate their confidence level in
addressing each of fourteen tasks using a 5-point Likert scale from 1 (not confident
at all) to 5 (very confident) including such tasks such as “making suggestions to
management for an ethical problem” and “writing a proposal to resolve an ethical
problem in your work unit.” Scores from the fourteen items were averaged to form a
single scale. The Cronbach alpha was 0.89 for the pretest measure and 0.87 for the
posttest.

Moral Courage

Moral courage was measured using six items based on the work by Gibbs et al.
(1986) and used by May et al. (2009). Participants were asked to select the best
response to a series of statements using a 7-point Likert scale from 1 (strongly
disagree) to 7 (strongly agree). Sample items include: “I would stand up for my
position even if it meant negative consequences” and “I would prefer to remain in
the background even if a friend is being taunted or talked about unfairly (reverse
coded).” The Cronbach alphas for the pretest and posttest measures of moral
courage were 0.68 and 0.70, respectively.

Moral Meaningfulness

We measured moral meaningfulness using four items (May et al. 2009). Participants
were asked to read a series of statements and select the best response on a 7-point
Likert scale from 1 (strongly disagree) to 7 (strongly agree). These items were
“Maintaining high morals/ethics brings me meaning at work; I find that doing the
right thing at work is personally meaningful for me; Doing the ethical thing gives
me purpose at work; and, Behaving consistently with my morals is quite important
to me.” Cronbach alphas for the items were 0.82 for the pretest and 0.90 for the
posttest.

Control Variables

We controlled for three additional variables that could influence the effects of ethics
education. First, we controlled for the potential effect of gender because of our
initial finding discussed above that females were more likely to fill out both pretest
and posttest surveys. Second, we controlled for education level because our sample
came from a wide variety of educational experiences (i.e., undergraduate, masters/
professional school, and doctoral level).

Given the positive nature of the perceptual survey items (i.e., perspective-taking,
moral efficacy, moral courage, and moral meaningfulness), we also controlled for
impression management by using 10 items from the Balanced Inventory of
Desirable Responding (BIDR; Paulhus 1991). Impression management is the
deliberate and conscious self-presentation intended to present a more positive social
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image. Since we were interested in how impression management might influence
our dependent variables at the end of the semester, we controlled for the posttest
measure (Chronbach alpha = .67).

Manipulation Check Variables

In addition, we included two independent items to assess the incorporation of the
dimensions of ethics education in the courses across the conditions. Specifically,
participants were asked to respond to two separate questions: (1) “to what extent has
ethical decision-making been incorporated into your current coursework™ and (2)
“to what extent has knowledge of responsible conduct of research been incorporated
into your current coursework.” Participants responded to these items on a 7-point
Likert scale ranging from 1 (not at all) to 7 (a very great extent).

Results

Table 1 summarizes the internal consistency measures and bivariate correlations
among the study variables.

Preliminary Analyses and Analytic Procedures
Tests for Selection Effects

Prior to evaluating our research hypotheses, we conducted a MANOVA to test for
systematic pre-existing differences on our six dependent measures between the three
experimental conditions. Results of this omnibus test revealed no significant
differences between the three conditions (Wilks’ Lambda = .728, p > .05),
reducing the possibility that systematic pre-existing group differences could
confound our examination of treatment effects in the data.

Analytic Procedures

In order to address our research hypotheses, we utilized a one-way analysis of
covariance (ANCOVA) with our three experimental conditions as the independent
variable as omnibus tests of overall group mean differences between our three
experimental conditions. We conducted separate ANCOVAs for each of our six
dependent measures. Gender, education level and the pretest score on the
corresponding measure were included as covariates in each of the analyses, with
posttest impression management added as a covariate to the models for perspective
taking, moral efficacy, moral courage, and moral meaningfulness. As a test of group
mean differences between our three experimental conditions on the outcome
measures, we conducted pair-wise comparisons of means using Tukey’s Honestly
Significant Difference tests.
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Manipulation Check

In order to verify the inclusion of elements of ethics education in the courses across
the different conditions, we conducted two manipulation checks. Our first
manipulation check item dealt with the extent to which ethical decision-making
was incorporated into the participants’ current course work. As expected,
information on ethical decision-making did vary significantly as a function of the
experimental condition, F(2, 96) = 9.92, p < .001, 1112, = 17. Post hoc tests revealed
that both the stand-alone (M = 5.56, SD = 1.33, p <.001) and embedded
(M =5.03, SD = 1.35, p <.001) conditions rated the extent to which ethical
decision-making was incorporated into the current coursework higher than
participants in the control (M = 3.88, SD = 1.90) condition. Although the
difference in means between the stand-alone and embedded conditions was in the
correct direction, we did not find evidence for group mean differences (p > .10).

Our second manipulation check item dealt with the extent to which information
on RCR was incorporated into the participants’ course work. Results of this analysis
indicated that RCR information varied marginally as a function of experimental
condition, F(2, 96) = 2.76, p < .10, 1112, = 05. Post hoc tests revealed that
participants in the stand-alone (M = 4.93, SD = 1.79, p < .05) rated the extent
to which knowledge of RCR was included into the current coursework higher than
participants in the control condition (M = 3.92, SD = 1.85). However, we found no
differences between the embedded (M = 4.68, SD = 1.51, p > .10) condition and
either the stand-alone condition or the control condition, although mean differences
were in the expected direction.

Taken together, the results of these tests for the manipulation check items provide
some assurance that information on ethical decision-making and knowledge of RCR
were incorporated to the greatest extent in the stand alone ethics education
condition, followed by the embedded and the control conditions, respectively.

Hypothesis Testing
Moral Judgment

In our sample, moral judgment did not vary significantly as a function of treatment
condition, F(2, 123) = 0.35, p > .10, nﬁ = .01. As indicated in Table 2, post hoc
tests corroborated the omnibus tests and indicated that none of the treatment
condition means were significantly different from one another. Thus, contrary to our
predictions in H#1 and H#2, moral judgment did not increase as a function of the
ethics education conditions and, hence, moral judgment did not increase more for
the stand-alone condition than for the embedded condition.

Knowledge of Responsible Conduct of Research
Analyses revealed that knowledge of responsible conduct of research varied only

marginally as a function of treatment condition, F(2, 83) = 2.88, p < .10, 1712, = .07.
As indicated in Table 2, post hoc tests detected no statistically significant
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Table 2 Mean differences by experimental group

ANCOVA  R? AR*  Parial Mean® SD® N
F eta squared
Dependent variable
Moral judgment 35 .35 .00 .06
Control 42.51, 12.19 43
Embedded 42.94, 11.86 43
Stand-alone 40.84, 12.19 43
Research knowledge 2.88* 40 .04 .07
Control 15.55, 3.62 20
Embedded 1447, 3.31 31
Stand-alone 16.36, 3.30 38
Moral efficacy 3.79%* 25 .08 .09
Control 3.56 48 22
Embedded 3.90, 46 32
Stand-alone 3.90, 46 27
Perspective taking 3.85%%* .58 .04 .09
Control 4.96 52 22
Embedded 5.34, 51 29
Stand-alone 5.30, .50 39
Moral courage 3.81%* .53 .04 .08
Control 5.13 57 22
Embedded 5.58, .55 29
Stand-alone 5.46, 54 39
Moral meaningfulness 2.02 31 .04 .05
Control 5.62, 4 .90 22
Embedded 6.13,+ .87 29
Stand-alone 5.83, .87 27

*p <.10; ¥ p < .05

? Means that do not share any subscript “a” are significantly different at p < .05, one-tailed test. Means
that share a dagger () are significantly different at p < .10, one-tailed

® Means and standard deviations are adjusted for covariates

differences between any of the three experimental conditions. Again, contrary to our
expectations, knowledge of responsible conduct of research did not increase as a
function of the ethics education treatment conditions (H#1) and it did not improve
more for the stand alone courses versus embedded module courses (H#2).

Perspective-Taking
Our analyses did demonstrate that perspective-taking varied significantly as a result
of treatment condition, F(2, 83) = 3.85, p < .05, 11!2, = .09). As indicated in

Table 2, and consistent with Hypothesis #1, planned comparisons indicated that
participants in the stand-alone and embedded conditions rated their posttest
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perspective-taking ability higher than participants in the control condition.
However, contrary to Hypothesis #2, we found no differences between the stand-
alone and embedded ethics education conditions.

Moral Efficacy

Moral efficacy also varied significantly as a result of treatment condition (F(2,
74) = 3.79, p < .05, nﬁ = .09). As indicated in Table 2, planned comparisons for
Hypothesis #1 indicate that participants in the stand-alone and embedded conditions
again rated their posttest moral efficacy higher than participants in the control
condition. However, contrary to Hypothesis #2 expectations, we found no difference
between the stand-alone and embedded module conditions.

Moral Courage

Consistent with our expectations (H#1), findings also revealed that moral courage
varied significantly across treatment conditions (F(2, 83) = 3.81, p < .05,
1112, = .08). As indicated in Table 2, planned comparisons indicate that participants
in the stand-alone and embedded rated their posttest moral courage higher than
participants in the control condition. Hypothesis #2 was not supported, however, as
there was not a statistically significant difference between the stand-alone and
embedded conditions.

Moral Meaningfulness

Finally, our initial overall analysis did not reveal that moral meaningfulness varied
as a result of treatment condition, F(2, 71) = 3.81, p > .10, 172 = .05. Although the
omnibus test did not produce significant results, we decided to conduct a priori
planned tests to further evaluate the data. While these results should be interpreted
as somewhat tentative, Table 2 indicates that participants in the embedded, but not
the stand-alone condition rated their posttest moral meaningfulness marginally
higher than participants in the control condition. However, we found no differences
between the stand-alone and embedded conditions.

Finally, a summary of the mean differences by experimental groups discussed in
the above sections is shown in Table 2. The covariate-adjusted group means for the
significant findings for perspective-taking, moral efficacy, and moral courage are
illustrated in Fig. 1.

Discussion
Summary of Results
Overall, we found partial support for Hypothesis #1 which predicted that any form

of ethics education (i.e., embedded or stand alone courses) would result in positive
ethics-related outcomes. Specifically, perspective-taking, moral efficacy and moral
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Fig. 1 Posttest group means adjusted for covariates

courage increased more for participants in the ethics education conditions
(embedded and stand-alone) than for participants in the control condition. Second,
we found marginal evidence that moral meaningfulness increased more for
participants in the embedded condition when compared to the control group.
However, we found no evidence in our research that either moral judgment or
knowledge of responsible conduct of research increased in the expected direction
for the ethics education conditions. Finally, we found no support for Hypothesis #2
which argued that stand-alone ethics education courses would provide better
outcomes than embedded ethics module courses. The implications of these findings
for future research and practice as well as the research study’s strengths and
limitations are discussed below.

Implications for Theory and Practice

First, our research findings reinforce recent calls in positive organizational
psychology for more work that takes a positive approach to ethics (Handelsman
et al. 2002). Combined with emerging research (May et al. 2009), our results
demonstrate that ethics education can have positive effects on individuals’ moral
efficacy, moral courage, and moral meaningfulness across different disciplines (e.g.,
engineering, sciences, and business). As noted above, such effects are important
because moral efficacy and courage have been linked to independently-rated moral
behaviors in the workplace such as raising ethical problems to management and
suggesting solutions even if such actions may have aversive consequences for their
own careers (May et al. 2010). Such behaviors are critical to enhance the integrity
and reputation of innovative R&D labs, scientific organizations seeking to advance
knowledge, or engineering firms building new products that must meet stringent
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safety guidelines. Individuals must be willing and able to discuss potential ethical
problems before they occur and help solve them in order to build a strong ethical
culture in their organizations.

Second, we also extend previous research in this area by demonstrating that
ethics education can improve individuals’ perspective-taking abilities which have
been shown to be important for moral judgment (Kalliopuska 1983; Leith and
Baumeister 1998) and cooperation in teams in organization (Parker and Axtell
2001). Our finding suggests that science and engineering programs would be well
served to implement ethics education in their curricula in order to produce students
who can work well together in organizations of the future. Since much of the work
in organizations is project team-based, these skills are vital for successful careers.
Future research may wish to explore the connections of perspective-taking to other
positive employee attitudes and behaviors in the workplace. For example,
perspective-taking may lead to higher levels of creativity or innovation as
individuals are able to look at problems from multiple perspectives. Thus, perhaps
such skills may generalize from the interpersonal domain to other areas.

Third, the findings for moral meaningfulness tentatively suggest that embedded
ethics modules in the regular curriculum may provide better opportunities for
students to integrate ethics into their professional identities than stand alone ethics
courses. Such courses likely provide the appropriate professional context for
discussions about relevant ethical issues. Students may be more engaged in such
discussions given the meaningfulness they inherently possess because of their
professional content. Future research may wish to explore which type of
instructional method for ethics education leads to the most meaning individuals
experience in the educational setting. Initial assessments of the successfulness of
ethics education by Antes et al. (2009) suggests that interactive, case-based ethics
instruction may hold the key to developing the meaningfulness individuals
experience as they are able to more actively consider the importance of ethics to
their professional identity.

Fourth, the lack of a significant effect for ethics education on students’ general
knowledge of the RCR was likely due to the diversity of the educational objectives
that individual instructors used in their ethics education initiatives as well as the
nature of the assessment of RCR knowledge. As noted above, the faculty
development workshops gave the faculty participants much discretion how they
chose to implement ethics into their curricula. Indeed, the results of the
manipulation check for RCR knowledge integration suggested that only the stand
alone courses appeared to address RCR knowledge in any systematic fashion;
however, these courses may not have adequately addressed the type of knowledge
assessed by Heitman et al. (2007) which tends to lean toward research conduct in
the biomedical sciences. Given that Heitman and colleagues have developed one of
the only scales in this area, future research should seek to develop another
assessment instrument for RCR practices that addresses both general and discipline-
specific research practices.

Finally, the ethics education initiatives in our study did not influence the moral
reasoning level of students. Such a finding is consistent with previous research by
Powell et al. (2007) and Plemmons et al. (2006) for responsible conduct of research
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coursework. Indeed, Antes et al. (2009) found that such ethics education efforts are
more effective at enhancing “ethical analysis” skills than moral development or
abstract philosophical reasoning outcomes. Ethical analysis skills are those which
focus on the cognitive nature of the ethical decision-making process and often
acknowledge the individual, situational, and organizational influences on these
processes (e.g., Trevifio et al. 2006). Sensitivity to ethical issues and ethical
problem-solving steps are likely to be emphasized in this form of ethics education.

The faculty development workshop that served as the initial context for this
research project exposed instructors to both pedagogical approaches (philosophical
and psychological), but the faculty workshop participants tended to adopt a
cognitive-based, ethical decision-making skill development focus for their ethics
education initiatives based on anecdotal evidence from their presentations and
course portfolios. The ethics-related psychological outcome results discussed above
are consistent with such an approach. Further research needs to be performed on the
viability of enhancing students’ moral development with embedded ethics modules
in courses. It may be that a more discipline-focused assessment instrument is
necessary to adequately engage students in the assessment process. Recent work in
the business field has attempted to move away from the abstract scenarios in the
Defining Issues Test (Rest et al. 1999) to ones more suited to the managerial context
(Loviscky et al. 2007; Weber and McGivern 2010).

Finally, this research found no evidence that ethics education delivered in a stand
alone course was more effective than modules embedded in science and engineering
curricula. Much of this was likely due to the short-term nature or pedagogical
approach used in such courses. Indeed, departments were reluctant to allocate more
than 1-2 credit hours for students taking a research ethics course. Anecdotal
evidence from the instructors suggests that the pedagogical approaches varied
widely with some instructors using regular case instruction with weekly write-ups
while others had relatively few written assignments and used guest speakers
extensively. Still other courses were taught on-line over the internet. Thus, critical
instructional methods such as time on task, level of participant interaction, and the
use of cases varied considerably across the stand alone courses. Unfortunately, the
relatively small sample size in this condition prevented us from teasing apart the
effects of these differences from one another. Future research should more
systematically try to decouple the impact of specific instructional methods versus
the type of instructional program (stand alone or embedded) on the specific
psychological, knowledge and moral reasoning outcomes examined here.

Future research should also consider investigating the efficacy of different
models for integrating the current topics of sustainability and social responsibility
into the engineering and science curricula (e.g., Conlon 2008; Lucena and Schneider
2008). While philosophical-based moral development may be best taught in stand
alone course, sustainability and social responsibility may be topics that are
particularly well-suited to being embedded in a context throughout the curriculum,
particularly in the engineering field.

Future research may also wish to examine the relative influence of instructional
objectives on specific ethics-related outcomes. That is, it may be that compliance-
driven education with a goal of minimizing deviations from professional codes of
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conduct may have positive effects on knowledge of appropriate RCR practices, but
may have negative effects on levels of moral development. Emphasis on virtue
ethics among engineers (Harris 2008) may also be most appropriate for the
expression of positive professionalism in the engineering field.

Finally, future research should continue to examine the effectiveness of ethics
education across different disciplines. Antes et al. (2009) examined primarily the
medicine, health, and psychology fields, while we focused predominantly on the
engineering, science, and technology fields. It may be that students in these different
fields vary in their receptiveness to ethics-related concepts provided in ethics
courses. Numerous anecdotal comments from faculty workshop participants
suggested that students have a difficult time “switching gears” from quantitative
material to the more abstract qualitative material involved in ethics education.

Strengths and Limitations

Each research project has its strengths and limitations. First, this research project
was part of an extensive 3-year, multi-institutional faculty development project in
ethics education. Second, the research employed a rigorous, pre/posttest research
design with a control group. Third, a number of traditional and emerging ethics-
relevant criteria were used (RCR knowledge, moral judgment, and positive
psychological outcomes) to assess the effectiveness of the ethics education
initiatives. Fourth, a diverse set of courses and pedagogical approaches were
represented in the sample.

The diversity of disciplines, participants, and teaching methods used also served
as a limitation in the research study. Such diversity in field research creates natural
error in the data and prevents researchers from finding hypothesized effects. We
believe an important next step for future ethics education research is to evaluate the
unique and combined effects of instructors and instructional approaches. Second,
the relatively small sample size in the stand alone course condition may have
limited our power to detect differences between the ethics education treatment
conditions. Thus, the findings of this research should be interpreted as preliminary.
Future research utilizing larger samples should be conducted to confirm our
findings. Third, as discussed above, the measures of RCR knowledge and moral
reasoning could have been better tailored to discipline-related knowledge and
ethical issues. One promising tool for future research in this area is the Engineering
and Science Issues Test (ESIT) used to assess the ethical development of individuals
in the science and engineering disciplines (Bornstein et al. 2010). Finally, the
multiple effectiveness measures created a lengthy survey for research participants.
The research team felt that a significant amount of mortality from pre to posttest
occurred in the project because of the time needed to complete the assessment
instruments. The length of the survey may have also influenced participants’
focused attention to questions and impacted some of the scales’ reliabilities.
Although such desertion rates can potentially bias results, the researchers found that
the included versus excluded groups differed only on gender, suggesting the bias
may be minimal. Future research would do well to focus on just a few critical
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outcome variables for investigation in order to minimize the effects of such lengthy
assessment instruments.

Conclusion

In closing, we believe that the research reported here on ethics education in
engineering and science courses demonstrates that ethics initiatives in these
disciplines can have positive effects on students’ ethics-related psychological
outcomes. Specifically, the findings of this long-term study suggest that faculty can
train students to (a) envision multiple perspectives of ethical issues, (b) develop
their confidence in their abilities to handle ethical issues in their respective field of
study, (c) be willing to raise the issue to management even if entails aversive
consequences for themselves, and, (d) foster professional integrity in their work
places by developing a professional identity that incorporates the importance of
acting ethically. The engineering and scientific world can be a better place with
greater attention to ethics education in their college programs!
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