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ABSTRACT
Training students to become ethical geoscientists has generated significant interest, particularly 
when confronted with the need to consider geoscience practice in light of geo-technological 
advances and environmental issues associated with resource extraction, pollution, and climate 
change. In this research, we examine from the perspective of student geoscientists what it means 
to be an ethical geoscientist. As part of a sedimentology course that explicitly taught ethics 
through experiential learning, students reflected on what it meant to be an ethical geoscientist. 
The student reflections (N = 37) collected at the beginning and end of the semester were analyzed 
using thematic analysis and interpreted. We used an ethics of care framework to generate three 
themes which described attentiveness to care, responsibility for care, and competency to provide 
care. First, attentiveness to care described the act of recognizing one’s own need and the need 
of others and making intentional efforts to address those needs. Student reflections revealed that 
attentiveness to one’s integrity and reflecting on one’s own actions in their interactions are 
important characteristic of an ethical geoscientist. Second, responsibility for care described the 
recognition of the need to care for the things with which we interact. Students described that 
being responsible for societal and environmental needs, such as promoting scientific literacy and 
guarding other species, are the hallmarks of an ethical geoscientist. Finally, competency to provide 
care described the availability of effective knowledge, skills, and materials to ethically provide care. 
Student reflections captured competencies related to scientific practice in ensuring data precision, 
accuracy, and maintaining caring and ethical relationships with colleagues as ethical geoscience 
characteristics. We suggest instructional strategies that explicitly teach ethics and critical reflection 
to foster students’ sense of care and interest in geology both as a science and ethical practice.

Introduction

The extensive use of geo-resources, such as minerals and 
water, calls for practices that will promote sustainability 
(Gosselin et  al., 2013). Other potentially destructive inter-
actions between humans and Earth, such as mining, use of 
fossil energy, and settlement development also suggest sig-
nificant need for effective approaches to sustainability and 
environmental protection to reduce the harmful repercus-
sions that such usage and interactions have on both biotic 
organisms and the environment (Firozjaei et  al., 2021; 
Hellqvist, 2019; Kartal, 2022). As described by Peppoloni 
and Capua (2015), these interactions between humans and 
the Earth are complex ones that raise ethical issues, such 
as degradation of the world’s freshwater and biological sys-
tems, destruction of forests, wetlands, oceans, and the 
long-range transportation of harmful compounds. Hence, 
we need to consider our responsibility in our interactions 
with nature if we are to understand the Earth, mitigate 

negative anthropogenic impacts, and find sustainable ways 
to live within the limits of the planet’s resources (Mogk, 
2018; Peppoloni et  al., 2019).

Geoethics places a strong emphasis on the requirement 
for scientific objectivity, as well as the adoption of suitable 
methodological and sociocultural practices that require col-
lective responsibility to care for the Earth (Martinez-Frias, 
2008). In recent years, the discussion of ethics within the 
geoscience community has generated significant interest, 
particularly when confronted with the need to consider 
geoscience practice in light of geo-technological advances 
and environmental issues associated with resource extraction, 
pollution, and climate change.

Some geoscientists have suggested that one way to protect 
the Earth is to cultivate learners’ commitment to sustainable 
futures through the explicit teaching of geoethics (Mogk & 
Bruckner, 2020; Mogk et  al., 2017; Peppoloni et  al., 2019). 
Peppoloni and Di Capua (2016) argue that geoethics edu-
cation could potentially foster ethical practices toward the 
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environment by raising awareness about how humans affect 
the Earth. Geoethics encourages students to become fully 
aware of their role as active participants in the Earth’s pro-
cesses and to accept the ethical responsibilities associated 
with such a role. The use of instructional approaches that 
incorporate geoscience principles that heavily includes geo-
ethics and authentic learning (Mosher & Keane, 2021) may 
have a positive influence on students’ ability to make deci-
sions about ethical issues and to adopt ethical behaviors 
(Peppoloni et  al., 2019). Authentic geoscience learning 
involving endeavors and activities that integrate real-world 
problems and data, sense of place, as well as the significance 
and value of cultural validity (Kastens & Krumhansl, 2017; 
Semken et  al., 2017; Sorge et  al., 2022; Williamson et  al., 
2022) will not only help students to construct content 
knowledge and practice technical skills, but it also has the 
potential to affect students’ ability to make decisions about 
ethical issues and to adopt ethical behaviors.

The growth of students’ ethical capacities is also relevant 
to workforce development. For example, Nyarko and Petcovic 
(2022) found from environmental and hydrogeology employ-
ers that ethical values related to trust, humility, and integrity 
are essential teamwork skills required to build an effective 
workforce. Similarly, Mosher and Keane (2021) identified 
ethical awareness and conduct relating to being responsible, 
dependable, and honesty as important workforce skills that 
students need to develop. According to Almeida and 
Vasconcelos (2015), geoscience students are likely to be 
unfamiliar with geoethics though they recognize the rele-
vancy of having ethical guidelines for geoscience research 
and practice. However, in a recent study, Keane and Asher 
(2021) asserted that while students remain largely unac-
quainted with the breadth of geoethics, this can be corrected 
by exposing students to practical opportunities to apply 
geoscience knowledge in solving ethical issues, and providing 
consistent support from geoscience faculty and employers.

In order to improve geoscience students’ ability to 
understand geoethics and navigate ethical issues, it is 
necessary to foster geoethical competency among students 
through explicit instruction. By explicit instruction, we 
mean lessons that specifically include ethics as learning 
and teaching outcomes and provide opportunities for 
experiential assessment through students’ critical reflec-
tion. There is also the need for students to be exposed 
to ethical reasoning and decision-making practices (Davis, 
1999; Sternberg, 2010). Effective ethical preparation of 
students has the potential to help them develop accurate 
conceptual connections between science, environment, 
and society (Sadler, 2004; Sadler et  al., 2006). However, 
our review of the geoscience education literature indicates 
that no research has explored student’s geoethical reason-
ing during instruction that explicitly connects geoscience 
content and ethics. This study adds to the ongoing con-
versation about potential opportunities in fostering the 
development of ethics as part of geoscience content 
knowledge.

We employ Tronto’s (1993) formulation of an ethic of 
care as our theoretical framework to examine the geoethical 
thought and practice of students during geoscience inquiry. 

Tronto’s framework suggests four elements of care, including 
attentiveness, responsibility, competency, and responsiveness. 
An ethic of care framework has proven to be useful in both 
ethics and education research. For example, Feldman (2020) 
identified the need for faculty and institutions to promote 
experiences of connection and interaction for students to 
feel a sense of care. Bozalek et  al. (2014) used an ethic of 
care theory to evaluate teaching practices in a professional 
development program and identified that as people act 
responsibly, their trust for what they do improves. The pur-
pose of our study is to examine how students articulate care 
for the environment, society, and their own selves as they 
complete an assigned experiential activity — fieldwork and 
reflective essays in a sedimentology course.

Literature review

Conceptualization of geoethics

There are variety of ways in which ethics has been concep-
tualized and operationalized. According to Weston (2007, 
p. 5), “ethics is a concern with the basic needs and legitimate 
expectations of others as well as our own.” In other words, 
we can think of ethics as being concerned with the ways 
we co-fashion our lives, the lives of others, and our shared 
world according to our values. Hence, the governance of 
both ourselves and others, as well as the broader systems 
that comprise society, is a fundamental ethical matter.

As in other disciplines, ethics in the geosciences are 
often articulated through a series of codified standards and 
written statements that describe the conduct expectations 
for members of the issuing group (Abbott, 2017). For exam-
ple, the American Geophysical Union (AGU), Geological 
Society of America (GSA) and other geoscience organiza-
tions have code of ethics that members must adhere. 
Geoscientists are also bound by unwritten codes guided by 
personal and professional morality in our interactions with 
society and the geosphere (Almeida & Vasconcelos, 2015; 
Peppoloni & Di Capua, 2016). Our ethical actions “should 
reflect, among other things, freedom, scientific and profes-
sional skills, integrity and good practices, reflection, 
socio-cultural and human dimension and principles and 
motivations” (Martínez-Frías et  al., 2011, p. 257). These 
ethical expectations obligate geoscientists to have possession 
of particular ethical knowledge that has implications for 
the general public, which fosters integrity, honesty, and 
dependability (Abbott, 2017; Peppoloni & Di Capua, 2016; 
Wyndham et  al., 2015). Hence, geoethics is mostly concep-
tualized as written statements upon which geoscientists base 
appropriate behavior and practice (Abbott, 2017; Peppoloni 
& Capua, 2015) consisting of appropriate protocols and 
codes of good practices to shape our understanding of the 
human and more-than-human parts of our society and 
environment (Martinez-Frias, 2008).

The origin of the term geoethics continues to be a debat-
able venture between geoscientists and environmental sci-
entists. Whereas geoscientists consider the term to be born 
in the early 1990s, environmental scientists suggest the term 
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was first coined in the 1960s in a move to extend ethical 
concern to soils, water, and land (Almeida & Vasconcelos, 
2015). However, Martínez-Frías et  al. (2011) assert that geo-
ethics became an independent research field around 1992 
in an effort to apply ethics to Earth Science practice and 
research. In the past three decades, geoethics and its asso-
ciated social implications have become indispensable for 
geoscience research, practice, and training (Peppoloni & 
Capua, 2015). For example, the International Association of 
Promoting Geoethics [IAPG] (2012) emphasizes that geo-
ethics consists of those values that represent an opportunity 
for geoscientists to become aware of their social responsi-
bilities in conducting scientific investigations. They further 
suggest that geoethics should foster an awareness of geosci-
ence communities regarding problems related to geological 
resources and the environment. 

Fore and Hess (2020) provide an “ethical becoming” 
framework within which geoethics can be contextualized. 
Ethical becoming is premised on the notion of a relational 
process ontology, meaning that the “being” of a given subject 
is perpetually achieved through a constant process of becom-
ing. Reality is, therefore, fundamentally relational. For exam-
ple, humans are fashioned through and due to their 
relationships with both human and more-than-human sub-
jects, like the Earth. This produces the experience of indebt-
edness (Nyamnjoh, 2017), which in turn, makes our present 
encounters ethically significant and rich with expectations, 
commitments, responsibilities, and trust. This is relevant to 
the geosciences, as the Earth, for which we desire to be 
stewards, is constantly becoming through relational processes.

Due to their capacity for reflective thought, humans grow 
their abilities to critique their own thoughts and practices, 
as well as the shared problems born from their relationship 
with the Earth system. In the ethical becoming framework, 
Fore and Hess (2020) argue that such critique is beneficially 
guided by ideals and values related to beauty (i.e., harmony 
and potency) and an ethic of care, which, respectively, pro-
vide a direction for growth and a set of moral excellencies 
capable of animating one’s inquiries and interventions into 
the complexities of one’s immediate context. This relational 
process is clearly contextual and, therefore, what may be 
ethical conduct in one situation may be abhorrent in others 
given differing value systems (Frankl, 1992). This means 
that ethical conundrums rely on the viewpoints and real-life 
experiences of individuals, who may value different things. 
Hence, personal, historical, and cultural aspects also have 
a lot to do with what is ethical.

Bohle (2021) provides six categories of geoethical ratio-
nales based on the human-niche in which geoethics is 
related to various ethical norms: actor-centric, virtue-ethics 
focused, responsibility focused, knowledge-based, all-actor 
inclusive, and universal-rights based. First, actor-centric 
refers to the application of established frameworks that 
empowers the group to act their best in the face of given 
circumstances and purposes. This rationale suggests that 
group members must always avail themselves to the accepted 
ethical practices within the group irrespective of circum-
stances. For example, each member of the geoscience com-
munity is an important ethical actor in ensuring the 

sustainability of Earth in the face of climate change and 
environmental injustice. Second, virtue-ethics describes per-
sonal traits that affect the capabilities of group members to 
develop and govern individual and collective conduct. 
Through personal traits, such as honesty, integrity, reliability, 
and cooperation, they carefully and justly manage the human 
and material resources of the group. One develops a given 
virtue, which, in Aristotelian virtue ethics, exists as an ideal 
mean between two vices. Through practice, a virtue is ideally 
developed to the limit of perfection, and, in such a state, 
virtuous subjects may excel at governing themselves and 
others. Both actor-centric and virtue-ethic rationales give 
relevance to human actors within the geoethics process.

Third, responsibility-focused rationale is concerned with 
the analysis of the outcomes of group actions, particularly 
in terms of accountability and the implications of unin-
tended consequences for future generations. For example, 
the geoscience community should take a responsibility ratio-
nale and be ethically concerned with issues that put the 
Earth and its inhabitants in danger. Fourth, the 
knowledge-based rationale describes the levels of knowledge 
within a group. It implies that in geoethics, primary and 
secondary knowledge acquired through scientific prepara-
tions and experiences serve as the basis for knowledge 
reproducibility and verification. Bohle (2021) asserts that 
responsibility-focused and knowledge-based rationales pro-
vide opportunities to develop ethics through established and 
shared actions. Finally, all-actor inclusive and universal 
rights-based rationales call for community participation and 
refer to the ethics of equity or justice. The all-actor inclusive 
rationale refers to the practices of participation, capacity 
building, and mitigating power differences within contexts 
where operational responsibility is shared between various 
groups. The universal-rights based rationale guides the 
groups’ collaborative, affective, and rational sense-making 
to strengthen group effectiveness. With a universal rationale, 
the group navigates around constructs, such as utilitarian, 
sustainability, or precautionary principles to manage ethical 
standards.

Research on geoethics in higher education

Higher education has been identified as one of the major 
champions to develop the state of geoethics in the geosci-
ences. As described by Peppoloni and Capua (2015, p. 7),

For geoscientists, cultural and practical preparation has to take 
on an ethical dimension, starting at the university level. "rough 
their individual commitment, young geoscientists can assume 
the need for continued cultural education as an ethical duty.

Researchers have emphasized the role of geoethics in main-
taining the professional standards of geoscientists. They 
suggest continued geoethics education in the classroom for 
students, and in professional development programs for 
instructors (Mogk & Bruckner, 2020). This call is based on 
the notion that geoscientists can play a key role in support-
ing society by ethically developing and promoting tools that 
may mitigate the impact of human activities on Earth and 
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deal with the environmental challenges that face humanity 
(Peppoloni & Capua, 2015). Also, there is a close connection 
between ethical decision-making and critical thinking across 
the curriculum. They both employ higher-order thinking 
skills in the cognitive domain, and also are impacted by 
aspects of the affective domain. All require analysis based 
on evidence, prioritization of evidence, and ultimately mak-
ing choices that permit further action.

However, geoethics continues largely to be absent from 
the curriculum of geoscience courses, despite educator rec-
ognition of the importance of teaching geoethics from an 
early age and throughout elementary to university curricula 
(Almeida & Vasconcelos, 2015; Mogk et al., 2017; Vasconcelos 
et al., 2016). This limits the effort to prepare ethically trained 
students. As described by Bohle (2021), training students in 
geoethical thinking—including critical reflection on moral 
adequacy and responsibility—strengthens the operational 
guidance related to geoethics. The few studies that have 
investigated geoethics in higher education have provided 
mixed results regarding students’ perceptions. Georgousis 
et  al. (2021) identified that university students perceive the 
need for geoethics to be applied to environmental protection; 
however, they also perceive the environment as containing 
renewable capital that humans should explore. Similarly, 
Almeida and Vasconcelos (2015) identified from students 
that geoscience practices should be guided by a code of 
ethics and that they should learn that it is an ethical respon-
sibility for geoscientists to participate in political decisions 
that affect the Earth. In summary, both the geoethics liter-
ature and education literature suggest explicit incorporation 
of ethics into students’ preparation in higher education.

Theoretical framework

An ethics of care (Tronto, 1993, 1998) is generally recog-
nized as a robust and accessible conceptual framework of 
ethics. It emphasizes that all human beings and their world 
need, receive, and give care to others. Care is a complex 
word with so many dimensions, such as: 1) care as concern, 
2) care as sensitivity to the vulnerability and/or anxiety of 
care recipients, 3) care in attention to details/practices, and 
4) care for well-being of others. The complexity of caring 
practices and modes of thought is also expressed in geo-
ethics; for example, geoscientists should care for their selves, 
their profession, and the responsible conduct of research, 
as well as their conduct pertaining to various communities 
and Earth stewardship. Furthermore, Mogk (2018) hypoth-
esizes that professional ethics of care are consistent with 
the geoscience profession’s foundational ideas of power, trust, 
respect, accountability, fairness, and justice.

According to Tronto (1993), care consists of activities 
that “maintain” and “repair” the fabric of our lives for sur-
vival in a shared world. This means that for geoscientists, 
care is both a practice and process aimed at maintaining 
or repairing our relationships with each other and the 
Earth—“care implies reaching out to something other than 
the self ” and providing suggestions “that will lead to some 
type of action” (p. 102).

Tronto (1993, p. 106–107) suggests that for care to func-
tion, we need to 1) have the need to care (caring about), 
2) assume responsibility for care (taking care of), 3) recog-
nize and provide the care to be given (caregiving), and 4) 
provide a response (care-receiving). In Tronto’s ethic of care, 
she identifies both particular acts of caring, as well as cog-
nitive tendencies of care, that involve four elements: atten-
tiveness, responsibility, competence, and responsiveness 
(Figure 1).

Attentiveness refers to the act of recognizing the need 
of what is around us and making intentional efforts to 
address those needs. According to Tronto (1993), an ethic 
of care posits that we have the cognitive capability to rec-
ognize needs outside of our own. We need to suspend our 
personal goals and concerns and concentrate on the needs 
of those with whom we interact. This, however, does not 
mean that we must fail to recognize and be attentive to 
our own needs for care. In attentively caring for ourselves 
and others, we critically inquire into the results of any care 
given and how our own actions affected ourselves and oth-
ers. By doing this, it becomes possible to fashion our care 
practices in ways that lead to appropriate caregiving and 
care-receiving. In this regard, geoscientists need to be recep-
tive and attentive to all human and more-than-human enti-
ties comprising the environment, so that we can recognize 
needs and provide care. As geoscientists, if we fail to rec-
ognize the need for caring for our environment, the Earth 
will be neglected, its exploitation perpetuated, and its inhab-
itants distressed.

Held (2006) emphasizes that the central focus of ethical 
care is meeting the needs of those for whom we take respon-
sibility. Tronto (1993) argues that the responsibility for care 

Figure 1. Hierarchical processes and stages of ethical care. The "rst step of 
care involves recognizing people’s needs. After these needs have been identi-
"ed, the next step is to assume responsibility for meeting them. The third step 
involves actually working to provide care, and "nally ensuring that the recipient 
is responding to the care that is provided by the caregiver. The process is 
reiterated as care habits develop over time.
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should be distinguished from obligation. She asserts that in 
responsibility-based ethics, actual interaction plays a vital 
role, whereas within obligation-based ethics, the emphasis 
is on a cognitive understanding of “what people should do 
for each other” (p. 133). For example, as a geoscientist cares 
for the sustainability of the Earth, they take responsibility, 
making a conscious choice within a particular context, rather 
than conforming to an external, normatively defined obli-
gation that may or may not be relevant to the problem 
at hand.

Competency refers to the availability of effective resources 
(e.g., knowledge, skills, materials, and technologies) to eth-
ically provide care. As described by Tronto (1993), compe-
tency is about ensuring that caring work is done effectively 
by people with the “know-how” to do so. As geoscientists, 
one way of showing competency in ethical care is by pro-
viding best practices (i.e., methods) and following through 
to make sure that they have actually been used. Finally, 
responsiveness refers to the assessment of the care plan to 
verify if the caring needs are adequate to address the need. 
For example, Tronto (1993) asserts that there has to be some 
form of vulnerability for one to need care; hence, we need 
to verify that the care given actually meet the needs of that 
vulnerability (what we are caring for). We must then take 
responsibility to care and then do so competently. The care 
recipient will then respond to this care. The element of 
responsiveness requires some level of attentiveness, because 
we have to consider the care receiver’s responses to the 
care given.

The success of using an ethic of care in other areas of 
science and education (Groot et  al., 2019; Lachman, 2012) 
suggests that it can be applied to the geosciences to under-
stand the ethical care that geoscientists should practice in 
relation to the Earth and its resources. The framework pro-
vides a context-specific way to understand the attentiveness, 
responsibility, and competence of care that students enact 
in service to the Earth. Because we want to identify students’ 
conceptions of geoethics and their demonstration of atten-
tiveness, responsibility, and competence of ethical care, we 
define geoethics as the moral fabric that shapes our atten-
tiveness, responsibility, and competency to foster excellence 
and commitment to our communities and the Earth. In 
other words, ethical care within the context of geoethics is 
concerned with how geoscientists exert considerable effort 
to be attentive to the needs of others and the Earth, accept 
responsibility to attend to those needs, competently provide 
care to address those needs, and maintain sensitivity to 
care-recipients’ responses.

Purpose of study

Despite evidence supporting the importance of geoethics, 
research related to students’ understanding and development 
of geoethical values remains scant. For this study, we are 
focused on analyzing how, if at all, elements of care animate 
the scientific inquiry and thinking of students within a 
sedimentology course. The course uses an inquiry-based 
teaching strategy that explicitly teaches ethics. We collected 

and analyzed student reflections using a qualitative descrip-
tive design to answer the following research questions:

1. What are the perceptions of geoscience students 
regarding the conduct of geoscientists’ in their

a. Attentiveness to ethical problems in the geosciences?
b. Responsibility for ethical problems in the 

geosciences?
c. Competence in addressing ethical problems in 

the geosciences?

Methods

Research design

The study follows a descriptive qualitative study design 
(Merriam & Tisdell, 2016) that aims to describe students’ 
ethical thinking through written reflections. For each stu-
dent, we collected an essay at the beginning and end of a 
2-day fieldwork activity in a sedimentology course that 
explicitly emphasized geoethics. We generated codes through 
thematic analysis (Merriam & Tisdell, 2016) and interpret 
our findings through the lens of ethics of care (Tronto, 1993).

Context of study

Integrated Community-Engaged Learning and Ethical 
Re!ection (ICELER)
The sedimentology course explored in this study was part 
of an NSF-funded, institutional transformation project 
under the Cultivating Cultures for Ethical STEM program. 
The Integrated Community Engaged Learning and Ethical 
Reflection project, or ICELER, has aimed to transform the 
teaching and learning of ethics in the Earth Sciences and 
Biomedical Engineering departments at a large public uni-
versity in the Midwest of the United States (Fore et  al., 
2018). Now, in its fifth and final year, the project’s approach 
to facilitating institutional transformation has involved a 
4-year faculty learning community (FLC) with members 
from each department. According to Price et  al. (2022), 
the ICELER FLC’s theory of change revolved around sup-
porting faculty’s professional growth, enhancement of their 
instructional practices, and the strengthening of their 
departmental cultures. This, in turn, was theorized to lead 
to increases in student learning outcomes related to 
civic-mindedness, ethical inquiry, and ethical awareness. 
Beginning in Year 3, FLC participants began implementing 
and refining their ICELER courses, which were positioned 
across all course levels. The data presented here is from 
a sedimentology course offered during the fourth year of 
the ICELER project.

The three key features of the ICELER framework are 
community engagement, critical reflection, and ethics. In 
an ICELER course, students should have authentic disci-
plinary experiences and be strategically prompted to criti-
cally reflect upon those experiences as well as any preceding 
experiences through an ethical lens. As the project evolved, 
it became clear that a narrow definition of community-engaged 
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learning would not suit the reality of the work faculty were 
doing. Over time, the ICELER team has become very flexible 
with how it defines communities to include human and 
more-than-human entities and has opened up to experi-
menting with multiple forms of experiential learning–cre-
ating knowledge through transformation of experience (Kolb, 
2015). This includes place-based approaches (i.e., learning 
in a natural setting), service-learning approaches (i.e., stu-
dents engage in an organized service activity that addresses 
identified community needs), and civic-rich approaches that 
use collaborative community and student problem-solving 
(Battistoni, 2013; Felten & Clayton, 2011; Semken & 
Freeman, 2008).

Sedimentology and stratigraphy course
The course being studied is a 300-level Sedimentology and 
Stratigraphy course offered in the Earth Sciences department 
at a large public university in the Midwest of the United 
States. There is a lab component to the course and two field 
trips were required. The first field trip focused on giving 
students the opportunity to make authentic inquiries into 
sediment transport at a local park and aimed to cultivate 
their capacity to take field notes. The second field trip gave 
students the opportunity to observe and record features of 
bedding and sedimentary structures in order to identify 
evolving depositional environments in an outcrop (e.g., delta, 
point bar, and beaches) and to further practice taking effec-
tive field notes. Reflective writing assignments in the course 
required students to critically consider the relationships 
between the ethical purposes of the geosciences, the ethical 
conduct of geoscientists, and their own experiences related 
to fieldwork throughout the semester. Critical reflection was 
utilized as an approach for assessing these learning objec-
tives. Ash and Clayton (2009) describe, examine, and artic-
ulate learning (DEAL) model for critical reflection in 
experiential learning contexts informed how the instructor 
of the course designed the prompts for the reflective assess-
ments. Within the DEAL model, instructors design reflective 
assessments that challenge students to describe their educa-
tional experiences in detail and examine those experiences 
through analytical lenses or frameworks introduced in the 
course. After this, students are prompted to articulate their 
learning by considering how this new knowledge will be 
applied in other experiences.

Participants

All of the 25 students in the sedimentology course received 
invitations to participate in the study out of which 20 gave 
their informed consent in accordance with the guidelines 
established by the study’s human subjects institutional review 
board. Because participant information was not self-reported, 
we provide the demographics of all 25 students in the  
course as obtained from the student information database 
(Table 1). The course had 52% female students, 84% were 
white, and 10% were in the active/reserve military. Less 
than 50% of the students were traditional college age (18–23) 
and one was a parent.

Data collection

In the course of the semester, each student wrote several 
reflection essays, prior to the first field trip (see Supplemental 
materials for prompts), as part of field notes and as part 
of their formal project report for the second field trip. The 
first essay required students to read and write a reflective 
essay on the IAPG (2012) ethical code and promises of 
geoscientists. The final essay focused on students’ critical 
reflection of their ethical responsibilities in geoscience prac-
tice. A book chapter by Peppoloni et  al. (2019) provided 
the lens through which students were to reflect upon their 
experiences. The book chapter illustrates the development 
of geo-ethical thought with definitions and an explanation 
of the values and ideas that underpin its conceptual frame-
work and the vision of ecological humanism. Lenses used 
for these reflections included geoscience “interactions” and 
“promises.” For example, students were asked to consider 
their geoscience experiences through the lenses of how they 
should interact with their own selves, their colleagues and 
discipline, their society, and the environment. These reflec-
tive essays constitute the data set being examined in this 
study. A total of 37 essays from 20 students in Fall 2020 
were collected. Three students only completed one essay.

Data analysis

The unit of analysis is students’ reflection essays. Because 
the pre-and-post reflection prompts were different, we com-
bined each student’s pre-and-post reflection essays for anal-
ysis. In this study, we conducted a thematic analysis 
(Merriam & Tisdell, 2016) of student reflective essays uti-
lizing Tronto’s (1993) conceptualization of an ethic of care 
theory, which also informed our research questions. Using 
our theoretical framework, and research questions, we sought 
to identify moments of reflective writing in which (1) stu-
dents were attentive to a particular geoscience relationship 
and whether that relationship represented an interaction 
between the self, discipline, society, or environment, (2) 
students articulated a sense of responsibility for addressing 
conflicts and problems within those relationships, and (3) 
students identified how they should address such conflicts 
and problems competently. Using these themes, the first and 
second authors independently coded the same 22 (59.5%) 
student reflection essays and compared results. We then 
refined our codes to create a final coding scheme made up 
of three themes and five codes (Table 2). The codes describe 
the meaning of specific notions within each theme identified 
in the student essays. The authors independently applied 
the coding scheme to all the 37 student essay transcripts, 

Table 1. Demographic information of participants in the class.

Demographic
Number of students (%) 

N = 25
Gender Female = 13 (52%); Male = 12 (48%)
Age 18–23 = 11 (44%); 24 above = 14 (56%)
Race/Ethnicity Hispanic/Latino = 2 (8%); White = 21 (84%); 

Two or more races = 2 (8%)
College background First generation = 4 (16%); Non-"rst generation = 

21 (84%)
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Table 2. Themes, codes, and example of quotes.
Theme Code and de"nition Example of quote representing code
Attentiveness to and 

Responsibility for Taking 
Care of Oneself and 
Others

Self-work/Care of the self: being a caring scientist require 
a great deal of work on one’s own self.

I believe it  is essential for all scientists to be well balanced 
in their interactions with the environment, society, and 
their colleagues. To  accomplish  this equilibrium,  I think 
the most important level of interaction  comes 
from  developing responsibility in [attentiveness to] 
oneself.  I feel  you  have to  hold yourself accountable at 
a high standard  before asking anyone else to join your 
pursuit - Dan

Responsibility for Care Responsibility for societal needs: geoscience as a means of 
promoting care through scienti"c literacy.

We have the responsibility of  teaching future generations 
a better way to treat the earth, especially in the current 
state of things, as well as  helping society understand 
the responsibilities it has toward the world - Alfalfa

Responsibility for environmental needs: care for other 
species and guarding against environmental 
catastrophes.

I think the humankind emphasis is problematic.  I agree 
that geoscientists should be aware of any negative 
societal implications, but  I think a geoscientist’s 
purpose  is to  protect the Earth system for the bene"t of 
Earth  not humans - Ko"

Competency for Care Competence connected to addressing societal and 
environmental needs related to one’s scienti"c practice 
in ensuring data precision, accuracy, and integrity.

A common set of ethics within the geosciences is needed 
in order to maintain  trust… Ensuring  the accuracy of 
information  is an important part of maintaining any 
"eld of study as  without honest attempts for the truth, 
the geosciences wouldn’t be able to progress in the 
pursuit of truth, support society, or protect the earth 
- Mina

Competence as a care practice for discipline and 
disciplinary colleagues such as maintaining caring and 
ethical relationships with colleagues, as well as 
maintaining the integrity of the discipline itself.

I took the  extra time to make sure my numbers were 
genuine and accurate. I think this shows how holding 
yourself accountable "rst is the biggest priority, because 
in science it’s rare for my data or results to be exclusive 
to me, and  I wouldn’t want to mess someone else up 
because of my mistakes - Ken

and discussed our results (i.e., whenever there was coding 
disagreement on a particular text/sentence) until we achieved 
total (100%) agreement. To do this, we spent time to under-
stand the manifest, latent, and contextual meaning of the 
sentence and then we discuss based on these meanings to 
assign a code. Again, throughout the data analysis, we kept 
annotations and memos (indexation) that helped us track 
questions we might have and with areas that needed further 
clarification. This enabled discussions throughout the anal-
ysis to establish agreement on all the applied codes. Finally, 
we compiled themes and codes using NVivo 20. In this 
article, we use students’ reflection quotes that represent and 
explain our findings. We use pseudonyms to represent all 
student quotes.

Validity and reliability

Merriam and Tisdell (2016) define validity as a process of 
assessing the accuracy of our data. First, we verified the 
accuracy of our study by sharing our findings and inter-
pretations with research associates and colleagues who are 
external to the research. We also engaged in independent 
generation of codes and comparison of interpretations 
during data analysis. This allowed us to capture all the 
important and salient ideas from the data.

We also followed Merriam and Tisdell (2016) approach 
to reliability as the extent to which research findings can 
be replicated by engaging in intercoder agreement. To cal-
culate for intercoder reliability, we coded the same set of 
six students’ pre-and-post essays and achieved a mean inter-
coder agreement of 93% which is higher than the 80% 

recommendation by Miles and Huberman (1994). We also 
engaged in communal test of reliability (Bernstein, 1983) 
by discussing and sharing our codes with colleagues who 
were not part of the research to find out if different persons 
may assign the same text to the same/different code. We 
also identified from them if the interpretations we were 
making are accurate. They shared no significantly different 
ideas to ours; hence, we did not make any changes to our 
coding scheme or interpretations. However, this process 
provided some level of validity and reliability to our coding 
scheme and interpretations, and helped reduce our level of 
bias and subjectivity.

Researcher positionality

The first and second authors are science education research-
ers interested in care ethics and geoethics education research. 
They are also a part of the ICELER team that supported 
faculty as they introduced ethics into their courses. We are 
both experts in qualitative research methods and mostly use 
reflections as our preferred data collection strategy. We are 
also predisposed to accept the notion that the only way 
toward a sustainable Earth is through ethical care for it and 
all its inhabitants. The third author is the instructor of the 
course and member of the ICELER cohort. Her teaching is 
largely informed by her ethical values for equity, respect, 
trustworthiness, inclusion, open-mindedness, and accuracy. 
Hence, we consider ethical thought and practice to be of 
utmost concern, and this might bias our research interpre-
tations. Also, data was collected by the third author and 
analysis was completed by the first and second authors. To 
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identify and reduce our bias, we shared each process taken, 
our findings, and our interpretations amongst ourselves and 
other colleagues for critical review. This review helped 
reduce the level of subjectivity and ensured multiple per-
spectives in our findings and interpretations.

Interpretation and discussion of results

We organize and present our results, discussion, and inter-
pretations in the context of our theoretical framework 
(Figure 1), our conceptualization of ethics, and our research 
questions related to the three ethical elements–attentiveness, 
responsibility, and competence for care. Students’ reflections 
acknowledged that being an ethical geoscientist required a 
great deal of ethical care involving one’s attentiveness to 
one’s own needs and development, as well as the needs of 
others. Students also articulated a sense of responsibility for 
and competence in addressing such needs with great care. 
Attentiveness to personal care relates to how the students 
conceptualize ethics as a characteristic that borders on one’s 
own attention to personal care. The other two themes 
describe the role of responsibility and one’s ability to be 
ethical.

Attentiveness to ones’ own care

Our data analysis of students’ reflection suggests that paying 
attention to one’s own self-care practices are important to 
be considered as an ethical geoscientist. Students described 
that being a caring geoscientist required a great deal of 
attentiveness to their own selves, which are to be monitored 
and brought to account for their successes, as well as their 
failures. Recurring topics among students were having integ-
rity and reflecting on their own actions in their interactions 
with the Earth. Melina stated that

Ethics incorporates a pact that is rooted in the integrity of 
oneself in respect to their personal values when conducting 
their work, and their commitment to their community and 
the Earth.

Similarly, Davis wrote that

To be a geoethical scientist, one must constantly apply their own 
self-maintained check and balance system to insure a constant 
awareness of the problem. Having a di#erent person do this 
for you not only diminishes any responsibility on the unethical 
scientist but also does not allow the scientist to learn and grow 
from their mistakes.

From a geoethics perspective, being attentive to how one 
values one’s self ethically is important in showing care to 
others. Tronto (1993) proposes that it is almost irresistible 
to focus our concerns solely upon ourselves, but it is also 
reprehensible to ignore the concerns and needs of what is 
around us. The students in our study asserted that engage-
ment in behaviors that serve to maintain and promote care 
of oneself is important in providing care for others. When 
they are able to ethically care about their own actions, they 
begin to develop the capacity to shape their responses 

carefully and critically to the needs of their environment and 
the Earth. In addition, this closely aligns with the relationship 
between ethical decision-making and critical thinking; by 
highlighting features of the cognitive domain, this can be 
equated to self-monitoring and self-regulating behaviors. 
These findings are consistent with Shapiro et  al. (2007) that 
being attentive to one’s own care and having self-compassion 
increases students’ care and compassion for other people.

Responsibility for care
Tronto (1993) argues that ethically caring for our environ-
ment and the Earth is situated in our sense of responsibil-
ity–the need to care for the things with which we interact. 
She proposes that elements of ethical care should be 
immersed in the context of responsibility. In their reflective 
writings, our participants revealed two ideas related to eth-
ical responsibility: responsibility to the society and to the 
Earth. Many students perceived that a geoscientist’s respon-
sibilities to society are educational or informative in nature 
and that the scientific knowledge they construct should be 
used to inform human interactions within their society. In 
this vein, Dan stated:

We have the responsibility of teaching future generations a 
better way to treat the earth, especially in the current state of 
things, as well as helping society understand the responsibilities 
it has towards the world.

Similarly, Mina reflected on the importance of being 
ethically responsible in conducting scientific work to meet 
societal needs and knowledge. Mina wrote:

A scientist is responsible to society. Everything that a scientist 
does in their work has societal implications, especially if their 
work is to bene$t the society’s knowledge.

Both Dan and Mina infer that scientific practices of keeping 
information from members of society are ethically irrespon-
sible. Rather, the sharing of scientific knowledge was nec-
essary if humanity was to be successful in carefully 
addressing societal needs related to the sustainability of the 
planet. Another student, Kim, demonstrated similar ideas 
as Dan and Mina when she wrote: “sharing your knowledge 
is one of the most important traits any scientist should have.”

In the second variance of ethical responsibility, students 
described a range of responsibilities toward environmental 
needs. Students expressed concern over balancing societal 
needs with the needs of the planet. Here, a geoscientist had 
to take responsibility for the care of other species and guard 
against environmental catastrophes over which humans have 
had a considerable impact. Many participants viewed the 
responsibility for caring for other species as essential. Several 
comments, such as Zuma’s, described taking responsibility 
for fostering sustainable mindsets:

I want people to have better lives, but I don’t believe for a min-
ute that the other species found on our planet should be forgot-
ten. "ey have to be sustained and be properly cared for [sic].

Latoya took this line of thought further when she empha-
sized the need for humanity to “protect nature for nature.”
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Chris added an additional dimension to this theme when 
argued that geoscientists need to strive to make the Earth 
better by reducing harmful anthropogenic practices from 
the past. According to Chris, this means that since humans 
“have the power to permanently alter life and create mass 
extinctions,” then humanity must become “guardians” of the 
planet and try to “correct past mistakes.”

These responsibilities for societal and environmental care 
were often conceptualized by students as being related to 
the communication of geoscience knowledge and practices 
to promote public literacy and understanding of humanity’s 
responsibilities toward the world. This finding is consistent 
with the call by students that protection and exploration of 
the Earth must be an ethical concern for geoscientists, and 
that it is a geoethical responsibility for geoscientists to par-
ticipate in decisions that affect the Earth (Almeida & 
Vasconcelos, 2015; Georgousis et  al., 2021). Persistent con-
nection of science to society is critical to developing ethical 
care within our social environments (Wyndham et  al., 2015).

Competence for care

The care students wished to provide to society and the 
environment often took shape in terms of competence, par-
ticularly in regards to the precision, accuracy, and integrity 
of their data collection efforts. For many of the students, 
being a geoscientist required a deep concern for competence 
in one’s scientific practice, since this competence was central 
to how a scientist cares for society, the planet, and their 
discipline. For example, Kevin stated:

I had to push myself out of my comfortability to obtain the best 
representative samples of the sample site. Many times, a scientist 
may be oblivious to these actions, but it is their responsibility to 
check in with themselves to remain ethical and able to deliver 
the right information to the community.

According to Kevin, an ethical geoscientist needed to remain 
aware of the appropriateness and rigor of their methodolog-
ical activity, because doing so ensured the construction of 
legitimate knowledge for the community.

Several student reflections also highlighted competency 
in terms that evoked honesty, trustworthiness, and 
truth-telling. For example, Alfalfa asserted that honesty is 
of the utmost importance to “science and discovery as a 
whole.” According to Alfalfa, honesty is so important because 
geoscientists must keep the public informed about the “truth 
of the world they live in.” If geoscientists are perceived to 
not be trustworthy, their message could be dismissed by the 
public. Relatedly, York wrote:

Your work is only as good as the intent behind it, and without 
intellectual honesty in all geoscienti$c research we break our 
responsibility to the environment…When data is skewed…it is 
changed and therefore cannot be applied outside of a laboratory 
setting. As all geoscienti$c research is to provide knowledge 
not only to the scienti$c community but to the public that is 
able to bene$t our environment, you are stripping that away.

Here, York is directly connecting honesty and the competent 
conduct of science to the keeping of one’s responsibilities 

to the environment. If one fails to competently collect and 
analyze data due to dishonesty, one undermines the ability 
of the geoscience community to utilize one’s data and find-
ings to further understand environmental/ecological phe-
nomena and to publicly apply such knowledge to the end 
of addressing environmental and societal needs.

Finally, as was hinted at in York’s quote, there was con-
siderable emphasis on competency in inscriptions (field notes) 
related to the maintenance of caring and ethical relationships 
with colleagues, as well as the integrity of the discipline itself. 
Several comments related to the taking of accurate, clear, 
thorough, and precise fieldnotes. Ham reported that being 
able to competently take fieldnotes was key.

Being able to make notes with information and images a third 
person would be able to understand is something that I haven’t 
had much experience with until this semester. While I wouldn’t 
say I was good at it, I de$nitely recognize why this is an import-
ant skill to learn, especially in the Geosciences as more and more 
of my work is shared to others outside of just my professors.

Similarly, Dina stated that taking complete field notes is 
important in ethically communicating science findings:

Taking complete $eld notes includes drawing $eld sketches 
and values like communication with $eld partners. "is will 
help me communicate my $ndings and share them in writing. 
Communication is an essential value in the science community. 
Field partners must communicate $ndings and share $eld notes.

Gill reflected that if one falls short in their disciplinary 
competency, this could have an impact on how geoscientists 
can care for both society and the earth.

I took the extra time to make sure my numbers were genuine 
and accurate. I think this shows how holding yourself account-
able $rst is the biggest priority, because in science it’s rare for 
my data or results to be exclusive to me, and I wouldn’t want 
to mess someone else up because of my mistakes.

Tronto (1993) argues that care should be competently pro-
vided once one has taken responsibility for the giving of 
care. Our participants described that competency in ethical 
data collection was built upon precision, accuracy, and integ-
rity. Students also reported that interpretative and iterative 
syntheses of observations and information were important 
geoscience ethical characteristics that they had to practice as 
they collaborated on collecting observations in their field 
notes. If one’s field notes were incompetently collected, then 
one’s collaborators would have difficulty proceeding with a 
rigorous study, and the results of the study may end up being 
unreliable. Without good data, the application of the research 
in addressing societal and environmental problems would be 
impossible. Our findings are consistent with the National 
Academy of Science (2009) accepted norms and expectations 
in the conduct of research within communities of practice.

Synthesis of results

This study’s findings suggest that the care we envisage for 
ourselves helps to fashion the care we give to what is around 
us. Acknowledging who we are as people and the 
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relationship of our personal ethics to the care we give our-
selves can assist us in enriching the ethical care we provide 
to the environment and the Earth. An interesting finding 
of this study is the suggestion by students that they need 
to monitor and evaluate their own ethical care as this 
accounts for their success or failure in providing care for 
what is around them. Studies have shown that self-care can 
be empowering and provide personal resources to care for 
others (Burkhardt & Nagai-Jacobson, 2001; Stark & 
Weinbaum, 2018). A continual assessment and awareness of 
one’s level of care can be influential in indicating the need 
for greater care and lead to a determination as to what can 
be done (Pope & Vasquez, 2016) to mitigate the risk that 
our Earth faces.

It is the responsibility of geoscientists to pose questions 
in the face of climate change, pollution, and sustainability. 
Through this responsibility, the value of the Earth and other 
species could be recognized and appropriately valued. As 
described by Pang et  al. (2003), the fundamental issue 
underlying the ethical responsibility to care lies in “what 
one ought to do” or “what one ought to be” (p. 305). Our 
findings suggest that the first step to becoming an ethical 
geoscientist lies in both what one ought to do and be. The 
students identified that for a geoscientist to be considered 
ethical, it is their responsibility to do ethical scientific work 
and be scientifically literate. There was a shared assumption 
among many of the students that when people know about 
the value of the Earth and what surrounds them, ethical 
care for the environment and society will follow.

We link competence of care to trust in the conduct of 
science. Trust is the cornerstone upon which the scientific 
enterprise is practiced. Society has faith that the findings 
of scientific study are an honest and accurate reflection of 
the effort of the researcher. Researchers have similar con-
fidence in their colleagues’ meticulous data collection, use 
of acceptable analytical and statistical methods, accuracy of 
findings reporting, and respect for the work of other 
researchers (National Academy of Science, 2009). Therefore, 
geoscientists should strive to be competent in their practice 
in order to ensure that the knowledge they construct is 
trustworthy, and that it contributes to a deeper environ-
mental literacy within the public. The ultimate concern is 
with arising to care, to exert effort to repair and sustain 
our shared world.

Limitations

The study captured the perceptions of a small number of 
geoscience majors from a single geoscience course. Though 
the participant pool was diverse in terms of demographics, 
it is unclear how the results can be generalized to other 
geoscience courses and students. Furthermore, the use of 
structured reflection essays did not permit the further prob-
ing of students’ perceptions of ethics that perhaps could 
have been achieved with interviews or focus groups. Finally, 
our interest was on the ethical thoughts that students devel-
oped from the explicit instruction of ethics in the course 
and not the measure of students’ ethical learning 

progression. Hence, we did not consider the influence of 
the differences in the pre-and-post reflection periods would 
have made on students’ reflections in our analysis.

Future work

The results and limitations identified in this study suggest 
the need for additional research on geoethics education. 
Students in our study identified important ethical knowledge 
and skills, but we do not yet know how they develop these 
knowledge and skills. Hence, future research should inves-
tigate how students develop ethical knowledge and skills 
during their education. Similarly, a study that investigates 
geoscience educators’ conceptions of ethics and how they 
teach the construct to students is needed. To expand on 
our findings, future research should also use a broader par-
ticipant pool and interviews and surveys to elicit students’ 
knowledge in-depth. This future research could probe, for 
example, how ethical inquiry practices contribute to their 
understanding and practice of geoethics. We also suggest 
future research to use identical pre-and-post prompts so 
that students’ ethical learning progress can be documented 
to identify the effectiveness of the instruction.

Implications for geoscience education

The results from this study suggest two main implications 
for geoscience education. First, students’ ethical development 
can be fostered through critical reflections that explicitly 
focus on ethics. Providing opportunities for critical and 
ethical reflection during authentic geoscience experiences 
helps students to connect their personal and scholarly values 
to the public purposes of the geosciences. Instructional and 
learning strategies that emphasize critical and ethical “lenses” 
for reflection can foster this connectivity. However, this 
cannot be done in students’ personal vacuum. It would be 
important to calibrate these personal reflections with (a) 
group discussions to see the degree to which there is con-
vergence of attitudes toward these values, or perhaps alter-
nate perceptions, or even disagreements—these can be 
productively explored in guided group discussions; and b) 
with any number of Codes of Conduct from American 
Geoscience Institute (AGI), GSA, AGU, etc., that would 
reinforce the students’ inclinations toward ethical behaviors.

We also suggest that instructors create reflective instruc-
tional and assessment strategies, akin to the “approach 
through imagination” utilized by Kirkman (2021), to foster 
students’ interest in environmental ethics. This instructional 
strategy uses students’ moral imaginations to address ethical 
issues that develop in environmental and communal settings. 
In such a context, assessment is done through individual 
written reflections on a specific choice within the context 
of the larger issue.

The second implication of this study is concerned with 
ways of thinking about the purposes and practices of geosci-
ence. With this ethics of care framing, our disciplines become 
our chosen tools for ethical living. In their essays, students 
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described a felt responsibility to society, humanity, the envi-
ronment, and their disciplines. Within the course context, 
taking responsibility for these things demanded the competent 
practice of the discipline, its methods and its standards. 
Several students reported that a great deal of self-work was 
needed to accomplish this. As students strove to be caring 
people, they had to competently wield whatever tools they 
had at their disposal—whether those were geoscience knowl-
edge and skills or moral values—in order to provide adequate 
care within their immediate setting. This is much different 
from seeing ethics as an appendage to our disciplines; rather, 
with a care framework, our disciplines—their theories and 
practices—become the instruments of our caring, the instru-
ments we use to live the ethical lives we desire.

In close, we suggest that instructors use strategies that 
foster students’ sense of care and interest in geology both 
as a science and ethical practice. We argue that when stu-
dents are trained in this way, their ethical considerations 
will go a long way to promote sustainability and reduce 
anthropogenically-induced Earth hazards.

Conclusion

In this study, we set out to identify the ethical reflections 
of geoscience students as to what they think about ethics 
in geoscience practices and habits. We asked participants to 
individually reflect on what it means to be an ethical geo-
scientist. We collected and analyzed student reflections col-
lected early in the semester before the first of two fieldtrips 
and later in the semester after the second field trip in a 
Sedimentology course. Student reflections revealed that an 
ethical geoscientist is someone who is attentive to their own 
care. The students believe that it is when we are able to 
care for our own self and actions that we can develop the 
capacity to shape our responses carefully and critically to 
care for society and the Earth.

Our results also revealed that an ethical geoscientist is 
one who takes responsibility to care for the needs of the 
society and Earth. Students shared in their reflections that 
it is an ethical responsibility for geoscientists to create a 
geoscience-literate society through effective knowledge shar-
ing strategies and practices. When this is done, it will pro-
mote society’s understanding of their responsibilities toward 
the environment and Earth. Finally, being an ethical geo-
scientist also involves a great deal of competence in pro-
viding care to society and the Earth. The students described 
that competency related to the accurate and precise collec-
tion of data and the iterative synthesis of information is 
important, because competence in these areas is required 
to provide ethical care to both society and the Earth. The 
ultimate concern is with arising to care—to exert effort to 
repair and sustain our shared world.

Acknowledgments

We are grateful to the Integrated Community Engaged Learning and 
Ethical Reflection (ICELER) project team, Brandon Sorge, Mary Price, 

Justin Hess, Martin Coleman, and Elizabeth Sanders. Special thank 
you also goes to faculty and students of the Earth Science Department 
at IUPUI for allowing us to use their course.

Funding

"is material is based upon work supported by the National Science 
Foundation under Grant No. 1737157.

ORCID

Samuel Cornelius Nyarko  http://orcid.org/0000-0002-2434-5949
Grant A. Fore  http://orcid.org/0000-0002-5432-0726
Kathy Licht  http://orcid.org/0000-0002-2233-2853

References
Abbott, D. M. (2017). Some fundamental issues in geoethics. Annals 

of Geophysics, 60, 1–5. https://doi.org/10.4401/ag-7407
Almeida, A., & Vasconcelos, C. (2015). Geoethics: Master’s students’ 

knowledge and perception of its importance. Research in Science 
Educat ion ,  45 (6) ,  889–906 .  https : / /doi .org/10 .1007/
s11165-014-9449-3

Ash, S., & Clayton, P. (2009). Learning through critical re!ection: A 
tutorial for service-learning students (instructors version). PHC 
Venture.

Battistoni, R. M. (2013). Civic learning through service learning. In 
J. A. Clayton, R. G. Bringle, & J. A. Hatcher (Eds.), Research on 
service learning: Conceptual frameworks and assessment (pp. 111–132). 
Stylus.

Bernstein, R. J. (1983). Beyond objectivism and relativism: Science, 
hermeneutics and praxis. University of Pennsylvania Press.

Bohle. (2021). M. Geoethics for operating in the human niche. In M. 
Abrunhosa, A. Chambel, S. Peppoloni, & H. I. Chaminé (Eds.), 
Advances in geoethics and groundwater management: "eory and 
practice for a sustainable development. Advances in science, technol-
ogy & innovation (IEREK interdisciplinary series for sustainable de-
velopment). Springer.

Bozalek, V., McMillan, W., Marshall, D., November, M., Daniels, A., 
& Sylvester, T. (2014). Analyzing the professional development of 
teaching and learning from a political ethics of care perspective. 
Teaching in Higher Education, 19(5), 447–458. https://doi.org/10.10
80/13562517.2014.880681

Burkhardt, M. A., & Nagai-Jacobson, M. G. (2001). Nurturing and 
caring for self. Nursing Clinics of North America, 36(1), 23–31. 
https://doi.org/10.1016/S0029-6465(22)02526-9.

Davis, M. (1999). Seven-step guide to ethical decision-making Ethics 
and the university (pp. 166–167). Routledge.

Feldman, J. (2020). An ethics of care: PGCE students’ experiences of 
online learning during COVID-19. Critical Studies in Teaching & 
Learning, 8(2), 1–17. https://doi.org/10.14426/cristal.v8i2.326.

Felten, P., & Clayton, P. H. (2011). Service-learning. New directions 
for Teaching and Learning, 128, 75–84.

Firozjaei, M. K., Sedighi, A., Firozjaei, H. K., Kiavarz, M., Homaee, 
M., Arsanjani, J. J., Makki, M., Naimi, B., & Alavipanah, S. K. 
(2021). A historical and future impact assessment of mining activ-
ities on surface biophysical characteristics change: A remote 
sensing-based approach. Ecological Indicators, 122, 107264–107217. 
https://doi.org/10.1016/j.ecolind.2020.107264

Fore, G. A., Hess, J. L., Sorge, B., Price, M. F., Coleman, M. A., Hahn, 
T. W., Hatcher, J. A. (2018). An introduction to the integrated 
community-engaged learning and ethical reflection framework 
(I-CELER) [Paper presentation]. ASEE Annual Conference & 
Exposition, Salt Lake City, UT.

Fore, G. A., & Hess, J. L. (2020). Operationalizing ethical becoming 
as a theoretical framework for teaching engineering design ethics. 

http://orcid.org/0000-0002-2434-5949
http://orcid.org/0000-0002-5432-0726
http://orcid.org/0000-0002-2233-2853
https://doi.org/10.4401/ag-7407
https://doi.org/10.1007/s11165-014-9449-3
https://doi.org/10.1007/s11165-014-9449-3
https://doi.org/10.1080/13562517.2014.880681
https://doi.org/10.1080/13562517.2014.880681
https://doi.org/10.1016/S0029-6465(22)02526-9
https://doi.org/10.14426/cristal.v8i2.326
https://doi.org/10.1016/j.ecolind.2020.107264


12 S. C. NYARKO ET AL.

Science and Engineering Ethics, 26(3), 1353–1375. https://doi.
org/10.1007/s11948-019-00160-w

Frankl, V. E. 1. (1992). Man’s search for meaning: An introduction to 
logotherapy. 4th ed. Beacon Press.

Georgousis, E., Socrates, S., Spyros, M., Maximos-Vasileios, H., & Hara, 
D. (2021). "e need for geoethical awareness: "e importance of 
geo environmental education in geoheritage understanding in the 
case of meteora geomorphes, Greece. Sustainability, 13(12), 6626. 
https://doi.org/10.3390/su13126626

Gosselin, D. C., Manduca, C., Bralower, T., & Mogk, D. (2013). 
Transforming the teaching of geoscience and sustainability. Eos, 
Transactions American Geophysical Union, 94(25), 221–222. https://
doi.org/10.1002/2013EO250002

Groot, B. C., Vink, M., Haveman, A., Huberts, M., Schout, G., & 
Abma, T. A. (2019). Ethics of care in participatory health research: 
Mutual responsibility in collaboration with coresearchers. Educational 
Action Research, 27(2), 286–302. https://doi.org/10.1080/09650792.2
018.1450771

Held, V. (2006). Ethics of care. Oxford University Press.
Hellqvist, M. (2019). Teaching sustainability in geoscience $eld edu-

cation at falun mine world heritage site in Sweden. Geoheritage, 
11(4), 1785–1798. https://doi.org/10.1007/s12371-019-00387-w

International Association for Promoting Geoethics [IAPG]. (2012). 
Constitution of the IAPG. http://www.iapg.geoethics.org/img/IAPG_
Constitution.pdf.

Kartal, M. T. (2022). "e role of consumption of energy, fossil sourc-
es, nuclear energy, and renewable energy on environmental degra-
dation in top-$ve carbon producing countries. Renewable Energy, 
184, 871–880. https://doi.org/10.1016/j.renene.2021.12.022

Kastens, K., & Krumhansl, R. (2017). Identifying curriculum design 
patterns as a strategy for focusing geoscience education research: 
A proof of concept based on teaching and learning with geoscience 
data. Journal of Geoscience Education, 65(4), 373–392. https://doi.
org/10.5408/16-217.1

Keane, C. M., & Asher, P. (2021). Addressing the geoethics skills gap 
through co-curricular approaches. Geological Society, London, Special 
Publications, 508(1), 47–54. https://doi.org/10.1144/SP508-2019-251

Kirkman, R. (2021). Getting a feel for systems: Designing a 
problem-based course in environmental ethics. Teaching Ethics, 
20(1-2), 1–13.

Kolb, D. A. (2015). Experiential learning: Experience as the source of 
learning and development. Pearson.

Lachman, V. (2012). Ethical challenges in the era of health care reform. 
Medsurg Nursing: O#cial Journal of the Academy of Medical-Surgical 
Nurses , 21(4), 248–250, 245. https://www.proquest.com/
docview/1036598571?pq-origsite=gscholar&fromopenview=true

Martinez-Frias, J. (2008). Geoethics: Proposal of a geosciencesoriented 
formal de$nition and future planetary perspectives. Spanish "ematic 
Network of Earth and Planetary Sciences.

Martínez-Frías, J., González, J. L., & Perez, F. R. (2011). Geoethics 
and deontology: From fundamentals to applications in planetary 
protection. Episodes, 34(4), 257–262. https://doi.org/10.18814/epii-
ugs/2011/v34i4/004

Merriam, S. B., & Tisdell, E. J. (2016). Qualitative research: A guide 
to design and implementation. (4th ed.). John Wiley & Sons.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: 
An expanded source book (2nd ed.). Sage.

Mogk, D. W. (2018). Geoethics and professionalism: "e responsible 
conduct of scientists. Annals of Geophysics, 60, 1–12. https://doi.
org/10.4401/ag-7584

Mogk, D. W., & Bruckner, M. Z. (2020). Geoethics training in the 
Earth and environmental sciences. Nature Reviews Earth & 
Environment, 1(2), 81–83. https://doi.org/10.1038/s43017-020-0024-3

Mogk, D., Geissman, J., & Bruckner, M. Z. (2017). Teaching geoethics 
across the geoscience curriculum: Why, when, what, how, and 
where? In L. C. Gundersen (Ed.), Scienti$c integrity and ethics: With 
application to the geosciences (pp. 231–265). AGU/Wiley.

Mosher, S., Keane, C. (2021). Vision and change in the geosciences - the 
future of undergraduate geoscience education report, American 
Geosciences Institute. https://www.americangeosciences.org/ 

National Academy of Science. (2009). On being a scientist: A guide to 
responsible conduct of research (3rd ed., p. 82). National Academy Press.

Nyamnjoh, F. B. (2017). Drinking from the Cosmic Gourd: How Amos 
Tutuola can change our minds. Langaa RPCIG.

Nyarko, S. C., & Petcovic, H. L. (2022). Essential teamwork skills: 
Perspectives of environmental geoscience employers. Journal of 
Geoscience Education, 1–13.

Pang, S. M-c., Sawada, A., Konishi, E., Olsen, D. P., Yu, P. L. H., Chan, 
M-f., & Mayumi, N. (2003). A comparative study of Chinese, 
American and Japanese nurses’ perceptions of ethical role respon-
sibilities. Nursing Ethics, 10(3), 295–311. https://doi.org/10.1191/
0969733003ne607oa 

Peppoloni, S., Bilham, N., & Di Capua, G. (2019). Contemporary 
geoethics within the geosciences. In M. Bohle (Ed.), Exploring geo-
ethics: Ethical implications, societal contexts, and professional obliga-
tions of the geosciences (pp. XIV–214). Palgrave Pivot.

Peppoloni, S., & Di Capua, G. (2016). Geoethics: Ethical, social, and 
cultural values in geosciences research, practice, and education. In 
G. R. Wessel, & J. K. Greenberg (Eds.), Geoscience for the public 
good and global development: Toward a sustainable future. Geological 
Society of America Special Paper, 520, 17–21. https://doi.
org/10.1130/2016.2520(03).

Peppoloni, S., & D., Capua, G. (2015). "e meaning of geoethics. In 
M. Wyss & S. Peppoloni (Eds.), Geoethics: Ethical challenges and 
case studies in Earth science (pp. 3–14). Elsevier.

Pope, K. S., & Vasquez, M. (2016). Ethics in psychotherapy and coun-
seling: A practical guide for psychologists. Jossey Bass.

Price, M. F., Coleman, M. A., Fore, G. A., Hess, J. L., Sorge, B. H., 
Hahn, T., Sanders, E., Nyarko, S. C., Hatcher, J. A. (2022). "e 
integrating community engaged learning through ethical re!ection 
(ICELER) faculty learning community theory of change and annual 
goals, Years 1–4. https://hdl.handle.net/1805/29930

Sadler, T. D. (2004). Moral and ethical dimensions of socioscienti$c 
decision-making as integral components of scienti$c literacy. "e 
Science Educator, 13, 39–48. https://eric.ed.gov/?id=ED481210

Sadler, T. D., Amirshokoohi, A., Kazempour, M., & Allspaw, K. (2006). 
Socioscience and ethics in science classrooms: Teacher perspectives 
and strategies. Journal of Research in Science Teaching, 43(4), 353–
376. https://doi.org/10.1002/tea.20142

Semken, S., Ward, E. G., Moosavi, S., & Chinn, P. W. (2017). 
Place-based education in geoscience: "eory, research, practice, and 
assessment. Journal of Geoscience Education, 65(4), 542–562. https://
doi.org/10.5408/17-276.1

Semken, S., & Freeman, C. B. (2008). Sense of place in the practice 
and assessment of place-based science teaching. Science Education, 
92(6), 1042–1057. https://doi.org/10.1002/sce.20279

Shapiro, S. L., Brown, K. W., & Biegel, G. (2007). Teaching self-care to care-
givers: "e e#ects of mindfulness-based stress reduction on the mental 
health of therapists in training. Training and Education in Professional 
Psychology, 1(2), 105–115. https://doi.org/10.1037/1931-3918.1.2.105

Sorge, B. H., Williamson, F. A., Fore, G. A., & Angstmann, J. L. (2022). 
The role of place attachment and situated sustainability 
meaning-making in enhancing student civic-mindedness: A campus 
farm example. Journal of Sustainability Education, 26(1). http://www.
susted.com/wordpress/wp-content/uploads/2022/02/Sorge-Williamso
n-Fore-Angstmann-JSE-General-February-2022-PDF.pdf

Stark, M. D., & Weinbaum, R. K. (2018). "riving in the grey: "e 
in%uence of a solution focused approach in student a#airs. College 
Student A%airs Journal, 36(1), 136–149. https://doi.org/10.1353/
csj.2018.0009 

Sternberg, R. J. (2010). Teaching for ethical reasoning in liberal edu-
cation. Liberal Education, 96(3), 32–37. https://web.s.ebscohost.com/
ehost/pdfviewer/pdfviewer?vid=0&sid=70e4609d-8280-402b-
9e9d-17e4c27f2c80%40redis

Tronto, J. (1993). Moral boundaries: A political argument for an ethic of 
care. Routledge and Kegan Paul. https://doi.org/10.4324/9781003070672

Tronto, J. (1998). An ethic of care. Generations (San Francisco, CA), 
22(3), 15–20.

Vasconcelos, C., Torres, J., Vasconcelos, L., & Moutinho, S. (2016). 
Sustainable development and its connection to teaching geoethics. 

https://doi.org/10.1007/s11948-019-00160-w
https://doi.org/10.1007/s11948-019-00160-w
https://doi.org/10.3390/su13126626
https://doi.org/10.1002/2013EO250002
https://doi.org/10.1002/2013EO250002
https://doi.org/10.1080/09650792.2018.1450771
https://doi.org/10.1080/09650792.2018.1450771
https://doi.org/10.1007/s12371-019-00387-w
http://www.iapg.geoethics.org/img/IAPG_Constitution.pdf
http://www.iapg.geoethics.org/img/IAPG_Constitution.pdf
https://doi.org/10.1016/j.renene.2021.12.022
https://doi.org/10.5408/16-217.1
https://doi.org/10.5408/16-217.1
https://doi.org/10.1144/SP508-2019-251
https://www.proquest.com/docview/1036598571?pq-origsite=gscholar&fromopenview=true
https://www.proquest.com/docview/1036598571?pq-origsite=gscholar&fromopenview=true
https://doi.org/10.18814/epiiugs/2011/v34i4/004
https://doi.org/10.18814/epiiugs/2011/v34i4/004
https://doi.org/10.4401/ag-7584
https://doi.org/10.4401/ag-7584
https://doi.org/10.1038/s43017-020-0024-3
https://www.americangeosciences.org/
https://doi.org/10.1191/0969733003ne607oa
https://doi.org/10.1191/0969733003ne607oa
https://doi.org/10.1130/2016.2520(03)
https://doi.org/10.1130/2016.2520(03)
https://hdl.handle.net/1805/29930
https://eric.ed.gov/?id=ED481210
https://doi.org/10.1002/tea.20142
https://doi.org/10.5408/17-276.1
https://doi.org/10.5408/17-276.1
https://doi.org/10.1002/sce.20279
https://doi.org/10.1037/1931-3918.1.2.105
http://www.susted.com/wordpress/wp-content/uploads/2022/02/Sorge-Williamson-Fore-Angstmann-JSE-General-February-2022-PDF.pdf
http://www.susted.com/wordpress/wp-content/uploads/2022/02/Sorge-Williamson-Fore-Angstmann-JSE-General-February-2022-PDF.pdf
http://www.susted.com/wordpress/wp-content/uploads/2022/02/Sorge-Williamson-Fore-Angstmann-JSE-General-February-2022-PDF.pdf
https://doi.org/10.1353/csj.2018.0009
https://doi.org/10.1353/csj.2018.0009
https://web.s.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=0&sid=70e4609d-8280-402b-9e9d-17e4c27f2c80%40redis
https://web.s.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=0&sid=70e4609d-8280-402b-9e9d-17e4c27f2c80%40redis
https://web.s.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=0&sid=70e4609d-8280-402b-9e9d-17e4c27f2c80%40redis
https://doi.org/10.4324/9781003070672


JOURNAL OF GEOSCIENCE EDUCATION 13

Episodes, 39(3), 509–517. https://doi.org/10.18814/epiiugs/2016/
v39i3/99771

Weston, A. (2007). Creative problem-solving in ethics. Oxford University 
Press.

Williamson, F., Rollins, A., Fore, G. A., Sorge, B. H., & Angstmann, 
J. L. (2022). Building capacity for socio-ecological change through 

the campus farm. Environmental Education, 29, 212–231. https://
doi.org/10.1080/13504622.2022.2070604

Wyndham, J. M., Albro, R., Ettinger, J., Smith, K., Sabatello, M., & 
Frankel, M. S. (2015). Social responsibility: A preliminary inquiry 
into the perspectives of scientists, engineers and health professionals. 
American Association for the Advancement of Science.

https://doi.org/10.18814/epiiugs/2016/v39i3/99771
https://doi.org/10.18814/epiiugs/2016/v39i3/99771
https://doi.org/10.1080/13504622.2022.2070604
https://doi.org/10.1080/13504622.2022.2070604

	The role of ethical care in the geosciences: examining the perspectives of geoscience undergraduates
	ABSTRACT
	Introduction
	Literature review
	Conceptualization of geoethics
	Research on geoethics in higher education

	Theoretical framework
	Purpose of study
	Methods
	Research design
	Context of study
	﻿﻿Integrated Community-Engaged Learning and Ethical Reflection (ICELER)﻿

	Sedimentology and stratigraphy course

	Participants
	Data collection
	Data analysis
	Validity and reliability
	Researcher positionality

	Interpretation and discussion of results
	Attentiveness to ones own care
	Responsibility for care

	Competence for care

	Synthesis of results
	Limitations
	Future work
	Implications for geoscience education
	Conclusion
	Acknowledgments

	Funding
	ORCID
	References



