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Synopsis Climate and ocean literacy are two of the most important challenges facing society today. However, many

students lack exposure to these topics upon entering college. As a result, these students must rely on learning climate

literacy and ocean conservation through experiences outside of those provided in the traditional undergraduate class-

room. To fill this gap, we initiated a marine science professional development program to expose undergraduate students

to ocean literacy principles and climate change concepts through marine ecology research and educational outreach. This

study evaluates the effects of our undergraduate experiential learning for individuals involved in our research team, our

educational outreach team, or both. Clemson University alumni that participated in our program were surveyed to

determine educational and professional gains in three areas related to: (1) knowledge; (2) careers; and (3) attitudes.

Multiple linear and logistic regressions were used to understand the relationships between gains and program type,

mentor experience, and duration of program enrollment. In addition, we evaluated demographic covariates including

age, ideology, and gender. Our study found that perceived knowledge of marine science and science communication

skills increased with positive mentor experience. Alumni that rated their experience with their mentors highly also

indicated that the program was important to their careers after graduation. Students who participated in any program

for a prolonged period were more likely to indicate that marine science was important to their careers. These students

were also more likely to continue their education. Additionally, we saw that a sense of belonging and identity in science,

as well as the understanding of climate change threat on the marine environment, all increased with longer program

involvement, more than the type of experience (research versus outreach). Overall, we found that both the research and

outreach programs offered opportunities for advancements in knowledge, careers, and attitudes. These results provide

evidence that experiential learning has the potential to increase student engagement and understanding of climate change

and ocean literacy communication as well as a sense of belonging in science-oriented fields.

Introduction

Climate change has been especially detrimental to

one of the most economically and biologically im-

portant ecosystems on Earth: the ocean (IPCC 2019).

Problems such as rising temperatures, increased

storm intensity, ocean acidification, and decreasing

water quality are causing drastic declines to reef eco-

systems (Harborne et al. 2017). Although the ocean

is experiencing these issues, many students are not

being exposed to climate change education (NCSE

2020) and ocean literacy (Gough 2017; Fauville

2019). The National Oceanic and Atmospheric

Administration (NOAA) has attempted to fill this

void through the creation of additional science

standards centered on seven foundational ocean lit-

eracy principles, which address vital issues related to
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climate change and the marine ecosystem (NOAA

2020). However, many students in majors outside

of marine biology have not been exposed to these

principles, creating a need to integrate these topics

outside of the traditional classrooms (Gould and

Lewontin 1979; Gough 2017; Squarcina and

Pecorelli 2017). Experiential learning is a widely ac-

cepted integrative concept used in modern educa-

tional techniques (Kolb and Kolb 2005). This

“learning by doing” theory is based on the transac-

tion of learning between students and their environ-

ment in which students contribute to their

surroundings while their surroundings have internal

impacts on them (Kolb 2015).

Experiential learning can be used in several for-

mats but is commonly found in Undergraduate

Research Experiences (UREs) and outreach experien-

ces. UREs in Science, Technology, Engineering and

Math (STEM) fields often place undergraduates into

a research project alongside a faculty or graduate

student mentor and are an effective way to give

undergraduates their first encounters with biological

inquiry and scientific communication (Nagda et al.

1998). Previous literature has found that participa-

tion in UREs can lead to increases in objective

knowledge, perceived knowledge (confidence), sci-

ence communication skills, and science identity, ul-

timately translating to more opportunities for

advanced degrees, and a higher likelihood to gradu-

ate (Nagda et al. 1998; Bauer and Bennett 2003;

Junge et al. 2010; Gilbert et al. 2014; Linn et al.

2015; Weaver et al. 2018). However, measured

changes in personal attitudes and opinions on the

research topic are not regularly presented in litera-

ture. Like UREs, outreach experiences can also lead

to increases in perceived knowledge, science commu-

nication skills, and science identity (Rao et al. 2007;

Bergerson et al. 2014; Carpenter 2015). Additionally,

outreach programs have been shown to alter per-

sonal views toward pervasive issues (Bergerson et

al. 2014; Carpenter 2015). Although these outcomes

can be similar, outreach experiences in some instan-

ces integrate college undergraduates with K-12 stu-

dents to begin conversations about pervasive

scientific issues while teaching STEM concepts and

principles. In return, this provides undergraduate

students with a professional development opportu-

nity that facilitates communication and mentorship

with the next generation of students (Rao et al. 2007;

Bergerson et al. 2014; Nelson et al. 2017;

Knippenberg et al. 2020). While UREs provide

undergraduates the opportunity to investigate and

generate new ideas related to the field of interest,

outreach experiences generally rely on conveying

previously understood and well-defined topics to

others (Kardash 2000; Rao et al. 2007; Junge et al.

2010; Wei and Woodin 2011; Carpenter 2015; Linn

et al. 2015). Unfortunately, increases in objective

content knowledge are not regularly measured in

outreach programs. To the best of our knowledge,

previous studies have not looked comparatively

across research and outreach programs that address

similar topics.

Factors affecting gains in experiential learning

Both UREs and outreach experiential learning expe-

riences primarily utilize the apprenticeship model to

pair students with a graduate or faculty member to

pursue a project (Nagda et al. 1998; Rao et al. 2007;

Junge et al. 2010; Wei and Woodin 2011;

Auchincloss et al. 2014). The relationships between

mentors and undergraduate students have been

shown as one of the most vital components of a

successful college experience for undergraduates

(Nagda et al. 1998). Students who are paired with

mentors that emphasize career success and direction

are more likely to overcome achievement gaps and

find career success (Martin et al. 2013; Linn et al.

2015). Programs like UREs and outreach can also

help to fill gaps in mentorships that many students

experience upon entering college (Robnett et al.

2018).

Much like mentorship, length of experience can

have profound effects on the success of these programs

(Bauer and Bennett 2003). In an analysis of over 60

different UREs, one study found that the first year of

involvement in the program led to almost no gains in

identity, self-efficacy, concept retention, or relevant

science skills (Linn et al. 2015). However, the longer

the participants were enrolled, the more gains were

seen in all areas (Linn et al. 2015). Similar results

were found in a study conducted on undergraduates

participating in K-8 STEM outreach (Nelson et al.

2017). Additionally, a study by Adedokun et al.

(2014) found that students who participated in their

summer URE found large gains in research skills and

self-efficacy when undergraduates were enrolled for

longer periods of time. Other studies have not used

this as a focal point as this can be a difficult metric to

measure in programs with a set length of enrollment

(Junge et al. 2010; Lynch et al. 2010; Carpenter 2015).

Creative inquiry program—Clemson University

experiential learning

Clemson University, South Carolina, provides a cre-

ative inquiry program beyond the traditional class-

room called that allows undergraduates to partner
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with graduate and faculty mentors on a broad range

of experiential research projects. Many undergradu-

ates have the freedom to rotate between creative in-

quiry teams as their interests evolve, or as a method

to diversify their skillsets; an aspect that is unique to

this program. Faculty receives modest grants to sup-

port the activities of the team. Most importantly,

many of these programs encourage students to enroll

for multiple semesters with the end goals being pub-

lications, presentations, research grants, and/or

patents.

The Conservation of Marine Resources (CMR)

creative inquiry team is focused on marine and be-

havioral ecology field research exploring the impacts

of climate change and habitat loss on the behavior

and ecology of marine invertebrates and reef fishes

(Fig. 1A–C). CMR is only advertised to students

through their professors and academic advisors.

Students must inquire and apply to CMR by

submitting a personal statement and curriculum vi-

tae. This creative inquiry primarily attracts students

majoring in Biological Science, Animal Veterinary

Science, Environmental Science, Wildlife and

Fisheries Biology, and Biosystems Engineering.

Applicants are then interviewed and selected on a

competitive basis determined through GPA, research

and animal care experience, and overall interest in

one of our ongoing projects. Once accepted, all stu-

dents that are approved by their mentor are invited

to continue in the program until they graduate.

Students in CMR learn various methods of quanti-

fying species abundances and behaviors using imag-

ing software and statistical analysis programs. Those

team members with open-waterSCUBA certifications

may also participate in the data collection in the field

during the summer semesters. All students are re-

quired to participate in weekly scientific paper dis-

cussion groups on current topics in marine science

Fig. 1. CMR creative inquiry team (A) learning marine species identification, (B) conducting marine ecology research, (C) presenting

research findings at a University Symposium. SVF creative inquiry team, (D) building coral reef theatrical set, (E) marine veterinarian

sharing live invertebrates, (F) park ranger exploring sea turtle nesting beach. Photo credits with permission to: (A) Pete Bouwma, (B)

Kylie Smith, (C–D) Michael Childress, (E–F) Robert Bradley. All permissions obtained.

R. J. Sims et al.1080
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and partake in science communication involving ei-

ther a poster or oral presentation at a university,

regional, or national conference during the school

year. Some students are also given the opportunities

to aid in the publication process based on their skills

and interests.

The Something Very Fishy (SVF) creative inquiry

team is a marine science educational outreach team

focused on teaching the principles of climate and

ocean literacy to elementary students (Fig. 1D–F).

SVF is actively advertised through the Creative

Inquiry program, and through multiple departmental

email lists. This creative inquiry attracts students

majoring in Biological Science, Animal Veterinary

Science, Environmental Science, Education,

Psychology, and Wildlife and Fisheries Biology. Any

student who inquires about joining SVF is immedi-

ately cleared to enroll. Students who participate in

the program by attending weekly meetings and the

STEAM exhibits are automatically invited to con-

tinue until graduation. Involvement in this outreach

program includes a Broadway style musical theatre

performance followed by various science exhibits to

help educate elementary school students about ocean

conservation. SVF undergraduate students learn

about threats to ocean health, introductory marine

science, climate change threats, learning styles, and

storytelling concepts through lectures, group discus-

sions, and the creation of learning modules. These

students are also responsible for the development of

interactive exhibits where they portray different

careers in science (coral biology, marine animal vet-

erinarian, park ranger, SCUBA engineer, sea turtle

biologist, etc.) as docents on an imaginary field

trip to the Florida Keys. The STEAM exhibits seek

to combine arts and scientific approaches in teaching

ocean literacy principles. After the children attend

the Something Very Fishy musical theatre production,

a partner of the Clemson SVF creative inquiry team,

the SVF undergraduate students teach the elementary

school students about ocean conservation while por-

traying a career in science.

Here we compare students that have participated

in two different creative inquiry teams, CMR (2008–

2020) and SVF (2018–2020). Previous studies have

found alumni to be an accurate representation of

undergraduate perceptions on URE’s (Adhikari and

Nolan 2002). Alumni are also more likely to under-

stand how the program impacted their career, per-

sonal gains, and attitudes, as well as concept

retention (Junge et al. 2010). Thus, our study uses

CMR and SVF Creative Inquiry alumni to measure

the gains of our programs on undergraduates. This

study aims to understand the unique gains for

undergraduate students of a marine biology outreach

experience versus a marine biology research experi-

ence, versus students that experienced both. Success

in these experiences is determined through three

metrics: (1) knowledge; (2) career; and (3) attitudes

(Table 1). These gains are also compared to length of

involvement (duration) and mentorship experience

in the type of creative inquiry program (research

versus outreach versus both).

Methods

Undergraduate student survey

A 35 question Qualtrics survey was created to collect

information regarding our independent variables

(duration in the program, type of program, and

mentorship experience), our dependent variables

(knowledge, career, and attitudes), and several po-

tential demographic covariates (age, gender, ethnic-

ity, and ideology). Our survey questions were

approved by the Clemson University Institutional

Review Board (IRB2018-497) and are shared in the

Supplementary Tables S1–S5. Survey invitations were

sent by e-mail from the program leads to all alumni

of our SVF outreach and CMR research creative in-

quiry teams, including those who had participated in

both. All respondents were given instructions on

how to access the survey and were assured anonym-

ity in their responses. We sent surveys to a total of

121 alumni, 71 who participated in our outreach

program, 37 in our research program, and 13 from

both. Respondents answered questions regarding

mentor experience and overall experience for the

program(s) they were involved in. Students who

were involved in both programs answered all ques-

tions. Alumni in outreach were also asked what roles

they filled during their participation, while previous

research students were asked what projects they were

involved in. Respondents who participated in both

were asked both sets of questions. All respondents

were asked questions related to their gender, age, and

political affiliation as well (Supplementary Table S2).

Survey measures

Alumni of all classifications were asked to indicate

their perceived knowledge of marine science con-

cepts on a scale of 1–5 (1¼ nothing at all and

5¼ expert-level) (Supplementary Table S3). Because

an ocean literate person is defined as someone fa-

miliar with the seven ocean literacy principles,

respondents were given each principle and asked to

indicate how true they felt each was on a four-point

scale (1¼Definitely False and 4¼Definitely True)

(NOAA 2020). Alumni were also asked to indicate
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if their program involvement influenced their com-

munication, research, and stewardship skills

(1¼ Strongly Disagree and 5¼ Strongly Agree).

Career choice was broken up by STEM careers (med-

ical, research, or other career entered by text related

to a STEM career), continuing student, or other

(Supplementary Table S4). These responses were

recorded as binary variables. Respondents were asked

if various skills learned in their program assisted

them in their career. These skills included: commu-

nication, research, and conservation strategies which

were rated on a scale of 1–5 (1¼ strongly disagree

and 5¼ strongly agree). Finally, respondents were

asked to identify the importance of marine science

overall in their current career fields on a scale of 1–5

(1¼Not at all important and 5¼Extremely impor-

tant). Science identity and belongings were assessed

through several statements related to attitude

(Supplementary Table S5). These statements in-

cluded the importance of discussing new ideas in

science, the value of research, the ability of science

to solve problems, and the feeling of discovery as

“thrilling.” Responses were rated on a scale of 1–4

(1¼Not at all like me and 4¼Very much like me).

Belonging in science was assessed through respond-

ents’ answers to direct statements on belonging in a

science-related field. Statements assessing willingness

to communicate about science to the public were

also used to indicate belonging. All statements were

rated on a five-point scale (1¼ Strongly disagree and

5¼ Strongly agree). Alumni were asked to rate their

perception of critical ocean health issues on a scale

of 1–4 (1¼No threat at all and 4¼High threat).

Finally, respondents were asked to rate how impor-

tant conservation was on their daily lives (1¼Not at

all important and 5¼Very Important). All semesters

that a respondent participated in any program were

summed to calculate total duration of involvement.

Program participation was broken down by category:

outreach, research, or both. Mentor experience was

determined by averaging questions related to mentor

experience (Supplementary Table S1). All scales were

found to be reliable (see Supplementary Materials for

more details).

Statistical analyses

We used a multiple model comparison approach

(Burnham and Anderson 2002) to evaluate which

factors were most important for each of our depen-

dent variables. Our multiple linear regression models

always included our three demographic covariates:

gender (female only due to our demographic distri-

bution), age, and ideology (very conservative to very

liberal). Each model then included from zero to four

independent variable terms; semesters enrolled in

creative inquiry (duration), ratings of CI team leader

mentorship (mentor), and creative inquiry type

(CMR, SVF, or both). All possible combinations of

independent variables were evaluated and compared

using a minimum AICc ranking (Supplementary

Table S6). Best fit models were defined as those

with DAIC scores of less than two (Table 2).

Because the “pursuance of further education” and

“pursuance of a STEM career” were binary depen-

dent variables, we used logistic multiple regressions

with a binomial distribution.

Results

Demographics

We received a total of 37 responses for a 31% par-

ticipation rate, notably higher than Clemson

University alumni’s normal response rate of <10%.

Alumni were asked to identify which program they

participated in (11 in outreach, 15 in research, and

11 in both) as well as their length of participation

(Supplementary Table S1). Respondents that failed

one or more attention checks were removed from

the dataset to ensure accurate answers, this resulted

in a total of 31 usable responses from alumni who

participated in our programs (N¼ 9 in outreach,

N¼ 13 in research, and N¼ 9 in both).

Table 1 Dependent variables affected by program involvement in categories related to our three gains: knowledge, careers, and

attitudes

Knowledge Careers Attitudes

Objective knowledge of ocean literacy

concepts

Importance of marine science on career Science identity and belonging

Perceived knowledge of marine science Importance of the program on graduation Perception of climate change threat on ma-

rine environment

Marine science resource skills Pursuance of STEM career Importance of conservation on daily life

Marine science stewardship skills Pursuance of further education —

Marine science communication skills — —

R. J. Sims et al.1082
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Participants ranged in age from 20 to 33 years, with

the majority between 20 and 26 (M¼ 24, SD¼ 3.58).

Most of our subjects identified as female (N¼ 25),

with only five males and one who preferred not to

disclose their gender. This is representative of gender

distribution in both our program and across majors

who participate in our program (Supplementary

Table S7). Our sample consisted mainly of

Caucasian alumni (N¼ 29) with only two alumni

identifying as part of a minority group (Black or

African American N¼ 1; Asian N¼ 1). These num-

bers are in alignment with university demographics

as well as demographics across majors who partici-

pate in our program and our program is represen-

tative of both of our programs’ demographics

(Supplementary Table S7). We defined ideology as

the political views held by our alumni, this ranged

from (1) Very Conservative to (5) Very Liberal.

While we had a range of responses regarding polit-

ical ideology, the majority identified as somewhat to

very liberal (M¼ 3.58, SD¼ 1.26).

Knowledge

Perceived knowledge of marine concepts was influ-

enced the most by a positive mentor experience

(b¼ 0.5824, P¼ 0.0375) and secondarily by time in

the creative inquiry team (b¼ 0.1007, P¼ 0.0511).

However, the creative inquiry type did not influence

perceived knowledge, nor did any of the demo-

graphic covariates (Table 2). Marine communication

skills were influenced the most by a positive mentor

experience (b¼ 0.7357, P¼ 0.0047) and secondarily

Table 2 Multiple linear regressions and logistic regressions (indicated by an asterisk) with AICc scores <2

Knowledge

Age Gender Ideology Duration Mentor Research Outreach Overall model

b1 b2 b3 b4 b5 b6 b7 F P Adj. R2

Perceived knowledge of

marine science

0.0066 0.1293 0.0395 0.1014 0.5824 — — 2.8304 0.0369 0.2337

�0.0148 �0.0429 0.0473 — 0.7002 — — 2.2155 0.0951 0.1394

Marine science communi-

cation skills

0.0189 �0.0075 0.0570 0.0785 0.7357 — — 3.8940 0.0095 0.3253

0.0023 �0.1409 0.0630 — 0.8269 — — 3.7663 0.0152 0.2694

Careers

Age Gender Ideology Duration Mentor Research Outreach Overall model

b1 b2 b3 b4 b5 b6 b7 F P Adj. R2

Importance of marine sci-

ence on career

�0.1258 �0.1329 0.0463 0.2164 — — — 3.8630 0.0136 0.2762

�0.1082 �0.0212 0.1314 0.1929 0.5809 — — 3.4084 0.0175 0.2864

Importance of the pro-

gram after graduation

�0.0468 0.4967 0.1511 — 0.6629 — — 3.1520 0.0307 0.2230

Age Gender Ideology Duration Mentor Research Outreach Overall model

b1 b2 b3 b4 b5 b6 b7 c2 P

Pursuance of further

education*

�1.0985 �1.2829 �0.1430 0.4276 — — — 18.657 0.0009

�1.3261 �1.8268 �0.6023 0.5447 �2.3397 — — 20.855 0.0009

20.7826 �1.8452 �0.2492 — — — — 14.341 0.0025

Attitudes

Age Gender Ideology Duration Mentor Research Outreach Overall model

b1 b2 b3 b4 b5 b6 b7 F P Adj. R2

Science identity and

belonging

20.0451 0.0071 0.0218 0.0685 — — — 4.5380 0.0065 0.3205

Perception of climate

change threat on the

marine environment

0.0270 0.1244 0.1226 0.0515 — �0.2261 0.1809 4.0953 0.0057 0.3823

�0.0109 0.1757 0.1185 0.0349 — — — 3.7887 0.0148 0.2710

�0.0199 0.1054 0.1150 — — — — 3.6885 0.0240 0.2118

0.0152 0.0397 0.1132 — — 20.3488 �0.0382 3.4501 0.0166 0.2899

These show the multiple models run for each dependent variable and its category. Individual factors significant in each model are indicated in

italics (P< 0.10), bold (P< 0.05), and bold italic (P< 0.01).
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by time in the creative inquiry team (b¼ 0.0785,

P¼ 0.0878). Like perceived knowledge, the creative

inquiry type did not influence marine communica-

tion skills, nor did any of the demographic covariates

(Table 2). We did not find any relation between

creative inquiry type, duration, or mentor experience

on stewardship or resource skills. Objective knowl-

edge of ocean literacy principles was also not related

to creative inquiry type, duration, or mentor experi-

ence. However, the knowledge of ocean literacy prin-

ciples was relatively high in all creative inquiry

teams: outreach (M¼ 3.53, SD¼ 0.31), research

(M¼ 3.51, SD¼ 0.24), and both (M¼ 3.51,

SD¼ 0.22).

Career

Alumni respondents primarily held careers in the

STEM category (N¼ 12) or were continuing students

in a science field (N¼ 12) with only seven holding

jobs in communication or another field. The impor-

tance of marine science on career was primarily

influenced by the time in creative inquiry

(b¼ 0.2164, P¼ 0.0252) and secondarily by age

(b¼�0.1258, P¼ 0.0797). The influence of alumni

age indicated that the longer they had been out of

the program, the less important marine science was

on their careers. Neither mentorship, creative inquiry

type, gender, nor ideology influenced on the impor-

tance of marine science on their career (Table 2).

However, the importance of the program after grad-

uation was primarily influenced by a positive men-

torship (b¼ 0.6629, P¼ 0.0155), with those who had

more positive mentor experiences finding the pro-

gram more important after they graduated (Table

2). Those who were younger (log regression

v
2¼�1.098, P¼ 0.0535) or involved in creative in-

quiry for many semesters (log regression v
2¼ 0.4276,

P¼ 0.0729) were more likely to continue their edu-

cation (Table 2). All students who indicated that

they were continuing students, also stated that it

was in a STEM field. There was also no significant

effect of creative inquiry type on the importance of

the skills learned in the program on the alumni’s

careers.

Attitudes

A sense of science identity and belonging increased

primarily with time in creative inquiry (b¼ 0.0685,

P¼ 0.0196) and decreased secondarily with age

(b¼�0.0451, P¼ 0.0396). Interestingly, those who

were younger had a stronger sense of science identity

and belonging. Neither mentorship nor creative in-

quiry type influenced science identity and belonging

(Table 2). Students who participated in both pro-

grams were more likely to have higher perceptions

of threats to the ocean’s health versus those who

only participated in the research program

(b¼�0.3488, P¼ 0.0413). However, ideology was

an even stronger driver in these perceptions of threat

(b¼ 0.1132, P¼ 0.0074) with very liberal alumni

showing higher levels of perceived threat (Table 2).

The importance of conservation in daily life was not

impacted by creative inquiry type, duration, or men-

torship experience.

Overall experience

It is worth noting that alumni from both CMR and

SVF felt positive about their experience in their re-

spective creative inquiry teams (research: M¼ 4.54,

SD¼ 0.52; outreach: M¼ 4.44, SD¼ 1.67; both

M¼ 4.83, SD¼ 0.25). This was also true for mentor-

ship experience (research: M¼ 4.55, 0.64; outreach:

M¼ 4.67, SD¼ 0.55; both: M¼ 4.80, SD¼ 0.33).

Respondents also indicated strong positive feelings

toward their program(s) through the additional

comments left at the end of the survey

(Supplementary Table S8).

Discussion

The purpose of this study was to determine the

effects of both outreach and research creative inquiry

on undergraduate alumni in relation to marine and

climate change knowledge and skills, career choice,

and attitudes. We found evidence that creative in-

quiry impacted perceived knowledge and skills sig-

nificantly through mentorship experience, but this

did not depend on the creative inquiry type (re-

search versus outreach) or duration. Career choices

and factors related to career choices were impacted

by duration and mentorship experience, but not cre-

ative inquiry type. We also found that alumni indi-

cated a higher sense of science identity and

belonging the longer they were enrolled in creative

inquiry as well as better understanding of threat per-

ception, which was also influence by personal ideol-

ogy. Creative inquiry type influenced attitudes

toward ocean threats.

Knowledge

In both outreach and research creative inquiry, grad-

uate mentors, and a primary faculty advisor partner

with students in small groups or individually. We

found that perceived knowledge of marine science

was higher in alumni who rated their experience

with their mentors highly. We also observed gains

through positive mentorship in one area of science
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that is not typically addressed in lecture-style STEM

classes: communication. In the modern field of ma-

rine science, communication is one of the most crit-

ical skills not taught beyond the general education

requirement in Universities (Gill and Golding 2001).

Students within both programs engage in various

forms of science communication including poster

presentations, science exhibit facilitation, oral pre-

sentations, blog posts, and discussion leadership.

These presentations are normally given and subse-

quently critiqued by their mentors before presenta-

tion to a general audience. Working closely with

mentors to understand the concepts and hypotheses

they are presenting allows students to simultaneously

increase their confidence in their research while pro-

moting strong communication (Kardash 2000; Linn

et al. 2015). Our findings were similar to other stud-

ies who found that good experiences with mentors

also lead to higher self-efficacy and confidence, par-

ticularly in STEM fields (Kardash 2000; Lopatto

2007). Students with higher self-efficacy in science

become more engaged with science and have higher

retention rates, as well as a better understanding of

the discipline overall (Andrew 1998; Sawtelle et al.

2012; Macphee et al. 2013; Williams and George-

Jackson 2014). This can be particularly impactful

to those in underrepresented groups as well as

women (Macphee et al. 2013; Ballen et al. 2017).

Similar gains were seen through longer involvement

with the program. Because our students could po-

tentially enroll anywhere from one semester to all

4 years of their college career in either or both pro-

grams, students generally become involved in multi-

ple projects, increasing their exposure to and

confidence in different subject areas of marine biol-

ogy. This lends way to more opportunities for scien-

tific communication and facilitates their ability to

hone their craft over time (Carpenter 2015). These

findings have numerous implications for students’

future motivations in science and gives evidence to

the successful nature of our programs.

Careers

Mentors throughout all parts of a student’s under-

graduate experience can have significant influences

on the skills they acquire in college, their desire to

continue their higher education, and ultimately the

career they choose to pursue (Houser et al. 2013;

Langholz and Abeles 2014). Students in our creative

inquiry teams who felt encouraged and heard by

their mentors believed that their program involve-

ment was critical to their success after graduation.

Most of our alumni also indicated that they were

involved in a STEM field whether it was continuing

education or as a career. Those that were involved in

the program for longer durations were more likely to

continue their education, although age was also a

contributing factor. This suggests that those involved

in the program for longer are more likely to con-

tinue their education, particularly when they are be-

tween the ages of 20–26 years. This is not an atypical

finding as other programs have found that long-term

involvement, or greater involvement with a project

can lead to higher immediate motivation to pursue

graduate school (Russell et al. 2007; Linn et al.

2015). Because many of our participants were be-

tween the ages of 20–26 years, further research is

needed to evaluate the potential impacts that time

spent in this program has on older alumni who are

more advanced in their careers.

Attitudes

The perception of climate change threats on ocean

health was higher for those who participated in both

programs than research alone. Students are taught

directed lessons on climate change threats in the

outreach program and later communicate them to

elementary students. Those that participate in re-

search later couple this primary knowledge with re-

search projects that attempt to combat the threats of

climate change. Techniques like this that connect

students directly to the ocean have the potential to

contribute to undergraduates’ understanding of cli-

mate change education (Gough 2017; Squarcina and

Pecorelli 2017). Thus, pushing to involve undergrad-

uates in community ocean literacy outreach, partic-

ularly at research-centered universities could be

beneficial for increasing climate change awareness

in both undergraduates and the public (Plankis

and Marrero 2010; Visbeck 2018). It is also impor-

tant to point out that ideology was one of the stron-

gest significant negative factors in all models.

Previous literature has found that political ideology

can influence the perception that many students

have on perceived risks of other controversial scien-

tific topics (Ferguson et al. 2020). Other studies have

also found that by incorporating previously held val-

ues and beliefs into educational platforms, one is

more likely to be accepting of scientific concepts

and understand these concepts better (Miyake et al.

2010; Corner et al. 2015). While this does not negate

the important impact of program type in our study,

it does provide insight into the extreme influence

that personal beliefs can have on one’s perception

of climate change threats (Lawson et al. 2019).

This also leads to the suggestion that when
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introducing these topics to any audience, careful

consideration must be taken to incorporate their in-

trinsic values and beliefs into the lesson.

One of the most important parts of experiential

learning is the effect it has on a student’s feeling of

belonging and identity (Kolb and Kolb 2009). In our

study, students who were enrolled for longer periods

of time felt more like they belonged in science and

that they identified as a scientist. This is extremely

encouraging as a student’s positive relationship with

science can encourage them to continue their scien-

tific pursuits (Carlone and Johnson 2007). Research

has shown that first-generation college students and

underrepresented minority groups that traditionally

have a harder time developing their science identity

could benefit greatly from participating in experien-

tial learning (Linn et al. 2015; Jackson et al. 2016).

Unfortunately, our study did not have a large diver-

sity in ethnic groups, but this study provides further

evidence that both outreach and UREs can assist

students in developing their scientific identity and

sense of belonging with time and effort.

Limitations and future directions

While the use of alumni provides valuable insight in

understanding the lasting impacts an undergraduate

creative inquiry may have on student success, it can

be difficult to attribute success metrics to the creative

inquiry alone. This is a particular problem in our

creative inquiry teams as students may come in

with a wide range of previous knowledge about ma-

rine science and climate change. While we attempted

to control for factors such as ideology, age, and gen-

der, it cannot be ignored that we did find some ev-

idence of the effect that both age and ideology had

on gains. This is particularly true for variables such

as threat perception, where ideology was significant

regardless of the independent variable. Our small

sample size could also have resulted in having low

power to detect an effect or possibly inflate some

effect sizes. We encourage scholars to replicate our

research using appropriate sample sizes driven by a

priori power analysis to help us better understand the

effects of UREs and outreach programs on under-

graduates. Because many of our students indicated

that they felt positive about the program, those who

felt negative may have disregarded survey requests.

Therefore, we must consider that the results of this

study may not be representative of all alumni expe-

riences. Future studies should focus on using pre-

and post-enrollment surveys to evaluate true quanti-

tative gains throughout the course of the programs.

This is currently being implemented in our outreach

creative inquiry. We are also planning to continually

monitor program success through periodic alumni

surveys. Control groups are also a general source

of contention in these types of studies. It can be

especially difficult to find a comparable group to

that of outreach or research programs as these are

normally competitive programs, or programs that

focus on unique concepts outside of the normal cur-

riculum. Future research should consider comparing

these types of programs against those enrolled in a

traditional lecture-style course on the subject.

Finally, while our study demographics were overall

comparable to our university and majors that partic-

ipated in our program, these demographics are not

necessarily reflective of other institutions or their

departments. Therefore, careful consideration should

be taken in extrapolating these findings to depart-

ments which may have a greater diversity of partic-

ipants. We are currently exploring options to

diversify our program in a meaningful way.

Conclusion

Our study contributes to the growing body of liter-

ature suggesting the impact that experiential learning

can have on student knowledge, careers, and atti-

tudes. Although our creative inquiry teams were

vastly different in their approaches, the messages

across them both were the same: ocean conservation

is important. Both exemplified using experiential

learning to engage students within this important

topic. While we initially sought to look compara-

tively at gains across both research and outreach

teams, our findings suggest that both forms of expe-

riential learning can be used as a tool to increase

perceived knowledge, communication skills, conser-

vation desire, and lead to a higher sense of science

identity and belonging. As shown in our study, edu-

cators interested in integrating experiential learning

into their curriculum should consider creating long-

term opportunities for their students while providing

open collaboration with mentors. Employers of ex-

periential learning should also account for student

values and experiences such as ideology, when de-

signing a research, or outreach program. Although

limitations such as funding, time, and faculty/grad-

uate student involvement can inhibit the integration

of experiential learning, this study shows the impor-

tance of experiential learning on undergraduate suc-

cess. This study also provides evidence for

experiential learning to combat deficits in climate

change and ocean literacy knowledge. We encourage

the continued use of such techniques to simulta-

neously contribute to young adult’s understanding

R. J. Sims et al.1086

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/61/3/1078/6287066 by guest on 17 January 2022



of climate change while allowing them opportunities

to combat it through research and outreach.
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DC, Masson-Delmotte V, Zhai P, Tignor M, Poloczanska

E, Mintenbeck K, Nicolai M, Okem A, Petzold J, Rama B,

Weyer N, editors. IPCC special report on the ocean and

cryosphere in a changing climate. Geneva: IPCC. p. 1170.

Jackson MC, Galvez G, Landa I, Buonora P, Thoman DB.

2016. Science that matters: the importance of a cultural

connection in underrepresented students’ science pursuit.

CBE Life Sci Educ 15:1–12.

Junge B, Qui~nones C, Kakietek J, Teodorescu D, Marsteller P.

2010. Promoting undergraduate interest, preparedness, and

professional pursuit in the sciences: an outcomes evalua-

tion of the SURE program at Emory University. CBE Life

Sci Educ 9:119–32.

Kardash CAM. 2000. Evaluation of an undergraduate research

experience: perceptions of undergraduate interns and their

faculty mentors. J Educ Psychol 92:191–201.

Knippenberg MT, Leak A, Disseler S, Segarra VA. 2020.

Establishing partnerships for science outreach inside and

University experiences of marine science research 1087

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/61/3/1078/6287066 by guest on 17 January 2022



outside the undergraduate classroom. J Microbiol Biol

Educ 21:1–6.

Kolb DA. 2015. The process of experiential learning. Experiential

learning: experience as the source of learning and development.

Upper Sadler River (NJ): Pearson Education LTD. p. 1–23.

Kolb AY, Kolb DA. 2005. Learning styles and learning spaces:

enhancing experiential learning in higher education. Acad

Manag Learn Educ 4:193–212.

Kolb AY, Kolb DA. 2009. The learning way. Simulat Gaming

40:297–327.

Langholz JA, Abeles A. 2014. Rethinking postgraduate educa-

tion for marine conservation. Mar Policy 43:372–5.

Lawson DF, Stevenson KT, Peterson MN, Carrier SJ, Strnad

RL, Seekamp E. 2019. Children can foster climate change

concern among their parents. Nat Clim Change 9:458–62.

Linn MC, Palmer E, Baranger A, Gerard E, Stone E. 2015.

Undergraduate research experiences: impacts and opportu-

nities. Science 347:1261757–633.

Lopatto D. 2007. Undergraduate research experiences support sci-

ence career decisions and active learning. Life Sci Educ

6:297–306.

Lynch CD, Ash PJ, Chadwick BL. 2010. Student perspectives

and opinions on their experience at an undergraduate out-

reach dental teaching centre at Cardiff: a 5-year study. Eur

J Dent Educ 14:12–6.

Macphee D, Farro S, Canetto SS. 2013. Academic self-efficacy

and performance of underrepresented STEM majors: gen-

der, ethnic, and social class patterns. Anal Soc Issues Public

Policy 13:347–69.

Martin JP, Simmons DR, Yu SL. 2013. The role of social

capital in the experiences of hispanic women engineering

majors. J Eng Educ 102:227–43.

Miyake A, Kost-Smith LE, Finkelstein ND, Pollock SJ, Cohen

GL, Ito TA. 2010. Reducing the gender achievement gap in

college science: classroom study of values affirmation. Science

330:1234–7.

Nagda BA, Gregerman SR, Jonides J, von Hippel W, Lerner

JS. 1998. Undergraduate student-faculty research partner-

ships affect student retention. Rev Higher Educ 22:55–72.

National Center for Science Education. 2020. Making the

grade? How state public school science standards address

climate change. (https://climategrades.org/).

National Oceanic and Atmospheric Administration. 2020.

Ocean literacy: the essential principles and fundamental

concepts of ocean sciences for learners of all ages.

Version 3. Washington, DC: National Oceanic and

Atmospheric Administration.

Nelson K, Sabel J, Forbes C, Grandgenett N, Tapprich W,

Cutucache C. 2017. How do undergraduate STEM men-

tors reflect upon their mentoring experiences in an out-

reach program engaging K-8 youth? Int J STEM Educ

4:3.

Plankis BJ, Marrero ME. 2010. Recent ocean literacy research

in United States public schools: results and implications.

Int Electron J Environ Educ 1:21–51.

Rao S, Shamah D, Collay R. 2007. Meaningful involvement of

science undergraduates in K-12 outreach. J College Sci

Teach 36:54–8.

Robnett RD, Nelson PA, Zurbriggen EL, Crosby FJ, Chemers

MM. 2018. Research mentoring and scientist identity:

insights from undergraduates and their mentors. Int J

STEM Educ 5:1–14.

Russell SH, Hancock MP, McCullough J. 2007. Benefits of

undergraduate research experiences. Science 316:548–9.

Sawtelle V, Brewe E, Kramer LH. 2012. Exploring the rela-

tionship between self-efficacy and retention in introductory

physics. J Res Sci Teach 49:1096–121.

Squarcina E, Pecorelli V. 2017. Ocean citizenship. The time

to adopt a useful concept for environmental teaching and

citizenship education is now. J Res Didactics Geogr

2:45–53.

Visbeck M. 2018. Ocean science research is key for a sustain-

able future. Nat Commun 9:1–4.

Weaver JP, Chastain RJ, DeCaro DA, DeCaro MS. 2018.

Reverse the routine: problem solving before instruction

improves conceptual knowledge in undergraduate physics.

Contemp Educ Psychol 52:36–47.

Wei CA, Woodin T. 2011. Undergraduate research experien-

ces in biology: alternatives to the apprenticeship model.

CBE Life Sci Educ 10:123–31.

Williams MM, George-Jackson CE. 2014. Using and doing

science: gender, self-efficacy, and science identity of under-

graduate students in STEM. J Women Minor Sci Eng

20:99–126.

R. J. Sims et al.1088

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/61/3/1078/6287066 by guest on 17 January 2022

https://climategrades.org/



