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Abstract:  The present survey-based study assesses the cognitive, affective, and behavioral 
outcomes associated with student participation in a virtual, bi-national, mentored undergraduate 
research experience focused on sustainability issues in the regions of southeastern Europe 
through which the Danube River flows. The perceived gains in ability, beliefs, and benefits 
enabled through this fully virtual iteration of the pedagogical model suggest that programs that 
integrate multiple high-impact practices (in this case, undergraduate research and global 
learning), have the potential to be transformative for participating students, regardless of their 
country of origin, and to contribute towards the growth of an increasingly diverse and globally 
oriented STEM workforce and to foster the next generation of global citizens actively engaged in 
the work of environmental sustainability. Findings also reflect upon the growing need to develop 
similar virtual exchange modalities to tackle systemic equity and access issues in sustainability 
education, and the need to advance assessment tools that are both culturally responsive and 
broadly relevant in bi-national/transnational courses and/or programming. 
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Introduction 

Addressing the future challenges of global environmental sustainability will require the 
development of a well-rounded workforce that is trained in all aspects of sustainability work, 
including a range of scientific skills. There is reason to believe that current levels may be 
insufficient to meet these future needs (Kizilcec et al., 2023; Salzman & Benderly, 2019; 
Stevenson, 2014; Xue & Larson, 2015). While the phenomenon has been perhaps most closely 
studied in the United States, research suggests that the gap widens when measured in a global 
context, with many countries placing increasing strategic emphasis on growing a highly skilled, 
diverse STEM workforce at the national level (Freeman et al., 2019).  This political imperative 
has fueled extensive research in science education, with an agenda aimed at first identifying the 
leaks in the STEM pipeline, and then developing broad-scale, evidence-based interventions to be 
implemented across all appropriate levels of education. The present study assesses the impact of   
the binational work of a program called Connecting Humans and Nature through Conservation 
Experiences (CHANCE) in Romania, which seeks to strengthen multi-national interest in 
sustainability education through distinctive and evolving combinations of research, short-term 
study abroad, and environmental advocacy.  

 
Literature Review 
As previously mentioned, the CHANCE program consists of three primary components: 
undergraduate research, short-term study abroad, and environmental advocacy. Taken separately, 
each of these components have been the subject of considerable attention in the research 
literature on student success, whether specifically in STEM-related fields, more broadly across 
higher education, or both (McLaughlin et al., 2018; McLaughlin, 2010; McLaughlin & Fadigan, 
2010).  

 
Course-based Undergraduate Research 

At the collegiate level, undergraduate research has emerged as a prominent strategy for engaging 
and retaining students in STEM majors (Fechheimer et al., 2011; Fischer et al., 2021; Webber et 
al., 2013).  The practice allows students to engage in hands-on scientific work, often in a 
laboratory setting, under the mentorship of experienced faculty and/or advanced graduate 
students.  Initial research on the practice emphasized how such experiences developed critical 
STEM skills, but later research has extended the benefits to include non-cognitive factors, such 
as the strengthening of scientific identity and, by extension, the flow of graduates into the STEM 
workforce (Brownell et al., 2015; Finley, 2019; McLaughlin et al., 2020).  Indeed, the 
effectiveness of undergraduate research experiences was sufficiently documented as contributing 
to student success that the practice was identified by George Kuh (and colleagues) as one of 
seven high-impact practices in 2008 (Kilgo et al., 2012; Kuh, 2008; Kuh, 2016; Lopatto, 2010).   
 
By definition, high impact practices require an investment of resources, whether money, time, or 
support, beyond conventional learning experiences.  While these additional resources are 
justified by demonstrably higher retention and graduation rates, this set of circumstances often 
exists in a state of tension with equity and inclusion goals (Hensel, 2023).  Traditionally, 
undergraduate research in STEM has been limited to a small percentage of students who possess 
the academic skills, motivation, and time to pursue either independent studies or work in 
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advanced laboratory settings (Beckman & Hensel, 2009).  To broaden participation, practitioners 
proposed the course-based undergraduate research experience, or CURE, in which undergraduate 
research activities are embedded directly into course-based instruction (Bangera & Brownell, 
2014; Corwin et al., 2015; Hensel, 2018; Hensel, 2023; O’Donnell et al., 2015).   

 
While there is not a single framework for CUREs, one prevalent model consists of collaborative 
learning experiences, in which students work in teams to conduct inquiry-driven, laboratory or 
field-based experiments (Ahmad & Al-Thani, 2022; Auchincloss et al., 2014).  In many cases, 
too, there is an emphasis on building teams that are inter- or cross-disciplinary in composition. 
While CUREs are most associated with STEM education, the benefits have also been 
documented outside of these fields (Ruth et al., 2023) and in several interdisciplinary domains, 
including sustainability education (Callahan et al., 2023; Messager et al., 2022). Advocates 
believe that, regardless of disciplinary orientation, the CURE model has the potential to expand 
the demonstrable benefits of undergraduate research experiences to more students and, 
potentially, in more places (Bangera & Brownell, 2014).   

 
Global Exchange 
 
Like undergraduate research, global education has also been identified as a high-impact practice , 
though the scope of that term has been the subject of considerable debate (Haupt & Ogden, 
2019).   In the original high impact practice framework, the practice focused largely on study 
abroad experiences, most often intensive (e.g., semester or year-long) and involving physical 
travel to other parts of the world, but that definition has expanded in both scale and scope to 
include a wide variety of short-term, long-term, physical, and virtual exchanges.  In addition to 
increasing student success, research has shown that global education experiences contribute to 
other increasingly desired workforce outcomes such as intercultural competence and 
communication (Bender et al., 2009; Fisher et al., 2023; Iskhakova & Bradly, 2022).  

 
In its conventional form (physical and intensive), study abroad has been subject to similar 
concerns about access and equity as with undergraduate research experiences, with numerous 
studies pointing out the extent to which students from under-served populations have been 
significantly under-represented in study abroad programs; and others highlighting additional 
inequities that can arise with extended physical travel to locations outside of the home country, 
such as mobility, safety, and access to medical care  (Glass & Gesing, 2021; Lopez-McGee & 
Contreras, 2023; Ohito et al., 2021; Slotkin et al., 2012; Stewart & Nicolazzo, 2018; Sweeney, 
2013; Whatley & Clayton, 2020; Whatley & Stich, 2021). To address these inequities, advocates 
have developed short-term (and, by extension, lower cost) and/or virtual exchanges as potential 
alternatives that may enhance accessibility for both individuals and institutions (Diehl et al., 
2024; Helm & Guth, 2022), perhaps with minimal sacrifice of the positive effects on success 
(Fisher et al., 2023; O’Dowd, 2021).  The development of short-term virtual exchanges was 
accelerated by the global quarantines that arose from the COVID-19 pandemic, but these 
partnerships have continued to proliferate in the current post-pandemic climate, not only as a 
means of enhancing access (Beelen & Doscher, 2022) but also supporting environmental 
sustainability (e.g. saving jet fuel) (Jaskolski & Udoh, 2022).  
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Mentored Undergraduate Research in Global Contexts (MUR-GC) 
Outside of institutional data, much of the learning research on high impact practices has tended 
to focus on individual high impact practices, often in isolation from others.  More recently, there 
has been increased interest in stacked or integrated high impact practices (Schaab, 2023), which 
are characterized by a combination of practices, such as a learning community embedded into a 
first-year seminar, or, perhaps most salient to the current study, undergraduate research and 
global education, recently deemed mentored undergraduate research in global contexts, or 
MUR-GC (Banks & Gutiérrez, 2017; Bender et al., 2017; Cruz et al. 2024; Hamel et al., 2021).  
The rationale for MUR-GC rests on the increasing globalization of both knowledge and work, 
suggesting that students benefit from working with globally diverse teams to address complex 
questions with global implications, such as, in this case, environmental sustainability.  
 
The aspiration is for stacked high impact practices to encompass the documented benefits of the 
contributing practices, but also to engender additional potential outcomes arising from the 
integration (Cruz et al., 2023). This may be especially the case in STEM fields, where the 
integration of undergraduate research into global learning is believed to make practices such as 
study abroad more appealing and address persistent under-representation of these fields in many 
forms of global education (Giedt et al., 2015).   Research on MUR-GC is in the early stages and 
there is much to be learned about how this combination of transformative learning experiences 
intersects with student learning, success, and development (Acheson et al., 2024; Cruz et al., 
2022) as well as across different instructional modalities.    
 
Virtual Exchange/Online Undergraduate Research  
 
While virtual exchange is gaining ground as the focus of both research and practice, 
undergraduate research in the online environment is comparatively under-studied (Coleman et 
al., 2023; Faulconer et al., 2022), especially outside of the remote learning (COVID-19) context 
(Broussard et al., 2021; Ediger et al., 2024; Fey et al., 2020; Lopatto et al., 2023).  A recent 
systematic review of research on CUREs (from 2015-2021) indicated no studies for which the 
CURE was conducted virtually nor was modality included as a variable in the models derived 
from the review (Ahmad & Thani, 2022).   Similarly, examples of online or virtual MUR-GC are 
sufficiently rare that the authors were not able to locate a single published example, even after 
extensive searching.  
 
The present study assesses a distinctive MUR-GC initiative undertaken by the CHANCE 
program in Romania, dubbed CHANCE Romania, that intentionally combines CUREs with 
virtual exchange into a potentially replicable model of sustainability education.  The replicability 
was tested when circumstances forced a switch in modality during the Spring and Summer of 
2021. Prior to the pandemic, the program had been implemented in multiple geo-political 
contexts combining online preparation with in-person fieldwork (Mclaughlin, 2021) but the 
present study seeks to assess the impact of a fully virtual iteration conducted in the Spring of 
2021.   The primary research question is as follows: How do the learning outcomes of a virtual 
MUR-GC compare to those of a conventional (single institution, local, face-to-face) CURE in 
the context of global issues like sustainability education?   
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The CHANCE Program 
The Danube River, which runs for 1800 miles through ten countries (including Germany, 
Hungary, Romania, Bulgaria, and Serbia), has a distinctive history of sustainability. Heavily 
polluted when bordering countries were industrializing under Soviet rule, the river began to 
recover in the 1990s but is now threatened again, particularly by the presence of microplastics, 
pesticides, and industrial waste (Galatchi and Tudor, 2006; Gasparotti, 2014; Gomez-Baggethun 
et al., 2019).  

Throughout CHANCE programming in Romania (2021 – 2023), students worked to understand 
and contribute to the scientific research that is seeking to preserve the ecosystems of this vital 
waterway. The goal of all CHANCE worldwide initiatives is to prepare global-minded citizens 
who understand the importance of restoring and protecting the biodiversity of our planet's 
ecosystems, and who are equipped with the skills to address the challenges of our time such as 
energy, air, food, water, and climate change in their lifetimes. Because ecosystems cross national 
borders, CHANCE strives to define sustainable answers for environmental realities from a global 
perspective. Typically, the CHANCE program operates in person, with students from Penn State 
University traveling to sites worldwide to work with international partners - be they faculty and 
students from other universities and/or professional scientists and conservationists from 
non-governmental organizations. During CHANCE Romania, students from Penn State and the 
University of Bucharest worked alongside faculty educators and scientists from both institutions 
within the delta of the Danube River, Romania to conduct their united research. 

In the spring and summer of 2021, however, all international short-term study abroad field 
courses remained canceled for Penn State undergraduates, despite the return to regular 
instruction on the campus. CHANCE program leaders seized this opportunity to develop and 
implement a 3-credit, online binational course, Global Conservation: Environmental Challenges 
Facing the Danube Delta. During the second half of the spring 2021 semester (midsemester), 
select faculty from both universities mentored twenty-four students (twelve from Penn State and 
twelve from the University of Bucharest) of varied disciplines who carried out an online, 
binational course on the water quality of the Danube River basin using real data gathered in the 
field by a top-Romanian scientist. Students also learned about the water issues facing this river 
system, the United Nations Sustainable Development Goals (UN SDGs) and essential research 
skills and “soft” skills deemed necessary to navigate more complex, inter-disciplinary societal 
challenges facing the Danube watershed due to anthropogenic activities. 

Throughout this synchronous 7-week online course, students worked in binational teams (5 
teams; consisting of 2 students from each participating university; one faculty mentor per group 
including the Romanian research scientist who supplied raw data and offered guidance to all 
groups on a constant basis) to ask a unique question related to the nutrient overload of nitrogen, a 
key player in cultural eutrophication (algal blooms), in the specific areas of the Danube delta 
wherein data was gathered. Students worked collectively in their groups to learn research 
methods involved in the water collection and analysis of their samples, read primary literature, 
interpret their authentic data, and then devise and report potential solutions for the sustainability 
of the Danube River and its delta per the UN SDGs to the entire class as well as a panel of 
invited visitors and guests from both countries.   
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The Study 
 
Research Design and Instrument  
This is a survey-based study that uses a pre- and post-design to assess the outcomes of the 
CHANCE Romania program, which utilizes an interdisciplinary CURE model to study 
sustainability issues related to water in the Danube delta.  Pre- and post-test designs are 
commonly used in the study of pedagogical interventions in U.S. higher education (Bartsch, 
2013; Clipperton et al., 2020) and, in this case, there is an established, previously validated 
survey that has been widely used to assess CUREs (Shortlidge & Brownell, 2016).  The survey 
creators have validated the survey internally, in comparison to related surveys, and across 
multiple contexts.  
 
Indeed, the belief that CUREs may provide similar high-impact benefits to their 
non-course-based alternatives has served as the basis of a robust research agenda assessing the 
efficacy of CUREs, whether in comparison to undergraduate research experiences or, 
increasingly, as a robust instructional modality in its own right (Brownell & Kloser, 2019).  The 
cornerstone of CURE assessment is the CURE survey, developed and validated by a 
multi-institutional team led by David Lopatto at Grinnell College in Iowa (United States).  The 
76-item survey, adapted from the broader SURE (Student Undergraduate Research Experience) 
survey, was actively administered at the U.S. national level starting in 2015.  Over the long term, 
this survey has served as a benchmark for the effectiveness of CUREs across a range of 
institutions, disciplines, modalities, and global circumstances (Lopatto & Jaworski, 2019).  The 
survey assesses self-reported learning gains, including scientific skills, attitudes, and goal 
orientation using a series of scaled items.  In addition, the survey includes six demographic 
questions (university enrollment, gender identity, age range, year of study, post-degree goals, and 
major).    
 
Implementation  
 
The project (STUDY00017451) was approved by The Pennsylvania State University’s 
institutional review board (IRB) in early spring 2021. The research met the criteria for exempt 
research according to the policies of this institution and the provisions of applicable federal 
regulations. The implied consent statement for the survey was translated into Romanian to ensure 
transparency for the students from the University of Bucharest. The language of instruction was 
English so the research team, consisting of both U.S. and Romanian representatives, determined 
that it was not necessary to translate the full survey into Romanian. A member of the research 
team who was not an instructor created the electronic survey in institutional-owned Qualtrics.  
This same member of the research team visited the Zoom space (without the instructor’s – who 
was also a member of the research team - presence) in which the students were meeting for the 
online course to recruit, administer consent, and provide participants with a link and QR code for 
accessing the survey. The survey procedure was repeated at the end of the 7-week online course. 
The students did not receive incentives to participate in either instance of the survey.  No 
identifying information was collected as part of the study. The overall participation rate was 96% 
(23 out of 24).   
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Participants  
 
The participants consisted of students enrolled in the course from either the Pennsylvania State 
University (n=12) or the University of Bucharest (n=12).  All participating students indicated 
that they were between 18 and 24 years of age; with 57% identifying as female (n=13) and 43% 
(n=10) identifying as male. Most participants were in either their first or second year at their 
respective universities (96%, 22 out of 23) and most indicated that they were either currently 
enrolled or highly likely to enroll in a science degree program (15 out of 23 or 65%).    Most 
indicated a long-term goal of obtaining a graduate degree in either a STEM (n=23) or medical 
(n=7) field (note: this question allowed for multiple responses).   
 
Data Analysis  
 
Scaled survey responses were analyzed using descriptive statistics (mean, median, standard 
deviation) and inferential statistics (non-paired, Wilcoxan T-tests) to compare pre-and 
post-survey responses, both globally and between the students enrolled in the U.S. and Romanian 
universities.  Comparisons between CHANCE outcomes and the national benchmarks were 
calculated using Welch’s two-sample T-test, which allows for calculations using aggregate data.  
A Pearson correlation test was run on all scaled items in the survey, providing p- and R-values.  
All statistical tests were calculated using (open source) R (dplyr, open xlsx, and flextable 
packages).  Only correlations with significant differences in both pre- and post-survey responses 
are reported.  
 
Findings 
 
Scientific Skills 
 
The findings affirm that CHANCE Romania participants overall made significant gains in their 
perceived experience level with most (19 out of 24, or 79%) of the scientific activities associated 
with engagement in conventional CUREs and included in the survey subscale (Table I).  
 

Table 1. CHANCE program participants, experience with scientific activities, pre and post 
comparison, all responses. 

Survey Item Pre Avg Pre STD Post Avg Post STD P-value 

a scripted lab or project in 
which the students know the 

expected outcome. 

3.2 1.225 3.867 1.187 0.1* 

a lab or project in which 
only the instructor knows 

the outcome.  

3 0.957 3.571 1.222 0.114 

a lab or project where no 
one knows the outcome. 

1.76 0.926 3.2 1.699 0.001** 
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at least one project that is 
assigned and structured by 

the instructor.  

3.56 0.961 4.4 0.632 0.005** 

a project in which students 
have some input into the 

research process and/or what 
is being studied.  

2.88 1.054 4.562 0.629 0** 

a research project entirely of 
student design.  

2.04 0.935 4.312 0.793 0** 

work individually.  3.52 0.963 3.812 1.328 0.418 

work as a whole class.  2.52 1.194 3.375 1.31 0.038** 

work in small groups.  3.6 0.816 4.25 0.683 0.012** 

become responsible for a 
part of the project.  

3.68 0.945 4.812 0.403 0** 

read primary scientific 
literature.  

3.375 1.173 4.438 0.727 0.003** 

designing an original 
experiment  

1.96 1.02 4.071 0.73 0** 

write a lab report  2.6 1.291 3.4 1.352 0.07* 

collect data.  3 1.155 4.25 1.065 0.001** 

analyze data.  3.2 0.957 4.062 1.063 0.01** 

interpret data.  3.2 0.957 4.125 0.885 0.004** 

present results orally.  2.68 0.852 4.312 0.793 0** 

present results in written 
papers.  

2.84 1.028 2.786 1.762 0.904 

present posters.  2.16 1.028 3.312 1.302 0.003** 

critique the work of other 
students.  

2.44 0.87 4.125 0.957 0** 

listen to lectures  4.04 1.06 3.357 1.499 0.105 

work on problem sets.  3 0.78 1.818 0.982 0.001** 

maintain lab notebook.  3.2 1.414 3.5 1.033 0.469 

computer modeling.  2.04 0.889 3.875 0.957 0** 

 
(*) Indicates if either p-value is ≤ 0.1 (**) indicates if p-value is ≤ 0.05 
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In only one case (“work on problem sets”) did the mean response decrease, likely because 
problem sets were not incorporated into the CHANCE program.  All data used in the course was 
primary data collected directly from the field and all analysis was conducted on that data directly. 
While all participating students reported gains in experience across most program outcomes, 
these gains were comparatively higher for the University of Bucharest students on one item, 
“present results orally” (t-test p-value. .06; t-statistic 2.14, df 8.85, Wilcoxan p-value .06, W 48).  
 
Beliefs about Science 

In addition to the perceived experience scale, the CURE survey also includes a 22-item subscale 
focused on beliefs about science. The subscale presents statements about science, scientists, and 
philosophy of science with which students are invited to agree or disagree on a Likert scale of 1 
(strongly agree) to 5 (strongly disagree).  For the majority of these items, the CHANCE program 
responses to these questions remained stable from pre- to post-assessment. These include the 
statement "I can do well in science courses" which received consistently high agreement across 
the two surveys (pre-survey mean of 1.8, post-survey mean of 1.4), as well as the highest level of 
agreement among all questions in the subscale.  

 

Table 2. CHANCE program participants, beliefs about science, pre to post-test comparison, 
significant differences only.   

Survey Item  t-test p-value t-statistic df Wilcoxon 
p-value 

W 

You can rely on 
scientific results 
to be true and 
correct.  

.09* 1.76 32.39 0.10 232.0 

Since nothing in 
science is known 
for certain, all 
theories are 
equally valid. 

.09* -1.76 24.67 0.09* 112.5 

Explaining 
sustainability 
ideas to others has 
helped me to 
understand the 
ideas better.  

.04** 2.10 34.77 0.09* 228.6 

 
(*) Indicates if either p-value is ≤ 0.1 (**) indicates if p-value is ≤ 0.05 

These findings (Table 2) suggest mild gains in attitudes related to embracing the ambiguity of 
scientific knowledge, but the strongest gains arose from the socialization of knowledge –  
a key attribute of the advocacy component of the program.  
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In comparing beliefs about science between students from the respective universities, four survey 
items (post-survey data only) indicated significant differences (see Table 3).  
 

Table 3. CHANCE program participants, beliefs about science, pre to post-test comparison, 
significant differences only, by university of origin (U.S. University to Romanian University).   
  

Survey Item  t-test p-value t-statistic df Wilcoxon 
p-value 

W 

Since nothing in 
science is known 
for certain, all 
theories are 
equally valid. 

.08* -1.93 10.60 0.05* 9.0 

There is too much 
emphasis in 
science classes on 
figuring things 
out for yourself. 

0.17 1.47 11.77 0.06* 43.0 

Only scientific 
experts are 
qualified to make 
judgments on 
scientific issues. 

0.00** -3.53 11.01 0.01** 7.0 

Lab experiments 
are used to 
confirm 
information 
studied in science 
class. 

0.04** 2.35 10.80 0.07* 42.00 

 
(*) Indicates if either p-value is ≤ 0.1 (**) indicates if p-value is ≤ 0.05 

This finding indicates statistically significant differences in beliefs about science and science 
education between the two student groups even after their shared virtual CURE experience. 
Students enrolled in the U.S. University indicated higher levels of agreement (when compared to 
their Romanian-based classmates) with two items ("all theories are equally valid" and "only 
scientific experts are qualified to make judgments"); while students from the Romanian 
University reported higher levels of agreement (when compared with their U.S.-based 
classmates) with two different statements ("too much emphasis on figuring things out for 
yourself" and "lab experiments are used to confirm information").   
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Scientific Activities and Beliefs about Science 
 
A Pearson’s correlation was run on all scaled survey items, including both scientific activities 
and beliefs about science. There were six statistically significant correlations that suggest that 
engagement in CHANCE Romania may have changed the relationship(s) between how students 
perceived their experience with scientific activities and their fundamental beliefs about science 
(see Table 4). 
 
Table 4: CHANCE program participants, correlations between scientific activities scale and 
beliefs about science scale (pre to post comparisons).     

Relationship Q1  Relationship 
Q2  

Pre 
Correlation 

®  

Pre-p-v
alue  

Post 
Correlation 

® 

Post 
p-value  

At least one project 
that is assigned and 
structured by the 
instructor. 

Lab experiments 
are used to 
confirm 
information 
studied in science 
class. 

0.46  0.03**  -0.83  0.02**  

Work as a whole 
class. 

Explaining 
science ideas to 
others has helped 
me understand 
the ideas better. 

0.46  0.03**  -0.37  0.07*  

Scientists know 
what the results 
of their 
experiments will 
be before they 
start. 

Critique the work 
of other students. 
  

-0.49  0.04**  0.77  0.02**  

Scientists play with 
statistics to support 
their own ideas. 

A scripted lab or 
project in which 
the students know 
the expected 
outcome. 
  

0.41  0.04**  -0.85  0.01*  
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If an experiment 
shows that something 
doesn't work, the 
experiment was a 
failure. 

Collect data  0.44  0.07**  0.68  0.02*  

I wish science 
instructors would just 
tell us what we need 
to know so we can 
learn it. 

Critique the work 
of other students. 
  

-0.65  0.00**  0.32  0.08*  

 
(*) Indicates if either p-value is ≤ 0.1 (**) indicates if p-value is ≤ 0.05 

*Green shaded boxes indicate scientific activities scale; orange shaded boxes beliefs about science scale.  
 

As the data reflects, there were three pairings that became significantly less correlated from pre- 
to post- and three pairings that became significantly more strongly correlated from pre- to post-.  
The only repeated paired item (“critique the work of other students”) led to stronger correlations 
from pre- to post-, which is suggestive of the role played by collaborative teams in the CHANCE 
curriculum.  Those pairings that weakened from pre- to post- do not indicate readily identifiable 
patterns, though there may be some slight suggestion of changing perspectives on how 
knowledge is (socially or otherwise) constructed relative to pedagogical approaches that are 
founded on constructivist learning principles.   
 
CURE Survey Benchmarks  

For each scaled item on the CURE survey, we compared the post-test means of CHANCE 
program participants with the benchmark averages provided by the survey creators (Lopatto & 
Jaworski, 2018) with a global n of 17,810 using Welch’s two-sample T-test, which allows for 
calculations based on aggregate data.   

 
Scientific Activities.  In the first subscale (activities), each survey item asks students to rate their 
level of experience with specified program components on a Likert scale of 1 (lowest) to 5 
(highest).  CHANCE Romania participants registered statistically significant gains in eight of the 
seventeen domains (47%) when compared to the CURE survey benchmarks (Table 5).  
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Table 5: CHANCE program participants, experience with scientific activities, compared to 
CURE survey benchmark data, statistically significant results only   

Survey Item  CHANCE average CURE average p-value 

At least one project 
that is assigned and 
structured by the 
instructor  

4.4 3.74 0.001** 

A project in which 
students have input 
into the research 
process and/or what is 
being studied 

4.56 3.92 0.001** 

A research project 
entirely of student 
design 

4.31 3.6 0.003** 

Being responsible for 
part of the project  

4.81 4.01 0** 

Reading primary 
scientific literature 

4.44 3.72 0.001** 

Designing an original 
experiment  

4.07 3.56 0.021** 

Present results orally  4.31 3.83 0.028** 

Critique the work of 
other students  

4.13 3.61 0.048** 

 
(*) Indicates if either p-value is ≤ 0.1 (**) indicates if p-value is ≤ 0.05 

 

It should be noted that in three cases (“write a lab report”, “present results in written papers”, 
“work on problem sets”), CHANCE program averages were lower than the benchmark. In only 
one case (“work on problem sets”) was the lower outcome statistically significant.  None of these 
activities are prominently featured in the CHANCE program, partly because of language 
differences but also because the program focuses on the interdisciplinary aspects of 
sustainability, with an emphasis on public-facing advocacy and communicating effectively with 
both technical and non-technical audiences.  
 
Benefits of participation. In addition to the scientific activities and beliefs about science scales, 
the CURE survey includes an additional scale focused on perceived benefits.  This scale is 
available only in the post-survey, meaning pre- and post-test comparisons are not possible, but it 
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is possible to compare perceived benefits between CHANCE Romania participants and CURE 
survey benchmarks.  In this section of the survey, students are asked to rank their possible 
benefits of participation, on a scale ranging from "no gain" (1) to "very large gain (5) (Table 6).   
 

Table 6: CHANCE program participants, perceived benefits, compared to CURE survey 
benchmark data.    

 N Mean STD Benchmark 
N 

Benchmark 
Mean 

Benchmark 
STD 

p-Value 

Skill in the 
interpretation of 
results 

20  3.4  1.10  17,680  3.13  1.22  0.286  

Tolerance for 
obstacles faced 
in the research 
process 

21  4.0  0.80  17,680  3.70  0.98  0.101  

Readiness for 
more demanding 
research 

21  4.3  0.72  17,680  3.67  1.00  0.001** 

Understanding 
how knowledge 
is constructed 

21  3.9  0.77  17,680  3.59  1.04  0.080* 

Understanding 
of the scientific 
research process 

21  4.0  0.97  17,680  3.60  1.01  0.074* 

Ability to 
integrate theory 
and practice 

21  4.1  0.77  17,680  3.66  1.06  0.017** 

Understanding 
of how scientists 
work on real 
problems 

19  3.8  0.85  17,680  3.61  1.01  0.343  

Understanding 
that scientific 
assertions 
require 
supporting 
evidence 

21  4.1  0.85  17,680  3.75  1.00  0.074* 

Ability to 
analyze data and 
other 
information 

21  4.3  0.64  17,680  3.78  1.01  0.001** 
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Understanding 
science 

21  4.0  0.67  17,680  3.86  0.96  0.350  

Learning ethical 
conduct in 
research 

20  4.1  0.64  17,680  3.77  0.99  0.033** 

Learning 
laboratory 
techniques 

20  4.0  0.86  17,680  3.38  1.18  0.004** 

Ability to read 
and understand 
primary 
literature 

19  2.3  1.20  17,680  3.86  1.05  0.000** 

Skill in how to 
give an effective 
oral presentation 

21  3.7  0.96  17,680  3.56  1.12  0.512  

Skill in science 
writing 

21  3.6  0.87  17,680  3.36  1.23  0.221  

Self-confidence 21  4.0  0.95  17,680  3.53  1.13  0.035** 

Understanding 
of how scientists 
think 

21  3.5  1.10  17,680  3.43  1.17  0.774  

Learning to 
work 
independently 

21  4.1  1.00  17,680  3.60  1.05  0.033** 

Becoming part 
of a learning 
community 

21  3.7  1.20  17,680  3.48  1.13  0.411  

Confidence in 
my potential to 
be a teacher of 
science 

21  4.3  0.73  17,680  3.61  1.09  0.000** 

Communicating 
with people from 
other countries 

21  3.9  1.10  17,680  3.11  1.27  0.004** 

 (*) Indicates if either p-value is ≤ 0.1 (**) indicates if p-value is ≤ 0.05 

As the table reflects, CHANCE program participants ranked their perceived benefits higher than 
the CURE benchmark averages in 12 out of 21 categories (57%).   These items include benefits 
associated with agentic learning (e.g., “learning to work independently”; “self-confidence”), soft 
skills (e.g., “communicating with people from other countries” (this latter phrasing is an adaption 
from the original survey) as well as skills associated with scientific research (e.g., “learning to 
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analyze data and other information”).  CHANCE participants ranked lower than the benchmark 
in only one case (“learning laboratory techniques”), a consequence of the virtual modality in 
which the program was delivered (and the absence of available virtual laboratories appropriate 
for use in this setting).  From these results, it is evident that the CHANCE program participants 
perceived the majority of the benefits from their participation in virtual MUR-GC to be higher 
than the typical, non-virtual, non-binational, CURE.  
 
Discussion, Limitations, and Implications 

Scholars, practitioners, and educators alike have referred to environmental sustainability as a 
so-called wicked, problem (Lönngren & Van Poeck, 2021).  These kinds of super complex issues 
call for new modes of knowledge production, ways of navigating towards their solutions, and, by 
extension, new ways of preparing students to engage effectively and creatively with challenges 
that are increasingly global in both scale and scope (Cruz et al, 2023; Hanstedt, 2018).  
Mentoring undergraduate research in a global context (MUR-GC) is an emerging pedagogical 
practice intended to develop students as wicked problem solvers, equipped with the skills, 
knowledge, and dispositions to tackle such complex issues, not in isolation, but as participants in 
open, collaborative, multi-disciplinary, and multi-national groups.  

 
The findings presented here affirm the transformative nature of student participation in a specific 
MUR-GC programming as part of CHANCE Romania, including substantive changes in 
perceived skills/activities, beliefs about science, and self-reported cognitive, affective, and 
behavioral outcomes.  The benchmark comparisons made possible by the CURE survey further 
suggest that the practice of integrating two high impact practices (undergraduate research and 
global learning) has the potential to produce stronger (perceived) outcomes than a single high 
impact practice on its own, regardless of the instructional modality in which the undergraduate 
research experience is delivered.   Finally, the findings suggest that the perceived positive 
outcomes accrued varied slightly between the populations of students from the two participating 
institutions; but at similar levels, a conclusion that has implications for the equity gaps associated 
with the current state of high impact practices.  
 
The results are indicative of a delicate balancing act between generalizability and equity. The 
identification and validation of the high impact practice model occurred in the United 
States—primarily through faculty and staff at Indiana University and Wabash College.  To date, 
the framework has made inroads into other parts of the world, but it remains most prevalent in 
North America.  The equity gaps associated with both high impact practices included in this 
study (undergraduate research and global education) have, therefore, primarily been identified 
within and relative to U.S. college student populations.  The present study suggests that the 
benefits of integrated, but culturally responsive high impact practices, such as MUR-GC, may 
also be relevant to college students from outside the United States, but more work will need to be 
done to strengthen the evidence-base that supports the adaptation and integration of these 
practices across different contexts.  
  
The study further affirms that online or virtual MUR-GC can be similarly transformative when 
compared to face-to-face modalities; a conclusion which suggests that the virtual modality may 
increase access to these practices not only for other U.S. college students but also to others 
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around the world.   In addition to gaps in participation within student populations, international 
education scholars have also noted gaps in study abroad participation by country or region, with 
the U.S. “exporting” more students (Haisley, 2021; Lopez-McGee, L., & Contreras, 2023; 
Zemach-Bensin, 2007) and leading more partnerships.  (Jon & Fry, 2021) than others.   
 
The lowering of financial and logistical barriers afforded by the medium of virtual exchange not 
only enables students from other countries to participate more actively in projects led by U.S. 
institutions; it may also strengthen their capacity to lead their own projects and forge 
partnerships on their own terms. Regarding the latter, after three years of extensive 
programming, CHANCE Romania is no longer running at Penn State. As envisioned from the 
get-go, the University of Bucharest now orchestrates its own online and field-based components 
and partnerships with other universities within CIVIS - Europe's Civic University Alliance. 
CHANCE works to build its programs with its valued partners in a sustainable fashion - leading 
faculty development workshops and field training during its programming such that its 
educational models and good work can be replicated and carried on for years to come. Similar 
programs catalyzed by CHANCE exist in numerous other countries (see below).  
 
These insights should not be overstated. The findings of the study are based on a relatively small 
sample size (n=24), which limits their generalizability and further research with a larger and 
more diverse population of students will be required to further substantiate the suggestions made.   
Expanding the scale of inquiry may prove challenging with MUR-GC projects.   Because of the 
logistics, preparation, cost, and diplomacy involved, these are often relatively small-scale 
projects or courses and, because they are grounded in contemporary issues with real-world data 
collection, such partnerships are not often repeated in fully commensurate ways.  To date, the 
CHANCE model has been adapted in seven different geo-political contexts (Australia, China, 
Costa Rica, Cuba, Greece, Panama, Romania), and the outcomes measured, and assessment tools 
used have varied by both modality and context (McLaughlin et al., 2018; McLaughlin, 2021).    
 
It should be noted, too, that although the consent documents for the study were translated into 
Romanian, the survey itself was not. Because the language of instruction was English, the 
research team, which consisted of both U.S. and Romanian representatives, initially believed this 
was not necessary. In hindsight, however, this may have contributed to issues with content 
validity. For example, certain terms used, such as "learning community" may be less familiar to 
students (and faculty) from outside of the U.S. higher education context.  Further, the CURE 
survey validation was based largely on U.S. college students, and the benchmarks were derived 
largely from prior participation by U.S. college students.  The findings of this study suggest that 
students from outside of the United States may have responses that are individually, but also 
collectively, distinct from those whose prior experience has largely been with U.S. educational 
systems.  As a college education continues to become more globally oriented for many 
institutions in many places, there is a growing imperative to develop assessment tools that are 
both culturally responsive and broadly relevant (Montenegro et al., 2017).  
 
Finally, this study utilizes the CURE survey, which focuses on only one facet of the MUR-GC 
experience.  Our findings suggest that the integration of undergraduate research with global 
learning is likely to result in distinctive learning outcomes that are not necessarily captured by 
instruments focused on the constituent parts.  From one perspective, this state of affairs could 
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suggest the need for integrated assessment instruments, i.e., a MUR-GC instrument in place of 
the CURE survey, but, on the other hand, it could also suggest that there may be a need to 
capture different kinds of evidence than what can be collected via a typical survey questionnaire.  
Indeed, sustainability educators have increasingly advocated for assessment measures that move 
beyond capturing gains in knowledge and skills and towards inner transformation, including 
components such as belonging, identity, gratitude, and (intellectual and cultural) humility 
(Wamsler, 2020). It is perhaps not a coincidence that international agencies have identified 
similar outcomes as key competencies for the broader 21st-century workforce (Lavi et al, 2021; 
González-Pérez, L. I., & Ramírez-Montoya, 2022).   
 
Conclusion  
 
The present survey-based study assesses the cognitive, affective, and behavioral outcomes 
associated with student participation in a virtual, bi-national, mentored undergraduate research 
experience focused on sustainability issues in the regions of southeastern Europe through which 
the Danube River flows, compared to those in a more conventional CURE. The perceived gains 
in ability, beliefs, and benefits enabled through this fully virtual iteration of the CHANCE model 
suggest that programs that integrate multiple high-impact practices (in this case, undergraduate 
research and global learning), have the potential to be transformative for participating students, 
regardless of their country of origin, and to contribute towards the growth of an increasingly 
diverse and globally oriented STEM workforce as well as to foster the next generation of global 
citizens actively engaged in the work of environmental sustainability.  
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