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Introduction: Course-based Undergraduate Research Experiences (CUREs) are high-impact learning practices that replace the traditional apprenticeship model and can increase learning gains in diverse groups. We examined CUREs across disciplines (including the social and natural sciences) to evaluate performance at a Hispanic-Serving Institution.

Methods: We administered five instruments, including the CURE Survey of Course Elements, CURE Survey of Opinions, Experimental Design Ability Tool/Expanded Experimental Design Ability Tool, Career Adapt-Abilities Scale, and a demographic questionnaire. Wilcoxon Rank tests, Kolmogorov-Smirnov tests, and unpaired t-tests evaluated the efficacy of CUREs across students and within (and between) discipline type (social or natural science).

Results: Significant positive learning gains were experienced for select instrument items, but not for career-ready skills. Natural science students displayed significant positive changes for three scientific practice skills, whereas social sciences students had greater positive changes for a different set of three scientific practice skills.

Discussion: Overall, CUREs positively impacted student skills and self-perceptions.
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Introduction

The shift to research-embedded or course-based undergraduate research experiences (CUREs) in STEM (Auchincloss et al., 2014) began as a result of dissatisfaction with traditional cookbook laboratory sessions (aka, inquiry based learning). Higher education practitioners recognized that canned laboratory experiences with known outcomes did little to foster the kinds of skills and habits of mind they hoped to instill in learners (Brownell et al., 2012; Wei and Woodin, 2011). An alternative to the cookbook laboratory is apprenticeship research, which has been shown to achieve the learning outcomes desired (Delogu et al., 2023; Kilgo et al., 2015; Kuh, 2008; Lopatto, 2004, 2007, 2010; Lopatto et al., 2008). However, institutional challenges, such as human resources (Sundberg and Moncada, 1994; Herreid, 1998; National Science, and Teachers Association, 2001), infrastructure (Wood, 2003; Desai et al., 2008), or financial resources (Lewis et al., 2003; Hue et al., 2010), and students’ personal obstacles (Pierszalowski et al., 2021), such as family and financial obligations (Gin et al., 2022; Malcom et al., 2010), and academic cultural capital (Bangera and Brownell, 2014; Pfeifer et al., 2021) prevent learners from accessing these opportunities. The CURE (pun intended) seemed a logical solution to the challenges educators and learners face.

Renewed urgency in the movement for STEM transformation came from reports detailing how the United States falls short in the number of STEM bachelor’s degrees awarded annually (US Congress Joint Economic Committee, 2012; Graham et al., 2013) and a report highlighting the need to produce one million additional college graduates with STEM degrees to meet the demand for STEM graduates (President’s Council of Advisors on Science and Technology [PCAST], 2012, 2024). Efforts to improve and diversify student enrollment and retention through funding for interventions or programming to curb attrition have fluctuated with time and political pressures, yet equity gaps still exist across gender, ethnicity, and other demographic variables, i.e., first generation status and underrepresented minorities (URM), (Bangera and Brownell, 2014; Means and Pyne, 2017; National Academies of Sciences, Engineering, and Medicine, 2024). Despite increased representation by women and URM individuals graduating with STEM degrees or in the STEM workforce between 2011-2021, a National Science Foundation report (2023) and the PEW Research Center showed equity gaps remain in the STEM workforce with lower: (1) representation by those considered URM (15% Hispanic, 9% African American/Black and 1% American Indian or Alaskan Native), (2) median salaries across genders and with URM status, and (3) numbers of employees who have a bachelor’s degree completed (National Center for Science and Engineering Statistics [NCSES], 2023; Fry et al., 2021).

Financial challenges in higher education associated with the pandemic (O’Leary and Audrey, 2023) and the predicted enrollment cliff (Boeckenstedt, 2022; Bauman, 2024) have shifted focus at many institutions from providing educational experiences based on high-impact practices to minimalist programs and heavy cost-cutting, with many institutions questioning the value of traditional laboratory courses (Cancilla and Albon, 2017; Arnaud, 2020). The resulting scaling back on laboratory offerings, including shifting them online (Morad, 2022) further diminishes the opportunities for students to have hands-on STEM experiences and in-person gains (Rosen and Kelly, 2022; Photopoulos et al., 2022). However, students who participate in hands-on research experiences are more likely to be retained, graduate at a higher rate, and continue into science-related careers (Russell et al., 2007; Dong et al., 2024), supporting the STEM workforce. Calls for embedding research into the curriculum (Malcom et al., 2010) aim to reduce barriers to broader participation. Moreover, research on course-based experiences demonstrated that similar outcomes to the apprenticeship model could be generated (McCune and Hounsell, 2005; Lopatto et al., 2008; Harrison et al., 2011; Corwin et al., 2015; Dolan, 2016) with the CURE model, even when research goals were not met (Gin et al., 2018).

As CUREs become more popular and the landscape of higher education changes (August, 2021), along with recognition of additional COVID-related disruptions to the status quo of higher education (García-Morales et al., 2021), other disciplines have begun adapting traditional fieldwork experiences into short-term research experiences and adopting CUREs patterned after STEM efforts. In the social sciences, some studies of short-term research opportunities (Cuthbert et al., 2012; Ruth et al., 2019) demonstrated similar learning gains as STEM CUREs. However, not all CUREs gave the same outcomes. Another study indicated limited gains or declines in student interest or sense of competence (Wessels et al., 2021). CURE designs that incorporated a mix of student-centered and faculty-directed research experiences had better outcomes (Hosein and Rao, 2017). These varied outcomes suggest social science CUREs are in a developmental phase that might benefit from insights from the more established CURE community.

Multiple exposures to high-impact practices improve retention, persistence, and graduation, particularly for under-served students (Finley and Tia Brown, 2013). The study of social science research experiences (e.g., sociology, anthropology, and criminology) is particularly important in light of the benefits of high-impact practices and the fact that students in a variety of majors take social science courses as part of a general education requirement. Moreover, the social sciences reach more underserved students than the natural sciences; comparatively, the social sciences attract an increased number of students identifying as first generation, URM, and female (Ruth et al., 2023). If the goal of the higher education transformation movement is to expand access, achieve consistency, and increase research offerings, CURE-type courses embedded in the humanities, social science, and natural science disciplines would broaden opportunities for students to be engaged and benefit from the CURE elements and high impact practices embedded in the research experiences.

CURE effectiveness has traditionally been evaluated in natural and life science courses, with little attention paid to the social sciences (i.e., Broussard et al., 2021; Ruth et al., 2023). In this study we extend the development and examination of CUREs to the social sciences and humanities. The question we addressed was whether effective CUREs could be designed and implemented across multiple STEM (biology, computer science, mathematics, and physics) and associated disciplines (anthropology, kinesiology, sociology, rhetoric and communications) at a single institution. The purpose of this study, therefore, was to ascertain whether expanding CUREs in this manner would lead to positive outcomes for students across programs. Over eight semesters, we consistently incorporated all five key CURE elements (Auchincloss et al., 2014) in every course; developed both lower- and upper-division CUREs; and assessed their impact on diverse student populations –including historically marginalized groups, different gender identities, and non—traditional students–at an HSI—designated institution.

To answer the overall question, we divided it into a series of research questions focused on student success across programs: Did CURE participation lead to…

RQ1. … enhancement of student learning?
 RQ2. … improvements in students’ research design skills?
 RQ3. … changes in students’ science and self-perceptions (psychosocial gains)?
 and
 RQ4. … any notable differences between outcomes in social science versus natural science CUREs?



Materials and methods

Undergraduate students (N = 297, ages 18–25 + years) in lower- and upper-division courses were recruited within the first few weeks of each semester, across a 4-year period, from courses that were designated as CUREs and met the project requirements for participation in natural and social sciences (study approved by the University of La Verne Institutional Review Board, protocol number 2017-13-CAS). Thus, the study uses a convenience sample for which pre and post data were collected. Students were recruited and signed written informed consents in the first 2 weeks of class. Each CURE course was taught by faculty who participated in an organized CURE faculty learning community throughout the funding period to further their understanding of CURE development and implementation.


Procedures


CURE development

The first CURE courses were taught Spring 2017, with 17 unique CUREs offered over the course of the project (anonymized per IRB approval and described in Supplementary Table 1; 4 were taught Spring 2020, reported in Broussard et al., 2021). Over the 4–year span of the project, each CURE course was offered one to five times, allowing for adjustments and improvements with each semester taught. Upper-division courses (and only one lower division) were offered, based on instructor preference, and in most instances, they were open to all levels of undergraduates.



Assessment of the student experience

Student data collection took place in the classroom, using assignments, surveys, and faculty reports of their observations and opinions (submitted after course grade submission). Matched pre and post data across courses were pooled to understand the overall experience of project students. Pre data were collected in the first 1–3 weeks of the semester and post data in the last 2–3 weeks of the semester.

We used the Scientific Practice Skills elements from the CURE Survey of Course Elements (CSCE) (Denofrio et al., 2007; Lopatto et al., 2008) to examine RQ1 and RQ4. Examples of items include reading primary literature, collecting and analyzing data, and presenting posters. CURE Survey Opinions (CSO) (Denofrio et al., 2007; Lopatto et al., 2008) items were used to assess RQ3 and RQ4. The response rate was 62.9%, due in part to some faculty members not administering the pre or post survey according to guidelines.

Since the main goals for this project included student acquisition of STEM and related content, promoting comprehension and application of scientific process, and facilitating skills development for effective research design (RQ2), the content and science process learning outcomes were assessed through objective and subjective measures. Instructors created variations of the objective Experimental Design Ability Tool (EDAT) (Sirum and Humburg, 2011) and Expanded Experimental Design Ability Tool (E-EDAT) (Brownell and Kloser, 2015), in order to evaluate students’ understanding of the process of scientific inquiry and analysis. Because these instruments differed across courses, we standardized the outcome as a percentage-correct score. The EDAT/E-EDAT response rate was lower because some instructors did not administer the assessment as requested–29.7% of all consented students completed the assessment.

To evaluate professional and career readiness outcomes, the 24-item Career Adapt-Abilities Scale (CAAS) (Savickas and Porfeli, 2012) was also implemented as a secondary measure of learning gains (career preparation). The CAAS is a standard measure of career adaptability rooted in career construction theory (Savickas and Porfeli, 2012). Student’s self-reported confidence in performing important tasks, curiosity about opportunities, options, and ways of completing tasks, perception of control over their external environment, and concern about the future were measured. We combined the CAAS with the CURE survey with permission (Lopatto, 2016, Personal Communication). For student perceptions (RQ3), subjective assessments of changes in science opinions and self-perception using the CSO and CAAS were analyzed. A demographic questionnaire captured a range of basic student information including ethnicity, gender (male, female, another gender), major, class standing, parental income, first-generation college attendance status, and hours worked.



Statistical analysis

As the variables are primarily categorical or non-normally distributed continuous variables, we used non-parametric Wilcoxon signed rank tests to analyze the CSCE, CSO, CAAS, and EDAT/E-EDAT data. A Bonferroni correction for multiple tests was applied to the significance cutoff (ɑ = 0.05) for each section of the CSCE, CSO, and CAAS instruments, which is calculated by dividing the p-valuecutoff by the number of tests run for a single hypothesis, minimizing the number of false positives for significance reported. For the CURE instrument, our cutoff for evaluating statistical significance was 0.002 (0.05/25 = 0.002) for the CSCE and 0.0021 (0.05/22) for the CSO, while for the CAAS instrument our cutoff was 0.01 (0.05/5 indices = 0.01). We first applied these tests to the entire sample, and then followed up with subgroup analyses, comparing natural science and social science. We tested for normality using Stata’s sktest, which combines a test based on skewness with a test based on kurtosis into a single test statistic. To formally compare the outcomes for natural and social science we estimated unpaired t-tests and Kolmogorov-Smirnov tests, the latter of which is appropriate for non–normally distributed outcomes. Analyses were conducted in Stata 18 (StataCorp., LLC 2023).





Results

Descriptive statistics for the sample are shown in Table 1. The majority of participants were 20 or 21 years old, and participation was split evenly across male and female identities (only one respondent reported another gender identity across the data collection period). Our institution restricted available institutional data to the Fact Book, and thus, we only present a comparison between the CURE sample and the institution’s greater undergraduate student demographics for gender and race/ethnicity. Compared to the gender composition of the university’s overall undergraduate population, in which nearly 58% identify as female (see Supplementary Table 2), those identifying as female are slightly underrepresented in our sample. More than three-quarters of the sample identified as non-White, and more than 40% of the sample identified as Latina/o. Compared to the racial/ethnic composition of the university’s undergraduate population, our sample is similar with regard to identification as non-White (76.01% in the sample vs. 79.85% in the undergraduate population), but the sample underrepresents those identifying as Latina/o (44.26% in the sample vs. 52.45% in the undergraduate population; see Supplementary Table 2). About a quarter of the sample was transfer students. Approximately one third of participants had previously taken a CURE (or CURE-like) course, and of these, the majority had taken only one. We note that at our institution, high impact practices (HIPs, including embedded research) were intentionally included in many courses (lower and upper division) before this research commenced. However, it would be difficult to tease out the impacts of those prior practices, not to mention CUREs, on students in the cohort examined due to significant data limitations. Thus, we did not analyze the data separately based on prior CURE exposure.


TABLE 1 Demographics of student participants (N = 297) and course information.


	Panel 1. Demographics of student participants



	Age (years)
	Fall 2016-Fall 2019



	18
	8.80%



	19
	18.80%



	20
	26.80%



	21
	23.60%



	22
	12.00%



	23
	1.60%



	24
	2.40%



	25 +
	6.00%



	Gender



	Male
	50.17%



	Female
	49.49%



	Race/Ethnicity, Transfer Status, and Parental Education



	Non-White
	76.01%



	Latino
	44.26%



	Transfer
	25.59%



	Mother has high school or less education
	40.88%



	Father has high school or less education
	46.42%



	Parent income



	Less than $30,000
	16.99%



	$30,000 to $49,999
	20.80%



	$50,000 to $69,999
	17.77%



	$70,000 to $149,999
	32.05%



	$150,000 or more
	8.88%



	Missing
	4.25%



	Employment status



	Not employed
	28.28%



	Working 1-20 hours/week
	47.48%



	Working more than 20 hours/week
	24.24%



	CURE Experience



	Any prior CURE courses (recorded for 2019 only)
	31.91%



	Number of prior CURE courses
(among those with prior CURE courses)



	1 prior CURE course
	93.33%



	2 prior CURE courses
	6.67%



	Panel 2. Course information
	N



	Number of unique CURE courses
	17



	Number of CURE instructors
	16



	Number of departments/programs participating
	7







Enhancement of scientific practice skills (RQ1)

Results from this survey are shown in Table 2. Statistically significant findings (from Wilcoxon rank tests) were observed for each of the Scientific Practice Skills items of the CSCE. The highest percentages of positive change are seen for writing a research report and analyzing data. Approximately one-quarter of students reported no changes from the pre- to post-periods, while the percent reporting negative changes ranged from 12.8 to 26.9%. Importantly, most students reported positive changes.


TABLE 2 RQ1: Wilcoxon test results with percent negative change, no change, and positive change for CURE survey∧ of course elements, across all students, fall 2016-fall 2019 (n = 297).


	
	Negative change
	No change
	Positive change
	z-value
	p-value





	Scientific practice skills



	Course elements 10: responsible for part of a project
	21.2%
	35.7%
	43.1%
	4.61*
	< 0.001



	Course elements 11: read primary literature
	16.5%
	25.6%
	57.9%
	8.55*
	< 0.001



	Course elements 12: write a research report
	12.8%
	22.2%
	65.0%
	10.27*
	< 0.001



	Course elements 13: collect data
	17.5%
	24.6%
	57.9%
	8.33*
	< 0.001



	Course elements 14: analyze data
	12.8%
	22.9%
	64.3%
	10.18*
	< 0.001



	Course elements 15: present results orally
	19.5%
	25.6%
	54.9%
	6.69*
	< 0.001



	Course elements 16: present results in written form
	17.2%
	25.9%
	56.9%
	7.76*
	< 0.001



	Course elements 17: present posters
	26.9%
	24.2%
	48.8%
	4.98*
	< 0.001



	Course elements 18: critique other students’ work
	22.9%
	28.3%
	48.8%
	5.62*
	< 0.001






∧See Lopatto et al. (2008).

*p < 0.002.






Improvement of research design (RQ2)

The Wilcoxon rank test results for the EDAT/E-EDAT indicated a statistically significant difference from pre to post (z = 8.42, p < 0.001). As shown in Table 3, nearly 79% of the sample achieved a higher score on the post-test compared to the pre-test.


TABLE 3 RQ2 and 4: Wilcoxon test results with percent negative change, no change, and positive change for EDAT/E-EDAT, across all students, fall 2016-fall 2019.


	Panel 1. Full sample (N = 140)





	Overall score
	Negative change
	No change
	Positive change
	z-value
	p-value



	12.9%
	8.6%
	78.6%
	8.42*
	<0.001



	Panel 2. Natural science (N = 125)



	Overall score
	Negative change
	No change
	Positive change
	z-value
	p-value



	12.8%
	9.6%
	77.6%
	7.93*
	<0.001



	Panel 3. Social science (N = 15)



	Overall score
	Negative change
	No change
	Positive change
	z-value
	p-value



	13.3%
	0%
	86.7%
	2.96*
	0.002






EDAT, Experimental Design Ability Tool (Sirum and Humburg, 2011) and E-EDAT, Expanded Experimental Design Ability Tool (Brownell and Kloser, 2015).

*p < 0.05.






Perceptions of science and self (RQ3)

To study students’ perceptions of science and self, we used the CSO (Table 4). Wilcoxon rank test model results were statistically significant for both confidence items; for each item approximately one-third of students reported gains from pre to post, while less than 15% reported declines. However, the modal result was no change. For perception of science, three items were statistically significant. Approximately 35% of students reported an increase in thinking that real science was non-linear. However, somewhat surprisingly, for knowing results ahead of time and null results being a failure, items that were expected to show decreases over time, more than 30% of students reported an increase, only about 20% of students reported a decrease, and nearly half had no change. In the area of Intellectual Development, the model for all theories being valid was statistically significant, and approximately 36% of students had an increase on that item. There were no statistically significant results in the areas of structure/design or values/preferences. None of the relevant CAAS items (Table 5) had statistically significant findings, though somewhat interestingly, very few students report no change. Rather, similar numbers of students reported negative changes as reported positive changes.


TABLE 4 RQ3: Wilcoxon test results with percent negative change, no change, and positive change for CURE survey opinions∧, across all students, fall 2016-fall 2019 (n = 297).


	
	Negative change
	No change
	Positive change
	z-value
	p-value





	Confidence



	Opinion 1: thinking skills
	11.8%
	54.9%
	33.3%
	5.59*
	<0.001



	Opinion 13: can do well in science classes
	14.8%
	54.5%
	30.6%
	4.07*
	<0.001



	Perception of science



	Opinion 7: no role for creativitya
	18.2%
	51.9%
	30.0%
	2.96
	0.003



	Opinion 8: science no connection to non-sciencea
	23.6%
	45.1%
	31.3%
	1.93
	0.054



	Opinion 14: real science is non-linear
	19.5%
	45.5%
	35.0%
	3.90*
	<0.001



	Opinion 17: know results ahead of timea
	21.2%
	44.8%
	34.0%
	3.16*
	0.002



	Opinion 20: “play” with statistics to support ideasa
	27.3%
	43.4%
	29.3%
	0.35
	0.723



	Opinion 22: null results are a failurea
	18.9%
	49.5%
	31.6%
	3.28*
	0.001



	Intellectual development



	Opinion 2: results true and correct
	22.6%
	45.5%
	32.0%
	2.08
	0.038



	Opinion 4: follow experience over resultsa
	24.9%
	46.5%
	28.6%
	0.95
	0.340



	Opinion 9: expert disagreementa
	28.3%
	38.4%
	33.3%
	1.24
	0.216



	Opinion 11: all theories are valid
	21.5%
	42.8%
	35.7%
	3.53*
	< 0.001



	Opinion 12: science is accumulationa
	21.2%
	48.8%
	30.0%
	2.00
	0.046



	Opinion 16: only experts can judge sciencea
	21.9%
	44.8%
	33.3%
	3.02
	0.003



	Structure/design



	Opinion 3: writing is helpful
	20.2%
	53.2%
	26.6%
	1.37
	0.171



	Opinion 18: explaining helps with understanding
	23.2%
	50.8%
	25.9%
	0.69
	0.494



	Opinion 19: instructor should structure work
	23.2%
	42.8%
	34.0%
	2.45
	0.014



	Opinion 21: experiments confirm info in classa
	22.2%
	50.8%
	26.9%
	1.20
	0.230



	Values/preferences



	Opinion 5: no need for science classes
	28.6%
	36.4%
	35.0%
	1.84
	0.066



	Opinion 6: tell us what we need to know
	28.3%
	39.7%
	32.0%
	1.05
	0.293



	Opinion 10: satisfaction solving scientific problems
	21.9%
	51.5%
	26.6%
	1.14
	0.254



	Opinion 15: too much emphasis on figuring out
	24.9%
	42.4%
	32.7%
	1.97
	0.049






∧See Lopatto et al. (2008).

a For these items we would expect a decrease (i.e., a higher percent negative change) in these outcomes given the goals of the CURE. CURE Survey Opinions, CSO (Denofrio et al., 2007; Lopatto et al., 2008),

*p < 0.0021.





TABLE 5 Wilcoxon test results with RQ 3: percent negative change, no change, and positive change for CAAS constructs, across all students, fall 2016–fall 2019 (N = 294).


	
	Negative change
	No change
	Positive change
	z-value
	p-value





	CAAS1: concern
	39.1%
	13.6%
	47.3%
	1.14
	0.257



	CAAS2: control
	42.5%
	10.9%
	46.7%
	0.40
	0.691



	CAAS3: curiosity
	42.2%
	15.6%
	42.2%
	0.09
	0.932



	CAAS4: confidence
	45.2%
	11.6%
	43.2%
	0.23
	0.818



	CAAS overall: adaptability
	47.3%
	0.0%
	51.4%
	0.74
	0.460






CAAS, Career Adapt-Abilities Scale (Savickas and Porfeli, 2012),

*p < 0.01.






Differences between outcomes in social sciences versus natural sciences CUREs (RQ4)

As noted above, gains in research skills and research design are relatively similar across the natural sciences (N = 259 for CURE Course Elements and N = 125 for EDAT/E-EDAT) and social sciences (N = 38 for CURE Course Elements and N = 15 for EDAT/E-EDAT). In particular, separate models for the two groups confirm significant pre-post increases in the EDAT/E-EDAT (Table 3), and the Kolmogorov-Smirnov results comparing the two indicate the gains are not statistically different for natural science compared to social science. Yet, there are a few statistically significant differences. In the domain of scientific practice skills with the CSCE (Tables 6, 7), unpaired t-tests indicate the gains for students in the social sciences were larger than the gains for students in the natural sciences (though both groups showed positive gains). This was true for writing a research report (p < 0.05), collecting data (p < 0.001), and analyzing data (p < 0.01). To illustrate these differences visually, Figure 1 presents the mean pre–post changes plus or minus two standard error intervals for these three scientific practice skills for the social sciences and natural sciences. The overlap of confidence intervals in Figure 1 for writing a research report deviates from the t-test results because it is showing confidence intervals and not values derived from a t-test. For perceptions of science and self (CSO) (Tables 8, 9) there was one significant difference: On the item of knowing results ahead of time, on average, students in the social sciences showed declines, while students in the natural sciences showed slight increases. Results from Table 7 indicate that about 37% of social science students reported decreases on this item, with 47% reporting no change, and 16% reporting an increase. However, in Table 9, with the results for students in the natural sciences, this is flipped, with about 37% reporting increases on this item, 44% reporting no change, and 19% reporting decreases.


TABLE 6 RQ4: Wilcoxon test results with percent negative change, no change, and positive change for CURE course elements∧, social science, fall 2016-fall 2019 (n = 38).


	
	Negative Change
	No Change
	Positive Change
	z-value
	p-value





	Scientific practice skills



	Course elements 10: responsible for part of a projecta
	15.8%
	39.5%
	44.7%
	2.57
	0.011



	Course elements 11: read primary literature
	10.5%
	26.3%
	63.2%
	3.77*
	< 0.001



	Course elements 12: write a research reportb
	5.3%
	18.4%
	76.3%
	4.67*
	< 0.001



	Course elements 13: collect datab
	5.3%
	7.9%
	86.8%
	4.90*
	< 0.001



	Course elements 14: analyze datab
	5.3%
	7.9%
	86.8%
	4.85*
	< 0.001



	Course elements 15: present results orally
	10.5%
	26.3%
	63.2%
	3.85*
	< 0.001



	Course elements 16: present results in written form
	10.5%
	23.7%
	65.8%
	3.66*
	< 0.001



	Course elements 17: present postersa
	26.3%
	10.5%
	63.2%
	2.47
	0.012



	Course elements 18: critique other students’ worka
	34.2%
	18.4%
	47.4%
	1.03
	0.317






Differences from the natural sciences are also marked.

∧See Lopatto et al., 2008.

aItems that were significant for natural science students,

bt-test results directly comparing the social and natural sciences indicate these items are statistically significantly different than natural science,

*p < 0.002.





TABLE 7 RQ 4: Wilcoxon test results with percent negative change, no change, and positive change for CURE course elements∧, natural science, fall 2016-fall 2019 (n = 259).


	
	Negative change
	No change
	Positive change
	z-value
	p-value





	Scientific practice skills



	Course elements 10: responsible for part of a projecta
	22.0%
	35.1%
	42.9%
	3.97*
	<0.001



	Course elements 11: read primary literature
	17.4%
	25.5%
	57.1%
	7.72*
	<0.001



	Course elements 12: write a research reportb
	13.9%
	22.8%
	63.3%
	9.16*
	< 0.001



	Course elements 13: collect datab
	19.3%
	27.0%
	53.7%
	6.79*
	<0.001



	Course elements 14: analyze datab
	13.9%
	25.1%
	61.0%
	8.91*
	<0.001



	Course elements 15: present results orally
	20.8%
	25.5%
	53.7%
	5.70*
	<0.001



	Course elements 16: present results in written form
	18.1%
	26.3%
	55.6%
	6.90*
	<0.001



	Course elements 17: present postersa
	27.0%
	26.3%
	46.7%
	4.35*
	<0.001



	Course elements 18: critique other students’ worka
	21.2%
	29.7%
	49.0%
	5.67*
	<0.001






Differences from the social sciences are also marked.

∧See Lopatto et al. (2008).

aItems that were not significant for social science students,

bt-test results directly comparing the social and natural sciences indicate these are statistically significantly different than social science,

*p < 0.002.
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FIGURE 1
The mean pre-post changes with confidence intervals for the Social Sciences (N = 38) and the Natural Sciences (N = 259) for the CURE Course Elements (Lopatto et al., 2008); The confidence intervals were computed setting α = 0.05 or a 95% confidence level; Write a research report (A), Analyze Data (B) and Collect Data (C).



TABLE 8 RQ 4: Wilcoxon test results with percent negative change, no change, and positive Change for CURE survey opinions∧, social science (N = 38).


	
	Negative change
	No change
	Positive change
	z-value
	p-value





	Confidence



	Opinion 1: thinking skills
	13.2%
	44.7%
	42.1%
	2.50
	0.015



	Opinion 13: can do well in science classes
	28.9%
	47.4%
	31.6%
	0.88
	0.432



	Perception of science



	Opinion 7: no role for creativitya
	28.9%
	39.5%
	31.6%
	0.08
	0.992



	Opinion 8: science no connection to non-sciencea
	28.9%
	47.4%
	23.7%
	−0.41
	0.754



	Opinion 14: real science is non-linear
	31.6%
	36.8%
	31.6%
	−0.15
	0.929



	Opinion 17: know results ahead of timea,b
	36.8%
	47.4%
	15.8%
	–1.65
	0.111



	Opinion 20: “play” with statistics to support ideasa
	23.7%
	47.4%
	28.9%
	0.41
	0.754



	Opinion 22: null results are a failurea
	18.4%
	57.9%
	23.7%
	0.43
	0.737



	Intellectual development



	Opinion 2: results true and correct
	26.3%
	44.7%
	28.9%
	0.29
	0.845



	Opinion 4: follow experience over resultsa
	31.6%
	44.7%
	23.7%
	−0.82
	0.447



	Opinion 9: expert disagreementa
	21.1%
	39.5%
	39.5%
	1.47
	0.154



	Opinion 11: all theories are valid
	26.3%
	34.2%
	39.5%
	0.98
	0.352



	Opinion 12: science is accumulationa
	28.9%
	42.1%
	36.8%
	1.28
	0.242



	Opinion 16: only experts can judge sciencea
	31.6%
	44.7%
	23.7%
	−0.37
	0.753



	Structure/design



	Opinion 3: writing is helpful
	18.4%
	52.6%
	28.9%
	0.85
	0.481



	Opinion 18: explaining helps with understanding
	31.6%
	39.5%
	28.9%
	−0.29
	0.846



	Opinion 19: instructor should structure work
	18.4%
	36.8%
	44.7%
	1.75
	0.087



	Opinion 21: experiments confirm info in classa
	21.1%
	52.6%
	26.3%
	0.29
	0.822



	Values/preferences



	Opinion 5: no need for science classes
	34.2%
	34.2%
	31.6%
	0.11
	0.911



	Opinion 6: tell us what we need to know
	26.3%
	47.4%
	26.3%
	−0.13
	0.918



	Opinion 10: satisfaction solving scientific problems
	13.2%
	57.9%
	28.9%
	1.32
	0.210



	Opinion 15: too much emphasis on figuring out
	31.6%
	44.7%
	23.7%
	−0.43
	0.676






∧See Lopatto et al. (2008).

aFor these items we would expect a decrease in these outcomes (i.e., a higher percent negative change) given the goals of the project. CSO, CURE Survey Opinions (Denofrio et al., 2007; Lopatto et al., 2008),

bt-test results directly comparing the social and natural sciences indicate these are statistically significantly different than natural science, *p < 0.0021.





TABLE 9 RQ 4: Wilcoxon test results with percent negative change, no change, and positive Change for CURE survey opinions∧, natural science (n = 259).


	
	Negative change
	No change
	Positive change
	z-value
	p-value





	Confidence



	Opinion 1: thinking skills
	11.6%
	56.4%
	32.0%
	5.02*
	< 0.001



	Opinion 13: can do well in science classes
	13.9%
	55.6%
	30.5%
	4.05*
	< 0.001



	Perception of science



	Opinion 7: no role for creativitya
	16.6%
	53.7%
	29.7%
	3.18*
	< 0.002



	Opinion 8: science no connection to non-sciencea
	22.8%
	44.8%
	32.4%
	2.19
	0.028



	Opinion 14: real science is non-linear
	17.8%
	46.7%
	35.5%
	4.25*
	< 0.001



	Opinion 17: know results ahead of timea,b
	18.9%
	44.4%
	36.7%
	3.95*
	< 0.001



	Opinion 20: “play” with statistics to support ideasa
	27.8%
	42.9%
	29.3%
	0.23
	0.817



	Opinion 22: null results are a failurea
	18.9%
	48.3%
	32.8%
	3.34*
	0.001



	Intellectual development



	Opinion 2: results true and correct
	22.0%
	56.4%
	32.4%
	2.11
	0.035



	Opinion 4: follow experience over resultsa
	23.9%
	46.7%
	29.3%
	1.36
	0.174



	Opinion 9: expert disagreementa
	29.3%
	38.2%
	32.4%
	0.77
	0.441



	Opinion 11: all theories are valid
	20.8%
	44.0%
	35.1%
	3.40*
	0.001



	Opinion 12: science is accumulationa
	21.2%
	49.8%
	29.0%
	1.64
	0.101



	Opinion 16: only experts can judge sciencea
	20.5%
	44.8%
	34.7%
	3.38*
	0.001



	Structure/design



	Opinion 3: writing is helpful
	20.5%
	53.3%
	26.3%
	1.14
	0.254



	Opinion 18: explaining helps with understanding
	22.0%
	52.5%
	25.5%
	0.86
	0.393



	Opinion 19: instructor should structure work
	23.9%
	43.6%
	32.4%
	1.93
	0.054



	Opinion 21: experiments confirm info in classa
	22.4%
	50.6%
	27.0%
	1.18
	0.238



	Values/preferences



	Opinion 5: no need for science classes
	27.8%
	36.7%
	35.5%
	1.94
	0.053



	Opinion 6: tell us what we need to know
	28.6%
	38.6%
	32.8%
	1.18
	0.239



	Opinion 10: satisfaction solving scientific problems
	23.2%
	50.6%
	26.3%
	0.77
	0.442



	Opinion 15: too much emphasis on figuring out
	23.9%
	42.1%
	34.0%
	2.24
	0.025






∧See Lopatto et al. (2008).

aFor these items we would expect a decrease in these outcomes (i.e., a higher percent negative change) given the goals of the CURE. CSO, CURE Survey Opinions (Denofrio et al., 2007; Lopatto et al., 2008),

bt-test results directly comparing the social and natural sciences indicate these are statistically significantly different than natural science,

*p < 0.0021.







Discussion

Undergraduate research experiences (UREs; apprenticeship-type, often extracurricular) are considered a high-impact practice (Kuh, 2008) that have been shown to enhance understanding of the conduct of research; research and laboratory skills; scientific self-efficacy; and persistence in STEM (Hunter et al., 2007; Russell et al., 2007) and are tied to better graduation rates (Dong et al., 2024). CUREs (course-based, curricular, equitable) promote access and broaden participation by removing some of the main obstacles to URE participation (Bangera and Brownell, 2014; Malcom et al., 2010) thereby reducing equity gaps. The goal of this project was to enhance inclusivity by expanding opportunities for students at an HSI to experience high-impact practices using the CURE model in a variety of disciplines and by determining whether these opportunities translated into enhanced student learning, increased research design skill, psychosocial gains, and were effective in both the natural and social sciences. As a result of this project, students had the opportunity to learn new scientific skills and engage with substantive material in novel ways. The demographic profiles of a majority of participating students reflected those that often do not have as many opportunities to take advantage of apprenticeship experiences outside of the classroom or may not have had the opportunity to develop the skill set necessary to be invited by faculty to work in a laboratory research setting. The CURE courses allowed students to obtain relevant, hands-on research experience across multiple disciplines, without requiring an apprenticeship model, both important goals in the project. Overall our results show a similar trend to our data collected during the pandemic (Broussard et al., 2021).


Learning and skills gains—RQ 1 and 2

For subjective measures of learning gains, we saw significant increases in the CSCE survey from pre to post for scientific practice skills (RQ1). These items include scientific practice “skills” (e.g., oral communication, scientific writing, data analysis, interpretation of results, understanding primary literature, laboratory work, independent and collaborative work) as defined by Hunter et al. (2007). Our findings provide evidence that participating in CURE courses led to significant self-assessed learning gains for many students. For an objective measure of student gains in research design skills we focused on course-specific versions of the EDAT/E-EDAT. Large pre-post gains, indicating improvements in understanding research design from the beginning to the end of the semester, were found. Overall, both subjective and objective measures indicate significant learning gains pre-post CURE semester, answering RQ1 and RQ2. Similar results were found by Delogu et al. (2023) with significant improvements in students’ academic performance (as measured by course grades and GPA) following embedded research experiences in undergraduate courses across disciplines (Delogu et al., 2023) and in Leyser-Whalen and Monteblanco (2022) in sociology courses. These results support the idea that inclusive CUREs can be implemented in a variety of disciplines and yield gains in learning and skills.



Science- and self-perception (psychosocial gains)—RQ3

UREs and CUREs are models of scaffolded communities of practice and represent professional socialization (student valued competence and social acceptance) into the sciences (Brown et al., 1989; Farmer et al., 1992). We probed psychosocial gains (RQ3) in “becoming a scientist”—attitudes and behaviors necessary to become a scientist, including understanding professional practice and the nature of research work, developing an identity as a scientist, disposition for practicing science, and “personal-professional development”—scientific identity and self-efficacy (Hunter et al., 2007), in addition to epistemological development, with the CURE survey opinions (CSO) (RQ3). We predicted but did not find statistically significant gains in both categories of confidence/self-efficacy, which contrasts with (Delogu et al., 2023) who found significant increases in student academic self-efficacy following CURE experiences across several disciplines. We also predicted that the CURE experience would enhance student perceptions of science. We did not see statistically significant gains in the six categories probing student perceptions of science, which does not support the hypothesis that CURE experiences across disciplines promote an increase, again contrasting with Delogu et al. (2023); Miller (2021) who noted self-efficacy and understanding of science process benefits in a community-based research project in an Anthropology course. These disparate findings may be due to differences in CURE design, disciplines included in the study, and assessment tools used to evaluate gains.

Studies have shown that traditional lecture introductory courses in biology (Ding and Mollohan, 2015), chemistry and physics (Adams et al., 2006; Redish, 1999; Zhang and Ding, 2013) result in students regressing, rather than becoming more expert in their thinking (i.e., epistemological development, where epistemology refers to the nature of knowledge and the nature of learning). Conversely, students of the social sciences tend to fall on the more expert end of the epistemology spectrum, believing that knowledge is uncertain, and learning is non—linear (Jehng et al., 1993). The performance of students in the CUREs, therefore, may be influenced by their confidence and identity as a practitioner (e.g., social scientist, natural scientist, designer, etc.) from prior course experiences or may be a function of the varied designs of the CUREs in this study, particularly if the lecture portion of the CURE was unmodified.

We utilized the CSO questions to probe the impact of the CURE on students’ epistemological development. We predicted that several of the intellectual development-related questions on the CSO would reflect students’ transitions to more expert thinking. The statistically significant finding of no change in, ‘since nothing is known for certain, all theories are equally valid,’ suggests that students did not exhibit a shift to transitional knowledge-building. Responses to the remaining five questions did not change significantly. These results suggest there was no epistemological development pre to post.

Given that persistence in STEM and pursuit of graduate training is a highlighted outcome of STEM (Bascom-Slack et al., 2012; Brownell et al., 2012; Dolan, 2016) and non-STEM (Hernandez-Ruiz and Dvorak, 2020) CUREs, we probed career-related outcomes such as ‘enhanced career/graduate school preparation’, benefits to current education, preparation for graduate school, participation in new career-related experiences, preparation for real-world work, and development of professional networks, using the CAAS. We did not see a direct effect following CURE courses on career readiness of students (Fall 2016 through Fall 2019), but this may be due to limitations with the CAAS.



Comparison of natural and social science outcomes—RQ4

Completing a CURE significantly impacted social science and natural science student performances and perceptions, with natural science participants having larger positive gains in scientific practice skills. The CURE survey opinions (CSO) demonstrated no increases or decreases in perception of science for participants of either discipline, except for “knowing results ahead of time” for natural science students. This may be an outcome of how natural science students are introduced to designing experimental questions and hypotheses. Experimental work relies on predictions from the hypotheses, which natural science students may interpret as knowing the results ahead of time.

It has been demonstrated there are differences in student confidence, approach, motivation, and learning style preferences between natural and social science students. Pakistani students majoring in English and Education report higher confidence in their studying and understanding abilities as opposed to Chemistry and Computer Science majors (Shaukat and Bashir, 2016), which is contrary to our findings here. Indonesian natural science students are more motivated and have a different learning style as compared to social science majors (Triyanto and Handayani, 2018). These differences in learning attributes likely explain the dissimilarities we found between the natural and social sciences when they were directly compared for scientific practice skills and CSCE survey (the social sciences group displayed increased positive changes for ‘writing a research report’, and collecting and analyzing data), despite not finding differences between confidence levels between the student groups. Further, the scientific practice skills profiles of social science and natural science students were impacted differently; group work (“responsible for part of a project”), presenting results in real time to others (“present posters”), and providing peer feedback (“critique other students’ work”) were not significant for the social sciences, but exhibited statistically significant learning gains for the natural sciences, highlighting potential differences in instruction that are not currently documented in the published literature and which should be examined.

Overall, implementation of CUREs through this project led to student learning gains, and improved understanding of research design, but no significant change in self-perceptions (confidence, identity, and self-efficacy) across traditional STEM and associated disciplines. Both natural and social science students saw learning and design skills improvements; they differed in specific science skills, and one’s perception of science and self-following CURE completion. Yet, aspects remain to be explored; URM student success, inclusivity, student retention/persistence, and applied learning experiences embedded into the curriculum are often buzz words included in institutional and program learning outcomes without measures that transcend disciplines. This initial study aimed to evaluate those measures across 4 years and within traditional STEM and associated undergraduate programs at a private HSI. A manuscript in preparation will delve into more details of CURE courses and impacts on faculty.

Our study was not without limitations. Although there were significant gains, for a few students EDAT/E-EDAT scores went down, possibly reflecting external issues such as stress, being over-extended at the end of the semester, familial issues, etc. We suggest that future implementation of the EDAT or E-EDAT incorporate questions that capture the students’ perceptions of their own stress and work-life balance (Avdija, 2018) in order to evaluate whether decreases in post-EDAT/E-EDAT scores were due to influences outside of the classroom. Further, the sample size for the social sciences was small, although not too small to analyze for significance. However, a larger sample size may identify additional significant changes through sample representation. At a small institution like ours, there are more limited opportunities for offering multiple sections of a single course in the social sciences each year in comparison to some of the natural science fields. Future research might consider a comparison of pre-surveys of students with no prior exposures to CUREs and other high impact practices and one or more prior CURE exposures to understand how much the pre-scores vary. Additional directions should include comparisons of social and natural science curriculum to pinpoint how the differences in course work (type) within the natural and social sciences fields (e.g., group work, presentations, etc.) impact learning gains across the groups.
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