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Course-based undergraduate research experiences (CUREs) are a high-impact educational practice that engage students with authentic research in the classroom. CURE development models include those designed and implemented at individual institutions to wide-reaching multi-institutional network CUREs. The latter have lowered barriers to implementation by providing a centralized support system, centralized training and curricula, and mentoring. CURE learning outcomes span the three domains of learning: knowledge, skills, and attitude. Assessment of these domains can serve a variety of purposes to a collection of different stakeholders. To better understand the CURE assessment landscape from the instructor’s point of view we surveyed instructors from an established network CURE. We found that these instructors, particularly those from associate’s colleges, overwhelmingly prefer use of knowledge and skills-based assessments over attitudinal CURE assessment instruments. Instructors value knowledge and skills assessment data when deciding whether to adopt a particular CURE and for identifying student misconceptions to improve CURE instruction, and for documentation necessary for Community College transfer agreements or for gaining approval from curriculum committees. CURE learning models have pointed toward use of generalizable instruments for measuring CURE outcomes, but since knowledge and skills assessments are typically CURE specific, obtaining funds for their development may not be realistic. To address this concern, we outline a CURE network stakeholder co-design process for developing and validating a knowledge and skills assessment instrument without external support or a sizable time commitment. We encourage network CUREs to leverage their communities to generate and validate knowledge and skills assessment instruments to further lower barriers for instructor adoption.
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Introduction

Over several years, a large body of evidence has accumulated to support the value of Undergraduate Research Experiences (UREs) to promote student interest, engagement, and persistence in STEM (Kremer and Bringle, 1990; Alexander et al., 1998; Nagda et al., 1998; Zydney et al., 2002; Lopatto, 2004; Russell, 2006; Laursen et al., 2010). Course-based undergraduate research experiences (CUREs) can reach many more students than the traditional URE because the research can be embedded as part of a required curriculum (Shaffer et al., 2010; Bangera and Brownell, 2014; Jordan et al., 2014; Wolkow et al., 2014; National Academies of Sciences, Engineering, and Medicine, 2015; Dolan, 2016; Rodenbusch et al., 2016; Dolan and Weaver, 2021; Buchanan and Fisher, 2022; Hanauer et al., 2022; Hensel, 2023). CUREs are a high-impact educational practice (Kuh, 2008) that blend formal teaching and research with diverse learning outcomes. The cross-institutional network CURE model (Lopatto et al., 2014; Dolan, 2016; Shortlidge et al., 2016; Connors et al., 2021), which includes standardized curriculum and protocols across institutions with a common research goal, is an alternative to a locally developed CURE. The scalability of CUREs across multiple institutions has led to the generation of several national and international CURE networks (e.g., Jordan et al., 2014; Elgin et al., 2017; Murren et al., 2019; Roberts et al., 2019; Fuhrmeister et al., 2021; Hurley et al., 2021; Hyman et al., 2021; Vater et al., 2021; Pieczynski et al., 2022; CUREnet, 2023). Network CUREs often serve as a centralized support system providing training, curriculum, mentoring, and other support tools (Lopatto et al., 2014; Hanauer et al., 2017; Pieczynski et al., 2022). This is critical for many faculty that experience barriers to adopting and implementing CUREs (Lopatto et al., 2014; Spell et al., 2014; Genné-Bacon et al., 2020). Network CUREs often focus on engaging students early in their undergraduate training and have been cited as inclusive research education communities (Hanauer et al., 2017).

Early CURE assessment focused on student subjective self-assessment and then moved toward more objective assessments related to skills and knowledge learned during the duration of the CURE experience. More recently, seminal papers can be credited with using evidence, learning theory, and robust methodology to focus the CURE evaluation community to move beyond the simple pre- post-quiz and student self-reported learning gains, toward understanding whether CURE participation leads to desired long-term outcomes and which components of the experience contribute to those outcomes (Sadler et al., 2010; Sadler and McKinney, 2010; Auchincloss et al., 2014; Corwin et al., 2015; Linn et al., 2015; Krim et al., 2019). A comprehensive investigation to identify the full range of potential CURE outcomes delineated those expected to occur after minimal exposure to research vs. those which require multiple or longer exposures (Auchincloss et al., 2014; Corwin et al., 2015). These potential CURE learning outcomes span the three domains of learning (Hoque, 2016): (1) cognitive (knowledge), (2) psychomotor/behavioral (skills), and (3) affective (attitudes/social/emotional/feeling). The types of knowledge and skills expected to be gained through CURE participation have been discussed previously (Auchincloss et al., 2014; Corwin et al., 2015). Gains in knowledge and skills are predicted to be measurable over the short term whereas long-term outcomes are likely to trend toward the affective (e.g., enhanced science identity, persistence in science). Modeling to determine how outcomes are achieved identified potential focal points for assessment (Auchincloss et al., 2014; Corwin et al., 2015). These “hubs” include self-efficacy, sense of belonging, and science identity.

Generalizable, validated instruments are necessary to measure outcomes across different programs, institution types, and student demographic groups (Sadler et al., 2010; Sadler and McKinney, 2010; Auchincloss et al., 2014; Corwin et al., 2015; Linn et al., 2015). Knowledge and skills-based assessments are generally specific to each CURE, and therefore, not generalizable across different CUREs. Conversely, assessment of affective domains are generalizable and have the advantage of serving as presumed “hubs” that are foundational for reaching desired long-term outcomes.

Outcomes expected to occur during or after participation in a semester-long CURE may not be achieved after participation in a short CURE module. In the last few years, several modular multi-institutional network CUREs have been designed, to allow instructors to test out how it might feel to run a CURE in their course without committing to a full semester CURE (e.g., Staub et al., 2016; Elgin et al., 2017; Hanauer et al., 2018; Anderson et al., 2020; Dizney et al., 2021; Fuhrmeister et al., 2021; Reyna and Hensley, 2023). This is important for faculty who may not have complete control over their course or may be beholden to the administration or curriculum committees for new (CURE) course approval. In these cases, evidence of efficacy may be required before the instructor can embark on a full semester CURE, yet existing, validated instruments that measure presumed short-term outcomes such as developing hypotheses, designing experiments, or project ownership (Feldon et al., 2011; Sirum, 2011; Brownell et al., 2014; Dasgupta et al., 2014; Deane et al., 2014; Hanauer and Dolan, 2014) may not be appropriate due to the short nature of a single module CURE experience. We fully acknowledge that, as Brownell and Kloser (2015) point out, focusing on assessing gains in skills or learning does not capture the holistic nature of CUREs; however, we argue that in certain contexts, it may be valuable.



Instructor-perceived value of CURE assessment instruments and datasets

Assessments of CURE-derived knowledge and skills are seen as invaluable for certain populations that may be skeptical of CURE outcomes or may be deciding about whether to implement a CURE. Knowledge and skills data that are CURE-specific may persuade faculty of the value of the CURE or, at minimum, convince them that it will “do no harm.” To investigate instructor perceived value of CURE student assessment instrument types (e.g., knowledge, skills, affective) we surveyed (Supplementary material) the Prevalence of Antibiotic Resistance in the Environment (PARE) CURE network instructors. PARE is a network CURE focused on the systematic surveillance of environmental antibiotic resistance with participation from diverse classroom contexts and institution types including over 165 undergraduate institutions reaching thousands of students annually (Genné-Bacon and Bascom-Slack, 2018; Fuhrmeister et al., 2021; Bliss et al., 2023). PARE is implemented across diverse institutions, course types, and target students range from non-majors to upper-level biology majors. We specifically examined what assessment types (i.e., knowledge, skills, attitudinal) were most valuable to instructors for various purposes (e.g., student evaluation, course approvals, support for CURE implementation).

We received data from 46 respondents across four institution types, and at least 43 unique institutions (Figure 1A). Although instructors overwhelmingly believe attitudinal course learning outcomes (CLOs) are important, few have attitudinal CLOs on the books as part of their CURE-integrated course relative to knowledge or skills CLOs. Over 80% of the respondents have curriculum committee-approved knowledge and skills CLOs, while <20% of respondents have attitudinal CLOs as part of their CURE-integrated course (Supplementary Figures 1, 2). Furthermore, departments and/or institutions rarely require evidence for attitudinal CLOs compared to knowledge and skills CLOs. Over 78 and 71% of to respondents departments and/or institutions require or encourage collection of evidence for knowledge and skills-based CLOs respectively, while less than 24% of respondents’ departments and/or institutions require or encourage collection of evidence for attitudinal outcomes (Supplementary Figure 3A).
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FIGURE 1
 (A) PARE CURE network instructor survey respondents (n = 46) split by institution type. (B) Survey respondents overwhelmingly prefer the use of knowledge and skills-based assessments over attitudinal CURE assessment instruments when asked to rank their preference.


Individual instructors surveyed rarely collect attitudinal CLO data compared to knowledge and skills CLO data. Less than 48% of instructors anticipate collecting attitudinal evidence for personal use, while >97 and > 93% of instructors anticipate collecting knowledge- or skills-based evidence for personal use, respectively (Supplementary Figure 3B). Although a large percentage of instructors value attitudinal outcomes, a much smaller fraction of the respondents actually collect attitudinal data (Supplementary Figures 1, 3). Notably, there is a segment that collects attitudinal data even though not required or encouraged by their department and/or institution.

Over 80% of respondents indicated that it was somewhat or very important to see data on network CURE knowledge and skills outcomes prior to adoption, while 63% indicated that this was important for attitudinal outcomes data (Supplementary Figure 4). When considering whether to adopt a CURE, faculty generally value knowledge- and skills-based data more than attitudinal data. Thus, designing a CURE-specific knowledge and skills assessment instrument may result in greater likelihood of network CURE adoption.

When asked to rank assessment type preference, survey respondents overwhelmingly prefer use of knowledge- and skills-based over attitudinal CURE assessment instruments (Figure 1B). Of those respondents that indicated attitudinal CURE assessment instruments being least preferable (n = 32), the top reasons were that they are least useful for documenting that the CURE meets course requirements including community college transfer agreements, and for in-class formative and/or summative student assessment. Additionally, 70 and 80% of instructors indicated that limited class time and avoidance of student assessment fatigue, respectively, would influence their decision to implement a subset of the instruments if all three were available. Furthermore, knowledge and skills-based assessments were preferred independent of institution type (Supplementary Figure 5; 66–100% of respondents), but non-associate’s college respondents were more open to attitudinal assessments as their primary ranked preference (18–33% of respondents).

While instructors ranked affective outcomes as their lowest preference of assessment type (Figure 1B), this is likely linked to the fact that less than 20% of survey respondents have curriculum committee-approved CLOs focusing on affective outcomes (relative to greater than 80% with knowledge and skills-based CLOs; Supplementary Figure 2). Likewise, CLOs are typically guided by programmatic learning outcomes (PLOs) and over 84% of the respondents reported lack of attitudinal PLOs (Supplementary Figure 2). Furthermore, although instructors overwhelmingly believe that knowledge, skills, and attitudinal CLOs have value, the respondents indicated that departments and/or institutions place a greater importance on knowledge and skills CLOs (Supplementary Figure 1). This sentiment aligns well with previous characterization of PLOs across institutions (Clark and Hsu, 2023). Development of knowledge and skills-based assessment instruments, especially for network CUREs, may bolster wider adoption.

Attitudinal instruments have great importance for assessing long-term CURE benefits, but CURE-specific knowledge and skills instruments may play a role in recruiting faculty interested in implementing a specific network CURE. Over 32% of respondents indicated importance in having knowledge and skills-based data for acceptance and approval of CURE curricula by an institutional curriculum committee, while 52 and 48% of respondents indicated the importance of having these data for gaining departmental and administrative support, respectively (Supplementary Figure 4). Additionally, over 71% of respondents indicated that these data would be important for documenting that a CURE would meet course requirements including community college transfer agreements. Instructors also place importance on having access to a CURE pre- post-assessment instrument for measuring students’ gains in knowledge and skills after CURE adoption. Respondents indicated the need for a CURE knowledge and skills assessment instrument for course improvement and for in-class formative or summative assessment (Supplementary Figure 6). Thus, knowledge and skills outcome data can be used by educators for CURE adoption decisions, instructional improvement, for formative and summative student assessment, and can be important for demonstrating a newly adopted CURE meets course learning objectives critical to transfer agreements between community colleges and four-year institutions.



Network co-design model for knowledge and skills instrument development

Our CURE network instructor survey data were consistent with early program feedback from PARE instructors who desired a content and skills-based assessment instrument. We recognize the commitment of resources necessary to develop and validate such an instrument. These resources may be difficult to secure given that knowledge and skills assessment is not the focus of the research community. However, survey respondents overwhelmingly indicated the importance of seeing network CURE knowledge and skills outcomes prior to adoption.

We present an assessment development and validation model for network CUREs (Figure 2) that can lower barriers for creation of a tailored knowledge and skills assessment instrument. This network co-design model for instrument development encompasses participants with varied viewpoints, institution types, and course types in a comprehensive effort to generate a widely applicable and reliable instrument (Hong and Page, 2004). We provide a mechanism that incorporates feedback from current faculty implementing the network CURE but does not impose such a time burden as to require extensive external funding.
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FIGURE 2
 Inclusive network codesign model for knowledge and skills assessment instrument development and validation.


Our three-phased co-design methodological framework is grounded by a CURE network assessment team composed of disparate stakeholders. Stakeholders include CURE network participants with varying levels of disciplinary experience and a wide variety of course-implementation and institution types. During phase I, the core assessment team works collaboratively to generate a mixture of open-response and multiple-choice questions built around CURE curricular learning outcomes including assessment of gateway concepts of the discipline and identifying student misconceptions. Expert review by other network CURE participants through asynchronous surveying provides feedback and is used as one means for validity testing. Piloting the survey with network students including multiple choice follow-up explanation fields and/or cognitive interviews provides an additional degree of validity testing. Pilot dataset item analysis and pre-post scoring provides insight into item difficulty and can identify questions with problematic wording and/or issues in clarity.

Phase II focuses on increasing instrument applicability to a broader range of student readiness levels and transforming the instrument to streamline scoring for scaling up deployment. Instrument revision is driven by the core assessment team, but with expert input solicited by instructors across the network. Using item difficulty data from piloting the instrument, additional items targeting the same concept or skill are generated to provide a subset of questions with a range of difficulty. Additionally, student-generated open-response items are used to identify common misconceptions to assist in the generation of multiple-choice versions of open-response style questions from the pilot instrument. Item wording and other modifications are completed before a second extended round of piloting the revised instrument. Pilot data from phase II is used to evaluate performance on items converted to multiple-choice for scaling up data collection. Item analysis and pre-post scores are considered for item performance.

Phase III provides a subsequent round of iterative instrument revision and refinement by CURE network participants. Expert and student feedback are taken into account. Poor-performing items are revised and/or alternative items are proposed by network faculty after review. This methodological framework provides a foundation for network CUREs to adopt for establishing their knowledge and skills assessment toolkit, while leveraging the diverse human capital within the network to potentially lower instrument development barriers.



Conclusion

While measuring attitudinal outcomes in CURE evaluation is important, there is a coexisting perspective that values measurement of knowledge- and skills-based outcomes. Here we have shed light on the instructors’ perspective of CURE assessment and have presented a model for knowledge and skills assessment instrument generation and validation that incorporates input from instructors from many different teaching contexts (Figure 2). The resulting knowledge and skills assessment instrument that we developed using this process for the PARE network has generated a public dataset that can be reviewed by prospective CURE instructors (Kleinschmit et al., 2023). We hope that the results presented here help other network CUREs reflect on their own assessments and what might best benefit their network. In our instructor survey, we also examined how data collected from the PARE student knowledge and skills assessment was used by administering instructors. These instructors indicated that the resulting data from their course was useful for tailoring instructional planning for future course improvement, as well as for gauging the effectiveness of the CURE when deciding whether to continue implementing. Other respondents mentioned that the instrument was useful as they did not have to invest as much time developing their own assessments.

Network CUREs have historically pooled intellectual and physical resources for adoption and implementation. These shared resources, coupled with the instrument development model presented, could be further utilized for developing network knowledge and skills assessment instruments. Our data suggest that instructors strongly desire such instruments, and the resulting aggregate data could be used as a recruitment tool. An aggregate CURE knowledge and skills dataset can establish a foundation of short-term outcomes for stakeholders to more confidently validate medium- and long-term affective outcomes as depicted in CURE assessment frameworks (Corwin et al., 2015). The framework by Corwin et al. (2015) underscores the importance of the need for CURE students to master knowledge and skills domains in order to gain access to potential added value from affective outcomes.

In summary, faculty within our network see value in knowledge and skills data for greasing gears often necessary to integrate CUREs into curricula such as gaining department and/or administrative support, approval of CURE curricula by institutional curriculum committees, and documentation necessary for Community College transfer agreements. Additionally, when considering limited classroom time and student attention, faculty were more receptive in administering knowledge and skills instruments and anticipated they were more likely to use the data than when compared to affective survey instruments. Considering the wide reach of network CUREs, it could be beneficial to use a mechanism such as the one proposed here to generate a knowledge and skills-based assessment instrument.
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