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  Scope Statement

This study presents results from a three year, qualitative, large-scale, community based investigation of the ways in which active
faculty who teach in a shared course-based research experience (CURE) conduct their in-lab assessments. Prior research has shown
that the design of a CURE presents particular challenges for instruction and assessment. The current study addresses ways in
which faculty handle this challenge and presents the practices and models of assessment used by faculty.

   

  Conflict of interest statement

  The authors declare that the research was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest

   

  CRedIT Author Statement

 

Allison A Johnson: Validation, Writing – review & editing. Andrea R Beyer: Validation, Writing – review & editing. Sandra D
Adams: Validation, Writing – review & editing. Ann M Findley: Validation, Writing – review & editing. Amanda C Freise:
Validation, Writing – review & editing. Atenea A Garza: Validation, Writing – review & editing. Amber J Laperuta: Validation,
Writing – review & editing. Amaya M Garcia Costas: Validation, Writing – review & editing. Anna S Grinath: Validation, Writing
– review & editing. Andrea Panagakis: Validation, Writing – review & editing. Adam D Rudner: Validation, Writing – review &
editing. David J Asai: Funding acquisition, Project administration, Supervision, Validation, Writing – review & editing. Brett M
Condon: Validation, Writing – review & editing. Bryan Gibb: Validation, Writing – review & editing. William H Biederman:
Project administration, Resources, Writing – review & editing. Bernadette J Connors: Validation, Writing – review & editing.
Bridgette L Kirkpatrick: Validation, Writing – review & editing. Brian P Tarbox: Validation, Writing – review & editing. Beth M
Wilkes: Validation, Writing – review & editing. Christine A Byrum: Validation, Writing – review & editing. Christa T Bancroft:
Validation, Writing – review & editing. C Chia: Validation, Writing – review & editing. Christy L Fillman: Validation, Writing –
review & editing. Christy L. Strong: Validation, Writing – review & editing. Claire A Rinehart: Validation, Writing – review &
editing. Stephanie B Conant: Validation, Writing – review & editing. Steven G Cresawn: Validation, Writing – review & editing.
C Nicole Sunnen: Validation, Writing – review & editing. Dane M Bowder: Validation, Writing – review & editing. Dustin C
Edwards: Validation, Writing – review & editing. Denise L Monti: Validation, Writing – review & editing. Lautaro Diacovich:
Validation, Writing – review & editing. Deborah Jacobs-Sera: Validation, Writing – review & editing. David P Puthoff: Validation,
Writing – review & editing. Deborah M Tobiason: Validation, Writing – review & editing. Daniel E Westholm: Validation, Writing
– review & editing. Jennifer E Cook-Easterwood: Validation, Writing – review & editing. Nicholas P Edgington: Validation,
Writing – review & editing. Elizabeth C Williams: Validation, Writing – review & editing. Edwin Vazquez: Validation, Writing –
review & editing. Elvira R Eivazova: Validation, Writing – review & editing. Emily Fisher: Validation, Writing – review & editing.
María Elena Báez-Flores: Validation, Writing – review & editing. Elizabeth Behr: Validation, Writing – review & editing.
Elizabeth E Rueschhoff: Validation, Writing – review & editing. Evan C Merkhofer: Validation, Writing – review & editing.
Marie P Fogarty: Validation, Writing – review & editing. Victoria J Frost: Validation, Writing – review & editing. Graham F
Hatfull: Project administration, Supervision, Validation, Writing – review & editing. David Ian Hanauer: Conceptualization,
Formal Analysis, Investigation, Methodology, Validation, Visualization, Writing – original draft, Writing – review & editing. Hannah
E Gavin: Validation, Writing – review & editing. Rebekah F Hare: Validation, Writing – review & editing. Hui-Min Chung:
Validation, Writing – review & editing. Danielle M Heller: Validation, Writing – review & editing. Heather M Lindberg:
Validation, Writing – review & editing. Holly Nance: Validation, Writing – review & editing. Iain Duffy: Validation, Writing –
review & editing. Imade Y Nsa: Validation, Writing – review & editing. Jacqueline M Washington: Validation, Writing – review
& editing. Julie Torruellas Garcia: Validation, Writing – review & editing. Julia Y Lee-Soety: Validation, Writing – review &
editing. Julie A Merkle: Validation, Writing – review & editing. Jaclyn A Madden: Validation, Writing – review & editing. John
Hinz: Validation, Writing – review & editing. Jessica M Rocheleau: Validation, Writing – review & editing. Jon C Mitchell:
Validation, Writing – review & editing. Kristen A Butela: Validation, Writing – review & editing. Karen K Klyczek: Validation,
Writing – review & editing. Kari L Clase: Validation, Writing – review & editing. Katie E Crump: Validation, Writing – review &
editing. Kathryn P Kohl: Validation, Writing – review & editing. Kristen C Johnson: Validation, Writing – review & editing. Kara
R Thoemke: Validation, Writing – review & editing. Keith A Wheaton: Validation, Writing – review & editing. Laura A Briggs:
Validation, Writing – review & editing. Lee Hughes: Validation, Writing – review & editing. Linda Christine DeVeaux: Validation,
Writing – review & editing. Lynn O Lewis: Validation, Writing – review & editing. Margaret Kenna: Validation, Writing – review
& editing. Mark J Graham: Conceptualization, Writing – review & editing. Sergei A. Markov: Validation, Writing – review &
editing. Mary A Ayuk: Validation, Writing – review & editing. Mary Lai Preuss: Validation, Writing – review & editing. Matthew
D Mastropaolo: Validation, Writing – review & editing. Matthew R Fisher: Validation, Writing – review & editing. Mauricio S
Antunes: Validation, Writing – review & editing. Michael A Buckholt: Validation, Writing – review & editing. Sean P Mcclory:
Validation, Writing – review & editing. Maria D Gainey: Validation, Writing – review & editing. Meghan J Bechman: Validation,
Writing – review & editing. Megan K Dennis: Validation, Writing – review & editing. Mary G O'donnell: Validation, Writing –
review & editing. Michelle Kanther: Validation, Writing – review & editing. Michael Kuchka: Validation, Writing – review &
editing. Michael A Thomas: Validation, Writing – review & editing. Maria Alejandra Mussi: Validation, Writing – review &

In review



editing. Megan S Valentine: Validation, Writing – review & editing. Marcie H Warner: Validation, Writing – review & editing.
Fernando Nieto: Validation, Writing – review & editing. Jillian Nissen: Validation, Writing – review & editing. Nick Peters:
Validation, Writing – review & editing. Ombeline Rossier: Validation, Writing – review & editing. Shallee T Page: Validation,
Writing – review & editing. D Parks Collins: Validation, Writing – review & editing. Pamela L Connerly: Validation, Writing –
review & editing. Richard S Pollenz: Validation, Writing – review & editing. Pradeepa Jayachandran: Validation, Writing –
review & editing. Amy B Sprenkle: Validation, Writing – review & editing. Rebecca Chong: Validation, Writing – review &
editing. Muideen K Raifu: Validation, Writing – review & editing. Richard M Alvey: Validation, Writing – review & editing.
Robert E Ward: Validation, Writing – review & editing. Nathan S Reyna: Validation, Writing – review & editing. Raffaella
Ghittoni: Validation, Writing – review & editing. Jesús Ricardo Parra Unda: Validation, Writing – review & editing. Rebecca L
Bortz: Validation, Writing – review & editing. Amy Ryan: Validation, Writing – review & editing. Susan M R Gurney: Validation,
Writing – review & editing. Sanghamitra Saha: Validation, Writing – review & editing. Sally D Molloy: Validation, Writing –
review & editing. Sharon K Bullock: Validation, Writing – review & editing. Steven Michael Caruso: Validation, Writing –
review & editing. Sean Coleman: Validation, Writing – review & editing. Christopher D Shaffer: Validation, Writing – review &
editing. Steven G Heninger: Validation, Writing – review & editing. Viknesh Sivanathan: Funding acquisition, Project
administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing. Scott F Michael:
Validation, Writing – review & editing. Mary Ann Smith: Validation, Writing – review & editing. Sara S Tolsma: Validation,
Writing – review & editing. Patricia C Fallest-Strobl: Validation, Writing – review & editing. Tonya C Bates: Validation, Writing –
review & editing. Tom D'elia: Validation, Writing – review & editing. Tenny O G Egwuatu: Validation, Writing – review &
editing. Louise Temple: Validation, Writing – review & editing. Tong Zhang: Formal Analysis, Writing – review & editing. Tara A
Pelletier: Validation, Writing – review & editing. Tiara G Perez Morales: Validation, Writing – review & editing. Urszula P
Golebiewska: Validation, Writing – review & editing. Victoria Brown-Kennerly: Validation, Writing – review & editing. Vassie C
Ware: Validation, Writing – review & editing. Vinayak Mathur: Validation, Writing – review & editing. Vipaporn Phuntumart:
Validation, Writing – review & editing. Catherine M Ward: Validation, Writing – review & editing. Patricia Yesmi: Validation,
Writing – review & editing.

   

  Keywords

 
course-based research experience, science education, assessment, intergrated Research and Education Community, Grading

   

  Abstract

Word count: 186

 

Course-based research pedagogy involves positioning students as contributors to authentic research projects as part of an
engaging educational experience that promotes their learning and persistence in science. To develop a model for assessing and
grading students engaged in this type of learning experience, the assessment aims and practices of a community of experienced
course-based research instructors were collected and analyzed. This approach defines four aims of course-based research
assessment – 1) Assessing Laboratory Work and Scientific Thinking; 2) Evaluating Mastery of Concepts, Quantitative Thinking and
Skills; 3) Appraising Forms of Scientific Communication; and 4) Metacognition of Learning – along with a set of practices for each
aim. These aims and practices of assessment were then integrated with previously developed models of course-based research
instruction to reveal an assessment program in which instructors provide extensive feedback to support productive student
engagement in research while grading those aspects of research that are necessary for the student to succeed. Assessment
conducted in this way delicately balances the need to facilitate students’ ongoing research with the requirement of a final grade
without undercutting the important aims of a CRE education.
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Abstract: Course-based research pedagogy involves positioning students as contributors to authentic 211 

research projects as part of an engaging educational experience that promotes their learning and persistence in 212 

science. To develop a model for assessing and grading students engaged in this type of learning experience, 213 

the assessment aims and practices of a community of experienced course-based research instructors were 214 

collected and analyzed. This approach defines four aims of course-based research assessment – 1) Assessing 215 

Laboratory Work and Scientific Thinking; 2) Evaluating Mastery of Concepts, Quantitative Thinking and 216 

Skills; 3) Appraising Forms of Scientific Communication; and 4) Metacognition of Learning – along with a set 217 

of practices for each aim. These aims and practices of assessment were then integrated with previously 218 

developed models of course-based research instruction to reveal an assessment program in which instructors 219 

provide extensive feedback to support productive student engagement in research while grading those aspects 220 

of research that are necessary for the student to succeed. Assessment conducted in this way delicately 221 

balances the need to facilitate students’ ongoing research with the requirement of a final grade without 222 

undercutting the important aims of a CRE education.  223 
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INTRODUCTION 224 

Recent educational initiatives in STEM are facilitating wide-spread implementation of course-based research 225 

experiences (CRE) because they increase persistence for students across many demographics (Russell et al., 226 

2007; Jordan et al., 2014; Hanauer et al., 2017; Hernandez et al., 2018). This educational approach is 227 

characterized by having students involved in conducting and contributing to authentic scientific research 228 

projects (Hanauer et al., 2006, 2012, 2016, 2017; Hanauer and Dolan, 2014; PCAST, 2012; Graham et al., 229 

2013; Auchincloss et al., 2014; Hernandez et al., 2018). Recent research on the pedagogical approach to 230 

teaching a CRE describes how this educational design transitions the ways in which instructors teach and the 231 

way in which the relationship between the instructor and the student is conceptualized and manifest (Hanauer 232 

et al., 2022). In particular, the hierarchy which is so prevalent in most educational settings is flattened slightly 233 

with the instructor and student working together on a shared research project (Hanauer et al., 2022). The 234 

expertise of the instructor is utilized in supporting a research process, the outcomes of which are not 235 

necessarily known (Auchincloss et al., 2014). For both instructor and student, the research is on-going and to 236 

a degree unpredictable. Timing for various outcomes may vary across students and projects, the type of 237 

interaction and expertise that the instructor has to provide may change and broadly the instructor and student 238 

need to be flexible in the ways in which they interact around the emerging scientific work. Hanauer et al., 239 

(2022) describe in detail the nature of this pedagogy and the ways in which instructors work with students in 240 

teaching a CRE.  241 

While the pedagogical implementation of a CRE transitions the relations between instructor and student, the 242 

institutional requirement for a grade has not changed. Classroom grading is a significant and ubiquitous 243 

practice in STEM education in general and is a requirement whether the class is a CRE or not. The specific 244 

nature of a CRE raises several problems in relation to classroom grading. How does a teacher maintain the 245 

process of “shared” scientific research that is important beyond the classroom, if the instructor is “grading” 246 

the student on in-class tasks?  When the nature of a class is not dictated by delimited content knowledge or a 247 

prescribed set of skills, what are the aims of assessment within a CRE? How does an instructor support and 248 

encourage a student during the challenges and potential failures of authentic science, if both student and 249 

instructor know that they need to assign a grade for the work being conducted? Broadly the problem of 250 

assessing and grading students in a CRE is that the CRE aims to provide a professional, authentic research 251 

experience in which the student feels that they are scientists. Grading seems quite artificial in this particular 252 

educational design.  253 

Prior approaches to assessing a student’s scientific inquiry divide into two camps: analytic schemes and 254 

authentic task modelling. Early work used an analytic scheme to define the components of scientific inquiry 255 

and suggested methods for assessing each of the parts in isolation. For example, Zachos (2004) delineates the 256 
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core capabilities of scientific inquiry to include coordinating theories, searching for underlying principles, 257 

being concerned with precision, identifying sources of error in measurement and proportional reasoning, and 258 

suggest these should be used in the design of a series of performance tasks.  Wenning (2007) designed a 259 

multiple-choice test of the components of a scientific inquiry such as identifying a problem, formulating a 260 

hypothesis, generating a prediction, designing an experiment, collecting and organizing data, using statistical 261 

methods and explaining results. Shavelson et al., (1998) proposed using a range of performance tasks to 262 

evaluate scientific inquiry abilities of students. In line with this analytic approach, Palaez et al., 2017 specified 263 

a set of core experimentation competencies consisting of the categories - identify, question, plan, conduct, 264 

analyze, conclude and communicate. Zelaya, Blumer & Beck (2022) categorize 14 survey style instruments 265 

and 16 evaluation rubrics in relation to this set of competencies specifying the degree of overlap between 266 

each tool and the specified competencies. Similarly, in an extensive review of the existing tools that can be 267 

used for the assessment of a CURE, Shortlidge & Brownell (2016) review 26 survey style tools that can be 268 

used to assess different aspects of the research experience such as critical thinking, views of science, project 269 

ownership, biological concepts and experimental design. What many these approaches have in common is the 270 

idea that the grading of scientific inquiry can be externalized from the actual research that the student is 271 

doing; students are evaluated for a set of skills, competencies, dispositions and abilities for future scientific 272 

research.  273 

The second camp proposed modelling authentic activity. In principle, if a CRE involves authentic research 274 

which produces scientific findings useful for a scientific community and the student is seen as a researcher, it 275 

would be logical that the evaluation of the student’s work would be situated in the ways professional scientists 276 

are evaluated. However, practically, waiting for a paper to be published or a poster presented at a professional 277 

conference would be problematic both in relation to timing and the threshold level for successful student 278 

outcomes. Instead, Hanauer, Hatfull & Jacobs-Sera (2009) proposed an approach termed Active Assessment 279 

which analyzes the professional research practices of a specific research project and then uses these as a way 280 

of generating a rubric for evaluating student work. Assessment is done on the student as they work through 281 

the scientific inquiry they are involved in. A similar approach has been proposed by Dolan and Weaver 282 

(2021). What characterizes this approach are the ideas that assessment and grading should be situated in the 283 

performance of a student while conducting research in the CRE and that this assessment should be based on 284 

professional performance.  285 

However, while this second approach offers a conceptual basis of how assessment in a CRE could be 286 

conducted, it is not based on data from actual instructors teaching a CRE. The aim of this study is to look at 287 

how experienced instructors in a large-scale CRE program -- the Science Education Alliance (SEA) program 288 

by the Howard Hughes Medical Institute (HHMI) – describe their processes of assessing their students 289 

engaged in course-based research. Working with this large community of experienced CRE instructors over a 290 
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two-year period, models of CRE assessment were developed.  In addition, this current paper builds upon 291 

prior research on models of CRE instruction, which were similarly developed with this community of SEA 292 

instructors, (Hanauer, et al., 2022). The outcome of this study thus provides insight into how CREs can be 293 

assessed and graded while maintaining the pedagogical approach designed to provide an authentic research 294 

experience for students and enhance persistence.  295 

Issues with Assessment and Grading 296 

In a classic text, Walvoord and Anderson (1998) specify a series of basic roles that grading is expected to 297 

perform: 1) It should be a reliable measure of a student’s performance of required work; 2) It should be a 298 

means of communicating the quality of the student’s performance with parents, other faculty, the university, 299 

future institutions and places of work; 3) It should be a source of motivation; 4) It should provide meaningful 300 

information for feedback to students and instructors to enhance learning; and 5) It can be a way of organizing 301 

class work. However, as seen in the scholarship, the implementation of grading is not unproblematic.  302 

As documented over decades, there are questions as to whether grading always fulfills the stated aims above 303 

(Jaschik, 2009). Prior research has suggested that STEM faculty have the knowledge to create assessment 304 

tasks but often lack an understanding of how to validate these tasks (Hanauer & Bauerle, 2015). Some faculty 305 

problematically assume that the way they were graded is a basis for the grading of their own students leading 306 

to a persistence of outdated assessment practices (Boothroyd & McMorris, 1992). When considering what to 307 

assess and grade, there can be confusion between learning components tied to stated learning objectives of 308 

the course and other aspects of being a student such as punctuality, attendance, and participation (Hu, 2005). 309 

Additionally, there is little agreement between instructors as to which components should go into a grade 310 

with different instructors varying greatly in relation to how assessment is conducted (Cizek, Fitzgerald & 311 

Rachor, 1996). Research has also shown that grades can vary in relation to variables such as instructors, 312 

departments, disciplines and institutions (Lipnevich, et al., 2020) and in relation to specific student 313 

characteristics such as physical attractiveness (Baron & Byrne, 2004) and ethnicity (Fajardo, 1985).  314 

It is important to understand the central role grading plays in the lives of students. Grading can increase 315 

anxiety, fear, lack of interest and hinder the ability to perform on subsequent tasks (Butler, 1988; Crooks, 316 

1988, Pulfrey et al., 2011). There are alarming rates of attrition from STEM documented for students who 317 

identify as African American or Black, Latino or Hispanic, and American Indian and Alaska Native (Asai, 318 

2020; Whitcomb & Chandralekha, 2021; National Science Board, 2018) and low grades is one of the factors 319 

that leads to this outcome (Whitcomb & Chandralekha, 2021). The relationship between grading and 320 

persistence is situated in the effect of negative feedback on performance (such as a lower-than-expected 321 

grade) and the individual’s sense of self-efficacy in that field (Bandura, 1991, 2005). Students who identify as 322 

African American or Black, Latino or Hispanic, and American Indian and Alaska Native may enter the STEM 323 
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fields with pre-existing fears and anxieties about their work resulting from stereotype threat (Hilts et al., 324 

2018). Negative experiences with grading further exacerbate these feelings leading to a disbelief in their ability 325 

to continue in STEM and hence attrition from that course of study (Hilts et al., 2018; Whitcomb & 326 

Chandralekha, 2021). Recent research has shown that grading works in two parallel ways: lower grades limit 327 

the opportunities that are available to students and increase the negative psychological impact on students’ 328 

intent to persist in STEM (Hatfield, Brown & Topaz, 2022). As such grading, if not conducted appropriately, 329 

could directly undermine the main aim of a CRE – increased persistence in STEM for all students.  330 

METHODOLOGY 331 

Overview: A multi-method, large-scale and multi-year research methodology was employed in this study. Data 332 

collection and analysis was conducted over a two-year period in a series of designed stages with full 333 

participation from a large group of CRE instructors and a dedicated science education research team. The 334 

project developed in the following stages:  335 

1) Survey: The initial stage of the study involved a qualitative and quantitative survey. The qualitative 336 

section asked about grading and assessment procedures used by instructors in their CRE courses and 337 

asked for a detailed explanation of the way these were used in their courses. The quantitative section 338 

used the psychometrically validated scales of the Faculty Self-Reported Assessment survey (Hanauer 339 

and Bauerle, 2015) to evaluate the knowledge level of the surveyed faculty. The aim of this first stage 340 

of the project was to collect descriptive data on the participants’ understanding of assessment and 341 

specific information on the way they conduct assessment and grading in their courses.  342 

2) Analysis and Large-Scale Community Checking of Assessment Aims and Practices: Data from the qualitative 343 

study was analyzed using a systematic content analysis process and the quantitative data was analyzed 344 

using standard statistical procedures. The quantitative data was analyzed in terms of high-level 345 

assessment aims and specific grading and assessment practices. All analyses were summarized and 346 

then presented in a workshop setting to a cohort of 106 CRE instructors. In a small-focus group 347 

format, the aims and practices were presented and instructors provided written feedback on the 348 

validity of the analysis, the specification of the high-level aims, the specification of practices and the 349 

assignment of the practices to assessment. Instructors responded within the workshop and were 350 

subsequently given an additional week to provide online responses to the questions posed. All data 351 

was collected using an online survey tool. 352 

3) Analysis and Community Checking of Models of Assessment and Grading: Data from the first stage of 353 

community checking was analyzed for modifications to the assessment aims and the assigned 354 

assessment and grading practices. Percentage of agreement with the aims and practices was calculated 355 

and modifications to the models were assigned. During this analysis there were no changes to the 356 
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high-level aims, but several specific practices were added. Once the table of aims and practices had 357 

been finalized, the original survey commentary dealing with how assessment and grading were 358 

conducted was consulted. Using this commentary and the pedagogical models of CRE instruction 359 

(Hanauer et al., 2021), the aims and practices of assessment were integrated with the discussion of 360 

CRE instruction. Three integrated models were developed and presented to a dedicated group of 23 361 

instructors for validation process. Instructors were asked to provide feedback on the quality and 362 

descriptive validity of the models, the specification of aims of assessment and the specific practices. 363 

Instructors provided feedback during the workshop and for a week after the workshop. All data were 364 

collected using an online survey tool. 365 

4) Finalization of the Models: Feedback from the workshop was analyzed for verification of the models 366 

and any required modifications that might be needed. Agreement with the models and their 367 

components were checked. Following this process, the models were finalized.  368 

Participants: Participants for this study were elicited from the full set of instructors who teach in the SEA 369 

program. The SEA program is a large-scale, two semesters, program implemented at 190 institutions 370 

predominantly with Freshman and Sophomore students. This course is supported by the Howard Hughes 371 

Medical Institute and has scientific support from the Hatfull laboratory at the University of Pittsburgh. For 372 

the first stage of data collection, a survey request was sent to 330 SEA instructors. 105 faculty responded with 373 

72 instructors providing full answers on the survey. Table 1 presents the instructor demographics. The SEA 374 

faculty respondents are predominantly White (58.1%) and women (49.5%). A range of academic ranks 375 

from instructor to full professor were represented in the sample. As seen in Table 1, the majority of 376 

respondents had at least three years of teaching in the program and above 6+ years of teaching postsecondary 377 

science. Respondents for the community checking of the model were drawn from the SEA faculty. For each 378 

stage 100+ instructors participated. Demographic data was not collected on the participants at the 2 379 

community checking sessions. As a community of CRE instructors, during the semester, the SEA has a 380 

weekly 1-hour, Friday afternoon session providing scientific and educational instructor development. During 381 

the Fall 2022 semester, two sessions were conducted by the Lead Assessment Coordinator of the SEA (Dr. 382 

Hanauer) dedicated to the development of a meaningful assessment approach. The sessions involved a lecture 383 

approach of general principles of assessment including constructive alignment between objectives and 384 

instruments, active assessment instruments that could be used and ways of interpreting outcomes. 385 

Participation in these Friday sessions were voluntary. Approximately 50 faculty attended these two sessions.  386 

Instruments: As described in the overview of the research process, data collection consisted of a qualitative and 387 

quantitative initial survey, followed by a large community checking survey and a final assessment model 388 

checking survey. A specific tool was developed for each of these stages. The original survey consisted of three 389 

sections:  390 
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1. Familiarity with Assessment Terms: The first set of items were from the psychometrically 391 

validated Faculty Self-Reported Assessment survey (Hanauer & Bauerle, 2015). The survey consists 392 

of 24 established terms relating to assessment, organized into two components – assessment 393 

program and instrument knowledge, and knowledge of assessment validation procedures. On a 5-394 

point scale of familiarity (1=I have never heard this term before; 5=I am completely familiar with 395 

this term and know what it means), faculty rated each of the terms in relation to their familiarity with 396 

the term. The FRAS is used to evaluate levels of experience and exposure of faculty to assessment 397 

instruments and procedures. See Table 2 for a full list of the assessment terms used.  398 

2. Qualitative Reporting of Student Assessment: The second set of items were qualitative and 399 

required the instructor to describe the way in which they assess students in the SEA program, to 400 

specify the types of assessment used (such as quiz, rubric…etc.), and to explain what each assessment 401 

is used for. Following the first question, faculty were asked to describe how they grade students and 402 

what goes into the final grade. Answers consisted of written responses.  403 

3. Self-Efficacy Assessment Scales:   The third set of items consisted self-reported measures of 404 

confidence in completing different aspects of assessment. The 12 items were taken from the FRAS 405 

(Hanauer & Bauerle, 2015) and consisted of a set of statements about the ability to perform different 406 

aspects of the assessment process (see Table 3 for a full list of the statement). All statements were 407 

rated on an agreement scale (1=Strongly Disagree, 5=Strongly Agree).  408 

In order to collect verbal responses during the community checking stage of this project, participants 409 

completed an online survey that was presented following a shared online session in which the analyses of the 410 

main aims of assessment and the associated practices were presented (see Table 3). The survey asked for a 411 

written response to the following questions relating to each of the specified aims and associated practices:  412 

1. Does this assessment aim make sense to you? Please specify if you agree or disagree that this is an 413 

aim of your CRE assessment. 414 

2. For this aim, do the practices listed above make sense to you? Please comment on any that do not. 415 

3. For this aim, are there practices of assessment that are not listed? If so, please list these additional 416 

practices and describe what these practices are used to evaluate.  417 

4. Are there aims of assessment beyond the 4 that are listed above? If so, please describe any additional 418 

aims of assessment below. 419 

The final community checking procedure involved the presentation of the full models of assessment to the 420 

collected participants in a shared online session (see Figures 1, 2 and 3). Following the presentation of the 421 

models, the participants were divided into groups and each group was assigned a model to discuss and 422 
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respond to. Each model was reviewed by two groups, and all responses were collected using an online written 423 

survey with the following questions:  424 

1. For each of the instructional models, have the appropriate assessment aims been specified?  425 

2. For each of the instruction models, have the appropriate assessment practices been specified?  426 

3. Overall, do the models present an accurate and useful description of grading practices in the SEA? 427 

4. Please suggest any modifications and comments you have on the model. 428 

Procedures: Data was collected in three stages. The initial stage consisted of an online survey that was 429 

distributed to all faculty of the SEA using the web-based platform Qualtrics. Following the informed consent 430 

process responses to the qualitative and quantitative items were recorded. The second stage involved the 431 

collection of community checking data from SEA instructors. A dedicated online Zoom session was arranged 432 

for this during one of the monthly virtual faculty meetings organized through the SEA program. During a 433 

one-hour session the analysis of the aims of assessment and the associated practices were presented to the 434 

faculty. In small groups (breakout rooms), each of the aims and its associated practices were discussed. 435 

Following the session, an online survey was sent to faculty to collect their level of agreement with the aims 436 

and practices that were presented. They were also asked to modify or add any aims or practices that had been 437 

missed in the presented analysis of the original survey. The third stage of community checking data analysis 438 

consisted of a second online session during the regular end- of- week faculty meeting. During a one-hour 439 

session, each of the assessment models was presented to the faculty who then discussed them in small groups 440 

(breakout rooms). A survey was sent to the faculty during the session to respond to the models and write 441 

their responses to the models. All data was collected in accordance with the guidelines of Indiana University 442 

of Pennsylvania IRB #21-214.  443 

Analysis: The analysis of the data in this study was conducted in four related stages. The initial survey had 444 

both quantitative and qualitative data. The quantitative data was analyzed using established statistical 445 

descriptive methods. The qualitative verbal data consisted of a series of written statements relating to the 446 

practices used for assessment by the different instructors and the aims of using these practices. Using an 447 

emergent content analysis approach, each of the instructor statements was analyzed and coded. Two different 448 

initial code books were developed. One dealt with the list of practices used by the faculty; the second 449 

involved the explanation of why these practices were used and what the instructor was trying to assess. The 450 

data was coded by two trained applied linguistic researchers and following several iterations, a high level of 451 

agreement was reached on the practices and aims specified by the instructors. The second stage of this 452 

analysis of the verbal survey data consisted of combining the aims and practices codes. The specified 453 

practices across all of the instructors for each of the aims was tabulated. A frequency count of the number of 454 

faculty who specified each of the practices was conducted. The outcome of the first stage of analysis was a 455 
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statistical description of the levels of knowledge and confidence of faculty on assessment issues and the 456 

specification of four main aims of assessment with associated assessment practices.  457 

The second stage of analysis followed the presentation of the tabulated coded data from the original survey to 458 

participants. In this stage of community checking, faculty specified agreement (or disagreement) with the 459 

assessment aims and the set of associated practices. The verbal responses were analyzed by two applied 460 

linguistics researchers and modifications were made to the tabulated data. The degree of agreement with each 461 

of the aims and associated practices was counted. Any additional practices specified by faculty were added to 462 

the model. No new aims were specified and as such no changes were made. The table of assessment aims and 463 

practices was finalized. 464 

Having established the aims of assessment and related practices, a third stage of analysis involved integrating 465 

the emergent assessment aims and practices with models of CRE instruction which had been previously 466 

defined for the SEA instructors (see Hanauer et al., 2022 for full details). A team of two researchers worked 467 

together to specify the points of interaction between the instructional and assessment components of CRE 468 

teaching. Using the qualitative data of the original models and the verbal statements of aims for the 469 

assessment data, integrated models of assessment were developed. Following several iterations, three 470 

assessment models corresponding to the instructional models were specified.  471 

The final stage of analysis followed the presentation of the models of assessment to the community of SEA 472 

faculty. A team of two researchers went over the changes presented by faculty in relation to each of the 473 

models. Changes that were specified, such as the addition of specific practices into different models, were 474 

made. The outcome of this process was a series of three models that capture the aims and practices of 475 

assessment.  476 

RESULTS 477 

Instructor Familiarity and Self-Efficacy with Assessment 478 

To build models of CRE assessment based on qualitative reports from instructors in the SEA program, we 479 

first evaluated instructors’ knowledge of assessment terms and their confidence in implementing assessment 480 

tasks. For instructor knowledge of assessment, we utilized the Faculty Self-Reported Assessment Survey 481 

(FRAS) (Hanauer and Bauerle, 2015) – a tool which measures two components of assessment knowledge: 1) 482 

knowledge of assessment programs and instruments and 2) knowledge of assessment validation. Internal 483 

consistency was calculated for the each of the FRAS components. Cronbach’s Alpha was 0.86 for the 484 

Knowledge of assessment programs and instruments components and 0.94 for the knowledge of assessment 485 

validation component. These levels suggest that each of the components is sufficiently consistent and hence 486 

reliable  487 
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For the Program and Instrument component, instructors reported high levels of familiarity (Scale = 1 – 5, 488 

Grand Mean= 4.26, Std. = 0.55). All items were above 4 (high level of familiarity), except for the terms 489 

related to performance assessment. These latter terms, which include Alternative Assessment and Authentic 490 

Assessment, were nevertheless familiar to instructors (above 3). The Validation components of the survey, 491 

which addresses terms relating to the evaluation and quality control of assessment development, were also 492 

familiar to instructors (Grand Mean = 3.34, Std. = 0.35). This result is in line with prior studies of faculty 493 

knowledge of assessment terms (Hanauer and Bauerle, 2015). The results overall for the two dimensions 494 

suggest that instructors in this study have the required degree of assessment understanding to be reliable 495 

reporters of their assessment procedures and activities.  496 

To augment the FRAS data, self-efficacy data was collected on instructors’ confidence in completing 497 

assessment related tasks. Internal consistency was calculated for the self-efficacy scale. Cronbach’s Alpha was 498 

0.93 which shows that this scale is reliable As shown in Table 3, instructors reported high levels of confidence 499 

in their assessment abilities (Scale = 1 – 5, Grand Mean =4.04, Std. =0.65). The highest confidence was in 500 

relation to defining important components of their course and student learning outcomes, while the lowest 501 

levels of confidence were in relation to the ability to evaluate, analyze and report on their assessments. The 502 

confidence levels for the latter were still relatively high (just below 4) and reflect, to a certain extent, the same 503 

trend as seen using the FRAS instrument. Taking into consideration the results of the FRAS and self-efficacy 504 

tasks, instructors report moderate to high levels of assessment expertise and confidence, which suggest that 505 

these instructors have the required expertise to report and evaluate the aims, practices and models of CRE 506 

assessment.  507 

Aims and Practices of CRE Assessment 508 

A fundamental goal of this study was to describe the aims and practices of experienced CRE instructors for 509 

assessing students in a CRE. As described in the methodology section, a list of aims and practices for 510 

assessment was elicited from the written survey data completed by instructors in the HHMI SEA program, 511 

which was then community-checked and modified. The faculty were asked to describe how they assess 512 

students in the SEA program what types of assessment used (such as quiz, rubric…etc.), and to explain what 513 

each assessment is used for. The aims specified by the faculty reflected components of pedagogical activity 514 

that came together while teaching a CRE. So, for example, assessing the physical work of lab was integrated 515 

with scientific thinking as a single aim. Broadly the aims reflected work in the laboratory, aspects of mastery, 516 

communication and student self-evaluation of their learning 517 

4 central aims of CRE assessment were defined. For each aim, there were a cluster of assessment practices 518 

that were employed to assess student learning, with different instructors utilizing different subsets of these 519 
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practices. The aims of CRE assessment, the practices related to each of the aims, and the degree of agreement 520 

amongst faculty for each aim and set of practices are presented in Table 4 and described below:  521 

1. Assess Laboratory Work and Scientific Thinking: The objective of this assessment aim was to 522 

assess a student’s readiness, in terms of their practices, thought patterns and ethics, to function as a 523 

researcher in the laboratory setting. As seen in Table 4, several different practices were related to this 524 

aim, which include 1) assessing student behaviors such as participation, attendance, citizenship, 525 

collaboration, safety and independence, and 2) assessing students’ scientific thinking based on their 526 

lab notebooks, data cards, independent research, conference participation and informal discussion. 527 

During the community checking stage, 85.95% of the faculty specified that this category was an aim 528 

of their assessment program and that the assigned practices were appropriate.  529 

2. Evaluate Mastery of Concepts, Quantitative Thinking, and Skills: The objective of this 530 

assessment aim was to assess the underpinning knowledge and skills that students need in order to 531 

function successfully, as a researcher, in the CRE laboratory setting. The practices related to this 532 

assessment aim include 1) the checking of laboratory techniques and skills using practical exams and 533 

lab notebooks, 2) the evaluation of required scientific knowledge through exams, tests, quizzes, 534 

written reports and articles, and 3) the assessment of quantitative knowledge. During the community 535 

checking stage, 80.99% of faculty specified that this category was an aim of their assessment program 536 

and that the assigned practices were appropriate. 537 

3. Appraise Forms of Scientific Communication: The objective of this assessment aim was to 538 

evaluate the ability of students to convey their research and attain scientific knowledge through the 539 

different forms of science communication. The practices related to this assessment include 1) oral 540 

abilities such as oral presentation, peer review, lab notebook meetings, scientific poster and elevator 541 

speech, and 2) literacy abilities such as reading and writing a research paper, report writing, notebook 542 

writing, scientific paper reading, literature review, and poster creation. 63.64% of faculty specified 543 

that this category was part of their assessment program.  544 

4. Metacognition of Learning: The objective of this assessment aim was to assess the ability of 545 

students to regulate and oversee their own learning process. This aim is based on the assumption that 546 

being in control of your learning process improves the ability to learn. The practices related to this 547 

aim include reflection, discussion and an exit ticket. 76.85% of faculty specified that this category was 548 

part of their assessment program.  549 

These four aims and associated practices define a program of assessment for CRE teaching. As depicted in 550 

Figure 1, the central aspect of an assessment program for a CRE is to evaluate the ability of a student to work 551 

and think in a scientific way. This central aspect is supported by two underpinning forms of knowledge: 1) 552 

mastery of concepts, quantitative thinking and skills and 2) the ability to communicate science. Overseeing 553 
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the whole process is metacognition, which allows the student to regulate and direct their learning process. 554 

Accordingly, information on the students’ functioning across all these areas are collected as part of the 555 

assessment program.  556 

---- INSERT FIGURE 1 ABOUT HERE ---- 557 

Models of Assessment in a CRE 558 

The assessment program presented in this study is implemented by instructors in conjunction with a program 559 

of CRE instruction that has been previously described (Hanauer et al., 2022). The assessment aims and 560 

practices described here can therefore be integrated with the aims and practices (or models) of CRE 561 

instruction.  The stated aims of CRE instruction are 1) Facilitating the experience of being a scientist and 562 

generating data; 2) Developing procedural knowledge, that is the skills and knowledge required to function as 563 

a researcher; and 3) Fostering project ownership, which include the feelings of personal ownership and 564 

responsibility over their scientific research and education (Hanauer, et al., 2022). These aims are directly in 565 

line with the broad aim of a CRE in providing a student with an authentic research experience (Dolan & 566 

Weaver 2021). In the sections that follow, and using a constructive alignment approach (Ambrose, et al, 2010; 567 

Biggs, 1996), the assessment aims and practices uncovered in this study are presented with the associated 568 

models of CRE instruction previously described. 569 

 Model 1: Assessing Being a Scientist and Generating Data 570 

Being a scientist and generating novel data is a core aspect of a CRE. As shown in Figure 2 and described 571 

below, the instructional approach to achieving this aim involves three stages of instruction:  572 

 573 

a) Stage 1 involves preparing the student with the required knowledge and procedures in order to 574 

function as a researcher who can produce usable data for the scientific community. The pedagogy 575 

employed here includes the use of explicit instruction to provide students with the foundational 576 

knowledge to understand the science they are involved with and protocol training to make sure a 577 

student can perform the required scientific task.    578 

 579 

Accordingly, assessment in this first stage of the model is aimed at Evaluating Mastery of Concepts 580 

and Quantitative Thinking. The assessment practices used here include both exams and in class 581 

quizzes, which are well suited for this purpose. Additionally, given that this foundational scientific 582 

knowledge must often be retrieved from various forms of scientific communication, including 583 

lecture, a research paper, a poster and an informal discussion with an expert, the ability to use 584 

scientific communication for knowledge acquisition is also evaluated. Practices such as the evaluation 585 
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of a literature search report or presentation at a journal club can provide information on how the 586 

student understands and uses different modes of scientific communication. Combined, the use of 587 

exams, quizzes, literature search reports and journal club participation can provide a rich picture of 588 

the foundational knowledge of a student as they enter the process of doing authentic research. 589 

 590 

To assess a student’s ability to use a range of specific protocol properly, instructors rely on practical 591 

exams and a student’s lab notebook, which are well established ways of checking whether a student 592 

understands and knows how to perform a specific procedure. Beyond these approaches, instructors 593 

reported that they used informal discussion, reflective writing, article writing and the lab notebook 594 

meeting to evaluate formally and informally whether the students understand how to perform the 595 

different scientific tasks that are required of them. This combination of explicit teaching of scientific 596 

knowledge and procedures, with formal and informal assessment of these abilities, serves to create a 597 

basis for the second stage of this pedagogical model, described below. 598 

 599 

b. Stage 2 involves supporting students to manage the process of implementing procedures in order to 600 

generate authentic data. A central aspect of this stage is that the student moves from a consumer to a 601 

producer of knowledge, and this involves a change in the students’ mindset concerning thinking 602 

processes, independence, perseverance and the ability to collaborate with others. Importantly, as is 603 

the case with science, positive results are not guaranteed and students face the ambiguity of failed 604 

outcomes and unclear paths forward. It is for this reason that the pedagogy at this stage involves a 605 

range of different supportive measures on the part of the instructor. These include modeling 606 

scientific thinking, providing encouragement and enthusiasm, mentoring the student at different 607 

points and, most importantly, making sure that the students understand that the scientific process is 608 

one that is fraught with challenges that need to be overcome. A lot of instruction is provided at the 609 

time that a task or event occurs.  610 

 611 

Assessment at this stage is covered by the aim of Assessing Laboratory Work and Scientific Thinking 612 

and the Metacognition of Learning. The scientific thinking of the student is primarily assessed 613 

through the discussion of the lab notebook, data and annotation cards, often during lab meetings. 614 

Importantly, as reported by faculty, a lot of this assessment is directed by informal discussion with 615 

the aim of providing direct feedback to the student so that they can perform the tasks that are 616 

required. This is very much a formative assessment approach with direct discussion with the student 617 

while they are working and in relation to the research they are doing. There are behaviors that faculty 618 

specify are important to track, such as participation, attendance, collaboration, lab citizenship and lab 619 

safety. These behaviors are a prerequisite for the research to move forward for the student and the 620 

In review



 

20 

 

research group as a whole. The use of assessment practices such as reflection and discussion allows 621 

the assessment of the degree of independence of the student, in addition to actually positioning the 622 

student as independent; the requirement of a reflection task, whether written in one’s lab notebook 623 

or verbally, situates the students as the researcher thinking through what they are doing. Overall, this 624 

stage involves extensive informal formative assessment of where the student is in the process from 625 

the practical, scientific and emotional aspects of doing science, combined with a more formal 626 

evaluation of the behaviors which underpin a productive and safe research environment. 627 

 628 

c. The third and final stage of this pedagogical model involves the actual scientific output produced by 629 

the student researcher. A CRE is defined by the requirement that data is produced that is actually 630 

useful for a broader community of scientists. If the second stage of the assessment of this 631 

pedagogical model is characterized by informal, formative assessment approaches, this final stage is 632 

characterized primarily by formal summative assessment. At this stage the student has produced 633 

scientific knowledge and is in the process of reporting this knowledge using established modes of 634 

scientific communication. The student is assessed in relation to the knowledge they have produced 635 

and the way they communicate it. As such, both the aims of Assessing Laboratory Work and 636 

Scientific Thinking and the Appraisal of Forms of Scientific Communication are utilized. The lab 637 

notebook, data card, annotation, conference presentation, oral presentation and poster all involve a 638 

double summative assessment approach: an evaluation of the quality of the scientific work that has 639 

been produced and an evaluation of the ability of the student to communicate this knowledge using 640 

established written and verbal modes of scientific communication. This final stage provides the 641 

opportunity for evaluating the whole of the research experience that the student has been involved 642 

in.  643 

To summarize, the instruction and assessment model of Being a Scientist and Generating Data has three 644 

distinct stages. The initial stage is designed to make sure that the student can perform the required tasks and 645 

understand the underlying science. Assessment at this stage is important as the learning involved in this stage 646 

is a prerequisite for the second stage of the model. During the second stage, while the student is functioning 647 

as a researcher, the primary focus of the assessment model is to provide feedback to the student and the 648 

required level of expertise advice and emotional support to allow the research to move forward. This stage is 649 

characterized by informal discussion and is primarily a formative assessment approach. The final stage is 650 

directed at evaluating the scientific outcomes and the student’s ability to communicate them. Assessment at 651 

this stage offers a direct understanding of the quality of the work that has been conducted, the degree to 652 

which the student understands the work, and the ability of the student to communicate it.  653 

--- INSERT FIGURE 2 ABOUT HERE ---- 654 
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Model 2: Assessing Procedural Knowledge 655 

Being able to perform a range of scientific procedures is a central and underpinning aspect of being a scientist 656 

and a core feature of a CRE. Figure 3 presents a pedagogical and assessment model for teaching procedural 657 

knowledge. As seen in the previous model, protocols are an important precursor that enables an 658 

undergraduate student to conduct scientific research. In model 2, how students learn scientific procedures is 659 

further explicated from model 1. As can be seen in Figure 3, there are three stages to the development of 660 

procedural knowledge.  661 

a. The first stage involves enhancing the students’ content knowledge concerning the science behind 662 

the protocol they are using and scientific context of the research they will be involved with. For a 663 

student to become an independent researcher, they need to be able to not just follow a set of 664 

procedures but also to understand the science that it relates to. The pedagogical practice involved 665 

here includes explicit instruction, discussion and reading of primary literature. From an assessment 666 

perspective, the evaluation of this underpinning content knowledge is conducted using established 667 

practices such as exams, tests and quizzes. In addition, as reported by faculty, this material was 668 

informally discussed with students to gauge understanding of the context and role of the procedure.  669 

 670 

b. In the second stage, students are taught how to implement the procedure and to think like a scientist. 671 

This involves using a protocol, scientifically thinking through the process of using a protocol, and 672 

appropriate documentation of the process of using a protocol. Scientific thinking at this stage 673 

includes interpretation of outcomes, problem solving, and deciding about next steps. In this way, 674 

learning a protocol is not only about being able to perform, analyze and document a procedure 675 

appropriately, but also involves the development of independence for the researcher. These two 676 

components are related in that if a student really has a full understanding of the procedure, they can 677 

also make decisions and function more autonomously. Such mastery is particularly critical in a CRE 678 

because the research being conducted is intended to support an ongoing authentic research program. 679 

As reported by faculty, there are both formal and informal assessments that facilitate this evaluation. 680 

Practical exams allow faculty to really check the performance of a particular procedure and their 681 

understanding. Lab notebook evaluation, lab meeting interactions and informal discussion about the 682 

work of a student as they perform certain tasks provides further evidence of the student’s mastery of 683 

the concepts and skills that are involved. These interactions are primarily formative and have the aim 684 

of providing feedback for the improvement of the student’s understanding of scientific procedures.  685 

 686 

An additional level of assessment at this stage relates to the ability of students to document their 687 

research in the lab notebook, explain their research in a lab meeting and to converse with peers and 688 
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instructors about what they are doing. These are all aspect of scientific communication, and 689 

assessment at this second stage of learning procedural knowledge includes the aims evaluating 690 

mastery of concepts and skills and of an appraisal of scientific communication. Since these are new 691 

forms of communication for many undergraduate students, instructors report using rubrics to 692 

evaluate and provide feedback on the quality of the communication. 693 

  694 

c. The final stage of this model relates to the scientific outcomes of the students’ work. At this stage, 695 

assessment aims to evaluate the quality of the outcomes of these procedures and the level to which 696 

the student really understands what they have done. Evaluation here therefore combines the use of 697 

data cards, annotation outputs, lab notebooks, oral presentations, conference participation, and the 698 

student’s reflections on their own work. As reported by faculty, not all procedures are successful and 699 

students are not graded negatively for a failed experiment as long as the procedures, including the 700 

thinking involved, follows the scientific process. Thus, as reported by faculty, both the instructor and 701 

the student often work collaboratively to evaluate how well the student understands the different 702 

procedures they are learning to use.  703 

--- INSERT FIGURE 3 ABOUT HERE ---  704 

Model 3: Assessing the Facilitation of Project Ownership 705 

The educational practice of a CRE involves a desired transition of the student from being a more passive 706 

learner of knowledge to being an active producer of knowledge who is integrated into a larger community of 707 

researchers. This transition, in which the student has a sense of ownership over their work and responsibility 708 

over their research and learning, is an aim of CRE pedagogy and has important ramifications to being a 709 

student researcher (Hanauer, et al., 2022). Furthermore, prior research has shown that the development of a 710 

sense of project ownership differentiates between an authentic research experience and a more traditional 711 

laboratory course. Figure 4 presents the pedagogical and assessment model of fostering project ownership. 712 

The model has three stages of development. 713 

a. The first stage of fostering project ownership is developing in students a broad understanding and 714 

ability to perform a range of scientific protocols. This is because project ownership requires the belief 715 

and the ability to actually do science. It is an issue of self-efficacy and mastery of concepts and skills. 716 

As such, the first stage of assessment involves evaluating the degree of mastery a student has over a 717 

specific protocol. As opposed to prior models, this is enacted here through formative, informal 718 

discussions, which also serves to enhance that mastery.  719 

 720 
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b. The second stage of the model aims to develop the student’s sense of personal responsibility. 721 

Primary to this process is the promotion and encouragement of the student’s independence. This can 722 

involve both emotional supports, the provision of resources, and the allotment of time for the 723 

student to ponder the work that they are doing. As reported by faculty, not every question has to be 724 

or can be answered immediately. Allowing a student to think about their work and what they think 725 

should be done is an important aspect of a CRE education. Accordingly, a central component of the 726 

assessment model here is having the student reflect on their work. The task of assessment here thus 727 

expands beyond the instructor to student as well.  728 

 729 

A different aspect of both fostering and assessing responsibility and ownership over one’s research 730 

involves a series of behaviors related to scientific work. Faculty report assessing lab citizenship, 731 

collaboration and lab safety protocols. Being responsible includes behaving in appropriate ways in 732 

the laboratory and as such these aspects of the students’ work are evaluated. Some faculty also 733 

reported that having the student propose projects that extend the ongoing classroom research project 734 

allowed them to assess the degree of independence of the student.  735 

 736 

c. The final stage of the model involves situating the student-researcher within a broader scientific 737 

context. Talking with the student about future careers and educational opportunities, and providing 738 

encouragement and enthusiasm for the work the student is doing positions the student at the center 739 

of their own development. Project ownership involves pride in the research one is doing and seeing 740 

ways in which this work can be developed beyond the specific course. Once again, reflection plays a 741 

central role in assessing and facilitating this, and occurs as an informal and ongoing process. 742 

 743 

In parallel, the outcomes of the research the student does is reported using established modes of 744 

scientific communication. A student is responsible for reporting their work using oral presentations, 745 

scientific posters, research papers and reports. At this point, they will receive feedback on their work 746 

in both formal and informal ways. One important aspect of this reporting is the real-world evaluation 747 

of their output. Other peer student researchers may respond, in addition to faculty and scientists 748 

beyond the classroom. Having ownership over one’s research also includes an understanding that the 749 

work will be evaluated beyond the classroom grade and that the work itself is part of a far larger 750 

community of scientists. In this sense, the evaluation of the scientific output facilitates ownership of 751 

the research itself.  752 

--- INSERT FIGURE 4 ABOUT HERE ---  753 

DISCUSSION 754 
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The main aim of this paper is to explore how assessment of students engaged in course-based research is 755 

implemented and aligned with the educational goals of this form of pedagogy. In terms of constructive 756 

alignment, the aims of any assessment program should reflect and support defined instructional objectives. 757 

Assessment of scientific inquiry, as is typically implemented in traditional labs, focus on mastery of the 758 

components of research (see Wenning 2007 for an example). The aim of instruction and assessment within a 759 

traditional lab is to make sure that a defined procedure has been mastered by the student so that in some 760 

future course or scientific project, the student knows how to perform it. In the traditional lab, grading is 761 

evidence of qualification for the student’s ability to function in a future scientific activity. Failure, if it 762 

happens, is indeed failure and a reason for not progressing further.  763 

In contrast, a CRE aims to provide the student with an authentic research experience in which they are 764 

contributors of research data that is useful for advancing science. As such, mastery is a necessary but not 765 

sufficient aim of assessment. As specified by instructors in this study, mastery of concepts, quantitative 766 

thinking and skills is important in order to conduct and understand a scientific process; but this is situated in 767 

relation to the actual performance of scientific research (also an aim of assessment), which involves an 768 

understanding of how to communicate science and ownership over one’s learning and research activity. Thus, 769 

from the perspective of what to assess, it is clear that assessment in a CRE needs a broader approach than the 770 

assessment program of traditional labs. In this study, four aims of assessment were defined by experienced 771 

CRE instructors: 1) Assessing Laboratory Work and Scientific Thinking; 2) Evaluating Mastery of Concepts, 772 

Quantitative Thinking and Skills; 3) Appraising Forms of Scientific Communication; and 4) Metacognition of 773 

Learning. 774 

The alignment between these assessment aims and the aims of CRE instruction is further explicated here. 775 

Across the instructional aims of Facilitating Being a Scientist and Generating Data, Developing Procedural 776 

Knowledge, and Fostering Project Ownership, the four aims of assessment were seen to provide ways of 777 

collecting useful data that supports the progress of students towards these stated aims of CRE instruction. 778 

With regard to how assessment data is collected in a CRE, there are particular relationships between formal 779 

and informal assessment and the formative and summative approaches. Summative assessment with 780 

formalized tools tended to be at the beginning and end of a research process, in relation to first the 781 

development of required mastery of concept and skills and last the evaluation of scientific outputs, which are 782 

the products of the research. Mastery can be evaluated using tests and exams, while products can be evaluated 783 

using rubrics. In contrast, during the process of conducting the research project, the emphasis is on providing 784 

feedback to students to help support the ongoing work. This includes the use of a range of laboratory 785 

practices, such as lab notebook documentation and lab meetings. And while assessment data is collected, the 786 

response is often informal and formative with the aim of supporting the student to further their research.  787 
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Beyond collecting assessment data, there is also a particular way in which assessment, evaluation and grading 788 

manifest in a CRE setting. The terms of assessment, evaluation and grading are often used interchangeably. 789 

But these terms relate to different concepts. Assessment is primarily a data collection and interpretation task; 790 

evaluation is a judgement in relation to the data collected; and grading is a definitive decision expressed as a 791 

number or letter as to the final quality of the work of a student. The majority of institutions require grades for 792 

a CRE. But not all things that are assessed in a CRE need to be graded. In particular, informal discussion with 793 

students of the different aspects of the scientific tasks students are performing allows the instructor to 794 

provide supportive feedback that facilitates the scientific inquiry. This informal, formative assessment does 795 

not require a grade directly. At the same time, there is a role for assessing and grading the underpinning 796 

knowledge, behaviors (such as lab citizenship, attendance, participation, collaboration and lab safety), and 797 

scientific outputs of the students. Thus, there is a two-tiered assessment and grading process in which, during 798 

the process of scientific inquiry, which is the majority of the course time, assessment data is collected but not 799 

graded; however, the knowledge, skills, behaviors and outcomes are graded. Since the aim of the whole 800 

course is to give the student the experience of being a researcher and to produce scientific data, providing 801 

facilitative feedback based on assessment during the research process helps the student to complete the tasks 802 

in a meaningful way. The grading of the underpinning knowledge, skills and behaviors also facilitates the 803 

work that is conducted in laboratory. Without appropriate mastery and behavior, the lab research will not be 804 

possible. Thus, once again, the form of assessment supports the progress of authentic research. As presented 805 

in this study, the way to grade a CRE is to differentiate the framing of the research that is conducted from the 806 

process of doing the research; provide extensive formative assessment in an informal manner throughout the 807 

research process; grade the underpinning components of knowledge, skill and behavior; and provide a final 808 

grade which weights the quality of the work and the output that is produced. The aim should be for every 809 

student to be successful in the research process and assessment should facilitate this work.  810 

The assessment and grading practices presented here are clearly facilitative of student learning. First, 811 

knowledge, skills and behaviors are measured because they are foundational for students to productively 812 

engage in their research. Second, a large part of the assessment work is directly aimed at providing feedback 813 

without penalizing a student through grade assignment. There is extensive informal formative assessment that 814 

can be seen as a departure from assessment in more traditional labs and which approximates the type of 815 

facilitation that characterize mentor-mentee relationships in authentic research settings (e.g. in individual 816 

undergraduate research experiences, postbaccalaureate research opportunities, or during postgraduate 817 

research). This mentor-mentee relationship can build trust and counter stereotype threat to enhance 818 

persistence and learning. Additionally, an assessment program with extensive informal formative assessments 819 

leaves fewer instances when a student might be penalized by grading and suffer the negative psychological 820 

effects associated with lower grading. Third, the components of CRE assessment address a broad range of 821 
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skills, beyond just mastery of procedures, that a student needs as a scientist and a learner. In particular, 822 

included within the aims of CRE assessment are scientific communication and metacognition. Scientific 823 

communication is an important component of being a researcher, while metacognition not only provides 824 

information that can be used to evaluate where a student is and how they are thinking about their work, but 825 

also positions the student as an evaluator of their own work. In this case, the task of assessment itself directs 826 

the students towards better learning and might explain why CREs improve student learning despite the CRE 827 

content not always being directly aligned with lecture content (in comparison to traditional lab). We 828 

hypothesize that these various aspects of CRE assessment contribute to the positive outcomes observed for 829 

students across many demographics and when compared to the traditional lab. 830 

As presented in the introduction, a CRE poses quite specific challenges in terms of assessment and grading. A 831 

primary concern relates to the need to maintain a professional shared research project with contributions 832 

from instructor and student, while still assessing and grading a student. As presented here this delicate 833 

balancing act is facilitated by using assessment and grading thoughtfully and in a coordinated manner. If the 834 

instructor is providing extensive feedback that supports the work of the student and grades the aspects of 835 

science that are necessary for the student to succeed, the relationship with the student is different from a 836 

relationship in which the teacher is just grading a student. The assessment models presented here provide a 837 

framework to facilitate the aims of a CRE without undercutting the broader aims of promoting student 838 

learning and persistence in science, and can serve to inform assessment and grading practices in STEM, more 839 

generally. 840 

LIMITATIONS 841 

The data and analyses presented in this study emerged from a collective process with a large number of 842 

faculty who all implement CREs through the Science Education Alliance (SEA) program by HHMI. 843 

Organized as an inclusive Research and Education Community (iREC), faculty in the SEA program are 844 

supported by centralized programming to lead the instruction of research projects with a shared research 845 

agenda (Hanauer et al., 2017). This does have some ramifications that limit the generalizability of the current 846 

results. First, CREs with different research agendas and that require different procedures may change the 847 

ratios of formal and informal assessment and what is considered important for grading. Second, while the 848 

instructors do work at a wide range of institutions, they also work together in SEA. There is extensive 849 

interaction between instructors facilitated by yearly in-person faculty meetings, monthly science and education 850 

seminars, and on-line shared resources. This familiarity, interaction and shared course components can lead 851 

to a degree of homogeneity in relation to how procedures such as assessment and grading are conducted. As 852 

the SEA community facilitated the current data collection and analysis process, it can limit results by not 853 

including a much broader set of underlying CRE educational and scientific designs.  854 
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CONCLUSIONS 855 

CREs are increasingly implemented at institutions of higher learning because they offer a strategy to scale-up 856 

opportunities for students to engage in authentic research, which is strongly correlated with an increased 857 

persistence in science for a wide range of student populations (Russell et al., 2007; Jordan et al., 2014; 858 

Hanauer et al., 2017; Hernandez et al., 2018). However, given that CREs situate the research opportunity 859 

within the context of a course, it is critically important that the involvement of course grading does not 860 

negatively influence students’ belief in their abilities and willingness to persist in STEM (Hatfield, Brown & 861 

Topaz, 2022). As seen in the reviews of the multiple instruments developed for the assessment of students in 862 

a CRE, the past tendency has been to conceptualize the goals of CRE as a set of skills, competencies, 863 

dispositions and abilities to be gained by students for their future engagement in research (Shortlidge & 864 

Brownell, 2016; Zelaya, Blumer & Beck, 2022). The assessment of such externalized goals instead of the 865 

actual science and scientific process that is at the core of the CRE can lessen the value of the research 866 

students are engaged in and contradict their self-perception as researchers. 867 

In contrast, the study presented here models how faculty actively teaching in a large CRE program have 868 

integrated assessment into their CRE pedagogy in a way that supports the actual research that is being 869 

conducted. In this way, assessment and grading are directly tied to the intended value and aim of a CRE in 870 

providing students with an opportunity to engage in research authentically. This is particularly critical because 871 

students’ sense of being a scientist is foundational to long-term persistence in the sciences and inappropriate 872 

assessment and grading practices could interfere with the positive social and educational values embedded in 873 

a CRE (Hanauer et al., 2017). The models of assessment presented here describe how assessment and grading 874 

can be conceptualized and implemented in a way that maintains the student’s authentic sense of being a 875 

researcher. The approach to assessment described in this paper, which emerged from an extensive interaction 876 

with a large community of faculty who actively teach a CRE, describes ways in which assessment can support 877 

the educational and social agenda of a CRE. We hope that this study will encourage other researchers 878 

working a wider range of CREs to study their own assessment and grading objectives and practices and 879 

consider the ways in which assessment can facilitate and not hinder the student’s research experience.   880 
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Figure 1 The Core Components of a CRE Assessment Model: Based on the qualitative analysis of faculty descriptions 971 

of their assessment and grading practices in a CRE, four central aims of assessment were defined: 1. Assess 972 

Laboratory Work and Scientific Thinking; 2. Evaluate Mastery of Concepts, Quantitative Thinking, and Skills; 973 

3. Appraise Forms of Scientific Communication; & 4. Metacognition of Learning. Together these four aims 974 

and associated assessment and grading practices define the assessment program of a CRE.  975 

 976 

Figure 2 Assessing Being a Scientist and Generating Data: This model has three distinct stages. The first stage relates 977 

to the assessment of implicit instruction and protocol training. The second stage relates to aspects of doing 978 

science in the laboratory and the final stage relates to scientific outputs. The model presents the aims and 979 

practices of assessment applied at each of these stages. 980 

 981 

Figure 3 Assessing Procedural Knowledge: This model has three distinct stages. The first stage relates to content 982 

information. The second stage relates to protocol training and training a student to think like a scientist. The 983 

third stage relates to scientific outputs. The model presents the aims and practices of assessment applied at 984 

each of these stages. 985 

 986 

Figure 4 Assessing the Facilitation of Project Ownership: This model has three distinct stages. The first stage relates 987 

to development of understanding concerning protocol usage. The second stage relates to the fostering of the 988 

student’s sense of personal responsibility. The third stage involves situating the student within the broader 989 

scientific context. The model presents the aims and practices of assessment applied at each of these stages.  990 
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