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22 Abstract

23 Institutions across the world transitioned abruptly to remote learning in 2020 due to the COVID-

24 19 pandemic. This rapid transition to remote learning has generally been predicted to negatively 

25 affect students, particularly those marginalized due to their race, socioeconomic class, or 

26 gender identity. In this study, we examined the impact of this transition in the Spring 2020 

27 semester on the grades of students enrolled in the in-person biology program at a large 

28 university in Southwestern United States as compared to the grades earned by students in the 

29 fully online biology program at the same institution. We also surveyed in-person instructors to 

30 understand changes in assessment practices as a result of the transition to remote learning 

31 during the pandemic. Finally, we surveyed students in the in-person program to learn about their 

32 perceptions of the impacts of this transition. We found that both online and in-person students 

33 received a similar small increase in grades in Spring 2020 compared to Spring 2018 and 2019. 

34 We also found no evidence of disproportionately negative impacts on grades received by 

35 students marginalized due to their race, socioeconomic class, or gender in either modality. 

36 Focusing on in-person courses, we documented that instructors made changes to their courses 

37 when they transitioned to remote learning, which may have offset some of the potential negative 

38 impacts on course grades. However, despite receiving higher grades, in-person students 

39 reported negative impacts on their learning, interactions with peers and instructors, feeling part 

40 of the campus community, and career preparation. Women reported a more negative impact on 

41 their learning and career preparation compared to men. This work provides insights into 

42 students’ perceptions of how they were disadvantaged as a result of the transition to remote 

43 instruction and illuminates potential actions that instructors can take to create more inclusive 

44 education moving forward. 
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45 Introduction

46 In the early months of 2020, the COVID-19 pandemic led to an unprecedented disruption of the 

47 normal mode of course instruction across most institutions of higher education. In the United 

48 States, most universities abruptly stopped conducting in-person classes and closed their 

49 campuses in March 2020 [1,2]. Mid-semester, many students and instructors were forced into 

50 learning and teaching remotely, respectively, for the first time due to the need for social 

51 distancing as a response to the pandemic [3,4]. Syllabi, teaching approaches, and assessments 

52 had to be modified to account for this altered mode of learning; most instructors only had one to 

53 two weeks to redesign their courses before remote instruction began. This abrupt shift to remote 

54 learning has been distinguished from online learning in general [5] and it is commonly assumed 

55 that this abrupt shift adversely affected student learning [6,7]. There are many factors directly 

56 associated with the shift to remote learning that could have affected student learning [5,7], 

57 which are in addition to the stress experienced by students in other aspects of their lives 

58 affected by the pandemic (e.g., health, employment, isolation, issues of inequality). 

59

60 The pandemic affected people across various social identities such as age, nationality, 

61 racial/ethnic background, LGBTQ+ status, and socio-economic status. Despite being termed as 

62 “the great equalizer” by politicians like New York’s Governor Andrew Cuomo and celebrities 

63 such as Madonna [8,9], it had differential impacts on people along the lines of power and 

64 privilege in our society due to various systems of oppression including, but not limited to, 

65 racism, classism, sexism, and ableism [9–13]. In the United States, case and death rates have 

66 been higher among Black, Hispanic/Latinx, and Native American people than white people [14–

67 16]. COVID-19 infections and deaths were also higher for people living in areas with higher 

68 poverty levels compared to areas with little or no poverty [17,18]. Further, these more vulnerable 

69 communities experienced more negative financial impacts such as job losses or reduced 
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70 working hours due to the economic shutdowns [19]. Moreover, some studies have reported 

71 more negative mental health impacts of the pandemic on women, Hispanic, and Asian people 

72 [20], and on people living in lower-income households [21]. When considering the educational 

73 impact of this crisis, it is important to ask if these differential medical and financial impacts 

74 contributed to more negative educational consequences for students with marginalized social 

75 identities. 

76

77 In addition to health and financial impacts, several other factors may have differentially 

78 exacerbated the negative effects of the COVID-19 pandemic on student learning in Spring 2020. 

79 Losing access to student housing and meal plans contributed to housing and food insecurities 

80 for many students, including low-income students and international students [22,23], and 

81 heightened housing and food insecurities impacted off-campus students as well [24]. Moreover, 

82 poor internet connection and lack of a quiet or safe space to study made it more difficult for 

83 students to complete their assignments and succeed during remote instruction [25–28]. For 

84 example, one recent study of college students in introductory sociology courses showed that 

85 more than 50% of all students experienced occasional internet problems during remote learning 

86 in Spring 2020 [29]. In the same study, about 90% of the students reported distractions in their 

87 new workspace and about 65% of the students reported the lack of a dedicated workspace [29]. 

88 While these issues negatively affect all students, students from low-income families are 

89 disproportionately impacted by poor internet connections or distracting environments. Another 

90 factor that likely affected remote learning in Spring 2020 is additional caregiving responsibilities 

91 necessitated by remote learning in K-12 schools and greater health risks for older family 

92 members [30]. These additional responsibilities would reduce time for coursework and could 

93 affect academic outcomes. Likely due to societal gender roles that assume women take on 

94 primary caregiving, these responsibilities are reported to have disproportionately affected 

95 women [30–32]. The privilege of staying at home or having safe working conditions to reduce 
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96 the risk of exposure to COVID-19 has also been shaped by axes of power in our society [33–

97 35]. Needing to work jobs that require frequent interaction with others at places such as grocery 

98 stores and pharmacies is yet another element influencing student learning during the pandemic, 

99 especially for Black, Hispanic/Latinx, immigrant students, and those from low-income 

100 households [36]. Working such jobs could increase students’ risk of exposure to the virus and 

101 may cause greater anxiety in their daily lives [37,38]. All these factors are likely to differentially 

102 affect students depending on their locations along the various axes of power and privilege. 

103

104 A limited number of studies have examined the educational impact of the pandemic on students. 

105 Several publications have reported that students were less engaged [39] and struggled with 

106 their motivation to study after the transition to remote learning in Spring 2020 [25,29,40,41].  

107 One study on public health students at Georgia State University did not report lower motivation 

108 among students [42], perhaps because of the heightened awareness of the relevance of public 

109 health during a global pandemic. It has also been demonstrated that the transition to remote 

110 learning had a negative impact on student relationship-building, specifically the extent to which 

111 students interact with each other in and out of class [25,43], and on students’ sense of 

112 belonging in the class [25]. In response to the pandemic, several universities changed course 

113 policies to extend the deadline for course withdrawals or to allow greater access to pass/fail 

114 grading options [44]. Villanueva and colleagues [28] found higher course withdrawal rates 

115 among general chemistry undergraduates after students were offered an extended deadline for 

116 withdrawing from the course. Despite these negative student experiences, some studies have 

117 reported small increases in student grades in Spring 2020 compared to similar courses in 

118 previous years [45–47]. 

119

120 There is some evidence for differential impacts of the transition to remote learning for students 

121 with different social identities. For example, a report based on survey data from 600 
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122 undergraduates in STEM courses across the US showed that women, Hispanic students, and 

123 students from low-income households experienced major challenges to continuing with remote 

124 learning more often than men, white students, and students from middle- or high-income 

125 households, respectively [25]. Another survey study found that the likelihood of lower-income 

126 students delaying graduation because of COVID-19 was 55% higher than higher-income 

127 students [48]. Additionally, Gillis and Krull [29] reported that women experienced challenges 

128 such as lack of a dedicated workspace more often than men, while non-white students 

129 experienced anxiety over personal finances and access to medical care more often than white 

130 students.

131

132 In contrast to students in in-person degree programs whose mode of learning changed 

133 drastically, the crisis did not fundamentally change the mode of learning for students who were 

134 already enrolled in fully online degree programs. Although other aspects of the lives of online 

135 students were still affected by the pandemic, online learning was not new to them or their 

136 instructors, courses did not need to be modified halfway through the term, and students 

137 expected to complete all coursework remotely when they signed up for the course. Therefore, 

138 comparing the impact of the pandemic on the grades of online and in-person students might 

139 allow us to tease apart the influence of the rapid transition to online learning from the stress of 

140 living through a global pandemic. One prediction would be that online students would 

141 experience less of a negative impact on learning due to the pandemic compared to their in-

142 person counterparts because their educational modality did not change. An alternative 

143 prediction is that the differences in the student populations online and in-person, specifically the 

144 higher percentage of individuals in the online program who hold one or more marginalized social 

145 identities and may be more vulnerable to the negative effects of the pandemic outside the class, 

146 would lead to greater negative impacts for online students as a result of the COVID-19 

147 pandemic. Specifically, we know that the percentage of women, older students, students who 
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148 are primary caregivers, and students from low-income households are consistently higher in 

149 online programs compared to in-person programs [49–51]. These are groups that have been 

150 unequally disadvantaged during the pandemic in general. Therefore, it is important to control for 

151 demographic variables when comparing the effects of the COVID-19 pandemic on grades 

152 between students in online and in-person degree programs. 

153

154 Current Study

155 The biology program at Arizona State University (ASU) offers a unique opportunity to examine 

156 the impact of the emergency transition to remote learning on undergraduates. First, ASU offers 

157 equivalent in-person and fully online biology degree programs that have aligned curricula. This 

158 allows for comparison of the experiences of students in an in-person program transitioned to 

159 remote learning, to the experiences of students enrolled in an online program prior to the 

160 COVID-19 pandemic. In this study, following the recommendation from Hodges et al. [5] we use 

161 the term “remote” to refer to in-person courses that transitioned abruptly to online instruction, 

162 while using the term “online” for courses that were designed to be online from the beginning. 

163 One important difference between the online and in-person programs after the transition to 

164 remote learning in Spring 2020 was that courses in the online program were fully asynchronous. 

165 In contrast, the courses in the in-person program were generally taught synchronously using 

166 web conferencing (e.g., Zoom) for lectures and typical in-class activities. 

167

168 Second, ASU has a large, diverse population of students that allows for the examination of the 

169 extent to which the transition affected students with different social identities. Science, 

170 technology, engineering, and math (STEM) disciplines, such as biology, have long been 

171 exclusionary spaces dominated by relatively wealthy white men [52–54]. Underrepresentation of 

172 women, people of color, people with disabilities, and people with low socioeconomic status is 
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173 well documented in the sciences [55]. Therefore, it is important to examine the impact of the 

174 transition to remote learning on STEM students with social identities historically 

175 underrepresented in the sciences, for which ASU’s biology program provides a suitable context. 

176

177 This study uses course grades during the Spring 2020, Spring 2019, and Spring 2018 

178 semesters and survey data from instructors and students about the Spring 2020 semester to 

179 examine the impacts of the abrupt transition to remote learning due to COVID-19 during the 

180 Spring 2020 semester. 

181

182 Specifically, our research questions were: 

183

184 1. Did the abrupt transition to remote learning due to the COVID-19 pandemic affect grades for 

185 undergraduate students in an in-person biology program during the Spring 2020 semester? Was 

186 this effect on grades different from that found in the equivalent online biology program during 

187 Spring 2020? To what extent did the abrupt transition to remote learning disproportionately 

188 affect students with identities historically underrepresented in STEM?

189

190 2. What changes did in-person biology instructors make to their assessment practices after the 

191 abrupt transition to remote learning in Spring 2020 and to what extent do these explain any 

192 differences in student grades observed?

193

194 3. To what extent do in-person biology students perceive that their learning, interactions with 

195 peers and instructors, career preparation, interest in science, and feeling a part of the biology 

196 community were affected because of the abrupt transition to remote learning? To what extent 

197 did the abrupt transition to remote learning disproportionately affect these perceptions for 

198 students with identities historically underrepresented in STEM?
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199  Positionality of the authors

200 We acknowledge that our own identities influence the research questions that we ask and how 

201 we may interpret the data. Our author team includes individuals who identify as men, women, 

202 white, South Asian, Jewish, first-generation college-goers, first-generation immigrants, and 

203 members of the LGBTQ+ community; members of our team grew up in middle class families in 

204 the United States, except KS who grew up in India. All the authors are committed to diversity, 

205 equity and inclusion in the sciences and conduct education research focused on equity. This 

206 paper was motivated by our concerns regarding social inequities and how they are perpetuated 

207 and, in some cases, amplified in undergraduate science classrooms.  

208 Methods and Results

209 Research Question 1: Assessing the impact of the abrupt 

210 transition to remote learning due to the COVID-19 pandemic 

211 on grades for undergraduate students in an in-person 

212 biology program compared to an online biology program.  

213

214 Research Question 1, Methods

215 To study the impact on student course grades that resulted from the shift to remote learning 

216 during the COVID-19-impacted Spring 2020 semester, we obtained course grades from the 

217 university registrar for Spring 2020 and compared these grades to two spring semesters prior to 

218 the pandemic: Spring 2019 and Spring 2018. The population of interest is undergraduate 

219 biology majors enrolled in either the in-person biology degree program or the fully online biology 
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220 degree program. Therefore, we obtained course grades for 42 STEM courses that are 

221 commonly taken by students in these biology majors, including general biology courses, 

222 biochemistry, chemistry, physics, mathematics, and statistics. See Table S1 for the full list of 

223 courses.

224

225 Our grades analysis included a total of 25,100 student-course enrollments, with 8,323 from the 

226 Spring 2020 pandemic semester and the remainder from Spring 2018 or 2019. Of these, 19,181 

227 course enrollments were in-person courses and the remaining 5,919 were online degree 

228 program courses. Course grades were analyzed on a 0–4.33 scale (A+ = 4.33, A = 4.0, A- = 

229 3.66,..., E = 0). Grades other than A–E were excluded from analysis; this was a total of 2,404 

230 student-course enrollments, or 9.6% of the total dataset. In Spring 2018 and 2019, these 

231 excluded grades are almost exclusively W or “withdraw” grades. In response to the unique 

232 circumstances of the pandemic, some instructors assigned the “Y” grade which indicates 

233 “Satisfactory” work at a level of C or higher. In Spring 2020, about a third of the non-letter 

234 grades were Y grades. The combined proportion of non-letter grades held steady in Spring 2020 

235 compared to 2018 and 2019 in online courses and increased slightly in Spring 2020 for in-

236 person courses. The withdrawal percentage declined, and the Y percentage rose both online 

237 and in-person. We cannot say definitively how many of the students who received a Y grade 

238 would have chosen to withdraw if this option had not been available. The decision to remove 

239 these grades from analysis is consistent with prior studies [51,56]. To control for prior academic 

240 performance, we use “GPAO,” which refers to a student’s grade point average in other courses, 

241 including both STEM and non-STEM courses [56,57].

242

243 We obtained student demographic information from the registrar in addition to course grades 

244 (summarized in Table 1). The categories of interest for this study are gender, race/ethnicity, and 

245 two proxies for socioeconomic status (college generation status and federal Pell grant eligibility). 
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246 The transition away from an in-person lecture and having to adapt to a large change mid-

247 semester could also have negatively affected the learning of students with disabilities [7] as 

248 changing learning environments have presented novel challenges for deaf and hard of hearing 

249 students [58] and students with disabilities more broadly [7]. However, because we are using 

250 institutional data in these analyses and data on disabilities is protected by federal law, we were 

251 not able to examine the impact of the transition on students with disabilities in this study, nor 

252 were we able to explore other identities not routinely collected by the university registrar.

253

254 Table 1. Demographics for students in the in-person and online course grades data set. 

255 Pell eligibility and college generation status are included as proxies for socioeconomic status. 

256 BLNP refers to Black, Latinx, Native American, and Pacific Islanders.

257

In-Person Students Online Students

Characteristic N = 4,6711 N = 2,5861

Gender

Man 1,652 (35%) 675 (26%)

Woman 3,019 (65%) 1,910 (74%)

Other 0 (0%) 1 (<0.1%)

BLNP

N 3,058 (65%) 1,662 (64%)

Y 1,613 (35%) 924 (36%)

Race/Ethnicity

White 2,242 (48%) 1,431 (55%)

Asian 625 (13%) 128 (4.9%)

Black 245 (5.2%) 224 (8.7%)
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In-Person Students Online Students

Characteristic N = 4,6711 N = 2,5861

Hispanic 1,168 (25%) 547 (21%)

Native 65 (1.4%) 39 (1.5%)

Two or more races 273 (5.8%) 159 (6.1%)

Decline to state 53 (1.1%) 58 (2.2%)

Pell Eligible

N 2,689 (58%) 1,079 (42%)

Y 1,982 (42%) 1,507 (58%)

College Generation Status

Continuing Generation 3,169 (68%) 1,458 (56%)

First Generation 1,502 (32%) 1,128 (44%)

1n (%)
258

259 To determine the direction and significance of the effect of the shift to remote learning on 

260 student grades, we performed a linear mixed-effects regression on the numerical course 

261 grades. The fixed effects in the model included a dummy variable for the Spring 2020 (“COVID-

262 19”) semester, whether the student was enrolled in the in-person or online degree program, an 

263 interaction between these two variables, and the GPAO term. We included random effect terms 

264 for course section and student. These terms provided modest improvement to the models with a 

265 combined intraclass correlation coefficient equal to 0.256. 

266

267 To determine the direction and significance of the effect of the shift to remote learning on grades 

268 received by students with identities historically underrepresented in STEM, we added interaction 

269 terms between the dummy variable for the Spring 2020 (“COVID-19”) semester and each of the 

270 demographic terms to the model described above. We again controlled for GPAO and included 
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271 random effect terms for course section and student in this model (see Table S2 for model 

272 specifications). 

273

274 Research Question 1, Results

275 Overall, our linear mixed effects regression results show that the Spring 2020 semester was 

276 associated with a positive grade shift of 0.41 grade units. Students earned higher grades in 

277 Spring 2020 courses compared to students enrolled in those courses in Spring 2019 and Spring 

278 2018. Results also show that this Spring 2020 grade effect was not significantly different 

279 between the online and in-person programs (Table 2). The online program is also associated 

280 with lower course grades overall, which is consistent with our prior work [51].

281

282 Table 2. Linear mixed effects regression results showing Spring 2020 (“COVID-19”) effect 

283 and its interaction with instruction mode.

Variable Beta 95% CI1 p-value

(Intercept) 0.12 0.05, 0.20 0.002

GPAO 0.89 0.87, 0.91 <0.001

Spring 2020 0.41 0.36, 0.46 <0.001

Campus

In-Person — —

Online -0.27 -0.38, -0.15 <0.001

Spring 2020 * Campus

Spring 2020 * Online -0.11 -0.33, 0.11 0.3

1CI = Confidence Interval
284

285 Our regression model testing for the presence of negative interaction effects between 

286 demographic groups and the Spring 2020 semester showed no significant negative interactions 
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287 for any of the demographic variables that we examined, including gender, race/ethnicity, and 

288 socioeconomic status (Table S3). Contrary to our prediction, the model shows positive, but 

289 mostly non-significant, interaction effects for all groups compared to their historically 

290 overrepresented counterparts. The two statistically significant interactions showed women to 

291 have a Spring 2020 effect 0.05 greater than men and Pell-eligible students to have an effect 

292 0.08 greater than non-Pell-eligible students. 

293 Research Question 2: Understanding biology instructor 

294 changes to assessment practices in the Spring 2020 

295 semester when they transitioned to remote learning and their 

296 effects on differences in student grades. 

297

298 Research Question 2, Methods

299 To better understand why the COVID-19 pandemic did not negatively affect course grades in 

300 the Spring 2020 semester for students who had to transition to remote learning, we sought to 

301 understand what steps in-person biology instructors took to ensure that their students could 

302 achieve the course goals after the abrupt transition to remote learning. To explore this, we 

303 created a survey with several open-ended questions regarding changes in instructional 

304 practices, such as modes of interaction with students and assessments used after the transition 

305 to remote learning (a copy of the survey questions analyzed is provided in the Supplemental 

306 Materials). Of the 132 biology instructors recruited to participate, 27 instructors responded to the 

307 survey (20% response rate). Faculty members were recruited first via email, and verbally 
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308 encouraged to participate at several follow-up virtual events attended by many of those in the 

309 recruitment group.   

310

311 Building on the open-ended responses from the first instructor survey, we created a second 

312 survey that asked in more detail about instructional changes in response to the pandemic. To 

313 assess cognitive validity, we conducted two think-aloud interviews with biology faculty members 

314 who taught in person during Spring 2020 and had to transition to remote learning [59]. These 

315 think-aloud interviews indicated that the instructors understood the questions. We then 

316 distributed this revised survey to all biology instructors who taught in-person courses in Spring 

317 2020 (n=132). In the event that they taught multiple courses, the survey asked them to respond 

318 based on their largest course size. The survey first asked instructors to identify any changes 

319 they made in their course. This question used a multiple-selection format with a) 24 options 

320 provided, b) an option to say that no changes were made, and c) an option to describe other 

321 changes not listed. The survey also asked instructors to report the extent to which they tried to 

322 reduce cheating in their course, the extent to which they made their course more flexible, and 

323 the extent to which they made their course easier. Each of these questions was answered using 

324 a six-point Likert scale from strong agreement to strong disagreement with no neutral option and 

325 they were asked to explain each answer (a copy of the survey questions analyzed is provided in 

326 the Supplemental Materials). While instructors also experienced many of the same personal 

327 challenges resulting from the pandemic that students did, our focus was on the student 

328 experience and therefore we only asked instructors about instructional changes. 

329

330 A total of 43 out of the 132 biology instructors who were contacted completed the second survey 

331 (33% response rate) based on their experiences teaching an in-person biology course that 

332 shifted to fully remote instruction in the Spring 2020 semester. Of these, 18 had taught an in-

333 person course that transitioned during Spring 2020 with at least 100 students. Our analysis will 
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334 focus on these large courses because these instructors are subject to greater practical 

335 constraints when considering how to shift instruction to remote learning and because the larger 

336 sizes mean that a greater number of students in total are impacted by these decisions. 

337

338 To understand the extent to which changes in assessment practices made by instructors might 

339 explain differences in student grades in Spring 2020 compared to previous semesters, we 

340 examined data from 10 instructors who responded to our survey who had taught the same 

341 course in Spring 2020 and either Spring 2019 or 2018. We performed course-level linear 

342 regressions on the relative grade difference using the following variables as predictors: total 

343 number of changes made, use of lockdown browsers for exams, whether they made efforts to 

344 reduce cheating, and whether they worked to make the course easier. All variables were 

345 dichotomous except number of changes made. The question about making the course more 

346 flexible was not included because all ten of the instructors who had taught the same course in 

347 Spring 2020 and Spring 2019 or 2018 agreed with this question. 

348

349 Research Question 2, Results

350 Overall, most instructors reported making changes to their in-person courses when they needed 

351 to transition to remote learning during the COVID-19 pandemic, including being more flexible 

352 and making the course easier (Table 3). Focusing on the large courses, about 60% of 

353 instructors agreed that they took steps to reduce cheating. Nearly all large course instructors 

354 (94%) agreed that they made changes to be more flexible to help students who were 

355 experiencing challenges and most (78%) agreed that they made it easier for students to do well. 

356

357 Table 3. Summary of in-person instructor survey responses about the changes they 

358 made to their course after the transition to remote learning in Spring 2020.
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Survey Item
Large Class 
Instructors

N = 181

Small Class 
Instructors

N = 251

All Instructors
N = 431

Made more flexible 94% 84% 88%

Made easier 78% 56% 65%

Tried to reduce 
cheating 61% 32% 44%

Number of changes 
selected 4.7 (3.2) 3.1 (3.5) 3.8 (3.4)

Zero changes selected 5.6% 24% 16%

1%; Mean (SD)

359

360 Instructors were also asked to select the changes they made to their largest in-person course 

361 that had to transition to remote learning in that semester from a list of 24 options (Table 4, See 

362 Supplemental Table 4 for the full set of options). On average, instructors of large courses 

363 selected about five changes. The most frequently selected changes were generally related to 

364 time and deadline extensions as well as conducting open-book exams. Changing the weighting 

365 or number of exams or changing the difficulty of questions on quizzes or exams were less 

366 commonly selected. Thirteen respondents added open-ended comments in addition to the 

367 provided choices. Five of these related to changes needed to replace planned fieldwork or labs. 

368 The remainder detailed specific content-related adjustments or discussed changes to increase 

369 instructor availability to students. 

370 Table 4. Frequencies of selection of fixed choice options for course changes by in-

371 person instructors after the transition to remote learning in Spring 2020. This table only 

372 shows options chosen by ≥25% of respondents; for full results, see Table S4).

Response Option 
Frequency

N = 43 
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Gave individual students extensions on deadlines for out-of-class 
assignments that I wouldn't have normally provided 

37% 

Extended the deadline or allotted more time than I usually provide 
to complete out-of-class assignments 

33% 

Increased the amount of time students were allotted to complete a 
quiz or exam 

33% 

Gave students more opportunities to miss class and not lose 
participation/attendance points but still gave 
participation/attendance points for class 

26% 

Reduced or eliminated penalties for out-of-class assignments that 
were submitted late 

26% 

Changed assessments such as exams or quizzes from closed-
book to open-book 

26% 

In addition to delivering my content online I made a significant 
change to my course that is not reflected above 

30% 

373

374 Within our subset of surveyed instructors who had taught the same class in Spring 2020 and 

375 one of the prior Spring terms, our linear regression showed that none of the instructional 

376 changes in assessment practices were significant predictors of the difference in grades received 

377 by the analyzed students in Spring 2020 compared to previous two Spring semesters. Greater 

378 instructor flexibility could be associated with the increase in grades across all courses, but we 

379 were not able to test this relationship because all ten of the instructors in this subset reported 

380 increasing flexibility in their courses. 

381

382 Research Question #3: Understanding the impact of the 

383 abrupt transition to remote learning due to COVID-19 on 

384 biology student perceptions of learning, interactions with 
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385 peers and instructors, career preparation, interest in science 

386 and feeling a part of the biology community.

387

388 Research Question 3, Methods

389 Although the transition to remote learning for students who were in the in-person biology degree 

390 program in Spring 2020 did not have adverse effects on their grades, likely in part because 

391 instructors made changes to their courses, we wanted to explore student perceptions of learning 

392 during Spring 2020. To do so, we surveyed students during Fall 2020 to ask specifically about 

393 their experiences during the Spring 2020 semester when their in-person courses rapidly 

394 transitioned to remote learning.  

395

396 Student survey development

397 To assess the perceptions of biology majors who experienced the rapid transition from in-

398 person to remote instruction in Spring 2020, we developed a survey that contained both closed-

399 ended and open-ended questions. We asked students to think about the largest biology course 

400 they took in the Spring 2020 semester to answer the survey questions that were course-specific, 

401 (i.e., impact on grades, impact on learning, and perceived instructional changes). For the rest of 

402 the survey questions, students were asked to think about all the in-person biology courses they 

403 took in Spring 2020. To assess cognitive validity of survey items, we conducted six think-aloud 

404 interviews with undergraduate students and iteratively revised survey items until no further 

405 changes were suggested [59]. The final survey contained questions about the perceived impact 

406 of the rapid transition to remote learning on student learning, grades, interest in their biology 

407 major, interest in learning about scientific topics, feeling a part of the biology community at the 

408 university, and career preparation. Each question was answered using a seven-point scale from 
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409 “strong negative impact” to “strong positive impact.” In addition, we asked about the impact of 

410 the transition on the amount of time spent interacting with instructors and other students, and 

411 the amount of spent time studying. These items were also answered using a seven-point scale 

412 ranging from “greatly decreased” to “greatly increased.” During our think-aloud interviews with 

413 undergraduate students, the necessity of a “neutral” option for these survey items was brought 

414 up by multiple students. Therefore, we used a seven-point scale for these items instead of the 

415 six-point scale used in our instructor survey. We also asked students about perceived 

416 instructional changes to the course in terms of measures to prevent cheating, increase flexibility, 

417 and make the course easier. These were on a six-point scale from “strongly agree” to “strongly 

418 disagree” with no neutral option for consistency with the instructor survey (see Supplemental 

419 Materials for the analyzed survey questions). 

420

421 We included some demographic questions at the end of the survey so we could test for any 

422 differential effects on student experience by social identities, specifically gender, race/ethnicity, 

423 college generation status and eligibility for federal Pell grants. For race/ethnicity, we asked 

424 students two questions: whether they identified as Hispanic/Latinx and whether they identified 

425 as Black/African American, Native American/Alaska Native, or Native Hawaiian/Pacific Islander. 

426 Students that selected “yes” to either of these questions were grouped together as BLNP for our 

427 analyses. We grouped students in this manner because all these groups are historically 

428 underrepresented in the sciences and our sample sizes for the student survey were not large 

429 enough to allow us to disaggregate race/ethnicity data.  

430

431 Student survey distribution

432 In Fall 2020, we used a convenience sampling approach to recruit eight biology instructors who 

433 agreed to distribute our survey to students in their classes. The survey was sent to a total of 

434 1,540 students in these eight courses and students were offered a small amount of extra credit 
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435 for completing the survey. A total of 798 students completed the survey, resulting in a response 

436 rate of 51.8%. However, only 601 of these students were enrolled in the in-person biology 

437 degree program in Spring 2020. Of these students, 70 reported that they did not take any 

438 biology courses in Spring 2020, so they were not included in any course-specific analyses. After 

439 removing these students and removing 21 students with missing data, we were left with 

440 responses from 510 students who had taken in-person biology courses that had transitioned to 

441 remote learning in Spring 2020 that we used for our analyses (Table 5). Students were asked to 

442 think about the largest in-person biology course they took in Spring 2020 for the survey. This 

443 gave us data about student experiences in 25 Spring 2020 courses, although for 13 of these 

444 Spring 2020 courses, we had fewer than 10 respondents. 

445

446 Table 5. Demographics for student survey respondents. Three of the women among the 

447 survey respondents also identified as non-binary. One of the men also identified as non-binary 

448 and as transgender. BLNP refers to Black, Latinx, Native American, and Pacific Islanders. Pell 

449 eligibility and college generation status are included as proxies for socioeconomic status.

450

Student survey 
respondents

Characteristic N = 5101

Gender

Man 165 (32%)

Woman 345 (68%)

Other 0 (0%)

BLNP

N 358 (70%)

Y 152 (30%)
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Student survey 
respondents

Race/Ethnicity

Asian 98 (19%)

Black 17 (3.3%)

Hispanic 108 (21%)

Native 6 (1.2%)

Two or more races 38 (7.5%)

White 219 (43%)

Decline to state 24 (4.7%)

Pell Eligible

N 336 (66%)

Y 174 (34%)

College Generation 
Status

Continuing 
Generation 357 (70%)

First Generation 153 (30%)

1n (%)
451

452 Student survey analyses

453 We calculated the total percentage of students that reported negative impacts on their learning, 

454 amount of time studying and interacting with peers and instructors, career preparation, interest 

455 in science and feeling a part of the biology community. To analyze the open-ended data, we 

456 used open-ended coding methods to identify themes that emerged from student responses [60]. 

457 We used constant comparison methods to develop the coding scheme; student responses were 

458 assigned to a category and were compared to ensure that the description of the category was 

459 representative of that response and not different enough to require a different category. Inter-
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460 rater reliability was established by having two coders (S.E.B. and R.A.S.) analyze 20% of the 

461 data, after which one person coded the rest of the data. For student perceptions of the positive 

462 impact of the transition to remote instruction on learning codes: Two raters compared their 

463 codes and their inter-rater reliability was at an acceptable level (k = 0.88). For student 

464 perceptions of the negative impact of the transition to remote instruction on learning codes: Two 

465 raters compared their codes and their inter-rater reliability was at an acceptable level (k = 0.88). 

466 We report out any code that at least 10 students mentioned. 

467

468 For eight of the Spring 2020 courses in our dataset, we had data from both the instructor and 

469 more than 10 students for each course. For these courses, we assessed if student responses to 

470 perceived instructional changes to the course aligned with the instructional changes as reported 

471 by the instructors. We analyzed the strength of this relationship through Pearson product-

472 moment correlations between the percent of students agreeing with each statement and the 

473 strength of the instructor’s agreement using a Likert scale.

474

475 To examine demographic differences in the perceived impact on students, we used ordinal 

476 mixed model regressions with the Likert scale option chosen by students as the outcome and 

477 gender, race/ethnicity, Pell-eligibility, and first-generation to college status as predictors. We 

478 used course section as a random effect with varying intercepts in all the models to account for 

479 the nested nature of our data. We used the R regression package ordinal [61] for these 

480 analyses.  

481

482 Research Question 3, Results

483 About 56% of students reported that they think the transition to remote learning negatively 

484 impacted their grade, even though our grade analysis did not indicate that this was likely.   
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485 However, almost 70% of students said that transition to remote learning negatively impacted 

486 their learning in the same course (Fig 1). We analyzed the reasons why students felt that the 

487 transition to remote instruction either positively or negatively affected their learning (Tables 6 

488 and 7). For the 30% of students who thought that it positively impacted their learning, they said 

489 it did so because lectures were recorded so they could review them or see more of them 

490 (18.3%), they felt as though they could learn at their own pace (15.0%), they felt like remote 

491 learning allowed them to engage with the material in a more active learning way (11.7%), or 

492 they felt more comfortable learning at home as opposed to in a large classroom (8.3%). There 

493 was also a subset of students who felt as though they had more time in general during the 

494 pandemic, which allowed them to focus more on studying (16.7%). For the 70% of students who 

495 reported that the pandemic negatively impacted their learning, 27.2% of students reported that 

496 they felt as though they understood less and remembered less during remote instruction (Table 

497 7). Students also reported a loss of concentration or focus (26.6), fewer opportunities to interact 

498 with others and ask questions (17.0%), and having less motivation or interest (9.9%). Less 

499 common responses included: feeling overwhelmed by greater amounts of work after the 

500 transition to remote learning (5.9%), lack of hands-on learning, particularly in lab courses 

501 (4.0%), general stress associated with the pandemic that increased distractions outside of 

502 coursework (3.7%), procrastination and less accountability (3.1%), and technical issues (2.8%).

503

504 Fig 1. Percentage of students who reported a negative impact or reported a decrease in 

505 the time spent on various activities during Spring 2020 along with ordinal regression 

506 results on demographic differences. BLNP refers to Black, Latinx, Native American, and 

507 Pacific Islanders. Pell eligibility and college generation status were included as proxies for 

508 socioeconomic status. The reference groups for the regression analyses were: men, non-BLNP 

509 students, continuing-generation students and students that were not eligible for Pell grants.

510
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511 Table 6. Positive impacts of the transition to remote learning on student learning 

512 experiences. 

513

Category Description Percent
n=60

Example quotes

Lectures 
were 
recorded

Students indicated 
that they could go 
back and review the 
lectures if they 
needed and they 
missed fewer classes 
because they had the 
recordings. 

18.3% “Recorded 
lectures greatly 
helped me 
understand the 
content taught.” 

“Since all lectures 
from the point of 
the transition were 
moved to Zoom, 
the fact that things 
were recorded 
allowed the 
possibility for me 
to go back to the 
recording and stop 
at points that I 
needed in order to 
take notes on 
certain slides to 
further my 
understanding of 
the topics in case I 
missed a couple 
words or 
explanations 
through the fast 
explanations.”

“Lectures were 
recorded and 
posted online, 
allowing for the 
opportunity to 
review material.”

Had more 
time in 
general

Students indicated 
that the pandemic 
allowed them to have 
more time to 
dedicate to 
coursework and the 
online nature of 
courses gave them 
more time to study.

16.7% “I had more time 
to stay home and 
actually teach 
myself the 
material “

“I do feel like I have 
more time to really 
understand the 
material.”

“I had more time to 
study in 
quarantine.”

Learn at own 
pace

Students could 
decide when to 
engage with the 
material and had 
autonomy over the 
pace.

15.0% “Allowed me to 
learn at my own 
pace.“

“I could watch 
lectures on my 
own time 
throughout the 
week.”

“I liked being able 
to watch the 
lecture videos all at 
once.”

Engaged 
with 

Students indicated 
that they engaged in 

11.7% “The instructor 
posted additional 

“I use some of the 
PowerPoints to 

“Because of the 
online format, 
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material in 
more of an 
active 
learning way

the material before 
the lecture, they 
taught themselves 
more, and they had 
the opportunity to 
engage with other 
students in active 
learning online. 

lecture videos for 
students so we 
were familiar 
with the material 
before the actual 
Zoom lectures.” 

answer practice 
questions and 
improve my 
understanding 
more 
independently.”

we're able to do 
small group 
discussions of 
papers in breakout 
rooms. That helps 
[me] to understand 
more complex 
material.”

Felt more 
comfortable 
learning at 
home and 
not in a 
classroom

Students indicated 
that they felt they 
learned better by 
being at home or not 
in a large classroom. 

8.3% “Being able to 
study in my own 
space 
comfortably 
helped me learn 
a little bit 
better.” 

“Not being in 
lecture with other 
people distracting 
me allowed me to 
take better notes.” 

“I felt more 
comfortable with 
online learning 
than having a large 
in-person 
classroom; there is 
something 
different about the 
ambient and 
inclusivity about 
digital learning.”

514

515 Table 7. Negative impacts of the transition to remote learning on student learning 

516 experiences. 

517

Category Description Percent
n=353

Example quotes

Less 
understanding/ 
comprehension/ 
retention

Students 
mentioned that 
online learning or 
video lectures 
were generally 
difficult to 
comprehend. 
Students indicated 
that the online 
format made them 
feel like they 
focused more on 
memorization and 
less on 
understanding or 
that they felt as 
though they 
retained and 

27.2% “It felt like I went 
from going to 
class and 
understanding the 
material to just 
memorizing to get 
assignments done. 
This is especially 
true for the lab 
portion of the 
class.”

“Did not comprehend 
and retain as much 
information as I 
could have in 
person.”

“Because everything 
was more for 
completion, I focused 
on getting the 
assignments answered 
rather than 
understanding 
material. I cannot 
remember any material 
from that course.”
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remembered less. 
They felt like they 
studied less 
because of open-
note exams and 
were just trying to 
pass.

Loss of focus/ 
concentration

Students felt as 
though they could 
not focus or 
concentrate as 
well online, and 
often cited more 
distractions.

24.6% “The online 
teaching didn't 
click as well with 
me and I felt it 
was difficult to 
focus online 
because of the 
distractions that 
are not present in 
a classroom, but 
are present at 
home.” 

“I found it more 
difficult to focus on 
the coursework 
compared to when I 
had my biology 
lecture in-person.” 

“I found it more 
difficult to focus over 
Zoom.”

Fewer 
interactions/ 
opportunities to 
get help

Students indicated 
that online was 
anti-social, less 
personal, and they 
interacted less 
frequently with 
other students 
and the instructor. 
Specifically, they 
were not able to 
clarify their 
thinking, ask 
questions of 
students or 
instructors, and 
felt like they were 
on their own. 

17.0% “Not being in 
person to ask 
questions felt a 
little limiting. 
When going on 
campus I was also 
able to ask 
classmates 
questions before 
and after class.”

“It was harder to 
learn the material 
without being able to 
engage with the 
teacher. She did most 
of her lectures as 
pre-recorded ones.”

“For all my biology 
courses, it would have 
been better to have an 
in-person class where I 
could ask my friend 
beside me to explain 
small things or even the 
TA's who were walking 
around.”

Students had 
less motivation/ 
interest/effort

Students indicated 
that online they 
had less 
motivation, less 
interest in the 
topics online, and 
put in less effort. 
Students 
discussed a lack of 
connection with 

9.9% “It was more 
difficult to engage 
and interact with 
the material so I 
was less 
interested in 
actually learning 
it.”

“The feeling of 
determination and 
want to learn slipped 
for some reason for 
myself personally 
and I just slid by in 
the course instead of 
actually trying to 
learn the material.”

“It's incredibly hard to 
absorb information 
from a digital 
perspective, think 
about it, we (students) 
watch tons of videos 
online in our free time, 
watching an online 
lecture is like watching 
a super boring 
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or engagement in 
the material. 

YouTube video. I think 
professors need to 
think of ways to make 
things more engaging!”

Overwhelmed 
by work/ 
increased work

Students felt as 
though online 
learning increased 
the total amount 
of work in the 
course, increased 
the pace of the 
course, and/or the 
course felt rushed.

5.9% “I felt the class 
was sped through 
[because] it 
moved online and 
it was all rushed 
and I didn't feel 
like I was 
retaining 
anything.”

“I felt like we were 
being forced to do 
more work for not 
having to attend in 
person.” 

“I felt as though I 
couldn't learn anything 
because there was so 
much that needed 
done, so I was trying to 
meet deadlines.”

Lack of hands-
on learning

Students reported 
that online there 
were not 
opportunities for 
hands-on 
learning, 
specifically doing 
experiments in 
labs.

4.0% “It was more 
difficult to learn 
the material by 
attending the 
online calls for 
lectures and labs. 
The hands-on 
connection was 
not there.”

“With everything 
online, the topics 
were more 
impersonal. Usually 
being able to look at 
the cadavers and 
doing hands-on 
activities facilitated 
learning for me.”

“Concepts became 
harder to understand, 
particularly for lab. 
This is because there 
was no hands-on 
learning.”

Pandemic stress Students felt 
stressed in 
general by the 
pandemic.  
Students worried 
about their health, 
employment, 
housing, schooling 
of their children, 
and other issues 
outside of 
academics that 
interfered with 
their learning.

3.7% “It was difficult to 
pay attention to 
lectures knowing 
that my safety 
was uncertain and 
I may not have a 
place to live.”

“It is difficult to 
remember the Krebs 
cycle when the world 
is burning down 
around you.”

“So many students like 
myself were going 
through a ‘grieving’ 
period when the 
second quarter of this 
semester started, some 
of us had lost family 
members, had moved 
back in to abusive 
households, and to add 
the heavy load of 
school was anything 
but easy.”
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Procrastination/ 
less 
accountable/ 
less incentive to 
do well

Students felt as 
though they 
procrastinated on 
work and were 
less accountable 
for attending class 
and doing their 
work in the 
course. 

3.1% “In class, I was 
held accountable 
to pay attention 
and to focus. The 
lectures were 
really long and 
when I was at 
home I was 
spacing out and 
talking to my 
roommates etc. I 
also let myself get 
behind in lecture 
because I knew 
they were going to 
be available to 
watch at a later 
time.”

“I did not feel as 
motivated right away 
to keep up with 
topics on my own. 
Skipping lectures 
became easier than 
in-person ones.”

“Again, since the 
lectures in [an 
introductory biology 
course] had no clicker 
questions, I didn't 
attend them as 
regularly as I should 
have.”

Technical issues Students cited 
technical issues 
online that took 
up time, including 
internet issues or 
not being able to 
access materials.

2.8% “As classes 
transitioned, lots 
of technical 
difficulties 
amongst other 
things caused 
extreme stress 
and anxiety.”

“Sometimes the 
computer could skip 
a word or two that 
the professor said. 
This would make it a 
little harder to keep 
track of what was 
being lectured.”

“Sometimes not all the 
material was covered in 
class due to technology 
difficulties or the 
professor was not able 
to use this online 
platform.”

518

519 Our analyses of the closed-ended Likert scale data showed that a large proportion of students 

520 (67.1%) reported that the transition to remote learning in Spring 2020 had a negative impact on 

521 their career preparation. A relatively smaller but still significant proportion of students reported a 

522 negative impact of the transition to remote learning on their interest in their biology major 

523 (31.5%) or interest in learning about scientific topics (37.1%). However, many more students 

524 (66.9%) reported a negative impact of the transition to remote learning on their feeling of being 

525 a part of the biology community at the university. See the Supplemental Materials for full Likert 

526 scale response for each of the survey items.

527  

528 Most students reported that the amount of time they spent on interactions with instructors and 

529 other students, both in and outside of class, decreased as a result of the transition to remote 
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530 learning. In fact, about 63% of students said that the amount of time they spent interacting with 

531 other students in class and outside of class greatly decreased in Spring 2020, which was the 

532 strongest response option (Table S11). However, student responses were fairly split on the 

533 amount of time spent studying for a course, with about 45% of students reporting an increase in 

534 the amount of time they spent studying and 41% reporting a decrease (Fig 1). 

535

536 We collected student and instructor data on instructional practices for eight courses. Among 

537 these, only four of the eight instructors agreed that they took steps to reduce cheating in their 

538 course and the percentage of students in a given course taught by one of these four instructors 

539 who agreed that their instructor took some steps to reduce cheating ranged from 90 to 100%. 

540 However, even for the courses where instructors disagreed that they took steps to reduce 

541 cheating, 83 to 86% of students agreed that their instructor took some steps to reduce cheating 

542 (Figure S1). By contrast, all eight of these instructors agreed that they tried to make their course 

543 more flexible. However, there was more variation in student response to whether their instructor 

544 tried to make the course more flexible with the percentage of students who agreed with this 

545 statement ranging from 61 to 91% across the eight courses. All but one instructor agreed that 

546 they tried to make the course easier, but the student agreement with this question was again 

547 mixed ranging from 47 to 81% across the courses. Overall, these data show that students 

548 tended to slightly overestimate instructor efforts to reduce cheating and slightly underestimate 

549 instructor efforts to make the course easier and more flexible. 

550

551 We did not find significant demographic differences in the student Likert responses to most of 

552 the survey items. In Fig 1, we describe the few demographic differences we found through our 

553 ordinal mixed models (see full ordinal regression results in the Supplemental Materials). 

554 Although most students reported that the time spent with instructors decreased or greatly 

555 decreased during the pandemic, the proportion of BLNP students that chose these options was 
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556 lower than non-BLNP students. Pell-eligible students were more likely to report that time spent 

557 with other students in class greatly decreased compared to students that were not Pell-eligible. 

558 Lastly, women were significantly more likely than men to report negative impacts on their 

559 learning in a course and on career preparation.      

560 Discussion

561 Contrary to our predictions, transition to remote learning due to the COVID-19 pandemic in 

562 Spring 2020 did not have a negative effect on student grades and instead had a small positive 

563 effect across demographic groups among students enrolled in the in-person and online biology 

564 degree programs. Our instructor surveys showed that instructors who had to transition to remote 

565 learning increased flexibility and made several other changes in assessment practices that 

566 might have contributed to the slight increase in student grades in the in-person courses. Despite 

567 this increase in grades, our student surveys revealed several negative impacts of the transition 

568 to remote learning, particularly on students’ perceived understanding of course content, 

569 interactions with other students and instructors, feeling like a part of the biology community at 

570 the university, and career preparation. These negative impacts do not seem to have a stronger 

571 effect on students with certain social identities over others for the most part. However, women 

572 were more likely to report negative impacts on their learning and career preparation compared 

573 to men, a result consistent with concerns about widening gender inequities due to the COVID-

574 19 pandemic. Additionally, Pell-eligible students reported a decrease in the amount of time 

575 spent in and outside of class interacting with other students more often, which is consistent with 

576 concerns regarding logistical difficulties for students from less wealthy backgrounds. Together 

577 these findings suggest that instructor responses were effective in mitigating negative impacts on 

578 student grades across all demographic groups examined in this study, and notably did not seem 

579 to induce any new inequities based on demographics, but that the abrupt transition to remote 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 29, 2021. ; https://doi.org/10.1101/2021.03.29.437480doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.29.437480
http://creativecommons.org/licenses/by/4.0/


32

580 learning still led to a diminished perception of learning and career development during the 

581 Spring 2020 semester for many students. 

582

583 The observed mismatch between grades and student perceptions of their learning might be 

584 because students underestimated their learning [62]. Some studies have shown that student 

585 perceptions of learning can be positively correlated with their grades [63–65]. However, a recent 

586 study comparing the effects of active and passive (i.e., lectures) instruction on student learning 

587 found that students who received active instruction scored higher on the learning assessment 

588 but perceived that they learned less than their peers who received passive instruction [66]. 

589 Thus, even though it has been shown that students, on average, learn more from active learning 

590 [67,68], students’ perception of learning might not match their actual learning. A meta-analysis 

591 showed that student perceptions of their learning are more strongly related to affective 

592 outcomes, such as motivation and satisfaction, and have a much weaker relationship to learning 

593 outcomes, such as scores [69]. However, one reason for this may be that grades are often not 

594 an accurate measure of student learning [70]. Given this background and our results that 

595 instructors were more flexible with grading after the transition to remote learning in Spring 2020, 

596 we think it is likely that the increase in grades does not actually reflect an increase in student 

597 understanding of the course material. In contrast, students earned higher grades while self-

598 reporting that they learned less, which we find concerning for the extent to which their 

599 completion of these college courses is preparing them for their future careers.  

600

601 The slight increase in average student grades in Spring 2020 compared to previous semesters 

602 is consistent with other studies that have examined student grades in Spring 2020 at other 

603 institutions [45–47]. Interestingly, this increase in student grades was observed both in courses 

604 that experienced the emergency transition to remote learning and courses in the online degree 

605 program that did not experience a transition in modality. Although we did not survey the online 
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606 instructors, this suggests that both in-person and online instructors may have been responsive 

607 to the public health and economic crisis due to the COVID-19 pandemic and became more 

608 lenient and flexible in their grading. The increase in student grades was seen across all 

609 demographic groups. More specifically, women, Black, Latinx, Native American, Multiracial and 

610 Asian students, and Pell-eligible students experienced a similar or slightly larger positive shift in 

611 grades as men, white students, and students who were not eligible for Pell grants. Thus, the 

612 grade increase in Spring 2020 did not fall along the lines of power and privilege in our society 

613 and benefited students with all social identities. A similar result was found in a study on student 

614 scores at Victoria University in Australia where the researchers found statistically significant but 

615 very small differences in the impact of COVID-19 on student scores between demographic 

616 groups [45].  

617  

618 The instructor surveys show that among our study population, most instructors made 

619 accommodations related to deadlines and stated that they took steps to make their courses 

620 easier for students to do well. Other studies have also reported greater flexibility among 

621 instructors in Spring 2020, including instructors in general chemistry courses at a liberal arts 

622 college in the US [28]. A survey study of faculty members and administrators across the US 

623 found that 64% of faculty members changed the kinds of exams or assignments they asked 

624 students to complete in the course and about half of them lowered expectations on the amount 

625 of work from their students in the Spring 2020 semester [3]. Additionally, many universities 

626 expanded access to pass/fail grading structure instead of the more traditional A-F letter grades 

627 for students, with some institutions even making the pass/fail grading structure mandatory for all 

628 courses [44]. Arizona State University allowed faculty members to use the range of grading 

629 options that have always been available but perhaps not used as often prior to Spring 2020. 

630 That included the traditional A through E grading scale, plus the use of the I or Incomplete grade 

631 (allowing students to complete coursework within 1 year of the end of the term) and the Y grade 
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632 which indicates “Satisfactory” work at a level of C or higher, similar to the Pass grade at other 

633 universities. Thus, our study affirms other reports that the focus across colleges and universities 

634 to make courses more flexible and less stressful for students in Spring 2020 may have off-set 

635 potential drops in student grades. While we see the benefit of this flexibility for students, 

636 particularly that we did not see demographic differences in these grade increases, we do find it 

637 concerning that students still felt as though they learned less. We encourage instructors to be 

638 thoughtful of what they are doing to make their courses flexible while maintaining the quality of 

639 teaching and providing students with ways to engage in deep learning so that they are not 

640 disadvantaged at a later timepoint because they have not learned as much as they needed to in 

641 that earlier course.  

642

643 Many students recognized the positive impact of greater instructor flexibility and changes in 

644 assessment practices on their grades, while recognizing the negative impact of the transition on 

645 their understanding of the course material. This is consistent with other survey studies that show 

646 that students perceived a negative impact on their learning or were less satisfied with their 

647 learning after the transition to remote learning [25,41,45]. In our study, most students also 

648 reported negative impacts on interactions with other students and instructors, career 

649 preparation, and a feeling of being a part of the biology community at the university. These are 

650 also consistent with other studies on student experiences [25,43]. A larger survey study of in-

651 person students at Arizona State University across various degree programs, the same 

652 institution where our study was conducted, found several striking negative impacts on career 

653 preparation due to COVID-19. According to this study, 13% of students delayed graduation, 

654 40% suffered the loss of a job/internship, and 29% of students expected to earn less by age 35 

655 [48].  

656
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657 We found similar perceptions of negative impacts on student learning, interactions and career 

658 preparation across demographic groups with few significant differences. We found that women 

659 were more likely to report negative impacts on their learning and career preparation compared 

660 to men. This is not surprising given the greater childcare obligations with school closures and 

661 that women spend more time doing unpaid care work compared to men [32]. In an interview 

662 study of engineering students, women reported having to spend more time on domestic duties 

663 while men described having more free time after the transition to remote learning during the 

664 Spring 2020 semester [71]. Together this suggests that the COVID-19 pandemic has 

665 exacerbated gender inequities and could have long-term negative impacts on women’s 

666 education and careers that are not captured in simply examining student course grades. We 

667 encourage future studies to explore how the COVID-19 pandemic affected the persistence of 

668 women in STEM careers.

669

670 The only survey item in which we found a significant difference between BLNP and non-BLNP 

671 students was the time spent with instructors, where BLNP students chose the option “greatly 

672 decreased” less often. Previous studies show that BLNP students often have more interactions 

673 with faculty members compared to white students, although they also have negative interactions 

674 with faculty members more often [72,73]. Still, their greater experience of interacting with faculty 

675 members might have prepared them better to communicate with instructors during emergency 

676 remote learning. High-quality interactions with faculty members have been shown to have 

677 positive effects on student learning [72,74,75]. However, BLNP students did not report less 

678 negative impacts on learning compared to non-BLNP students. This suggests that even though 

679 BLNP students reported a decrease in the time spent with instructors less often, it might not 

680 have translated into benefits for their learning. 

681
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682 We also found that students from less wealthy backgrounds (operationalized through federal 

683 Pell grant eligibility) more often reported a reduction in time spent with other students in class 

684 after the transition to remote learning. Pell-eligible students were also 1.2 times more likely to be 

685 working a job after the transition to remote learning and 1.5 times more likely to be working 

686 more than 20 hours a week compared to students that were not eligible for federal Pell grants 

687 (Table S12). With greater availability of recorded lectures, Pell-eligible students may have 

688 attended fewer synchronous sessions, thus further reducing their interactions with other 

689 students. Although the decrease in interactions with other students is not desirable, making 

690 lectures available for students to watch later might offer students greater flexibility in juggling 

691 coursework with other work/family responsibilities. Indeed, some students reported positive 

692 impacts on learning after the transition to remote learning due to the availability of recorded 

693 lectures and being able to learn at their own pace (Table 6). Overall, instructors may need to 

694 find a balance between asynchronous learning to make learning more accessible with 

695 synchronous learning to foster peer interactions.   

696

697 The transition to remote learning had a negative impact on students’ interest in their biology 

698 major or interest in learning about scientific topics in about a third of the students. A similar 

699 study of students enrolled in a general chemistry course at a large public university in the 

700 southern United States found no significant change to students’ identities and intention to 

701 pursue a career in science due to COVID-19 [76]. However, we did not find any demographic 

702 differences in student responses to questions about science interest, which is encouraging 

703 given the importance of increasing representation of women, Black students, Latinx students, 

704 and students that grew up in low-income households in STEM. Almost two-thirds of students 

705 reported a negative impact of the transition to remote learning on students’ feelings of being a 

706 part of the biology community at the university, which is alarming, although not surprising, given 

707 that students reported spending less time interacting with both instructors and their peers. 
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708 Creating opportunities for increasing interactions using various modes of synchronous and 

709 asynchronous communication (e.g., online office hours, discussion boards, apps) might help 

710 students feel a greater sense of community and social presence of others in the class. 

711

712 Instructor responses to our survey items about whether they took steps to prevent cheating, 

713 increased flexibility, or made the course easier are in broad agreement with student responses 

714 to those survey items. Most students seem to recognize their instructors’ efforts during the 

715 transition to adapt their courses to the online modality as well as the public health and economic 

716 crisis. However, students' underestimation of instructor flexibility and changes to make courses 

717 easier suggests that communication between students and instructors might need to be 

718 strengthened. Instructors may have needed to use more “instructor talk,” which is defined as 

719 any discussion that is not specific to the course content, to signify the changes that they were 

720 making to the courses and why they were making these changes [77]. It is also possible that the 

721 steps that instructors took might not have been sufficient to reach students’ needs or 

722 expectations. Because instructors tend to be in better financial situations than their students, 

723 perhaps they underestimated some of the student challenges. Setting up robust systems of 

724 communication among students, instructors, student support staff members, and administrators 

725 might improve the academic climate for all stakeholders and prepare us better for future 

726 emergencies or needs to change instruction rapidly. Indeed, an interview study with engineering 

727 students found that faculty members communicating care and increasing flexibility was a key 

728 element for supporting students [71]. In another study, students indicated the need for constant 

729 communication from instructors during remote learning [78]. Thus, developing stronger 

730 communication with students and improving “instructor social presence” in online courses, i.e., 

731 the sense that the instructor is connected and available for interactions is critical [79–81]. This 

732 may be done through casual conversations in discussion boards, leveraging social media and 

733 using time in class and during office hours to build classroom community. 
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734 Limitations

735 Prior work shows that grades are not an accurate measure of student learning, thus we are 

736 limited in our ability to accurately measure the effects of the abrupt transition to remote learning 

737 due to COVID-19 on student learning [70,82,83]. Moreover, student perceptions of negative 

738 impacts of the transition on their learning that we observed might be attributed to the abrupt 

739 transition itself or the difficulty of learning during a pandemic. Surveying students in the online 

740 program about their experiences in the Spring 2020 semester could have helped us tease apart 

741 these two factors more. 

742

743 Another limitation of our study is the relatively small sample size for our survey dataset which 

744 caused us to group data from Black/African American, Hispanic/Latinx, Native American/Alaska 

745 Native and Pacific Islander/Native Hawaiian students for analyses. The histories and 

746 experiences of racial oppression of these groups in the United States are different from each 

747 other and grouping them together erases these differences. Similarly, grouping white and Asian 

748 students together into a group is problematic as well, because there are several different 

749 ethnicities included in the category of “Asian” in the US which includes ethnicities that are 

750 underrepresented in STEM in the US [84]. Despite limited statistical power, we ran ordinal 

751 regressions on the survey data with disaggregated race/ethnicity data and have included the 

752 results in the Supplemental Materials. We found some significant effects by race/ethnicity in 

753 those analyses. Specifically, Asian students perceived being negatively impacted less often on 

754 grades, sense of community and career preparation. Also, Black students reported a positive 

755 impact on the amount of time studying more often and multiracial students reported a negative 

756 impact on grades more often. 

757
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758 Finally, the indicators of socioeconomic status we used (federal Pell grant eligibility and first-

759 generation status) are coarse measures that do not capture socioeconomic status accurately. 

760 However, these were the only indicators that we could access from the university registrar. 

761

762 Beyond COVID-19: preparing for the next emergency.

763 Instructors responded with greater flexibility in grading in response to the rapid transition to 

764 remote learning in Spring 2020 and students received higher grades on average. This shows 

765 that instructor response was effective in preventing grade declines for students and doing so 

766 equitably across the student population. However, student perceptions of the Spring 2020 

767 semester were less positive, including a sense of diminished learning, loss of community, and 

768 reduced career preparation. Even if students’ perception of their learning is not accurate, 

769 perceived learning losses might still have important effects on students’ confidence in the 

770 course content or interest in pursuing a career in biology. Similar learning losses may have 

771 occurred in the Fall 2020 semester and Spring 2021 as the COVID-19 pandemic continued to 

772 spread in the US and worldwide. 

773

774 As we look ahead, these students affected by the pandemic may need more support in 

775 subsequent courses, especially in courses that build on prior learning. Dedicating class time to 

776 reminding students of important concepts at the beginning of each course or course module 

777 could be one form of support. However, upper-level courses may not have class time to spare, 

778 so adding supplemental tutorials or instruction may be an alternative way to counteract these 

779 potential learning deficits of pre-requisite knowledge. Further, the loss of feeling a part of the 

780 biology community needs to be addressed. More intentional community building exercises in 

781 classes or in the larger department outside of classes could be ways to heal the damage to 

782 students’ sense of belonging. 
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783 Although COVID-19 may only affect college education for a particular timeframe, it is important 

784 to garner lessons from this experience to prepare for the next emergency, which could be global 

785 such as a pandemic, or local such as a natural disaster. Building robust networks of 

786 communication among students, instructors, and staff members, and offering greater training 

787 and support for online teaching for instructors are steps that could help us prevent some of the 

788 challenges associated with the rapid transition to remote learning experienced during the 

789 COVID-19 pandemic. We hope that some of the flexibility afforded to students during the 

790 pandemic is carried on even after in-person courses resume as instructors may have a better 

791 understanding of the myriad of challenges that college students experience daily. Lastly, as the 

792 COVID-19 pandemic reminded us, our classrooms and universities do not exist in isolation and 

793 are a part of the larger society and therefore, affected by the larger societal forces and power 

794 structures that impact student learning in our institutions. Therefore, we must continue to strive 

795 toward social justice inside and outside our higher education institutions. 

796
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1086 S5 Table. Ordinal regression results for the perceived impact of the transition to remote 

1087 learning on students. Ordinal regression output with survey items about impact on students as 

1088 the outcomes and demographics as predictors. 

1089 S6 Table. Ordinal regression results for the perceived impact of the transition to remote 

1090 learning on student interactions. Ordinal regression output with survey items about impact on 

1091 time spent studying and interactions as the outcomes and demographics as predictors. 

1092 S7 Table. Ordinal regression results for perceived impact on students with disaggregated 

1093 race/ethnicity data. Ordinal regression output with survey items about impact on students as 

1094 the outcomes and demographics as predictors with disaggregated race/ethnicity data. 

1095 S8 Table. Ordinal regression results for perceived impact on student interactions with 

1096 disaggregated race/ethnicity data. Ordinal regression output with survey items about impact 

1097 on time spent studying and interactions as the outcomes and demographics as predictors with 

1098 disaggregated race/ethnicity data. 

1099 S9 Table. Impact on grades, learning and career preparation. Full distribution of Likert scale 

1100 responses on the student survey on the perceived impact of the transition to remote learning in 

1101 Spring 2020 on grades, learning and career preparation. 

1102 S10 Table. Impact on interest in biology major, interest in learning science and sense of 

1103 community. Full distribution of Likert scale responses on the student survey on the perceived 

1104 impact of the transition to remote learning in Spring 2020 on interest in biology major, interest in 

1105 learning science and sense of community.

1106 S11 Table. Impact on time spent studying and interacting with others. Full distribution of 

1107 Likert scale responses on the student survey on the perceived impact of the transition to remote 

1108 learning in Spring 2020 on time spent studying and interacting with others. 

1109 S12 Table. Pell-eligible and students who worked a job in the student survey dataset. 

1110 S1 Figure. Distribution of student responses about instructional practices. Blue points 

1111 indicate the option that the instructor for the course chose. 
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1112 S2 Figure. Distribution of student responses on perceived impact of transition to remote 

1113 learning on grades by social identities. Bar plot showing student responses by gender, 

1114 race/ethnicity and socioeconomic status on the perceived impact of the transition to remote 

1115 learning in Spring 2020 on their grades. BLNP refers to Black, Latinx, Native American, and 

1116 Pacific Islanders. Pell eligibility and college generation status are included as proxies for 

1117 socioeconomic status.

1118 S3 Figure. Distribution of student responses on perceived impact of transition to remote 

1119 learning on learning by social identities. Bar plot showing student responses by gender, 

1120 race/ethnicity and socioeconomic status on the perceived impact of the transition to remote 

1121 learning in Spring 2020 on their learning. BLNP refers to Black, Latinx, Native American, and 

1122 Pacific Islanders. Pell eligibility and college generation status are included as proxies for 

1123 socioeconomic status.

1124 S4 Figure. Distribution of student responses on perceived impact of transition to remote 

1125 learning on interest in biology major by social identities. Bar plot showing student 

1126 responses by gender, race/ethnicity and socioeconomic status on the perceived impact of the 

1127 transition to remote learning in Spring 2020 on their interest in biology major. BLNP refers to 

1128 Black, Latinx, Native American, and Pacific Islanders. Pell eligibility and college generation 

1129 status are included as proxies for socioeconomic status.

1130 S5 Figure. Distribution of student responses on perceived impact of transition to remote 

1131 learning on interest in learning about scientific topics by social identities. Bar plot 

1132 showing student responses by gender, race/ethnicity and socioeconomic status on the 

1133 perceived impact of the transition to remote learning in Spring 2020 on their interest in learning 

1134 about scientific topics. BLNP refers to Black, Latinx, Native American, and Pacific Islanders. Pell 

1135 eligibility and college generation status are included as proxies for socioeconomic status.

1136 S6 Figure. Distribution of student responses on perceived impact of transition to remote 

1137 learning on feeling a part of the biology community at the university by social identities. 
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1138 Bar plot showing student responses by gender, race/ethnicity and socioeconomic status on the 

1139 perceived impact of the transition to remote learning in Spring 2020 on their feeling a part of the 

1140 biology community at the university. BLNP refers to Black, Latinx, Native American, and Pacific 

1141 Islanders. Pell eligibility and college generation status are included as proxies for 

1142 socioeconomic status.

1143 S7 Figure. Distribution of student responses on perceived impact of transition to remote 

1144 learning on career preparation by social identities. Bar plot showing student responses by 

1145 gender, race/ethnicity and socioeconomic status on the perceived impact of the transition to 

1146 remote learning in Spring 2020 on their career preparation. BLNP refers to Black, Latinx, Native 

1147 American, and Pacific Islanders. Pell eligibility and college generation status are included as 

1148 proxies for socioeconomic status.

1149 S8 Figure. Distribution of student responses on perceived impact of transition to remote 

1150 learning on amount of time spent studying by social identities. Bar plot showing student 

1151 responses by gender, race/ethnicity and socioeconomic status on the perceived impact of the 

1152 transition to remote learning in Spring 2020 on their amount of time spent studying. BLNP refers 

1153 to Black, Latinx, Native American, and Pacific Islanders. Pell eligibility and college generation 

1154 status are included as proxies for socioeconomic status.

1155 S9 Figure. Distribution of student responses on perceived impact of transition to remote 

1156 learning on amount of time spent interacting with instructors by social identities. Bar plot 

1157 showing student responses by gender, race/ethnicity and socioeconomic status on the 

1158 perceived impact of the transition to remote learning in Spring 2020 on their amount of time 

1159 spent interacting with instructors. BLNP refers to Black, Latinx, Native American, and Pacific 

1160 Islanders. Pell eligibility and college generation status are included as proxies for 

1161 socioeconomic status.

1162 S10 Figure. Distribution of student responses on perceived impact of transition to remote 

1163 learning on amount of time interacting with other students in class by social identities. 
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1164 Bar plot showing student responses by gender, race/ethnicity and socioeconomic status on the 

1165 perceived impact of the transition to remote learning in Spring 2020 on their amount of time 

1166 spent interacting with other students in class. BLNP refers to Black, Latinx, Native American, 

1167 and Pacific Islanders. Pell eligibility and college generation status are included as proxies for 

1168 socioeconomic status.

1169 S11 Figure. Distribution of student responses on perceived impact of transition to remote 

1170 learning on amount of time interacting with other students outside of class by social 

1171 identities. Bar plot showing student responses by gender, race/ethnicity and socioeconomic 

1172 status on the perceived impact of the transition to remote learning in Spring 2020 on their 

1173 amount of time spent interacting with other students outside of class. BLNP refers to Black, 

1174 Latinx, Native American, and Pacific Islanders. Pell eligibility and college generation status are 

1175 included as proxies for socioeconomic status.
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