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This mixed mode longitudinal study compares the level of attainment between a faceto-face and an online class of Calculus 3 during the Spring 2021 semester, considers the attainment level of the students in the prior Calculus 2 course, and then goes on to compare the results of the same students when they all returned to campus to take the subsequent Differential Equations course. The results show that although the students were of a similar level of ability when entering the Calculus 3 course, the face-to-face students did much better once the semester began, with a statistically significant difference in the scores on both the first midterm exam and at the end of the course. This difference was maintained in Differential Equations. We discuss the causes of the disparity using the quantitative and qualitative data collected, along with the implications for how to best allocate resources in a way that blends the positive aspects of different teaching modalities.

INTRODUCTION

The Covid-19 pandemic led to a substantial increase in the amount of attention given to teaching modalities, with much of it concentrated on the rapid and forced transition to online learning and its effect on students and instructors. In this paper, we look at aspects of online education in the context of the pandemic and use data from students taking the university calculus sequence in the United States to see whether weaker students had a greater propensity to take online alternatives to regular face-to-face classes, how the online students performed compared with face-to-face students when taking the same course, and how students who have taken classes online during the pandemic adjusted when returning to the classroom.

LITERATURE REVIEW

Looking across all disciplines, a small number of the initial studies discussing the changes to teaching and learning modalities caused by the Covid-19 pandemic reported a benefit to the enhanced use of digital technologies. Almusharaaf and Khahro (2020) reported that of the 283 undergraduate students surveyed in Saudi Arabia, most were highly satisfied with the (online) course modality, the knowledge and skills that they gained, and the level of engagement, while [START_REF] Gopal | Impact of online classes on the satisfaction and performance of students during the pandemic period of Covid 19[END_REF] found that a clear majority of the 544 business and hotel management students that they questioned in India considered online teaching to be valuable even though their first experience of it came during the pandemic. An often-cited caveat is that students must have the necessary internet connection and related support needed to make the transition and this is especially relevant in developing countries. A study of 115 students in Indonesia by [START_REF] Bahasoan | Effectiveness of online learning in pandemic Covid-19[END_REF] found that almost all of them experienced difficulties related to network connectivity and data quotas.

By contrast, a large number of studies have brought to light the disadvantages caused by the sudden shift to distance learning. A study of 270 undergraduates conducted by Aguilera-Hermida (2020) found that the students had a strong preference for face-toface instruction, and that those with this preference struggled to adapt to the change in modality. Students reported their biggest challenge to be concentrating while being at home due to the distractions of family members, having a tendency to view their home as a space for relaxation rather than work. Even among mature students studying professional disciplines [START_REF] Bączek | Students' perception of online learning during the Covid-19 pandemic: A survey study of Polish medical students[END_REF][START_REF] Sarwar | Self-reported effectiveness of e-learning classes during Covid-19 pandemic: A nation-wide survey of Pakistani undergraduate dentistry students[END_REF], technological issues and the lack of interaction reduced the perceived effectiveness of online classes.

Academic struggles during the pandemic were found to be exacerbated by issues related to student mental health. A study by [START_REF] Pragholapati | Covid-19 impact on students[END_REF] emphasized that the academic performance of students is affected by issues that go beyond the modality of instruction and found that at least a quarter of the student participants suffered from Covid-19 induced anxiety. Research carried out by [START_REF] Mendoza | Anxiety as a prevailing factor of performance of university mathematics students during the COVID-19 pandemic[END_REF] confirmed the existence of severe anxiety in a significant part of the sample of mathematics students sampled during the pandemic.

Given the documented struggles that students endured during the transition to online classes, it is not surprising that many wanted to return to campus as soon as possible. In a study of 604 students in Romania, [START_REF] Gherhes | E-learning vs. face-to-face learning: Analyzing students' preferences and behaviors[END_REF] found that most of the respondents wanted to return to face-to-face learning after the pandemic. This is in line with the study of students in Florida by [START_REF] Griffiths | Returning to campus during the Covid-19 pandemic: Perceptions of calculus students in Florida[END_REF] that found a significant proportion of undergraduate students still believe that on-campus instruction offers the highest level of education, with a difficulty in maintaining focus and the lack of interaction with the instructor and other students cited as the primary drawbacks to taking classes online.

Quantitative studies of student attainment using different modalities are more difficult to conduct, especially during the Covid-19 pandemic, as there was often no choice given to students. Such studies are challenged by the need to maintain the same pedagogical practices and must also consider whether any discovered disparities were present at the beginning of the course. As a result, the first articles involving attainment relied mostly on student perceptions. A study by [START_REF] Hashemi | Effects of Covid-19 on the academic performance of Afghan students and their level of satisfaction with online teaching[END_REF] of 1231 students in Afghanistan found that academic performance during the pandemic was reduced, while 88% of the undergraduate biology students surveyed in Florida by [START_REF] Hacisalihoglu | From face-to-face to online modality: Implications for undergraduate learning while the world is temporarily closed in the age of Covid-19[END_REF] indicated that their education had been negatively impacted by the enforced switch to online learning.

In this study, we consider many of the issues described above, along with how students in a Calculus 3 course taught using two different modalities fared once they all returned to campus to take the subsequent Differential Equations course. We look at the results from both semesters, as well as those from the previous semester when the students took Calculus 2, to ensure that any disparities between the two groups were not present at the outset. As a result, we consider the following three research questions:

1. As measured by their grade in Calculus 2, was there a difference in ability between those who registered for the online class of Calculus 3 and those who registered for the face-to-face class? 2. Was there a difference between the scores of the two groups of Calculus 3 students at the beginning of the course, and did that change by the end of the semester?

3. When all the students returned to the campus to take Differential Equations, was there a difference in performance between those who had taken Calculus 3 online and those who had taken it face-to-face?

THEORETICAL FRAMEWORK

While it is the body of recent literature described earlier that frames this study in the context of the pandemic, a more general framework comes from the community of inquiry model, which was applied to online learning by [START_REF] Garrison | Critical inquiry in a text-based environment: Computer conferencing in higher education[END_REF]. It emphasizes how the overall educational experience is affected by a combination of the teaching presence, the social presence, and the cognitive presence (see Figure 1).

Figure 1: Elements of the educational experience

Teacher presence refers to the design of the curriculum, the creation of course materials, and the nature of the assessments, which will typically be adapted according to the instructional modality. Social presence refers to how students are able to project their own identity into the learning experience through interaction with their instructor and their peers. This is perhaps the most difficult aspect to replicate when moving from face-to-face instruction to online learning, especially if the instruction is asynchronous. Cognitive presence refers to how students develop understanding through reflection and communication, and is again dependent on the learning environment, something that is often beyond the control of the instructor when students are outside the classroom.

METHOD

The population initially consisted of 49 students taking an online class of Calculus 3 during the Spring 2021 semester, and another 49 students taking the course face-toface with the same instructor. Aside from the instructional modality, the students in the two classes were taught in the same manner, with lectures, midterm exams, and the final exam being almost identical to one another. The first research question caused us to analyse the grades obtained by the students in the two classes when they took and passed the prerequisite course, Calculus 2. After filtering out students who took the course either in high school or at a two-year college (which led to unequal sample sizes -36 in the online class and 35 in the face-to-face class), we converted their grades to GPA points according to the usual four-point scale (A = 4, B = 3, C = 2, D = 1, F = 0) and ran a Welch's t-test to see if there was a difference in the mean values.

The second research question required us to analyse the difference in performance between students in the online class of Calculus 3 and those in the face-to-face class by considering the scores from the first midterm exam and the end of semester scores. A Mann-Whitney U test was performed in both cases. The third research question caused us to analyse the performance of the online students when returning to campus to take the subsequent Differential Equations course and compare it with those whose face-to-face modality did not change. By converting their grades to GPA points according to the usual four-point scale we were able to run a Welch's t-test to analyse the mean values. At the conclusion of the semester, students were sent a brief survey questionnaire to gather qualitative data regarding their perception of online courses.

RESULTS

Was there a difference in attainment between the two groups before entering the class?

Since the two groups were non-overlapping and the sample sizes different, a Welch's t-test was applied to determine if there was a difference in the course grades (as measured by GPA) between the scores of the 36 online students and the 35 face-toface students in the prerequisite Calculus 2 class, which everyone took face-to-face. No statistically significant difference was found (t = -0.26, df = 66, p = 0.80), although the online students in Calculus 3 had a slightly lower GPA in Calculus 2 (2.96) than the face-to-face students (3.00).

Was there a difference in attainment between the two groups during the course?

Given the nonparametric nature of the data, and the fact that the two groups were independent, a Mann-Whitney U test was applied to calculate whether there was a difference between the scores of the 49 face-to-face students (median = 70) and the 49 online students (median = 60) on the first midterm exam. A statistically significant difference was found (U = 868, z = 2.077, p = 0.038), with the face-to-face students performing better.

Similarly, when the overall semester scores were tabulated, the Mann-Whitney U test was again applied to calculate whether there was a difference between the scores of the face-to-face students (median = 81.05) and the online students (median = 75.6). Again, a statistically significant difference was found (U = 461.5, z = 2.095, p = 0.037), resulting in an average GPA of 2.83 in the face-to-face class and 2.36 in the online class.

Was there a difference in attainment between the two groups when taking the next class?

Since the two groups were non-overlapping and the sample sizes different, a Welch's t-test was applied to determine if there was a difference in the course grades (as measured by GPA) between the scores of the 22 students who took Differential Equations after taking the online class of Calculus 3 and the 28 students who took Differential Equations after taking the face-to-face class of Calculus 3. The average difference was almost half a grade (0.43 GPA points, compared with a difference of only 0.1 GPA points in their Calculus 2 grades), with the mean GPA in the former class being 2.27 and the mean GPA in the latter class being 2.70 (t = -1.16, df = 40, p = 0.13). These results are summarised in Figure 2. 

Qualitative data

Having recently taken classes both face-to-face and online, students were asked for their preferred modality, with the most representative feedback included below. Even though some students believed online classes to be easier, almost all preferred the faceto-face format, believing that they learned more and were better able to focus, with many citing how they value the increased interaction with the instructor and their peers.

I firmly believe that face-to-face classes are better for interaction and learning since they are more personable. Online classes have their purpose, but face-to-face delivery makes the material stick more easily. In addition, being able to connect and learn from the professors and with other students makes dry content more tolerable and usually helps to secure foundational knowledge. Another advantage to face-to-face classes is being able to ask questions and receive immediate answers which leads to quicker comprehension and subject clarity. Overall, I would only choose online classes if I knew the class was very easy, if I knew the class material was not important to my goals, or if I needed more time for other classes.

Students were asked whether they believe that learning mathematics is easier in a faceto-face class rather than one taught online. There was unanimous agreement among the participants that this was the case.

I believe that online math classes make the subject matter more difficult to comprehend for most students. They are much less engaging. I am okay with self-learning but reading the textbook constantly is not my strength. This especially matters in a class where I need to fully comprehend the material for application and future classes.

Finally, students were asked if they believe the pandemic will have a long-term effect on the number of classes taught using either online or mixed mode modalities. Again, there was unanimous agreement that this will happen.

Absolutely. I think many courses will choose to offer hybrid classes so that they include the benefits of both modalities, including flexibility and interactivity. I also think that many general education courses will continue to stay online as many students require this flexibility due to time conflicts, other priorities, or perhaps a disability. I think it is good to have the choice so students can find a balance which works for them.

DISCUSSION

The first research question led to an analysis of whether the students in the online class were weaker to begin with versus their counterparts in the face-to-face class, as measured by their performance in the prerequisite course. It was found that the difference between the two cohorts was negligible. This contrasts with the paper by [START_REF] Protopsaltis | Does online education live up to its promise? A look at the evidence and implications for federal policy[END_REF] which found that weaker students are more likely to take online college classes but end up doing worse in them. However, in this instance, the unique circumstances surrounding the pandemic caused enrolment in the various modalities to go beyond educational strategies, with many students choosing online classes due to health concerns and the scarcity of face-to-face options.

Despite there being little variation in the calibre of the two groups of students upon entering the Calculus 3 class, the results show a statistically significant difference between the scores of those taking the class face-to-face and those taking it online, with the former group doing better from the outset. There was a statistically significant difference between the two groups on the first midterm exam, and this disparity was maintained throughout the semester. The results are in line with several studies [START_REF] Alpert | A randomized assessment of online learning[END_REF][START_REF] Dynarski | Online schooling: Who is harmed and who is helped? The Brookings Institution[END_REF] that have questioned whether online classes are as effective as the equivalent classes taught in-person. [START_REF] Protopsaltis | Does online education live up to its promise? A look at the evidence and implications for federal policy[END_REF] described how there is a strong body of evidence that has emphasized the critical role of frequent and meaningful interaction between students and instructors, which is often lacking in online courses. The difficulties that students appear to have in online classes appear to be magnified in theoretical disciplines such as mathematics [START_REF] Griffiths | Returning to campus during the Covid-19 pandemic: Perceptions of calculus students in Florida[END_REF][START_REF] Smith | Disciplinary differences in Elearning instructional design[END_REF][START_REF] Xu | Performance gaps between online and face-to-face courses: Differences across types of students and academic subject areas[END_REF].

That being said, one needs to consider the circumstances caused by the pandemic when putting the results in context, given the unique challenges faced by students and instructors. One important factor is the effect that the Covid-19 pandemic had on the mental health of students, which almost certainly contributed to the relatively poor performance of those taking online classes. Several studies have found that students across the globe struggled with aspects of mental health during the pandemic [START_REF] Essadek | Mental health of French students during the Covid-19 pandemic[END_REF][START_REF] Wang | Investigating mental health of US college students during the COVID-19 pandemic: Cross-sectional survey study[END_REF], leading to a detrimental effect on learning outcomes. In addition, faculty were forced to adapt to new teaching modalities at short notice and without much training. Although every effort was made in this instance to ensure a level playing field in terms of the quality of instruction and the integrity of the testing process, it is difficult to ensure that the level of interaction is maintained when teaching an online class. [START_REF] Jones | Reimagining a future for online learning in the post-COVID era[END_REF] caution that teachers who are good in a physical classroom will not suddenly transform into great online instructors.

There have been few longitudinal studies assessing the longer-term impact of taking classes online, but the results here, showing an average difference of 0.43 GPA points between the students in Differential Equations who had taken a face-to-face class of Calculus 3 and those who had taken an online class is very much in line with the comprehensive study including this topic conducted by [START_REF] Bettinger | Virtual classrooms: How online college courses affect student success[END_REF] who found a difference of 0.42 GPA points for courses in the same subject area as the treated course. This indicates that some initial remediation might be needed for students returning to the campus having taken classes online.

The qualitative data collected by this study indicates that students believe that the pandemic will have a lasting effect on higher education, with a wide range of teaching modalities continuing to be offered. However, there was general agreement that the increased level of engagement with faculty and other students offered by face-to-face courses aids comprehension, and that this is particularly true with regard to theoretical disciplines such as mathematics. These findings are in line with other studies which indicate that learning mathematics is different from learning other subjects [START_REF] Mullen | Mathematics is different: student and tutor perspectives from Ireland and Australia on online support during COVID-19[END_REF] and that, more broadly, students prefer face-to-face instruction when theoretical concepts must be deeply understood [START_REF] Paechter | Online or face-to-face? Students' experiences and preferences in e-learning[END_REF].

CONCLUSION

While some contend that face-to-face instruction will remain the dominant method of educational delivery [START_REF] Gilbert | Everyone seems to be agreeing at the minute that face-to-face is the way forward': Practitioners' perspectives on postpandemic mathematics and statistics support[END_REF], there is little doubt that online courses will continue to be offered in greater numbers compared with the situation before the Covid-19 pandemic. However, the results of this study are in line with several others in showing a significant difference in the level of attainment between students taking classes online and those taking the same class face-to-face. The central issue therefore is how to best implement the positive aspects of online instruction in a way that retains the elements of engagement that enable students to do better in face-to-face classes. This appears to be magnified in mathematics and other scientific disciplines. Significant pedagogical development is needed to overcome the reduced interaction that students experience when taking online classes and educators should be particularly aware of this when designing courses where a significant amount of theoretical material must be understood. [START_REF] Trenholm | The instructor experience of fully online tertiary mathematics: A challenge and an opportunity[END_REF] indicated the urgency of moving toward student-centred pedagogies when designing online mathematics courses, and this issue will become increasingly acute post-pandemic when more and more such courses are expected to be offered.

This study also confirms that any disadvantage experienced by students in online courses can have a lasting effect when they return to the classroom. As a result, educators and administrators need to be judicious in how resources are allocated, especially in courses that begin a sequence such as Calculus 1. While it is tempting to take heavily populated lower-level courses and deliver them online, it has been repeatedly shown that weaker and less experienced students struggle more with the aspects of self-motivation and time management required to succeed in online classes [START_REF] Bettinger | Virtual classrooms: How online college courses affect student success[END_REF][START_REF] Kalman | Student views of the online learning process during the COVID-19 pandemic: A comparison of upper-level and entry-level undergraduate perspectives[END_REF][START_REF] Xu | Performance gaps between online and face-to-face courses: Differences across types of students and academic subject areas[END_REF]. Blended modalities that incorporate the positive aspects of both online and face-to-face courses perhaps offer a better alternative, with several studies making the case that technology adds to the learning experience when it supplements rather than replaces face-to-face interaction [START_REF] Griffiths | Perspectives of exchange students on the role of classroom technology: A law of diminishing returns[END_REF][START_REF] Protopsaltis | Does online education live up to its promise? A look at the evidence and implications for federal policy[END_REF]). An initial period of remediation may also be required for students transitioning within the same discipline from online courses to face-to-face instruction, especially when part of a sequence.

There are several avenues for further research that follow on from this study, including an exploration of whether similar results are obtained when broadening the research questions to larger populations and different subject areas within mathematics. Over time we would expect a convergence in outcomes among the different modalities as students and instructors adjust to the new normal.
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