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Randomized controlled experiments have shown that face-to-face teaching is more effective in delivering various learning outcomes than asynchronous online teaching. Unlike the asynchronous online teaching mode, the synchronous online mode has a live instruction component and is more comparable to the face-to-face mode. A small-sized randomized controlled experiment involving 50 students showed that there was no significant difference in student ratings on the effectiveness between the face-to-face and synchronous online teaching modes. Prior to the current study, no medium-or large-sized randomized controlled experiment had been conducted for comparing the two modes. The current study aims to fill in the gap by comparing the effectiveness of face-to-face (i.e., intervention) and synchronous online (i.e., control) teaching through a randomized controlled experiment involving 725 students from seven statistics courses offered by the Department of Statistics and Actuarial Science at the University of Hong Kong. Results show that the difference in learning outcomes between the two modes is not statistically significant. The class size is an effect modifier that students assigned to the face-to-face mode have significantly higher final weighted and final exam scores if they have face-to-face lessons with 25 students or fewer. The Pass/Fail grading option has a significantly negative effect on course performance.
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Introduction

Face-to-face teaching has been an educational norm for thousands of years. Through face-to-face communications, students and teachers get acquainted with each other, and teaching and learning activities are not only for the sake of knowledge transmission but also involve mutual influence of life attitudes and personalities. Before entering society, students spend more than 10 years at schools and colleges where they learn how to communicate with their peers and seniors, obey the social norms, and acquire theoretical knowledge and practical skills for entering their future professions. Therefore, face-to-face teaching used to be considered indispensable by teachers and students (Smith et al., 2009; Sithole et al., 2019; Morreale et al., 2021). However, things have changed drastically since the outbreak of COVID-19 pandemic. Similar to many industries, educational activities have been interrupted and many schools and universities have been temporarily shut down before eventually moving to online platforms (Abbasi et al., 2020; Aboagye et al., 2020; Radha et al., 2020; Mathivanan et al., 2021). Millions of university-level courses are being delivered online across the world, and this trend has lasted for a long period making us wonder whether e-learning will eventually overtake face-to-face learning and become a new educational norm in the post-COVID-19 era (Saeed Al-Maroof et al., 2020; Hermawan, 2021; Pham and Da Vo, 2021; Shofwan et al., 2021; Tang et al., 2021).

In the next section, we provide a brief overview of the motivation behind this research. We then review past literature on the comparison between face-to-face and online teaching with learning theories and details of the learning outcome framework. In the subsequent sections, we discuss the methodology, results and generalizability of this study.


Motivation

Before the pandemic, courses from higher education in many parts of the world already had some online elements in the sense that many universities used learning management systems such as Moodle and Canvas, where students could download materials, watch teaching videos, ask questions and receive instructions from the course forum (Anand and Eswaran, 2018; Grossi et al., 2018). Therefore, a natural question is whether the face-to-face element still has some added value over a purely online teaching mode. In this paper, the added value is confined to that related to course performance, which can be measured by assignment, test and final exam scores.




Literature review


Teaching and Learning with information communication technology

Past studies showed that e-learning had suffered from technical deficiencies such as the instability of spontaneous communication and long loading time for educational videos (Nwabufo et al., 2013; Aminu and Rahaman, 2014; Al-Azawei et al., 2016). Many of these issues have been resolved by the advancement of Information Communication Technology (ICT). Sharma et al. (2018) reported that smart learning tools have been adopted by the University of the South Pacific, leading to a healthy smart learning ecosystem. Reddy et al. (2021) pointed out that computer competency and computer self-efficacy were the two major factors determining the acceptance of smart learning technology among secondary school students and university newcomers. This echoed the key finding of their previous paper (Reddy et al., 2020) that freshmen had a high digital literacy level in general. However, Khalil et al. (2020) stressed the fact that online students might be unable to concentrate properly without eye contact with the teachers.



Learning theories

There are competing learning theories for face-to-face versus online teaching. While the social learning theory suggests face-to-face teaching provides opportunities for direct social interactions and collaborations that can facilitate teaching and learning (Bandura and Walters, 1977), the cognitive load theory (CLT) suggests online teaching can be more effective in reducing the cognitive loads of students by allowing them to study in their own pace and time (Hadie et al., 2021). Finally, constructivism suggests learning is a self-constructive process and therefore, both face-to-face and online teaching can help students construct knowledge from their own learning experience (Kleinke and Lin, 2020; Fatimah et al., 2022).



Observational studies

Observational studies, both qualitative and quantitative in nature, were conducted to compare the effectiveness of face-to-face, online, and blended teaching with mixed results (Larson and Sung, 2009; Lu and Lemonde, 2013; Broadbent, 2017; Ebner and Gegenfurtner, 2019; Herodotou et al., 2020; Littenberg-Tobias and Reich, 2020; Randazzo et al., 2021). Mahasneh et al. (2022) conducted a survey on a sample of 3,584 students and found that the most important positive effect of online teaching was the improvement in students’ ability to use smart devices for educational purposes. Tawarah et al. (2022) pointed out that the availability of facilities and students’ self-motivation for study were the most important determinants for achieving online teaching objectives.



Randomized controlled experiments

Small to medium-sized randomized controlled experiments were also conducted to compare face-to-face, blended, and asynchronous online teaching (Alpert et al., 2016; Reavley et al., 2018; Crawford et al., 2021; Jiang et al., 2021). In those studies, blended and face-to-face teaching modes were shown to be more effective in delivering learning outcomes than the asynchronous online teaching mode. Alnabelsi et al. (2015) conducted a randomized controlled experiment with 50 students for comparing the effectiveness of face-to-face and synchronous online teaching, and there was no significant difference in student ratings between the two teaching modes for the usefulness of the lecture. So far, no medium-or large-sized randomized controlled experiment has been conducted for comparing face-to-face and synchronous online teaching. The goal of this paper is to fill in this gap. To the best of our knowledge, our study is by far the largest randomized controlled experiment for comparing face-to-face and online teaching.



Learning outcome frameworks

Influenced by Bloom’s taxonomy of educational objectives (Krathwohl, 2002), two popular frameworks have been adopted by the aforementioned studies, that is, the grade-and survey-based learning outcome frameworks. While the grade-based framework uses assessment scores such as assignment and exam results to assess the fulfillment of learning outcomes, the survey-based framework mainly relies on surveys or other forms of student feedback for the evaluation of student perceived learning outcomes and satisfaction. The current study adopts the former learning outcome framework, and the research question is whether face-to-face teaching can enable students to achieve significantly higher assessment scores than synchronous online teaching.




Methodology


Experimental design and data collection

The experiment started on September 1, 2020 and ended on December 23, 2020. The intervention started from the 4th week of the semester, i.e., on September 21, 2020. Consent forms were sent to students before the experiment, and only the students who signed the consent forms were included in the sample. The sample consisted of 725 students from seven statistics courses offered by the University of Hong Kong in the first semester of 2020–2021, among which 560 and 165 are undergraduate and postgraduate students, respectively. For the two large courses with enrollment over 140 (i.e., Courses A and B), students were randomly assigned to either the face-to-face (i.e., intervention) or synchronous online (i.e., control) teaching mode in ratios of 1:2 and 1:3, respectively, whereas students in other smaller courses were randomly assigned to the two modes in a ratio of 1:1. The difference in the assignment ratio was to comply with the COVID-19 measure that the number of students in a classroom could not exceed one third of its maximum capacity. A stratified randomization was adopted for this study with course code as the stratification factor.

Lecture and tutorial materials were posted on the learning management system of Moodle and were accessible to both face-to-face and synchronous online mode students. In each week, 2–3 h of lectures and 1 h of tutorial were conducted, during which the face-to-face mode students received face-to-face instructions, whereas the synchronous online mode students received identical instructions via Zoom simultaneously. Hence, the only difference between the face-to-face and synchronous online teaching modes is that the face-to-face mode students received face-to-face instructions in lectures and tutorials, whereas the synchronous online mode students received the same instructions via Zoom. Both groups of students had access to the recorded teaching videos.

The first 2 weeks of the semester were the add/drop period during which students in the seven courses were informed to participate in the study and their informed consents were collected. In the third week of the semester, an online pretest was given to all students in the experiment, and it served as a baseline variable indicating students’ ability and understanding of course prerequisite knowledge. Owing to the COVID-19 pandemic, students were allowed to choose between the Pass/Fail and Letter grading options for each course taken and would receive only a Pass/Fail grade on the transcript for the course if the Letter grading option was opted out. There were two class tests (excluding the pretest) and 3–5 take-home assignments, and an online final exam for each course. The five outcome variables (i.e., the final weighted score, final exam, coursework, test and assignment scores) along with other baseline variables such as gender, grading option, pretest score, course code, course level (undergraduate vs. postgraduate) and technicality (technical vs. non-technical course content) were collected for the purpose of this study. While the final weighted score was a weighted average of the final exam and coursework scores, the coursework score was a weighted average of the assignment and test scores. The final exam score was still collected even if a student opted for the Pass/Fail grading option.

Statistical analyses were conducted in the following steps. First, we compared the baseline characteristics between the intervention and control groups in the section of descriptive statistics. Second, we tested the null hypothesis that there is no difference in the effectiveness between face-to-face and synchronous online teaching in delivering the assessment outcomes in the initial part of the results section. A forest plot was drawn for the subgroup analysis on the treatment effect of the delivery mode. Third, we investigated the interaction effect between the delivery mode and class size and tested the null hypothesis that there is no interaction between the delivery mode and class size in the latter part of the results section. Finally, we compared students’ final exam and pre-exam performances so as to provide some additional suggestions for improving teaching quality in the post-pandemic era.



Descriptive statistics

The statistical software of R (version 4.1.0) and JMP (version Pro 16.0.0) were used to conduct the analyses in this paper, which include descriptive statistics in the current section, and linear regressions and a forest plot in the next section.

In Table 1, we compare the baseline characteristics between the intervention and control groups on the pretest score, percentage of students opted for Pass/Fail grading, gender, course level and technicality, and the ps-value from two-sample t-tests (i.e., the 2nd row) and Z-tests for proportions (i.e., from the 3rd to 6th rows) are presented in the final column. All hypothesis tests are two-sided, and the 95% confidence intervals (CI) for the mean pretest scores are given on the second row. While the first three are student-endogenous variables that have been well balanced by stratified randomization, the last two are course specific student-exogenous variables (Guney, 2009). Technical courses are defined to be those involving more theories, mathematical derivations, and proofs. Owing to the COVID-19 social distancing measures, the two large non-technical courses (i.e., courses A and B) had lower face-to-face to online ratios (1:2 and 1:3) than other smaller technical courses (i.e., courses C to G). Since randomization was performed within each course, the student-exogenous variables (i.e., technicality and course level) were not intended to be balanced by randomization. Therefore, the face-to-face group had a significantly lower proportion of undergraduate students but a higher proportion of students taking technical courses. Furthermore, it is a well-known fact that courses could have different mean scores due to different technical levels and grading standards of teachers. Hence, we address the course specific differences by controlling for the course code in the multiple regression. That is, the course-specific effects of technicality, course level and teacher’s standard are captured by the coefficients of the course code variables.



TABLE 1 Comparison of baseline characteristics between intervention (face-to-face) and control (online) groups.
[image: Table1]

More information on the relevant courses is given in Table 2, where Courses A and B are non-technical courses, and all other courses are relatively more technical. Due to large class sizes and social distancing requirements during pandemic, these two undergraduate courses used assignment ratios of 1:2 and 1:3, respectively, for face-to-face versus synchronous online teaching modes. Gender and course level distributions of the participants are presented in Figure 1.



TABLE 2 Course information with the numbers of students in the face-to-face and online teaching modes.
[image: Table2]
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FIGURE 1
 Gender and course level distributions of the participants.





Results

Multiple linear regression models are fitted to the intention-to-treat (ITT) data and the ITT effects of the delivery mode on learning outcomes are estimated. We consider the final weighted score, final exam, test average, coursework and assignment average scores separately as outcome variables and examined their associations with the delivery mode (Face-to-face vs. Online), grading option (Pass/Fail vs. Letter grade), gender and course code with course G as the reference group. Variance inflation factor (VIF) has been used to measure the degree of multicollinearity in the multiple regression models. None of the VIFs is greater than 3, showing the degree of multicollinearity is low. From Table 3, we have the following key findings:

• The effect of the delivery mode on the five assessment measures was not statistically significant. We cannot reject the null hypothesis that there is no difference in effectiveness between the face-to-face and online teaching modes.

• Students with higher pretest scores performed significantly better in all five assessment measures.

• Students who opted for a Pass/Fail grade had significantly lower final weighted, final exam, coursework, test average and assignment average scores than those who opted for a Letter grade.

• Male students had significantly lower assignment scores than female students.



TABLE 3 Multiple regression analyses of five assessment measures with the delivery mode, pretest score, grading option, gender, and course code as covariates.
[image: Table3]

We further investigate the subgroup treatment effect of the delivery mode with course code as a stratification variable. The forest plot in Figure 2 shows that, the subgroup treatment effect for each course was not statistically significant except that Course A students performed better in assignments if they were assigned to the face-to-face mode.

[image: Figure 2]

FIGURE 2
 Subgroup treatment effect by the forest plot with course code as the stratification variable.


Inspired by the argument that eye contact with the teacher can help student’s concentration (Khalil et al., 2020), we investigate whether the class size has been a significant modifier for the effect of delivery mode. Understandably, most students would not have eye contact with the teacher in a large class, and face-to-face teaching might not help students’ concentration. Under the potential outcome framework (Rubin, 1974), we assume that

[image: image]

where [image: image] is the potential learning outcome given the delivery mode with [image: image] referring to the face-to-face mode, and [image: image] the online mode, [image: image] is an indicator function and is equal to one when the class size [image: image] (i.e., the face-to-face # in Table 2) is less than or equal to a certain threshold [image: image], and zero otherwise, and [image: image] is a vector of other baseline covariates such as the pretest score, grading option, gender and course code. The treatment effect of the delivery mode on the learning outcome with adjustment of the face-to-face class size is given by

[image: image]

We investigate the interaction effect between the delivery mode and class size with different thresholds. As shown in Figure 3, there are only two outcome variables (i.e., the final weighted and final exam scores) with statistically significant interaction effects when the class size threshold [image: image]. For these two outcome variables, the estimated interaction effect first increases and then decreases from the class size threshold [image: image] onward, while the corresponding p-value reaches the minimum at [image: image]. For the other outcomes, similar patterns can be observed, although they never reach the 5% significance level. For [image: image], only one course (i.e., Course E) falls into this category. Note that [image: image] for this category is not statistically significant and the trend is not shown due to a small sample size in this threshold category. Based on the findings in Figure 3, we conclude that [image: image] would be the optimal class size threshold.

[image: Figure 3]

FIGURE 3
 Estimates for the interaction effect between the delivery mode and class size with different class size thresholds.


Table 4 shows that, students who were assigned to the face-to-face mode had significantly higher final weighted and final exam scores if they had face-to-face lectures and tutorials in small classes with 25 students or fewer. The corresponding estimators [image: image]’s are positive (5.99 and 6.70) and statistically significant (ps-value: 0.029 and 0.042). There is strong evidence suggesting that the class size interacts with the delivery mode and that face-to-face teaching is more effective than synchronized online teaching if the class size is small.



TABLE 4 Estimates for the effect of the delivery mode on learning outcomes with the class size as a modifier.
[image: Table4]

Finally, Figure 4 compares the final exam and pre-exam (i.e., coursework including tests and assignments) performances of students with the delivery mode as a stratification variable. The generalized likelihood ratio test shows little difference in the slopes of the two regression lines (Face-to-face vs. Online), which implies the association between the final exam and pre-exam performances was the same for the two teaching modes (p-value = 0.575). Both regression lines have positive slopes and are below the 45-degree dashed line, implying that coursework performance was positively correlated with final exam performance, and that students in both teaching modes performed better in coursework than in the final exam (because students were allowed to discuss and refer to textbooks and notes for coursework). As a form of continuous assessment, a more rigorous marking scheme for coursework can encourage students to work hard throughout the entire semester.

[image: Figure 4]

FIGURE 4
 Comparison between the final exam and pre-exam performances of students with the delivery mode as the stratification variable.




Discussion

Since the COVID-19 outbreak, there has been a distinctive rise of e-learning, whereby teaching is undertaken remotely on digital platforms. Will e-learning eventually overtake face-to-face teaching and become a new educational norm in the post-COVID-19 era? Does face-to-face teaching still have some added value over a purely online teaching mode? How to improve teaching quality in the post-COVID-19 era? To provide some good insights into these questions, if not answering them, we conducted a randomized controlled experiment comparing the effectiveness of face-to-face and synchronous online teaching.

There has been insufficient evidence to suggest the face-to-face element can enable students to perform better in statistics courses at the university level. This result agrees with that of a randomized controlled experiment conducted by Alnabelsi et al. (2015). Note that our sample size is much larger, and we used assessment scores as means of comparison, which may be more objective than the use of student ratings in the previous study. In our sample, three out of seven courses had face-to-face class sizes of more than 50. Since it was not unusual for large classes to be noisy, we suspect that students in large classes could have distracted each other. Moreover, students in small face-to-face classes could have more interactions with the teacher, which was an advantage they had over students in the online teaching group. The class size was an effect modifier that students assigned to the face-to-face mode had significantly higher final weighted and exam scores (on average), if the face-to-face lessons were taught in small classes with 25 students or fewer. Finally, the Pass/Fail grading option had a significantly negative effect on course performance. Once chosen the Pass/Fail grading option, students stopped working hard because assessments would not affect their GPAs given they managed to pass the course.

A limitation of our study is the fact that all students who participated in this experiment were taking statistics courses, and our results might not be applicable to the teaching of other subjects. This is especially true for those subjects that are different from statistics in nature, such as history, literature, music, and visual arts. However, our study can provide some insights into how teaching could be improved in the post-COVID-19 era. Since the face-to-face element cannot improve students’ assessment scores, we provide the following suggestions.

• Teaching videos can still be recorded in the post-COVID-19 era so that students can re-watch the technical parts of the course and gain a better understanding. These videos are particularly beneficial to the students who are absent from the classes due to various reasons such as medical issues, professional leave or conference attendance.

• Online teaching provides flexibilities to part-time students who have rigid working hours and cannot freely travel to campus for in-person learning.

• Pre-exam assessments (i.e., tests and assignments) can account for higher weights with more stringent marking standards so that students are encouraged to work hard throughout the entire semester, rather than making an imbalanced, last-minute effort right before the final exam.

• Face-to-face teaching should be offered in small classes with more student engagements for its value to be fully realized. Small classes can also allow students to be more acquainted with each other and build up positive peer learning relationships.

• Face-to-face teaching, if there is any, should involve more interactions between teachers and students and focus more on the intangible learning outcomes such as motivation for study, encouragement of creativity and the quest for better humanity.

• In the era of big data and artificial intelligence, the value of face-to-face teaching lies less on knowledge transmission but more on the intangible learning outcomes that can enrich humanity and help distinguish humans from machines.



Conclusion

In this study, we conduct a randomized controlled experiment to compare the effectiveness of face-to-face and synchronous online teaching. There has been insufficient evidence to suggest that the learning outcomes of the two modes are different. The class size is a significant effect modifier that students assigned to the face-to-face mode have significantly higher final weighted and exam scores if they have face-to-face lessons with 25 students or fewer.
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