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Abstract

This study investigates the factors that predict students' performance after transitioning from
face-to-face to online learning as a result of the Covid-19 pandemic. It uses students'
responses from survey questions and the difference in the average assessment grades
between  pre-lockdown  and  post-lockdown  at  a  South  African  university.  We  find  that
students' performance was positively associated with good wifi access, relative to using
mobile internet data. We also observe lower academic performance for students who found
transitioning to online difficult and who expressed a preference for self-study (i.e., reading
through class slides and notes) over-assisted study (i.e., joining live lectures or watching
recorded lectures). The findings suggest that improving digital infrastructure and reducing the
cost of internet access may be necessary for mitigating the impact of the Covid-19 pandemic
on education outcomes.
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1. Introduction
The Covid-19 pandemic has been a wake-up call to many countries regarding their capacity
to cater for mass online education. This situation has been further complicated in
developing countries, such as South Africa, who lack the digital infrastructure for the
majority of the population. The extended lockdown in South Africa saw most of the
universities with mainly in-person teaching scrambling to source hardware (e.g. laptops,
internet access), software (e.g. Microsoft packages, data analysis packages) and internet
data for disadvantaged students in order for the semester to recommence. Not only has
the pandemic revealed the already stark inequality within the tertiary student population,
but it has also revealed that high internet data costs in South Africa may perpetuate this
inequality, making online education relatively inaccessible for disadvantaged students.1

The lockdown in South Africa made it possible to investigate the changes in second year
students’ performance in the Economics department at the University of Pretoria. In
particular, we are interested in assessing what factors predict changes in students’
performance after transitioning from face-to-face (F2F) to online learning. Our main
objectives in answering this research question are to establish what study materials the
students were able to access (i.e. slides, recordings, or live sessions) and how students got
access to these materials (i.e. the infrastructure they used).

The benefits of education on economic development are well established in the
literature (Gyimah-Brempong, 2011), ranging from health awareness (Glick et al., 2009),
improved technological innovations, to increased capacity development and employment
opportunities for the youth (Anyanwu, 2013; Emediegwu, 2021). One of the ways in which
inequality  is  perpetuated  in  South  Africa,  and  Africa  as  a  whole,  is  through  access  to
education (Anyanwu, 2016; Coetzee, 2014; Tchamyou et al., 2019), therefore
understanding the obstacles that students face in transitioning to online learning can be
helpful in ensuring more equal access to education.

Using students’ responses from survey questions and the difference in the average
grades between pre-lockdown and post-lockdown, our findings indicate that students’
performance in the online setting was positively associated with better internet access.
Accessing assisted study material, such as narrated slides or recordings of the online
lectures, also helped students. We also find lower academic performance for students
who reported finding transitioning to online difficult and for those who expressed a
preference for self-study (i.e. reading through class slides and notes) over assisted study
(i.e. joining live lectures or watching recorded lectures). The average grades between pre-
lockdown and post-lockdown were about 2 points and 3 points lower for those who
reported transitioning to online teaching difficult and for those who indicated a preference
for self-study, respectively. The findings suggest that improving the quality of internet
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infrastructure and providing assisted learning can be beneficial in reducing the adverse
effects of the Covid-19 pandemic on learning outcomes.

Our study contributes to the literature by examining the changes in the online (post-
lockdown) performance of students and their F2F (pre-lockdown) performance. This
approach differs from previous studies that, in most cases, use between-subject designs
where one group of students following online learning is compared to a different group of
students attending face-to-face lectures (Almatra et al., 2015; Brown & Liedholm, 2002).
This approach has a limitation in that that there may be unobserved characteristics unique
to students choosing online learning that differ from those choosing face-to-face lectures.
Our approach avoids this issue because we use a within-subject design: we compare the
performance  of  the  same  students  who  followed  F2F  learning  prior  to  lockdown  and
moved to online learning during lockdown due to the Covid-19 pandemic. Moreover, the
study contributes to the limited literature that compares F2F and online learning in
developing countries.

Several studies that have also compared the effectiveness of online learning and F2F
classes encounter methodological weaknesses, such as small samples, not controlling for
demographic characteristics, and substantial differences in course materials and
assessments between online and F2F contexts. To address these shortcomings, our study
is based on a relatively large sample of students and includes demographic characteristics
such as age, gender and perceived family income classification. The lecturer and course
materials also remained similar in the online and F2F contexts. A significant proportion of
our students indicated that they never had online learning experience before. Less than
20% of the students in the sample had previous experience with online learning. This
highlights  the  fact  that  online  education  is  still  relatively  new  to  most  students  in  our
sample.

Given  the  global  experience  of  the 4th	 industrial revolution (4IR),2 with rapidly
accelerating technological progress, South Africa needs to be prepared for the possibility
of  online  learning  becoming  the  new  norm  in  the  education  system.  To  this  end,
policymakers may consider engaging with various organisations (schools, universities,
colleges, private sector, and research facilities) in order to adopt interventions that may
facilitate the transition to online learning, while at the same time ensuring fair access to
education for all students across different income levels.

1.1 Related Literature

Online learning is a form of distance education which mainly involves internet-based
education where courses are offered synchronously (i.e. live sessions online) and/or
asynchronously (i.e. students access course materials online at their own time, which is
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associated with the more traditional distance education). On the other hand, traditional
F2F learning is real time or synchronous learning. In a physical classroom, instructors
engage with the students in real time, while in the online format instructors can offer real
time lectures through learning management systems (e.g. Blackboard Collaborate), or
record the lectures for the students to watch later. Purely online courses are offered
entirely over the internet, while blended learning combines traditional F2F classes with
learning over the internet, and learning supported by other technologies (Nguyen, 2015).
Moreover, designing online courses requires several considerations. For example, the
quality of the learning environment, the ease of using the learning platform, the learning
outcomes to be achieved, instructor support to assist and motivate students to engage
with the course material, peer interaction, class participation, type of assessments
(Paechter & Maier, 2010), not to mention training of the instructor in adopting and
introducing new teaching methods online (Lundberg et al., 2008). In online learning,
instructors are more facilitators of learning. On the other hand, traditional F2F classes are
structured in such a way that the instructor delivers knowledge, is better able to gauge
understanding and interest of students, can engage in class activities, and can provide
immediate feedback on clarifying questions during the class. Additionally, the designing of
traditional F2F courses can be less time consuming for instructors compared to online
courses (Navarro, 2000).

Online learning is also particularly suited for non-traditional students who require
flexibility  due  to  work  or  family  commitments  that  are  not  usually  associated  with
undergraduate student population (Arias et al., 2018). Initially the non-traditional student
belonged to the older adult age group, but with blended learning becoming more
commonplace in high schools, colleges and universities, online learning has begun to
traverse a wider range of age groups. However, traditional F2F classes are still more
beneficial for learners that are not so self-sufficient and lack discipline in working through
the class material in the required time frame (Arias et al., 2018).

For the purpose of this literature review, both pure online and blended learning are
considered to be online learning as much of the evidence in the literature compares these
two types against the traditional F2F learning. The debate in the literature surrounding
online learning vs F2F teaching continues to be a contentious one. A review of the
literature reveals mixed findings when comparing the efficacy of online learning on
student performance in relation to the traditional F2F medium of instruction (Lundberg et
al., 2008; Nguyen, 2015). A number of studies conducted prior to the 2000’s find what is
known today in the empirical literature as the "No Significant Difference" phenomenon
(Russell et al., 1999). The seminal work from Russell et al. (1999) involved over 350
comparative studies on online/distance learning versus F2F learning, dating back to 1928.
The author finds no significant difference overall between online and traditional F2F
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classroom education outcomes. Subsequent studies that followed find similar “no
significant difference” outcomes (Arbaugh, 2000; Fallah & Ubell, 2000; Freeman & Capper,
1999; Johnson et al., 2000; Neuhauser, 2002). While Bernard et al. (2004) also finds that
overall there is no significant difference in achievement between online education and F2F
education, the study does find significant heterogeneity in student performance for
different activities. The findings show that students in F2F classes outperform the students
participating in synchronous online classes (i.e. classes that require online students to
participate in live sessions at specific times). However, asynchronous online classes (i.e.
students access class materials at their own time online) outperform F2F classes.

More recent studies find significant results for online learning outcomes in relation to
F2F outcomes. On the one hand, Shachar and Yoram (2003) and Shachar and Neumann
(2010) conduct a meta-analysis of studies from 1990 to 2009 and find that in 70% of the
cases, students taking courses by online education outperformed students in traditionally
instructed courses (i.e. F2F lectures). In addition, Navarro and Shoemaker (2000) observes
that learning outcomes for online learners are as effective as or better than outcomes for
F2F learners, regardless of background characteristics. In a study on computer science
students, Dutton et al. (2002) finds online students perform significantly better compared
to the students who take the same course on campus. A meta-analysis conducted by the
USA Department of Education finds that students who took all or part of their course
online performed better, on average, than those taking the same course through
traditional F2F instructions. The report also finds that the effect sizes are larger for studies
in which the online learning was collaborative or instructor-driven than in those studies
where online learners worked independently (Means et al., 2010).

On the other hand, evidence by Brown and Liedholm (2002) based on test scores from
macroeconomics students in the USA suggest that F2F students tend to outperform online
students. These findings are supported by Coates et al. (2004) who base their study on
macroeconomics students in the USA, and Xu and Jaggars (2014) who find negative effects
for  online  students  using  a  dataset  of  about  500,000  courses  taken  by  over  40,000
students in Washington. Furthermore, Almatra et al. (2015) compares overall course
grades between online and F2F students for a Telecommunications course and finds that
F2F students significantly outperform online learning students. In an experimental study
where students are randomly assigned to attend live lectures versus watching the same
lectures online, Figlio et al. (2013) observes some evidence that the traditional format has
a  positive  effect  compared  to  online  format.  Interestingly,  Callister  and  Love  (2016)
specifically compare the learning outcomes of online versus F2F skills-based courses and
find that F2F learners earned better outcomes than online learners even when using the
same technology. This study highlights that some of the inconsistencies that we find in the
results comparing online to F2F learning might be influenced by the nature of the course:
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theory-based courses might be less impacted by in-person interaction than skills-based
courses.

The  fact  that  the  reviewed  studies  on  the  effects  of  F2F  versus  online  learning  on
student performance have been mainly focused in developed countries indicates the
dearth of similar studies being conducted in developing countries. This gap in the literature
may also highlight a salient point: online learning is still relatively underexplored in
developing countries. The lockdown in South Africa therefore provides us with an
opportunity to contribute to the existing literature from a developing country context.

2. Context of Study
South Africa went into national lockdown in March 2020 due to the COVID-19 pandemic.
Like most universities in the country, the first semester for undergraduate courses at the
University of Pretoria had already been running since the start of the academic year in
February. Before the pandemic, a number of F2F lectures and assessments had already
been conducted in most courses. The nationwide lockdown forced the university, which
was mainly in-person teaching, to move to full online learning for the remainder of the
semester. This forced shift from F2F teaching to online learning allows us to investigate
the changes in students’ performance.

Prior to lockdown, classes were conducted on campus. During lockdown, these live
classes were moved to an online platform, Blackboard Collaborate, which could be
accessed by all registered students on the university intranet (“ClickUP”). However, these
live online lectures involve substantial internet data costs for students. In order to ensure
access to course content for those students who were unable to attend the live online
lectures due to poor internet connections or internet data costs, several options for
accessing course content were made available. These options included pre-recorded
narrated slides (which required less usage of internet data), recordings of the live online
lectures, PowerPoint slides with explanatory notes and standard PDF lecture slides.

At the same time, the university managed to procure and loan out laptops to a number
of disadvantaged students, and negotiated with major mobile internet data providers in
the country for students to have free access to study material through the university’s
"connect" website (also referred to as the zero-rated website). However, this free access
excluded some video content and live online lectures (see Table 1 below). The university
also provided between 10 and 20 gigabytes of mobile internet data per month, depending
on the network provider, sent to students’ mobile phones to assist with internet data
costs.
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Table 1: Sites available on zero-rated website

Browser access to the university intranet (ClickUp)
Zero-
rated

Paid with
internet data

Content X X (Bb App)
Interactive videos and content X
YouTube (only if linked in ClickUP) X
Announcements X X
Blackboard Collaborate - live sessions
Blackboard Collaborate - recordings X
Discussions X
Blogs X
Journals X
Assignments X
Turnitin Assignments X
Tests X
Other solutions
Gmail X
Library X
Google Drive (accessed via Gmail) X
Google Hangouts/Meet X
Blackboard App (Bb App) X
Instructor App X
UP & Library App X
Integrated publishing companies' content (Please note: we have not tested all features and
functions of each publishing company software solution.)
Cengage X
Elsevier X
IT Schools X
MacMillan X
McGraw Hill X
Saping X
Vitalsource X
Webassign X
Willeyplus X

Notes: The table summarize the sites that were available on the zero-rated website and those that
incurred data costs. Source: University of Pretoria, Department of Education Innovation.

High data costs continue to be a contentious issue in Africa where average incomes are
low. Gilbert (2019) reports  that South Africa ranked 16th of the 45 countries researched
in  terms  of  the  most  expensive  internet  data  in  Africa,  at  US$6.81  per   gigabyte,  in
comparison to other Southern African countries such as Mozambique (US$1.97), Zambia
(US$2.70) and Lesotho (US$4.09). Internet data prices have also been called into question
in South Africa after the Competition Commission published a report from its Data Services
Market Inquiry calling the country’s internet data pricing "excessive" (Gilbert, 2019).
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3. Empirical Approach
We use a sample of 395 second year students taking a macroeconomics module in the
Economics department to compare the effects of F2F and online learning on students’
performance using a range of assessments. The module was an introduction to the
application of theoretical economic concepts. The content was both theory-based
(developing economic growth models using concepts and equations) and skill-based
(application involving the collection of data from online data sources and analysing the
data using statistical software). Both individual and group assignments formed part of the
assessments. Prior to the end of the semester, during lockdown in June 2020, we asked
the students to complete a survey with questions related to the transition from F2F to
online learning and the difficulties that they may have faced. For example, we asked the
students i) how easy or difficult they found the transition from F2F to online lectures; ii)
what internet options were available to them and which they used the most to access the
online  prescribed  work;  iii)  what  format  of  content  they  accessed  and  which  they
preferred the most (i.e. self-study material in the form of PDF and PowerPoint slides with
notes vs assisted study with narrated slides and lecture recordings); iv) what difficulties
they faced accessing the live online lectures, to name a few. Figure 1 summarises the key
survey questions that we asked the students regarding their transition from F2F to online
learning.
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Figure 1: Summary of Survey Data

Before the lockdown, the students had already attended several F2F classes and
completed three assessments. We are therefore able to create a dependent variable that
is comprised of the average grades of three assignments taken before lockdown and the
average grades of three assignments taken after the start of the lockdown for each
student.  Specifically, we use the difference between the post- and pre-lockdown average
grades as the dependent variable. However, the number of student observations dropped
to  275  due  to  some  students  missing  one  or  more  of  the  assessments.  The  lecturer,
content and format of the assessments remain similar across the module. We estimate
the following equation using ordinary least squares (OLS) with robust standard errors:

Yi	= 1Bi	+ 2Xi	+ i	 (1)

where Yi	is the student’s performance measured by the difference between the post and
pre-lockdown average grades. B	represents the vector of determinants that measure the
difficulty faced by students to transition from F2F to online learning. This vector includes
access to the internet, study material preferred, quality of the online live lecture sessions
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and pre-lockdown class attendance. X	is the vector of student demographic controls such
as race, gender and an indicator if the student’s perceived family income is below average.
The i	is unobserved student characteristics.

4. Analysis

4.1 Descriptive Statistics

Table 2 gives an overview of the sample of students. We find that among the black
students, a higher proportion of students reported finding the transition to online learning
more difficult. On the other hand, more white students reported finding the transition
moderately  easy,  as  did  the  other  races.  According  to  Coetzee  (2014),  the  quality  of
schools can vary significantly between higher income and lower-income areas, with black
South Africans far more likely to live in lower-income areas with lower quality schools than
white South Africans. As such, these differences in quality of education from secondary
schooling can persist at tertiary level. Furthermore, persistent income inequality between
races in South Africa likely means that many poorer black students might not be able to
afford wifi connections or large internet data bundles which can make the transition
difficult for black students compared to their white counterparts.
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Table 2: Descriptive Statistics

Columns by: Transition Difficulty

Very Easy to
Moderately
Easy

Difficult to
Impossible Total

n (%) 169 (61.5) 106 (38.5) 275 (100.0)
Race, n (%)
African, n (%) 82 (48.5) 69 (65.1) 151 (54.9)
Coloured, n (%) 9 (5.3) 4 (3.8) 13 (4.7)
Indian, n (%) 15 (8.9) 7 (6.6) 22 (8.0)
White, n (%) 63 (37.3) 26 (24.5) 89 (32.4)
Gender Male, n (%)
Female, n (%) 82 (48.5) 57 (53.8) 139 (50.5)
Male, n (%) 87 (51.5) 49 (46.2) 136 (49.5)
Most Used Access, n (%)
Mobile internet data, n (%) 33 (19.5) 31 (29.2) 64 (23.3)
Wifi, n (%) 122 (72.2) 58 (54.7) 180 (65.5)
Zero-rated, n (%) 14 (8.3) 17 (16.0) 31 (11.3)

Post-lockdown Quiz Average, mean (sd) 83.09 (8.50) 79.76 (11.07) 81.81 (9.69)

Difference Pre and Post grades, mean (sd) 6.81 (12.35) 3.99 (14.07) 5.72 (13.09)

Self-Study, mean (sd) 0.61 (0.49) 0.58 (0.50) 0.60 (0.49)

Class Attendance Pre-Lockdown, mean (sd) 0.54 (0.50) 0.57 (0.50) 0.55 (0.50)

Quality Collaborate: Picture/Sound, mean (sd) 0.24 (0.43) 0.31 (0.47) 0.27 (0.44)

Below Average Income, mean (sd) 0.24 (0.43) 0.06 (0.23) 0.17 (0.38)
Notes: The transition difficulty variable was ordered 1) Very Easy, 2) Moderately Easy, 3)
Difficult, and 4) Impossible. Since we have few responses to the extremes, we combined Very
Easy and Moderately as well as Difficult and Impossible to make the table easier to read. The
table with a full breakdown is available upon request.

A higher proportion of students reported that wifi access made the transition to online
learning moderately easy. However, relatively more students reported that mobile
internet data and accessing the zero-rated website made the transition difficult.
Surprisingly, not many students made use of the zero-rated website which was freely
available. Figure 2 shows that students who reported difficulty transitioning to online
learning did not perform as well in online learning versus F2F when compared to those
that found it less difficult to transition.
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Figure 2: Transition from F2F to online learning

Notes: This graph shows the students’ responses to the question "How easy did you find the
transition from face-to-face lectures to online lectures?" in relation to the outcome variable for
performance.

In Figure 3, the kernel density shows that students who had access to wifi performed
better than those who used mobile internet data or the zero-rated data.
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Figure 3: Access to online learning

Notes: This graph shows the students’ responses to the question "What do you currently use the
most  to  access  most  of  your  prescribed  work?"  in  relation  to  the  outcome  variable  for
performance.

4.2 Results

The regression results are reported in Table 3. We find that the change in students’
performance from F2F to online is negatively associated with the difficulty they faced in
transitioning from F2F to online learning. According to student survey responses, factors
contributing to difficulty in transitioning included poor internet access, high internet data
costs and lack of equipment such as laptops or tablets to access the study materials on the
university website. Students who had access to wifi (i.e. fixed wireless broadband,
Asymmetric Digital Subscriber Line (ADSL) or optic fibre) performed significantly better,
with on average 4.5 points higher grade, in relation to students that had to use mobile
internet data (i.e. personal mobile internet data, wifi at home using mobile internet data
or hotspot using mobile internet data) or the zero-rated website to access the study
materials. The insignificant results for the zero-rated website are surprising given that the
website was freely available and did not incur any internet data costs. However, most
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students in this sample complained that the internet connection on the zero-rated website
was slow, especially in uploading assignments. They also complained about being
disconnected when they were in the middle of an assessment. This may have discouraged
some students from making use of the zero-rated website.

Table 3: Results: Predictors for student performance using the difference in average
assessment grades between pre- and post-lockdown

(1) (2) (3) (4) (5)
Difference

Pre and Post
Difference

Pre and Post
Difference

Pre and Post
Difference

Pre and Post
Difference

Pre and Post
Transition -2.086* -2.216* -2.207* -2.020* -2.166*

Difficulty (1.220) (1.202) (1.189) (1.200) (1.198)

Wifi 4.533** 4.415** 4.399** 4.662** 4.721**

(2.153) (2.150) (2.091) (2.109) (2.116)

Zero-rated -0.245 0.089 0.214 0.499 1.226
(2.625) (2.659) (2.629) (2.652) (2.609)

Self-Study -3.649** -3.360** -3.388** -2.824*

(1.609) (1.588) (1.593) (1.617)

Class -3.403** -3.195** -3.478**

Attendance
Pre-Lockdown

(1.557) (1.571) (1.578)

Quality -1.968 -1.997
Collaborate: (1.603) (1.562)
Picture/Sound

Male -3.038*

(1.596)

Coloured 3.783 3.491 3.064 3.500 4.408*

(2.421) (2.622) (2.566) (2.652) (2.652)

Indian 4.240 4.611 4.700 4.563 4.701
(3.105) (3.046) (2.991) (2.991) (2.976)

White -0.131 0.392 0.020 -0.061 0.339
(1.829) (1.844) (1.832) (1.834) (1.856)

Below -3.165 -3.436* -4.005** -3.685* -3.535*

Average
Income

(2.008) (1.996) (1.953) (1.967) (1.959)

R2-adj 0.035 0.050 0.063 0.064 0.073
Obs. 275 275 275 273 273

Coefficients reported. Robust standard errors in parentheses. p	<	.10, p	<	.05, p	<	.01.

Students who expressed a preference for self-study approaches (i.e. reading PDF slides
or PowerPoint slides with explanatory notes) did not perform as well, on average, as
students who preferred assisted study (i.e. listening to recorded narrated slides or lecture
recordings). This result is in line with Means et al. (2010) where student performance was
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better for online learning with collaborative or instructor-driven than in cases where
online learners worked independently. Interestingly, we also observe that the
performance of students who often attended in-person classes prior to the lockdown
decreased. Perhaps these students found the F2F lectures particularly helpful in mastering
the course material. From the survey responses, we find that a significant proportion of
the students (about 70%) preferred F2F to online lectures. This preference for F2F lectures
may also be linked to the factors contributing to the difficulty some students faced in
transitioning to online learning.

We find that the performance of low-income students decreased post lockdown which
highlights another potential challenge to transitioning to online learning. The picture and
sound quality of the live online lectures also contributed to lower performance. Although
this result is not statistically significant, it is worth noting as the implications are linked to
the quality of infrastructure currently available for students to access online learning. We
find  no  significant  effects  of  race  on  changes  in  students’  performance,  though  males
appeared to struggle more with the shift to online teaching than females.

For robustness check in Table 4, we consider the average grades of the three
assignments taken after the start of the lockdown as a dependent variable (i.e. the post-
lockdown average grades for each student). We then include the pre-lockdown average
grades as an explanatory variable. The findings and overall conclusions in Table 4 are
consistent with the previous results.
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Table 4: Robustness Check: Predictors for student performance using the average
assessment grades for post-lockdown

(1) (2) (3) (4) (5)
Post-

lockdown
Quiz

Average

Post-
lockdown

Quiz
Average

Post-
lockdown

Quiz
Average

Post-
lockdown

Quiz
Average

Post-
lockdown

Quiz
Average

Pre-lockdown 0.171*** 0.171*** 0.177*** 0.175*** 0.181***

Quiz Avg (0.050) (0.048) (0.049) (0.049) (0.049)

Transition -1.745** -1.875** -1.875** -1.744** -1.818**

Difficulty (0.842) (0.815) (0.816) (0.823) (0.826)

Wifi 2.945* 2.827* 2.834* 2.949* 2.990*

(1.624) (1.619) (1.599) (1.605) (1.599)

Zero-rated -0.590 -0.257 -0.215 -0.045 0.318
(1.889) (1.924) (1.928) (1.937) (1.946)

Self-Study -3.648*** -3.558*** -3.606*** -3.325***

(1.100) (1.103) (1.110) (1.155)

Class -1.061 -1.003 -1.158
Attendance Pre-
Lockdown

(1.132) (1.148) (1.158)

Quality -1.267 -1.286
Collaborate:
Picture/Sound

(1.202) (1.189)

Male -1.506
(1.179)

Coloured 3.307 3.015 2.885 3.163 3.615
(2.477) (2.402) (2.394) (2.493) (2.657)

Indian 4.147** 4.518** 4.547** 4.457** 4.526**

(2.022) (1.981) (1.969) (1.975) (1.983)

White 1.215 1.738 1.612 1.448 1.636
(1.356) (1.349) (1.346) (1.344) (1.349)

Below Average 1.476 1.204 0.993 1.278 1.319
Income (1.363) (1.327) (1.344) (1.335) (1.342)
R2-adj 0.111 0.142 0.142 0.141 0.143
Observations 275 275 275 273 273

Coefficients reported. Robust standard errors in parentheses. p	<	.10, p	<	.05, p	<	.01.

As a further robustness check in Table 5, we create a panel for each student across the
six assignment grades so we can control for individual heterogeneity. We create a post
lockdown binary variable that takes the value of 1 for the lockdown period and 0
otherwise. We interact the post lockdown dummy variable with a measure for transition
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difficulty  and  internet  access.  The  internet  access  variable  is  an  indicator  variable  for
mobile internet data, wifi, or zero-rated access to class materials. The variable wifi is a
binary variable taking the value of 1 if the student has access to wifi and 0 otherwise. The
zero-rated variable is a binary variable taking the value of 1 if the student used the
university’s free portal access and 0 otherwise. We also include assignment and student
fixed  effects.  The  results  in  Table  5  remain  consistent  with  our  previous  findings  that
students who had wifi access performed significantly better than their peers.

Table 5: Interaction model
All Assignment Grades

(1) (2) (3) (4)

Post x Transition Difficulty -1.746* -1.005 -1.008
(0.922) (0.948) (0.948)

Wifi x post 4.599*** 4.199*** 3.807**

(1.342) (1.379) (1.618)

Zero-rated x post -1.138
(2.223)

Assignment FE Yes Yes Yes Yes
Student FE Yes Yes Yes Yes
R2-adj 0.370 0.373 0.373 0.373
Observations 2215 2215 2215 2215

Coefficients reported. Robust standard errors in parentheses. p	<	.10, p	<	.05, p	
<.01. Notes: The dependent variable is the assessment grades for each student on each
assignment. The number of observations include the pre-post number of assessments
multiplied by the number of students.

5. Conclusion
The Covid-19 pandemic left many education institutions with no option but to transition
to online learning. The University of Pretoria was no exception. We examine the effect of
transitioning to online learning on the academic performance of second-year economic
students. We use assessment results from F2F lectures prior to lockdown, and online
lectures post lockdown for the same group of students, together with responses from
survey questions. We find that the main contributor to lower academic performance in
the online setting was poor internet access, which made transitioning to online learning
more difficult. In addition, opting to self-study (read notes instead of joining online classes
and/or watching recordings) did not help the students in their performance.

The implications of the results highlight the need for improved quality of internet
infrastructure with affordable internet data pricing. Despite the university's best efforts
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not to leave any student behind with the zero-rated website and free monthly internet
data, the inequality dynamics in the country are such that invariably some students were
negatively affected by this transition, not because the student was struggling
academically, but because of inaccessibility of internet (wifi). While the zero-rated website
is a good collaborative initiative between universities and network providers, the
infrastructure is not sufficient to accommodate mass students accessing it simultaneously.

This study's findings may highlight some shortcomings in the academic sector that need
to be addressed by both the public and private sectors. There is potential for an increase
in the digital divide gap resulting from the inequitable distribution of digital infrastructure.
This may lead to reinforcement of current inequalities in accessing higher education in the
long term. In order to prepare the country for online learning, some considerations might
need to be made to make internet data tariffs more affordable and internet accessible to
all.  We hope that  this  study's  findings will  provide a platform (or  will  at  least  start  the
conversation for taking remedial action) for policy engagements in this regard.

We are aware of some limitations presented by our study. The sample we have at hand
makes it difficult to extrapolate our findings to either all students at the University of
Pretoria or other higher education students in South Africa. Despite this limitation, our
findings highlight the negative effect of the digital divide on students' educational
outcomes in the country. The transition to online learning and the high internet data costs
in South Africa can also have adverse learning outcomes for low-income students. With
higher education institutions, such as the University of Pretoria, integrating online
teaching to overcome the effect of the Covid-19 pandemic, access to stable internet is vital
for students' academic success.

It is also important to note that the data we have at hand does not allow us to isolate
wifi's casual effect on students' performance post lockdown due to two main reasons.
First, wifi access is not randomly assigned; for instance, there is a high chance that
students with better-off family backgrounds might have better access to wifi and other
supplementary infrastructure than their poor counterparts. Second, due to the
university's data access policy and consent, we could not merge the data at hand with the
student's previous year's performance. Therefore, future research might involve
examining the importance of these elements to document the causal impact of access to
wifi on students' educational outcomes in the country.

Notes
1https://mybroadband.co.za/news/cellular/309693-mobile-data-prices-south-africa-vs-the-world.html.
2The  4IR  is  currently  characterised  by  increased  use  of  new  technologies,  such  as,  advanced  wireless
technologies, artificial intelligence, cloud computing, robotics, among others. This era has also facilitated

https://mybroadband.co.za/news/cellular/309693-mobile-data-prices-south-africa-vs-the-world.html.
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the use of different online learning platforms. (https://www.brookings.edu/research/the-fourth-
industrialrevolution-and-digitization-will-transform-africa-into-a-global-powerhouse/.)
3Note that we control for income, but it is plausible to assume other unobservable factors such as parental
preference and parenting style might also affect access to the internet of students.
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