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Online interactive face-to-face learning in mathematics in
engineering education
Tonje Jin

Department of Mathematical Sciences, Norwegian University of Science and Technology, Gjøvik, Norway

ABSTRACT
Online teaching has come to play an increasingly important role in higher
education, especially during the Covid-19 pandemic. Being unable to be on
campus with face-to-face teaching can be challenging. This article provides
a possible option of how first-year engineering students at NTNU
(Norwegian University of Science and Technology) adapt to mastering
higher mathematics. The purpose of the research is to see whether a
more ‘face to face’ experienced online teaching technological method
will have a positive impact on student engagement, as well as exam
performance. We refer to this new method as ‘TeachUs’ in this paper for
the sake of convenience. This method gives eye contact experience for
the students, which has been shown to improve engagement. The
surveys of the student groups confirmed the preference of this teaching
method as compared to conventional screen sharing methods.
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1. Introduction

One of the main challenges in online teaching is to find a way to keep the benefits of traditional
classroom teaching. Making gestures (Singer and Goldin-Meadow 2005), being visible to the stu-
dents while interacting with the content (Stull et al. 2018; Pi et al. 2020) and thus being able to
provide non-verbal social cues, like e.g. body language and eye contact during the lecture (Fiorella
et al. 2019) are important in order to keep the students concentrated and engaged during classes.
However, these aspects are to various degrees challenging to provide in online teaching, especially
in STEM (science, technology, engineering and mathematics) courses like mathematics for engineer-
ing. During the Covid-19 pandemic that affected the world during the years 2020–2022, online
teaching became a new normal for most students. Both students and instructors quickly needed
to adapt to online teaching methods, not surprisingly leading to several difficulties and challenges.
A widely reported issue with online teaching was the lack of non-verbal student-teacher interactions
like gestures and facial expressions, causing many students to perceive online teaching to be inferior
to physical face-to-face teaching (Hodds 2020). Both during the pandemic and after, it has therefore
been important to develop and improve solutions for online teaching.

In the current study, we present a more ‘face-to-face’ experienced technical method for online
teaching via live streaming that maintains the important social relation between instructor and
student that are associated with classroom teaching. Studies of synchronous online teaching
methods have also been investigated previously, both by us and others (Jin and Wessel-Berg
2019; Francescucci and Rohani 2018). However, the main idea behind the TeachUs method is to
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make the instructor and the content display in the same window, with the content appearing in front
of the instructor (Jin and Wessel-Berg 2019). The content can be in the form of digital handwriting as
well as digital graphics, or several types of digital content combined (see Figure 1). This aims to
create a clearer connection between the instructor and the content than in conventional online
teaching methods.

The first testing by the author of displaying handwritten content in front of the instructor was
performed back in 2012. At that time, the main tool was a transparent glass plate, and the
method was mainly used for short videos in the Calculus course at Gjøvik University College
(today a part of NTNU). The idea was mainly inspired by a picture on a website where a man was
facing the camera and holding a black marker with the handwritten content appearing in front of
him. Since 2015, several methods have been tried out in order to add digital content in addition
to the handwritten content (2015; 2016). The current technical method is combining and adjusting
several software in order to mirror digital content onto the same window along with the instructor.
TeachUs is a method that is already user-friendly for the receiving end. For students who are follow-
ing a live-streaming session by this method, there is no need to provide any additional hardware or
software other than the most common ones used for following online lessons, like e.g. Zoom (2018),
Microsoft Teams (2017) or Blackboard Collaborate (2018). It makes it easier for the students to follow
the course, and for the instructor to gather feedback afterwards.

Since 2018 the method has been applied through live-streaming sessions with students in the Cal-
culus course at NTNU. Several student groups have received live-streaming courses through this
method. Some of the live streaming lectures in Zoom were recorded for later use as videos, see 2020.

The TeachUs method and its features will be more closely described later in this paper, along with
a comparison with other relevant online teaching methods.

The rest of this paper is organised as follows: Section 2 provides a literature review of the main
pedagogical aspects that we aim to include in the TeachUs method. In Section 3 a more detailed
outline of the TeachUs method is presented. In Section 4 we present a statistical analysis of
student feedback as well as exam results in order to investigate possible effects on students who

Figure 1. Screenshots from live streaming in Zoom: (a) Digital handwriting and hand-drawing content. (b) Real-time Python
Jupyter Notebook and digital hand-drawing content. (c) Digital handwriting and Interactive Geogebra graph. (d) Digital hand-
writing, interactive Geogebra graph and polling result.
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have experienced the TeachUs method. In Section 5 the results are discussed, and current challenges
with the method are addressed. Finally, in Section 6 we summarise and conclude.

2. Literature review

In this section, we present a review of some of the central pedagogical aspects that are relevant for
the current study. In particular, we consider the effect of visibility of the instructor, the use of ges-
tures, the effect of eye contact between the lecturer and the students, the importance of handwrit-
ing in mathematical subjects, and interactivity between the student and the instructor. We consider
the importance of these aspects for cognition and learning in general and more particularly in which
way they are implemented and used in online teaching.

2.1. Strategic visibility of instructor

The presence of the instructor’s face in video lectures has been documented to have an affective
benefit among students (Kizilcec, Papadopoulos, and Sritanyaratana 2014; Persson, Wattengård,
and Jacobsen 2017). The visibility of the instructor in online teaching makes it possible to provide
social cues like face expressions, gestures and other body language, as well as eye contact, in
much the same way as in a traditional classroom (Fiorella et al. 2019; Mayer and DaPra 2012; van
Gog, Verveer, and Verveer 2014). In order to improve the students’ concentration, the instructor
can appear and disappear strategically during the lecture (Kizilcec, Papadopoulos, and Sritanyara-
tana 2014; Kizilcec, Bailenson, and Gomez 2015). That is, the instructor can be visible along with
the content in parts of the lecture where body language or other non-verbal interaction with the
students is important. One example is when the instructor is pointing to a part of an equation
while explaining, such as the instructor would normally do while teaching in a classroom with a
blackboard, see Figure 2a. On the other hand, the instructor can be absent in the parts where
body language is not important, and the students instead need to have full focus on the content.
This can be done when the students are given small math problems or quizzes where they need
to focus, solve, and give feedback during the lecture as shown in Figure 2b.

Such strategic video presentations have been studied and found to improve the perceived social
presence and reduce the cognitive load as compared to video lectures where the instructor’s face
was present during the entire lecture (Kizilcec, Bailenson, and Gomez 2015). The possibility of stra-
tegic visibility of the instructor is one of the key features in TeachUs.

2.2. Gestures

According to embodied cognition theory, the learning process is not solely a mental process but
involves the entire body (Thelen et al. 2001; Mayer 2014). That is, students don’t only learn from

Figure 2. (a) Content with instructor, (b) content without instructor.
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the verbal information provided by the instructor or the text they read on a slide, but also from
bodily interactions. E.g. watching the instructor using gestures to explain a mathematical concept
helps the students to be more attentive on the presented content. Gesturing makes the body
involved in speaking and thinking about the ideas that the instructor expresses. In Singer and
Goldin-Meadow (2005) the positive effect of gesturing on children’s learning was demonstrated.
The study indicated that gesturing provides additional information to that conveyed in speech,
thus promoting the children’s learning outcome, as was demonstrated in post-test results.

The effect of embodiment has been particularly demonstrated in mathematical cognition. This
was investigated in detail in a study presented in Alibali and Nathan (2012). Three types of gestures
were studied that ‘manifest the embodiment of mathematical knowledge’, namely, pointing ges-
tures, representative gestures and metaphorical gestures. Each of these may contribute to improved
visual perception for the students.

According to Alibali and Nathan (2012), by using pointing gestures, the instructor connects the
spoken content and the associated mental processes to the physical content shown on the black-
board. This will reduce the cognitive load for the students and thus aid their comprehension and
learning.

Representative gestures, i.e. gestures where the instructor uses his or her fingers, hands or arms to
illustrate forms or figures, do also play an important role in providing additional visual perceptions of
mathematical objects or ideas. One example is to use the arm to illustrate the slope of a curve, or
fingers to illustrate an angle. These gestures provide the instructor’s mental simulation of an
action or perception. Thus, representational gestures contribute to the students’ comprehension
of the accompanying speech (Cook and Tanenhaus 2009; Kendon 1994).

Metaphorical gestures can be used by the instructor to visualise abstract mathematical concepts,
e.g. putting two fingertips closely together to illustrate something having an infinitesimal value.

These gesture types are actively used in lectures as well as in one-on-one instructor-student inter-
actions, and each has been evidenced to help students to more easily manage the working memory
demands of mathematical thinking and learning (Alibali and Nathan 2012; Alibali and DiRusso 1999;
Wagner, Nusbaum, and Goldin-Meadow 2004).

2.3. Facing with eye contact

Another aspect that helps improve the sense of social partnership between instructor and student is
eye contact and the possibility for the student to follow the instructor’s gaze. This helps the students
motivate themselves to engage in the presented content and integrate it with their existing knowl-
edge (Fiorella et al. 2019).

However, it is also important that the instructor periodically directs his or her gaze towards the
student and the learning material throughout the lecture to provide a more engaging learning
experience. It creates a feeling for the student of being seen, which establishes a social connection
with the instructor, motivating the student to pay more attention to the lecture (Stull et al. 2018).

2.4. Handwriting in mathematics

The learning advantage when watching text being written or drawings being made by hand by the
instructor instead of being shown pre-made static visuals has been well emphasised in the literature
(see e.g. Fiorella et al. 2019; Fiorella and Mayer 2016). According to the temporal contiguity principle,
the students more easily integrate what the instructor is saying and drawing when the drawings are
made simultaneously with the instructor’s oral explanation (Mayer 2009). This is useful in STEM
courses, especially for mathematics, due to the various special symbols and expressions (Karal
et al. 2015). Writing a mathematical narrative (e.g. solving equations, deriving mathematical
expressions or drawing graphs) while explaining is the main pedagogical approach in teaching
mathematics in primary school as well as in higher education (Artemeva and Fox 2011).
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2.5. Student interactivity

A crucial feature of live-streaming lectures is the possibility for the students to take part in dialogue
and interactivity (Alexander 2004; France 2021). Examples of such interactivity are commenting via
chat, polls and quizzes.

Receiving real-time questions and feedback from students is the key element to maintain the
interactivity during the lecture. This is also a positive part of the conventional teaching that needs
to be preserved, especially for STEM subjects such as mathematics, in which a good understanding
of the previous step can affect the understanding of the subsequent steps. The ability to ask ques-
tions in real-time is one reason why live-streaming lectures are more engaging than watching pre-
recorded videos.

Thus, it is important that the instructor has easy access to the equipment which provides the
interactivity with students during the live streaming. In most cases, the equipment will be a compu-
ter where students’ comments are displayed.

2.6. Comparison with other methods

Due to the importance of the visibility of the instructor, there are several live-streaming methods in
use where the instructor is visible, and which have been investigated in the literature. We will make a
brief review of the most relevant methods here.

Conventional blackboard/whiteboard: The instructor is filmed standing in front of a conventional
blackboard or whiteboard. The content is provided via handwriting using chalk or a marker, see
Figure 3a.

Interactive whiteboard: In this method, the instructor is filmed standing in front of an interactive
whiteboard. This allows the instructor to show body gestures and facial expressions while teaching.
The writing surface is a large digital board, and it looks more like a large touch-screen computer
screen. The handwriting is performed by using a digital pen (Chen et al. 2020; De Vita, Verschaffel,
and Elen 2018). Some representative products for interactive whiteboards are SMARTboard and
Microsoft Surface Hub.

Transparent whiteboard: Here, the instructor stands behind a large panel of transparent glass facing
the video camera while writing or drawing on the glass, see Figure 3b. The camera reverses the instruc-
tor’s writing and drawing so that it is eligible for the audience, and the written or drawn content
appears in front of the instructor. This way, the content will not be blocked by the instructor, and
the instructor can face the students at all times (Stull et al. 2018; Jin and Wessel-Berg 2019; Firouzian,
Rasmussen, and Anderson 2016). Thus, the instructor will also be able to use body gestures and main-
tain the eye contact feeling with students simply by looking at the camera. The author is quite familiar
with the transparent whiteboard method after making mathematical videos with this method back in

Figure 3. (a) Conventional blackboard/whiteboard, (b) transparent whiteboard.
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early 2013 (16 may 2013). Also, several non-commercial portable prototypes were made since 2015 so
that other instructors could try out this method without having to build a studio (2017).

Screen sharing: By using the screen sharing function in an online communication software, the
instructor shares the contentwhile being visible for the audience via a separatewindow (Francescucci
and Rohani 2018). The features of the various online teaching methods are summarized in Figure 4.

3. Features of TeachUs

The main feature of the TeachUs method is that the instructor appears in the same window as the
content without the content being blocked. The instructor can then use body language and gestures
while presenting, thus preserving positive aspects of conventional classroom teaching. The purpose
is to maintain the relation between the instructor and content and thus increase the students’

Figure 4. A schematic comparison between live-streaming teaching methods with visible instructor.

6 T. JIN



engagement (Fiorella et al. 2019; Kizilcec, Papadopoulos, and Sritanyaratana 2014; Fiorella and Mayer
2016).

3.1. Technical setup

In order to maintain the focus of this research article, the technical description will be kept short and
simple. A more detailed account of the technical design will be provided in a future article.

A simplified schematic representation of the TeachUs setup is shown in Figure 5. In the current
prototype phase, depending on the stability of the software and some other factors, the setup
might vary.

The main concept is to mirror all of the necessary teaching content to the computer monitor. This
is obtained by using a broadcasting software or other software that allows multiple layers with the
possibility to remove a chosen colour on each layer.

Some examples of teaching content can be the camera feed of the instructor, or digital handwrit-
ing. When all the necessary teaching content is ready to be presented to the students, it can be
shared via any preferred conference- or streaming software. There are also several ways to transfer
the content to the conference software -- either by using a software plugin that can turn the content
into a camera source that in turn can be picked up by the conference software, or by sharing the
preview content using the built-in share-functionalities (i.e. ‘Share contents’) in the conference
software.

There are plans to develop a user-friendly all-in-one TeachUs software in the near future. When
several software run at the same time with special settings, as is the case in the current version, it
can seem overwhelming for an instructor who is new to the method. Not to mention high require-
ments of the computer in order to run all the software smoothly. In addition, it is quite important to
be prepared for unexpected software failures or bugs. Even a single software failure can cause inter-
ruption of the live streaming or problems with performing the lecture, so the instructor should
always have a plan B prepared for each and every software that is applied. Hopefully, the new soft-
ware will hopefully benefit more instructors out there who are interested in innovative and pedago-
gical online teaching methods.

3.2. Combined software

Instead of building a massive, complex software with a wide range of functionalities that meet the
needs of all instructors (which is nearly impossible), the principle behind TeachUs is to mirror the
necessary software into the same canvas along with or without the instructor. Elements like toolbars
and borderlines that are not relevant for the content being presented can be cropped out by the

Figure 5. Simplified illustration of technical setup of TeachUs.
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instructor in order to reduce extraneous cognitive load (Chandler and Sweller 1991; Mayer 2006),
which will be beneficial for the students’ processing of information.

TeachUs mirrors and combines the content layers into one image, and streams throughmedia like
e.g. Zoom, Blackboard Collaborate, Microsoft Teams or other video conference tools. As mentioned
earlier, more technical details will be elaborated on in a future paper. Our focus in this article will
mainly be on the pedagogical aspects of the TeachUs method.

3.3. Mirroring content

By mirroring a digital handwriting software with endless canvas, an unlimited writing space is avail-
able, and by scrolling up and down the instructor can easily navigate.

By mirroring content from a digital real-time corporate writing/drawing tool such as e.g. Microsoft
Whiteboard, the instructor and the student can write on the same canvas. From the student’s view,
what the student has written appears in front of the instructor along with what the instructor is
writing. Thus, the student can get interactive with the instructor during the tutoring, and at the
same time see the instructors’ facial expressions and gestures while the instructor is explaining. This
aims to simulate an on-campus situation where the instructor sits right by the student, and they
can point/draw/write on the same notebook. This can, in particular, be useful in one-on-one tutoring,
when the students want to show the instructor what they have done and the instructor can write/draw
on the same sheet and explain. A simple demonstration of this method is shown in 2019.

In addition to having the handwriting content appear in front of the instructor, the TeachUs
method also allows the instructor to mirror any of the other software content that are running on
the computer. The software can be mirrored one at a time or combined. In most STEM online lec-
tures, especially mathematics, there is often a need to display a figure or a graph along with
written theory or equations. In order to demonstrate an advanced figure/plot while at the same
time explaining the theory related to it, one will usually have to display it in two separate
windows. The instructor will then have to jump back and forth between the theory-window and
the figure/plot-window. This might feel distracting for both students and the instructor, and it will
be more challenging for the students to follow and understand the content. By combining the
content of these windows and at the same time keeping the instructor visible, the connection
between the content and the instructor is maintained, and the students can see both parts of the
content without unnecessary distractions.

3.4. Eye-contact

The TeachUs method allows the instructor to create an eye contact feeling for the students. In online
teaching, the instructor is usually looking directly at the camera when talking to the students. This
often results in the instructor losing sight of the contents while looking at the camera. When using
the TeachUs method, the instructor creates the eye contact feeling by looking straight at his/her own
eyes at the display with student-view (that is, the video image the students see while they are following
the lecture).When the instructor looks at other parts of the content in student-view, itwill also appear for
students that the instructor actually does look at that part of the content. The actual camera remains
more or less invisible for the instructor. So the instructor does not need to be aware of the camera,
and will always have a good view of the content and at the same time maintain the eye contact
feeling for the students. This allows the instructor to monitor what the students see at all times.

4. TeachUs evaluation

During the years the live-streaming method with TeachUs has been developed and tried out, feed-
back from students have been gathered via written surveys and oral interviews. The method was
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applied throughout several math courses. This involved more than one hundred engineering stu-
dents at NTNU, in addition to a small group of cadets at the Norwegian Military Academy in Oslo.

The presented surveys were carried out in order to map which aspects of the method work well
and what can be improved, and to compare the students’ experience of this method to other online
teaching methods.

The aim of the first survey was to investigate the students’ general opinion of the TeachUs
method and to receive suggestions for further improvements. The second survey aimed to
compare the students’ satisfaction and engagement in two parallel math classes in the same
course, one in which the TeachUs method was used, and the other in which conventional screen
sharing was used.

Both surveys were voluntary and anonymous, so that the students should feel free to give sincere,
unbiased feedback, and also that their responses would more accurately reflect their actual opinions.

In addition to these surveys, oral interviews with students were performed with several student
groups in the earlier stages of the method development.

4.1. Survey 1 -- general feedback on TeachUs

4.1.1. Participants and design
This survey was aimed to gather the students’ general opinion on their experience with the TeachUs
method in live streaming, and what they felt was positive compared to other online teaching
methods they know about. A total number of 86 (out of 160 registered students) participated in
the survey, which consisted of three questions. The participants were from the 2020-classes in the
courses ’Pre-calculus’ (REA0012), ’Mathematical methods 1’ (IMAG1001) and ’Mathematical
methods 1 for the Norwegian Military Academy’ (VB6100).

Both REA0012 and IMAG1001 are originally on-campus courses. In 2020 all lectures in these
courses were performed online due to the Covid-19 pandemic, while the exercise sessions partially
took place at the campus. REA0012 is mainly required for students who are going to start at an
engineering study program at NTNU through the alternative admission, while IMAG1001 is the
first mandatory math course for all first-year engineering students at NTNU. VB6100 is originally
taught partially online and partially on-site in classrooms at the Norwegian Military Academy. In
2020 the entire course was held online.

The questions asked in the survey were:

Q1: ‘How satisfied are you with this teaching method, where the content appears in front of the
instructor on a scale from 1 (very dissatisfied) to 5 (very satisfied)?’

Q2: ‘What do you find positive with this teaching method (compared to other digital teaching
methods you have seen)?’

Q3: ‘Any suggestions for improvement of this method?’

Questions 2 and 3 were optional. In these questions, the students were asked to give a written
response.

4.1.2. Results from survey question 1
According to the survey, 98% of the participants from the REA0012 class were satisfied (i.e. gave the
rating 4 or 5) with the TeachUs method, and 90% gave the highest rating.

In the IMAG1001 class 100% of the participants were satisfied (i.e. gave the rating 4 or 5) with
TeachUs, and about 95% gave the highest rating.

Also in the VB6100 class, 100% of the participants were satisfied (i.e. gave the rating 4 or 5) with
TeachUs, and 67% gave the highest rating.

EUROPEAN JOURNAL OF ENGINEERING EDUCATION 9



When we summarise the results for all of the three classes, 98.8% of the participants on the survey
(i.e. 85 out of 86) were satisfied with the TeachUs method (i.e. gave the rating 4 or 5), and 89.5% gave
the highest rating. The overall mean rating was 4.88 (s = 0.35). The results are illustrated in Figure 6.

4.1.3. Feedback from survey questions 2 and 3
In total, 50 students provided feedback on question 2, all of which were positive.

The essence in most of the comments was that the students found the lectures to be more per-
sonal and engaging when they could see the instructor using body gestures in the same window as
the content. It was also commented that the students felt more present in the lectures compared to
other online teaching. Thus, the written feedback indicates that the TeachUs method largely fulfils
the pedagogical aims and intentions described in this article. That is, the students do experience the
lectures to be more engaging, they do experience a closer relation to the instructor, and they find it
easier to connect the oral and the written/displayed content.

The students were also asked to suggest any potential improvements on the method (question 3),
but no concrete suggestions were given since most were satisfied with the method as it is.

4.2. Survey 2 -- TeachUs vs. screen sharing

4.2.1. Participants and design
A total of 114 students from the target groups participated in the second survey. This survey was
performed for first-year engineering students taking the course ‘Mathematical methods 1’
(IMAG1001) at NTNU in Gjøvik in the fall semester of 2020.

The aim of this survey was to compare and analyse the students’ satisfaction and engagement in
two parallel math classes in the same course, one in which the TeachUs method was used, and the
other in which conventional screen sharing was used. In addition to the survey, we also analysed
the attendance and activity during lectures throughout the semester as an additional measure of
the students’ engagement and motivation.

All of the lectures in the course were performed via online streaming due to the Covid-19 pan-
demic. The students were divided into two parallel classes. The classes had exactly the same curri-
culum and progress plan. They had access to the same common resource room in the course
learning management system Blackboard (2014). The common resources included recorded
course lectures both from the previous year and from other campuses. Both classes contained a

Figure 6. Overall results from survey question 1.
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mix of students from various engineering programs like construction, mechanical, electrical, and
renewable energy, so the students in each of the two classes had quite similar overall study sche-
dules and workload. Each class had three lectures per week, with the same time schedule. Therefore,
the students only had the possibility to follow the live-streamed lectures in one class at a time.
Attendance at the lectures was not mandatory. The students were well informed about which
class and which instructor they were assigned to on their schedule.

One class was taught by the author using TeachUs, while the other was taught by another instruc-
tor from the mathematics group at NTNU in Gjøvik using screen sharing, see Figure 7.

The instructor in the screen sharing class had long experience in both campus and online teach-
ing, particularly with the screen sharing method. Thus, both of the instructors were experienced in
online teaching.

The links for each of the live-streaming lectures were shared with the students via the common
Blackboard room for the course, so that only students and instructors in the course had access.

The survey was provided to the students at the end of the semester. Most of the questions were
related to general evaluation of the course. Three of the questions were intended to provide a
general comparison for the analysis.

These three questions were:

Q1: ‘How satisfied are you with the learning outcome in the lectures on a scale from 1 (very dissa-
tisfied) to 5 (very satisfied)?’

Q2: ‘How often did you participate in the live streaming lectures?’
Q3: ‘What percentage of the exercises from the textbook have you done?’

The students started by answering which class they were originally assigned to, and then which
live-streaming class they actually followed. They were also asked to answer how often they attended
each of the three lectures every week.

In addition to the received feedback on the survey questions, we also present some additional
data in order to analyse the student engagement in the two classes, namely the actual attendance
at the online lectures in the TeachUs class throughout the semester, and the number of comments
that the students posted in the chat during the lectures.

Of the 114 students who participated in the survey 50 (out of 142 registered students) were from
the screen sharing class, 47 (out of 68 registered students) were from the TeachUs class, while 17
students answered that they had followed both classes (11 from screen sharing class, and 6 from
TeachUs class). In order to get a clear comparison of the groups, we will mainly focus on the 97 stu-
dents who followed one particular live-streaming class.

Figure 7. (a) TeachUs with instructor visible, (b) screen sharing without instructor visible. Images taken from videos that were
recorded during the live streaming. Both lectures are showing an example of how to solve a nonhomogeneous second-order
linear equation with exponential function. Both instructors mainly used digital handwriting while teaching.
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4.2.2. Survey question 1
The first question we investigated in our analysis was: ‘How satisfied are you with the learning
outcome in the lectures on a scale from 1 to 5 (where 1 is very dissatisfied, and 5 is very satisfied)?’.

Figure 8 displays the grade of satisfaction distribution for each of the two classes. The results are
presented in Table 1.

As seen from Table 1, the mean rating on Q1 from the TeachUs class is significantly higher than in
the screen sharing class.

To compare the distribution of the satisfaction scores for the screen share and TeachUs students,
the Fisher exact test gives a p-value of .03. Alternatively, the Wilcoxon Mann–Whitney test gives a p-
value of .007. Choosing a significance level of 0.05, the distributions are found to be different.

However, it is not clear whether the difference in satisfaction level between the two classes was
mainly due to the teaching method or due to the skills and popularity of the instructors.

Previous studies have shown strong correlations between the students’ course satisfaction and
the students’ instructor satisfaction (Chitkushev, Vodenska, and Zlateva 2014).

According to the written feedback at the end of the survey, the students reported that they felt it
was easier to follow the lectures when the instructor could use body gestures while presenting, and
they could get the eye contact feeling. The instructor’s enthusiasm and interactivity level during the
lecture are also important factors that can affect the students’ motivation level, attendance and
engagement in class. It might also be a factor that the students found this new method interesting
and thus got more motivated to follow the course.

Another factor that might have affected the results, is that the students of the TeachUs class
attended the pre-calculus course (REA0012) during the summer, so they were already familiar
with the instructor and the TeachUs method before the IMAG1001 course.

4.2.3. Survey question 2
Several previous studies have shown the importance of student attendance in education (Chen and
Lin 2008; Landin and Perez 2015). Therefore, we also wanted to examine the difference in the

Figure 8. Results from Q1: ‘How satisfied are you with the learning outcome in the lectures on a scale from 1 (very dissatisfied) to
5 (very satisfied)?’.

Table 1. Mean ratings and standard deviations for grade of satisfaction measures by two groups in Q1 on a scale from 1 (very
dissatisfied) to 5 (very satisfied), as well as the p-value from the Wilcoxon Mann–Whitney test.

TeachUs Screen sharing WMW

x s N x s N p

Satisfaction 4.21 0.65 47 3.78 0.78 50 .007
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students’ attendance rate in each of the classes, both self-reported and measured, in order to inves-
tigate the students’ motivation and commitment.

Attendance in the live-streaming lectures was not mandatory, and all the students had the same
access to the recorded video lectures for this course.

Both classes had live-streaming lectures at the same time of the day on Mondays, Thursdays and
Fridays. The students were asked about their attendance for each of the three weekdays.

Q2: ‘How often did you participate in the live streaming lectures?’

with the following alternatives for each of the three weekdays:

. Does not fit

. Rarely/never

. Sometimes

. Often

. Every time

Each year, some of the senior students retook the course in order to pass the course or to improve
their grade. Not all of these had a time schedule that fit perfectly with the Calculus course. The choice
‘Does not fit’ was given, so that we could defer these students from students who rarely attended
due to other reasons.

The results are presented in Figure 9.
The students in the TeachUs class reported a significantly different overall attendance rate than

the screen sharing class for the three days (p-values .0003, .0002, .0002, from Fisher’s exact test). As
seen in Figure 9, a total of 99% of the students in the TeachUs class reported that they attended the
lectures often or every time, while the corresponding percentage in the screen sharing class was
73%.

The students who answered ‘Does not fit’ or ‘Rarely/never’ were asked to elaborate in a follow-
up question. Most answered that they did not feel the live-streaming lecture provided any more
learning value than the recorded videos, so they would rather watch the videos than attend the
live-streaming lectures. No students from the TeachUs class answered ‘Does not fit’ or ‘Rarely/
never’.

In addition to the self-reported feedback on attendance in this survey, we investigated
the recorded attendance on each of the lectures in the TeachUs class. The numbers are

Figure 9. Results from Q2: ‘How often did you participate in the live streaming lectures?’. The percentages presented in the figure
are averaged over all of the three weekdays.
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provided by the video-conference software Zoom, which was used for all of the live-stream-
ing lectures.

There were in total 35 on-schedule live-streaming lectures during the semester. Each lecture con-
sisted of two blocks of 45 minutes with a 15-minute break in between. The streaming was usually
stopped just before the break and then started again right after the break. This then provides infor-
mation on attendance before and after the break. The attendance for each lecture is shown in Figure
10. In one of the lectures, the streaming was not stopped during the break. Therefore, lectures no 11
and 12 are registered with the same number of attendants.

Figure 10 shows that there was a quite consistently high attendance in the TeachUs class
throughout the semester (x = 75.4, s = 6.4), especially considering that the total number of students
originally assigned to the TeachUs class was 68.

Wealso looked into thedifference in attendancebefore andafter the lecturebreaks, to see if students
would rejoin the lecture after the 15-minute break. It was found thatmost students chose to rejoin after
thebreak. Themeandecline in thenumber of attendants in the secondhalf of the lectures relative to the
first half was 3.6 (s = 4.4), and p-value .0004 (t-test). The paired differences in number of attendants after
thebreakminus before the break for each lecturewere approximately normally distributed according to
an Anderson–Darling test for normality, p-value of .08, motivating the use of the t-test.

In some cases, the attendance was higher in the second half than in the first. A likely reason for
this might be that two of the three lectures each week started at 8:15 a.m. Since some students found
it hard to get up early in the morning, they joined after the break.

Anecdotal evidence from fellow educators suggests that attendance levels during the semester
are typically declining, at least within mathematics classes at universities of which the author has
direct knowledge and some registered data by some other educators (McKee 2000). It is therefore
considered a good sign that the class with TeachUs maintained a high and stable attendance
level throughout the semester.

4.2.4. Survey question 3
In order to investigate if the online teaching methods could be related to the students’ work motiv-
ation, they were asked the following question:

Q3: ‘What percentage of the exercises from the textbook have you done?’
with the following alternatives:

. Less than 20%

. 20–40%

Figure 10. Number of attendants in each of the 45-minute lecture blocks in the TeachUs class. The horizontal line indicates the
mean attendance (x = 75.4).
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. 40–60%

. 60–80%

. More than 80%

. More than 100%

where the last alternative means that they did extra exercises in addition to those from the text-
book. The results are shown in Figure 11.

The results show a tendency that students in the TeachUs class did more exercises than the screen
share class, but the distribution of the percentages of exercises done is not significantly different
between the two classes (p-value .52, Fisher’s exact test).

Student engagement might have an effect on these data. E.g. that students who feel more
engaged in the live-streaming lectures are more motivated to do exercises. Other factors, like e.g.
how often the students are reminded about where they are in the curriculum, and listing the exer-
cises that belong to the curriculum in this lecture might also affect the results. However, it is hard to
measure these factors.

Among the students whowere offered to take survey 2, 21 also participated in survey 1. Of these, 20
gave the rating5 (i.e. thehighest rating) onQ1 (howsatisfied theywerewith the TeachUsmethod),while
one student gave the rating 4. Also, all of these 21 students left positive comments on question 2, i.e.
what they find positive with TeachUs compared to other digital teaching methods they have seen.

The results presented from this survey all indicate that the TeachUs method has a positive effect
on the students’ motivation and commitment in the course. However, there are other factors than
the technical teaching methods that play an important role in order to engage and motivate stu-
dents, like e.g. how engaging the instructor is, how the instructor follows up the students, and
various other underlying factors. The effect of these factors will be investigated more comprehen-
sively in a future study.

It would also have been interesting to compare the results of the final exam in the two classes, but
due to the Covid-19 pandemic the final exam in 2020 was given as a digital home exam with auto-
grading, and pass/fail as results. Therefore, the exam results were not deemed useful for a further
analysis here.

4.3. Student engagement

There are several other factors than the use of the TeachUs method in live streaming that might have
affected the students’ attendance. One possible factor is interactivity with the students during the
lecture. One of the most obvious differences between live-streaming lectures and the recorded

Figure 11. Results from Q3: ‘What percentage of the exercises from the textbook have you done?’.
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videos is that the students have the opportunity to be simultaneously interactive with the instructor.
One way to indicate the engagement and commitment of the students during the lectures is to look
at the number of comments that the students post in the chat. Most of the registered comments are
feedback from students after the instructor asked a question to the class. The registered data from
the TeachUs class are shown in Figure 12.

The variation in the numbers of comments in Figure 12 might depend on the type of question
asked by the instructor. In addition to commenting in the chat, several interactive methods were
used in order to maintain the engagement during lectures, depending on the subject and the ques-
tion type. One of the most used methods was to make the students use non-verbal feedback in
Zoom where there is an option where the students can answer by clicking yes or no. This is an
efficient way to obtain feedback from the students, but it is unfortunately not possible to save
the number of these types of feedback in Zoom. Therefore, the non-verbal feedback is not included
in the number of comments shown in Figure 12.

The large number of comments in lecture no. 32 and no. 68 were due to many questions from the
instructor during the lectures that required the students to provide verbal feedback (rather than just
using the yes/no-option).

4.4. Oral feedback from interviews

The TeachUs method was also tested in the course Calculus (REA1141) in the fall of 2018 in addition-
ally offered online supervision sessions during the repetition period before the final exam. About 10
students participated in these sessions, and each student was given one-on-one supervision. In
addition, the method was used in exercise sessions in the course Mathematical methods 2A
(IMAG2031) and Mathematical methods 2A for the Norwegian Military Academy (VB6105) during
the spring semester of 2020.

After each of these sessions, the students were interviewed and asked to provide feedback on their
experience of the teaching method (e.g. problems with delay or other technical issues). Another
purpose of these interviews was to gather information about which software and hardware the stu-
dents used during these sessions. Feedback were given orally at the end of the online sessions.

The feedback from the participants were all positive. All the students expressed that they were
satisfied with the supervision sessions. Several of the participants commented that the method
looked ‘futuristic’ and that the interactive canvas possibility with the instructor made ‘a great
improvement for learning and understanding’.

Figure 12. Number of comments in each of the 45-minute lecture blocks in the TeachUs class. The horizontal line indicates the
mean number of comments (x = 25.3).
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4.5. TeachUs vs. on-campus teaching

4.5.1. Comparison of examination performance
By comparing and analysing the examination performance, we have investigated how the TeachUs
method affected the student performance relative to on-campus lectures in the pre-calculus course
(REA0012).

Pre-calculus is a math course newly reformed from 2019. It is held for 10 intensive weeks in the
summer. Students need to pass the final exam in this course in order to get admission to subjects like
e.g. Calculus for engineering. In both 2019 and 2020 the exam was arranged in cooperation with
another campus at NTNU holding the same course. The difficulty level of the exercises for both
exams was intended to be similar in both years.

In 2019 the entire course was taught on campus, while in 2020 all lectures were online. The tutor-
ing classes were both online and on campus. The on-campus lectures were held in an auditorium
with blackboard (without streaming), while the online lectures in 2020 were live-streamed in
Zoom with the TeachUs method. The lectures were not recorded in any of the years.

In both years the course had the exact same curriculum and progress plan. The students had
access to the same learning material. Also, the difficulty level on the final exam was similar. In
both years the final exam was held on-campus with pen and paper. The classes consisted of students
who were going to start on an engineering study program at NTNU through the alternative admis-
sion. The author was course coordinator and taught about 80 % of the lectures in both years.

In this article, the comparison will mainly be based on examination performance and a short com-
parison on satisfaction level from a survey. Since 80% attendance is the minimum required to sit for
the final exam, we have not compared the attendance rate in these two years.

As shown in Table 2, the 2020 class (TeachUs) had a significantly better exam performance than
the 2019 class (Blackboard). Also, the average score in 2020 is 9.07 percentage points higher than the
average score in 2019.

A factor that might have affected the final exam performance in these two years is that, since the
course was newly reformed in 2019, it will need time for adjustment for the instructors in the new
course. Another factor might be that in 2020, the students were offered to join online exercise classes
via Teams in addition to exercise classes on campus throughout the course. In order to get more
efficient online help in exercise classes, most of the students shared their exercise solutions in the
software OneNote via Teams, where both the instructor and the students are able to edit. This
might have motivated the students to do more exercises during the course.

4.5.2. Comparison of student satisfaction
Furthermore, we performed a comparison of student satisfaction in both the pre-calculus course
(REA0012) and Mathematical methods 1 (IMAG1001). Like pre-calculus, Mathematical methods 1
was also taught on-campus with blackboard in 2019, while it was taught online using the
TeachUs method in 2020. The author performed all lectures in both years. No changes in the curri-
culum and progress plan were made between the two years. This course was also intended to be
included in the comparison of final exam performances, but because of the Covid-19 pandemic
the final exam for IMAG1001 in 2020 was performed as a digital home exam with pass/fail as men-
tioned earlier, so it is hard to compare the examination performance between 2019 and 2020 in this

Table 2. Mean values (and standard deviations) of the examination scores in percentage for classes 2020 (TeachUs) and 2019
(Blackboard).

TeachUs Blackboard t-test
x s N x s N p

Exam score 63.31 21.37 79 54.24 20.26 59 .013

Note: TeachUs and Blackboard examination scores were approximately normally distributed (Anderson–Darling normality test p-
value .10 and .13, respectively).
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course. In both courses, the students were asked how satisfied they were with the lectures through a
voluntary, anonymous survey. Thus, we could compare the satisfaction level in the courses between
the two years. As mentioned under the analysis of survey 2, the students were asked how satisfied
they were with the lectures. For comparison of TeachUs and Blackboard the Wilcoxon Mann–
Whitney test was used. The results are shown in Table 3.

The results show that the students were satisfied with the lectures they received in both years. The lec-
turesoncampuswithblackboardhadaslightlyhigheraverage rating than theonline lectureswithTeachUs.
However, thep-values indicate that thedifferencebetweenTeachUs andBlackboard inREA0012 is not stat-
istically significant. On theother hand, thedifferences are clearlymore statistically significant for IMAG1001.

This indicates that the satisfaction level in REA0012 might be more affected by the instructor than
by the teaching method, as discussed previously. Also, the students being able to attend the lectures
physically in a class rather than sitting on their own in their homes in front of a computer screen is
likely to contribute to the students’ social well-being.

5. Discussion

The TeachUs method provides the inclusion of several beneficial aspects from traditional classroom
teaching into online teaching, and it offers more instructor-student interactivity possibilities than
any other existing live-streaming teaching method (see Figure 4). The ability for the student to ‘inter-
act’ with the instructor while at the same time seeing the presented content (e.g. digital handwriting
or images/figures) is particularly beneficial in mathematics and other STEM subjects, as discussed in
Section 2. TeachUs thus addresses one of the main reported issues with online teaching, namely that
students lack a feeling of non-verbal interaction with the instructor as compared to physical face-to-
face teaching (Hodds 2020).

As the results from Survey 2 showed, the class being taught with the TeachUs method out-scored
the class being taught with conventional screen sharing both in satisfaction level, attendance and
the amount of exercises done throughout the semester.

Several possible factors in addition to the teaching method that might have affected the results,
e.g. the instructor’s engagement, teaching skills, etc. were pointed out and discussed in the previous
section. Nevertheless, the generally very positive feedback on the TeachUs method from Survey 1
clearly indicates that it is well perceived by the students, so we can therefore argue that it likely
has a significant impact on the presented results.

It should also be taken into consideration that there are possible positive synergies between stu-
dents’ satisfaction, attendance, work motivation and exam results. For instance, previous studies in
the literature have pointed to attendance in class as an important factor affecting both the students’
own feeling of learning outcome as well as performance (Anthony 2000). To summarise, the pre-
sented survey results generally indicate that the students prefer the TeachUs method over more con-
ventional screen sharing methods in digital teaching. However, the surveys do not make it clear
whether the student satisfaction, attendance and performance were mainly due to the method
itself, or due to other factors like e.g. the instructor’s pedagogical skills, enthusiasm, body language,
etc. Further studies are thus needed in order to obtain more conclusive comparisons between the
digital teaching methods, and to more clearly determine which factors have the most impact on
student satisfaction. The scope of this article is primarily to present and give an overview of the
TeachUs method, along with evaluations from students.

Table 3. Mean values and standard deviations of the grade of satisfaction for classes 2020 (TeachUs) and 2019 (Blackboard) in
courses pre-calculus (REA0012) and Mathematical methods 1 (IMAG1001), on a scale from 1 (very dissatisfied) to 5 (very satisfied).

TeachUs Blackboard WMW
x s N x s N p

REA0012 4.50 0.68 58 4.58 0.61 51 .52
IMAG1001 4.21 0.66 47 4.53 0.76 37 .009
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5.1. Future development of the TeachUs method

The main challenge with the current method is on the instructor’s side. Displaying content in front of
the instructor isn’t yet a widely used method in online education. Some of the likely reasons might
be that there is a special requirement for such kinds of online teaching methods, both regarding the
equipment setup and the adapting of the method by the instructors.

For instance, for most instructors, it is natural to sit right in front of the camera when performing
online teaching. However, if the instructor places him-/herself on the side instead of in the middle,
the content can be more in focus. Furthermore, when the instructor appears as the background of
the content, it is important that the content colours (i.e. the colour of the handwriting) stand
clearly out from the background. This adapting challenge was evident both in the author’s early
transparent whiteboard approach (see Figure 3(b)) and in the latest software approach (see
Figure 1). However, every teaching method will require time and practice to get used to. Even
the most conventional blackboard teaching needs some adjusting and practice to be optimally
performed.

As mentioned in Section 3.1, it is likely that TeachUs can become a user-friendly all-in-one software
in the near future. Also, it will possibly become a built-in function in an existing conference software. In
general, there has been a great development of conference software in the recent years, but the main
trend has been improvement of the window sharing opportunities and the video feed quality separ-
ately. There have been developed possibilities for adding image- and AR-effects in the video feed, but
there has not yet been any function for adding/combining the shared-window feed with the camera
feed. Allowing the combination of the video feed with the shared windowmight be the next big inno-
vative development for conference tools. It will not only be a step forward for an engaging online
teaching, but also e.g. for more engaging business presentations.

6. Conclusions and outlooks

In this paper, we have presented the TeachUs method, a framework for online teaching which aims
to improve the face-to-face experience for the students as well as maintaining several other ben-
eficial aspects of classroom teaching, particularly in STEM courses.

The students for whom this method has been tested so far have provided very positive feedback.
The comparative analysis of the TeachUs method and screen sharing showed that the TeachUs
method received a higher rating in satisfaction from students. It also indicated a positive impact
on the students’ attendance and their general motivation to do textbook exercises. The comparative
analysis with TeachUs vs. on-campus blackboard lectures on the examination performance showed
that the TeachUs class achieved a higher average examination score.

It is possible that our study is limited to demonstrating the comparative effectiveness of TeachUs
method and other methods when it comes to achieving basic educational outcomes. A future study
focused on relatively higher order learning outcomes might reach different conclusions than this
study regarding the effectiveness of different modes of course delivery.

Also, a more extensive study of the TeachUs method is being planned, in which we will investigate
the use of the method more thoroughly. We plan to continue using the method in math courses at
NTNU and subsequently make analyses that will shed further light on several aspects of the method.
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