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Abstract

Attention span of students in a classroom is very short. To overcome this, differ-
ent active learning methodologies have been used in the past. Active learning keeps
the students busy and engaged throughout the lecture. It breaks the lecture into certain
time intervals by intermixing breaks, demonstrations and questions after each interval.
For using active learning, clickers and laptops are commonly used in higher education
classroom. Most experiments in higher education classroom studying different char-
acteristics of students like learning performance and attention, use clickers and laptop.
But, most of these experiments are in a controlled setting, not scalable and compromise
the privacy of students. We overcome these problems in an active learning setup in the
higher education classroom where we use a web-mediated teaching tool called ASQ. ASQ
is a web application that helps to give presentation in a classroom where the presenter
has control over the flow of the presentation. ASQ also allows the presenter to interleave
the presentation with questions, videos and other interactive JavaScript components.
Anyone can anonymously join a presentation in ASQ using a web browser. ASQ tracks
the activity of every student interaction by generating event logs each second. In the
previous work using ASQ, it has been shown that these logs could be used to infer the
attention level of students in the classroom. The goal of this thesis is to gather insights
about the fine-grained study behaviour of students in a higher education classroom by
analyzing these event logs.

We investigate (i) the effect of lecture elements (like the difficulty, relative posi-
tioning and spacing of questions; and duration of discussion in the slides) on study
behaviour (like attention level, performance and reaction time while answering ques-
tions) of students; (ii) the relationship that might exist between attention percentage of
students and their participation in the in-class questions; (iii) if students are taking ex-
ternal help when answering questions during the lecture and the relationship that might
exist between their tendency to take external help with the difficulty of questions. We
conduct our study in a classroom of around 300 students, for 15 lectures in the Web and
Database Technology course at TU Delft taught by 2 instructors. We find significant
effect of (i) spacing of questions on reaction time and instructor on performance; (ii)
length of discussion time associated with a slide on the attention level of students which
agrees with past studies; (iii) relative positioning of questions on the performance of
students. However, we do not find significant effect of difficulty of questions on per-
formance and reaction time of students while answering these questions. We also find
significant effect that students with more attention percentage participate more in the
in-class questions. Finally, we find that students take external help while answering
questions but the tendency to take external help does not depend on the difficulty of
questions.
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Chapter 1

Introduction

Higher education (or post-secondary education) generally occurs in large classrooms. Large
classrooms pose significant challenges for both the teachers and the students [47, [15]:
teachers cannot give right amount of attention to every student; and it is also difficult to
help every student participate simultaneously. Student population in a classroom is very di-
verse. The motivation level and approach (like surface, deep or strategic EI) to learn different
things is also quite different [[17,/36]. Motivation level in the classroom has an impact on the
attention rates of students [44}[29]. Attention rates of students vary significantly during lec-
tures with regular instances of inattention (or daydreaming and mind wandering) [49, [10].
The length of attention span in a classroom can be as low as 30 seconds [10] or can be as
high as 10-20 minutes [56) 65]].

To deal with the problem of short attention span, different approaches have been adopted
in the past. One of the methods suggested by Johnstone and Percival [27]] was to intermix
the lectures with breaks. Another method is active learning. It is a mode of learning where
students are not only listening passively to the lectures but also busy in reading, writing,
discussing, solving problems (or questions) or watching demonstrations during the lectures
[8]. These activities involve the students in the learning process and makes them think
about their own actions [8]. Active learning is known to be effective when attention span of
students is short[45]]. Evidence also suggests that active learning helps in achieving positive
learning results [24} 41, 6] like higher retention of lecture content and better performance
in the final exam.

Active learning can be aided by ICT (like clickers, laptops, smart phones, etc.). Using
ICT in classroom is common[63, 59]. A popular class of devices used in classroom is
clickersE] [IL1L 1350 142]]. Clickers are otherwise known as audience response systems (ARS)
or personal response systems (PRS) which have been invented long back but it’s frequent
use started only in 2003 [32]]. Higher education students feel more engaged [18,155] while
using clickers. They report fewer attention lapses (i.e., loss of attention during lectures)
while using it [10]. The learning performance of students measured by a final exam is
better while using clickers as compared to the other group not using clickers [37]].

On the other hand, several studies [20} 67] in the classroom show that laptops can act
as a major source of distraction. The students can use it for different purposes like gaming,
social networks, etc., which promotes aimless use of technology. During aimless use almost
two-third of the time is spent on doing activities not related to study (like chatting, browsing
lecture unrelated content, etc.) [46]. But, laptops are not banished [38} |69] as they are an
integral part of the tech-enabled modern day classroom. We can ward off this distraction
by reducing the aimless use [31} [12] of laptop. For instance, students who used laptop in a
structured manner (i.e., with a definite purpose) spent significantly more time in activities
related to the lecture like note-taking as compared to the students who used laptop in an

Make calculative effort to do whatever it takes to achieve higher grade.
2Clickers are polling devices which can be a hardware or software installed in a laptop or smart phone that
can help in question and answer in a classroom.
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unstructured manner [31]. Active learning can also help in reducing the aimless use of
laptop [19} [70]]. Besides, students perceive the directed use of laptop in classroom (i.e. for
classroom activity like question and answer or note-taking) to have a positive effect on their
attentiveness, engagement and learning performance [72} 52]].

1.1 Motivation

In addition to the study on measuring learning performance (or learning outcome) and
attention lapses of students, many other studies have been conducted in the higher education
classroom to study other characteristics of students: inattention based on pattern of paper
notes taken [54]; and inattention based on heart-rate, skin temperature and eye-gaze [7, 4].
But, these past studies in higher-education classroom suffer from many limitations. Most
studies conducted in the past were with controlled classroom conditions [67} 53] [1]. It
does not reflect the environment of a real world higher education classroom. Furthermore,
controlled conditions can have a detrimental impact on the learning experience of students
which can affect the outcome of the study.

Some studies on inattention in classroom used volunteers to detect attention lapses
[53]. Other studies to determine inattention in classroom track the paper notes [54] of
every student. They have a significant drawback of not being scalable for large studies.
Besides, others [[7, 4] used different physical and physiological measures like EEG (Elec-
troencephalogram), heart rate monitor, temperature sensors, etc., to determine inattention
in the classroom. It can be very intrusive and pose additive cognitive burden on the students
in the classroom.

Most studies on inattention in higher-education classroom do not track the attention
of students second by second [10} 49]; instead, they use self-reports or probes at certain
intervals of time during the lecture. It gives us an idea about the attention states of students
at those particular times only. This process can hamper or improve the concentration level
of students. On one hand they are continuously intervened, so they may feel disturbed but
on the other hand they are also alert because of the frequent interruptions which may give
us a false representation of the attention levels. There have been many studies to deter-
mine learning outcome of students in the classroom by using different question placement
strategies[66, [13]]. But, these studies are mostly limited to comparing the in-between ques-
tions with the at-the-end condition [66] and do not try for other variations of placement of
questions during the lecture. Besides, the privacy of the students are also not preserved in
most of these experiments [49] 148l 157]] which is a matter of concern today as no one wants
to compromise their personal space and privacy.

Some of the challenges in detecting inattention and other characteristics of students in
the higher education classroom can be summed up as:

e Can we effectively determine the characteristics of the students’ in an active learning
setup in the classroom in an unobtrusive fashion?

e Can we implement this setup in a real world higher education classroom?

e Can it work effectively on a large scale?

To overcome these challenges, Triglianos et al. used Asgﬂ [61] for a study on Computer
Science students for 3 lectures in the higher education classroom. ASQ is a web-mediated
tool which allows synchronous flow of lecture between the presenter (instructor) and the
students (viewers) where anyone can join a lecture with the help of a connection URL. ASQ
has a rich set of different questions (like multiple-choice, multiple-answer, fill the blanks,
SQL queries and highlight) which can be interleaved in the presentation. ASQ assigns a
unique connection token to every student; so, their privacy is preserved. ASQ also has a

3http://asq.inf.usi.ch/
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mechanism to collect the event logs each second based on the interactions of every stu-
dent with it. They used these logs to analyze and determine the attention variation in the
classroom based on the the inferred attention states (i.e., bored, distracted, working on a
question, interacting with a non-question slide, idle, etc.) obtained by analyzing the logs.
But, the usability of ASQ to determine other characteristics of students like participation in
the questions posed during the lecture, reaction time while answering questions, etc., is yet
to be fully understood.

1.2 Problem Statement

Inspired by previous work from Triglianos et al. [61]], we aim at furthering the understand-
ing of how technology can be used to support active learning and help us to understand
study behaviour of students in the classroom in detail. We do this by means of a large scale
longitudinal study of around 300 undergraduate students of first year Computer Science in
the Web and Database Technology course at TU Delft for 14 lectures (each of 90 minutes
duration). We also make use of the ASQ platform. We interleave the lecture slides in ASQ
with videos, questions, interactive JavaScript components and SQL extensions. Instead of
inferring only attention based on the event logs, we try to analyze the event logs to infer
different raw characteristics like reaction time, performance, attention level, participation
in questions, etc.
We seek answer to this main research question:

RQ: What can we effectively determine regarding the fine-grained study behaviour of
students in an active-learning setup in the real-world classroom while using a
privacy-preserving web-mediated tool for teaching large student groups?

To explain this question further, we need to elaborate certain terms in detail. Fine-
grained study behaviour refers to dis-aggregated characteristics of students like perfor-
mance, reaction time while answering the questions, change of attention level, etc. Privacy
preserving means that we do not store the details of any student; instead, ASQ assigns every
student a random unique identifier for the lecture.

1.3 Research objectives

To answer the main research question above, we organize the work around three main sub-
questions.

e RQ 1: What evidence can we find regarding the study behaviour (i.e., perfor-
mance, attention level and reaction time) of students when lecture elements (like
relative positioning of questions, difficulty of questions, duration of slides and
different type of question placing strategies) vary in a continued manner?

Objective 1: We want to study the effect of these lecture elements on the study
behaviour. The study also investigates the effect of different question strategies used
during the lectures. This question will be pursued in Chapter 2]and Chapter 4]

As mentioned above, study behaviour of students comprises of the attention level of
students, time required to submit response to a question i.e., reaction time and the
performance in the questions posed during the lecture. Lecture elements comprises
of the components used during the lecture like the difficulty of questions (i.e., easy
and hard) used in the lecture, duration of discussion time associated with the slide,
relative positioning of questions (i.e., proximity of questions to the content related to
them) and the different types of question placement strategies.
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e RQ 2: Does the measured atfention of students using ASQ have any impact on
their participation in the in-class questions?

Objective 2: We want to find the effect of the attention of students on their partic-
ipation in questions during that lecture. This question will be pursued in Chapter

|

Attention is measured as Atfention percentage i.e., the percentage of time a student
is paying attention during the lecture. Participation is measured as the percentage of
questions to which a student submits response during the entire lecture.

e RQ 3: Do students take help of external resources while answering questions?
Does it relate to the difficulty of questions?

Objective 3: We want to find if the students take help of external resources based
on our assumptions below. Then, we want to find it’s dependence on the difficulty of
questions. This question will be pursued in Chapter 4]

This research question is based on the following assumptions:

— Each student uses their own laptop and do not search from their peers laptop
while answering: this was also evident as reported by the field observers in
each lecture.

— If a student looses focusE]while answering a question before submitting it, then
he/ she might be taking help from external resources.

1.4 Contributions
This thesis provides the following original contributions:

e An extended and customized version of the ASQ platform

We contributed to the development of the ASQ platform by improving the conversion
of slides (from pdf to HTML) to overcome the following issues:

— Opverlap of text and figures
— Overlap of some slides when there are multiple animations

— Repetition of certain text

Proper display of slides in ASQ is a necessity as the lectures need to convey clear
information to the students so that they understand the lectures easily. These issues
were resolved using different techniques which are described in detail in chapter 3]

¢ An analysis of the impact of lecture elements on the study behaviour of students

Different question strategies have significant effect on the reaction time of students
while responding to questions. The percentage of correct responses also vary with
different question strategies. Different instructors have an impact on the performance
of students. We do not observe significant effect of question difficulty on the perfor-
mance and reaction time of students in most lectures. But, we do observe that atten-
tion level of students fluctuates significantly more in slides whose length of discus-
sion time is in some minutes as compared to some seconds. Proximity of questions
to the content related to that question has a significant effect on the performance of
students.

4As most questions were of the length: 30, 60 or 90 seconds; so we assume that they do not get involved in
other study unrelated browsing or chatting when they loose focus for such a short duration in-between questions
although this cannot be verified.
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e An analysis of the impact of measured atfention percentage of students (using
ASQ) on their participation in the in-class questions

Students with more attention percentage participate more in the questions posed dur-
ing the lecture. We also observe significant differences of the participation in the
in-class questions for students with lower and higher attention percentage during the
lecture.

e An investigation over the adoption of external help while answering questions
during the lecture, and an analysis of it’s relation to the difficulty of questions

Students take external help while answering questions based on our assumptions
explained in the objectives. We find that more than half of the students take external
help in each of the lectures. We do not find significant impact of question difficulty
on the likelihood of students taking external help for most of the lectures.

The preliminary results of this work are part of a long paper accepted for publication at
UMAP (User Modeling, Adaptation and Personalization) conference. It is titled as: Mea-
suring Student Behaviour Dynamics in a Large Interactive Classroom Setting [62]].

1.5 Outline

The remainder of the thesis is organized as follows: First there is a short description about
the literature and the background in chapter[2} then we move on to know about ASQ in detail
and the web engineering done to prepare and render the lecture slides in ASQ in chapter [3}
next, we discuss the context of using ASQ in our experiments, the experimental design
and the methodology that we use for analyzing the data set where we explain it based on
manual annotation and the sub-research questions in chapter[4 then we discuss the results
in chapter [5} next, we have a discussion of the results in chapter [6} finally, we conclude in
chapter[7| where we also discuss the future scope of our work. Figure[I.T]gives an overview
of the outline of the thesis.



Introduction 1.5 Outline

Introduction
A Problem Research A
‘ Motivation ’ ‘ Statement ‘ Obijectives ’ Contributions

J

Background and Related work
~

Active Learning ]

Classroom study .

characteristics Methodology of detection ]

Spacing of questions }
/

ASQ
~
Architecture Event Aggregation Web Engineering
- ’ J
\ ] Experimental Design and Methodology for Analysis
4 I N\
Question | |Context of .
spacing using Manual annotation Methodology for A}r:'n{aalgls (RQ1, RQ2 and
strategy ASQ
- J
Results

RQ2: Find and report the
relation between attention
percentage and participation in

RQ1: Find and report the effect
of lecture elements on study

RQ3: Find and report if
students take external help

behaviour the in-class questions while answering questions
Discussion
‘ ‘ Discuss the results ’ [ Threats to internal validity ] ’
Conclusions

‘ Conclusions and Future Work ’

Figure 1.1: Outline of the thesis






Chapter 2

Background & Related work

In this chapter, we provide an analysis on the state-of-the-art literature relevant to our re-
search goals. First we discuss different studies that determine the instances of [in]attention
(or mind-wandering) and also discuss the attention level of students in the classroom. Next,
we discuss regarding active learning which helps in improving the attention level of stu-
dents in the classroom and reduces task unrelated thoughts. Then, we move on to the next
section where we discuss the use of technology like clickers and laptop in classroom which
is used in most studies as an active learning methodology. Next, we discuss regarding
the different methods (i.e., intrusive, non-intrusive and combined methods) that have been
employed in higher education classroom in the past studies to determine [in]attention and
other study characteristics of students. It gives us an idea about the different characteristics
(like varying attention level, learning performance, etc.) of students measured in the higher
education classroom. Then, we move on to the studies on spacing of questions which also
affects learning performance. Finally, we conclude the chapter with an overview of the
related work and it’s relevance in our research context.

Figure [2.1) shows the interconnection and relationship of different components in this
chapter that we are going to discuss now. There can be different classroom study char-
acteristics of students like inattention, attention levels, learning performance, amount of
lecture notes, browsing style, etc. Active learning can help in improving the attention level
and learning performance of students in a classroom. Technology like clickers and only
laptop is used in a classroom to implement active learning. Clickers have positive effects
on students. On the other hand, use of only laptop can have positive or negative effects.
Moving onto the next study characteristic i.e., learning performance, spacing of questions
(i.e. in-between the lecture or at-the-end of the lecture) can have an effect on learning
performance. To measure these study characteristics of students in the classroom, differ-
ent detecting methods like intrusive, non-intrusive and a combination of both intrusive and
non-intrusive have been used.

2.1 Inattention in the classroom

Inattention in the classroom is defined as instances of loss of attention during the lecture.
It is synonymous to mind-wandering in the studies that we will discuss. In some studies
authors measure [in]attention with the help of different concentration levels of students or
the time spent by students in thoughts unrelated to the ongoing lecture.

Regular instances of in-attention of students is very common in the classroom. Bunce
et al. [10] performed a experiment on the undergraduate chemistry classroom to find the
duration for which students can be attentive in the classroom. They used clickers to record
the attention of students self-reported by students. They found that attention span declines
after 15 minutes in the lecture and can be as low as 30 seconds.

Risko et al. [49] found similar effects of higher attentiveness in the first half of the
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lecture. They performed an experiment on 60 students in an undergraduate classroom in
University of British Columbia. The students were asked with the help of 4 probes (i.e.,
2 in the first half of the lecture and 2 in the second half of the lecture) to answer “Yes” or
“No” to the question asking them if they are mind-wandering. Students had less instances
of mind-wandering in the first half of the lecture as compared to the second half of the
lecture; the instances of mind-wandering also increased with time. Students who were
having more instances of mind-wandering performed poorly in a test immediately after the
lecture.

Studies on measuring attention levels in the classroom has also be done in the past
[S7]. Stuart used a questionnaire to determine the student attention during the lectures[S7]
at periodic intervals of 5 minutes across 12 lectures in a classroom. The questionnaire
consisted of a scale from 1 to 9 ranging from no concentration to maximum concentration
in the class. He found that the concentration level of students increased during the start
of the lecture and was maximum at 10-15 minutes into the lecture. But, then it declined
slowly as the lecture progressed to the end. Next, we discuss the impact of in-attention due
to task unrelated images and thoughts which affects the learning performance of students.

Lindquist and Mclean [33]] experimented on 463 undergraduate psychology students in
the classroom. Students were asked to record self-reports if they are in-attentive due to task
unrelated images and thoughts. The responses of students followed a simple “Yes” or “No”
format. These self-reports were made after the use of a auditory probe to alert the students
at periodic intervals in the lecture. It was found that students who had least interest in the
course had more task unrelated images and thoughts. Even, the amount of notes taken by
those students was less. Another important finding was that students who had more task
unrelated thoughts and images performed poorly in the course exams too.
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To summarize, attention span in the classroom can be as low as 30 seconds. Instances
of inattention increases as the lecture progresses. Students with less instances of inattention
perform better in the final exam as compared to students with higher instances of inatten-
tion.

2.2 Active learning

In this section, we discuss about active learning which can improve the attention level and
learning performance of students. Active learning is defined in [8]] as a mode of learn-
ing where students not only passively listen to the lectures but also actively participate in
the lecture. They are busy in reading, writing, discussing, solving problems or watching
demonstrations during the lecture. In [16]], a list of active learning strategies have been
described. One of the strategies is the use of in-class questions which is combined with the
feedback techniques that use formative assessment (i.e., instructor and the students get the
complete view of the whole class performance but the grade is not part of their final course
grade) which is similar to the strategy of in-class questions and feedback (and assessment)
incorporated in our active learning setup.

Gauci et. al. [21] found the benefits of active learning by using PRS E] (or clickers) in
the classroom. They performed a experiment on 175 undergraduate science students of a
second year physiology course. Before starting the use of PRS, they recorded the grades of
a prerequisite course (i.e., a physiology course in a previous semester) for every student. It
was found that students who used PRS performed better than the students who did not use
it. Also, students who had the lowest score in the prerequisite course (i.e., <60%) showed
significant increase of performance in the end semester as compared to the ones having mid
(60-75%) and high (>75%) score in the prerequisite course. It means that the use of PRS
improved the performance of students and the impact was most on the students with lower
prerequisite scores.

Yoder and Catherine [70] also got similar results of better performance while using ac-
tive learning methodology. They performed an experiment in a women psychology course
where they compared the performance of groups of students, one of which was exposed to
only normal lecture, video representations and autonomous representations; and the other
group was exposed to active learning techniques along with the normal lecture. It was
found that in both “between subjects” and “within subjects” design, the group that was
exposed to active learning performed better in the multiple choice questions.

Szpunar et al. [58] also observed the benefits of active learning. 80 students in an
introductory statistics course (shown as a 21 minutes video lecture) were part of two ex-
periments conducted by them to study regarding mind wandering (or loss of attention),
note-taking and learning of students. The 21 minute video lecture was divided into 4 seg-
ments. In the first experiment, they compared two groups of students where one half was
exposed to a memory test after each segment (i.e., the “tested condition”) and the other half
in the “non-tested condition” was exposed to a memory test only after the fourth segment.
The students also reported the number of times they mind wander and whether it increased
as the lecture progressed before the final test and after the last segment. It was found that
the “tested group” had less instances of mind wandering and it was significantly less likely
to increase with the progress of the lecture as compared to the “non-tested group”. Even
the percentage of notes taken was more for the “tested group”.

For experiment 2, there were 3 groups (i.e., “tested”, “restudy” and “non-tested”’). Only
addition from first experiment was the “restudy” group which was showed the question and
solution that was used for testing the “tested” group after each of the segments. Another
difference was that the mind wandering probes with a (“Yes/No”) question was posed after
each segment to each of the groups. The findings were similar to first experiment with the

PRS are polling devices which can be a hardware or software installed in a laptop or smart phone that can
help in question and answer in a classroom.
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tested group having lowest mind wandering followed by a increase for restudy and non-
tested group. For the notes taken, the findings were complete opposite of the instances
of mind wandering. But for the performance, the order in decreasing fashion was: tested,
non-tested and restudy. One-way ANOVA also showed a significant effect of condition
(tested, restudy and non-tested) on mind wandering. So, we can conclude from their study
that interpolated memory tests (i.e., tests in-between the lecture) improve attention, note
taking and learning.

Use of active learning shows positive results on the learning performance of students
and less instances of inattention during the lecture. It also makes the students engaged
during the lecture. Now, we discuss about different ICT like clickers and laptop which are
used in higher-education classroom to implement active learning.

2.3 Use of clickers and laptop in higher-education classroom

Clickers and laptop are the most common ICT that have been used in the classroom to
implement active learning. Bunce et al. [[10] used clickers and demonstrations in an under-
graduate chemistry classroom. They used three chemistry courses (i.e., chemistry I, chem-
istry II and chemistry III). One group of students in chemistry I course were exposed to
only demonstrations; another group in chemistry II used only clickers; and the third group
in chemistry III used both clickers and demonstrations. Students were given a clicker to
report attention lapses in each of the chemistry groups. In addition to it, only students in
chemistry II and III brought their own clickers to participate in the classroom questions
using clickers. They found that both the groups using clickers (i.e., the participants of
chemistry II and chemistry III) had reported significantly less number of attention lapses
over the lecture. It means that the use of clickers reduced the number of attention lapses
during the lecture.

But, Martyn [37] did not find a significant impact for the use of clickers on perfor-
mance of students. Martyn [37] performed an experiment on 92 students in an introductory
computer information class. They students were divided equally in four groups: the first
2 groups used clickers; and the other 2 groups participated in classroom discussions in-
stead of using clickers. There was a pretest before the start of the experiment. There was
no significant difference in the performance of students who used clickers and who used
class discussions. After the experiment, there was a final exam. It was found that the per-
formance of the group using clickers did not differ significantly from the group that did
not use clickers; contrary, to most studies pointing to the benefit of using clickers. But,
the mean perception of students using clickers (based on a survey questionnaire to rate
responses from 1 to 5) was much higher as compared to the other group. It shows that
students perceive the impact of clicker use in classroom as advantageous and positive.

Contrary to Martyn’s results [37]] , Gauci et al. [21] found a increase in performance
of students using PRS (or clickers) in higher-education classroom as compared to students
not using PRS. We have already discussed it in detail in the Active learning section above.
Mayer et al. [39] also found the advantage of using clickers in a psychology class; students
using clickers to answer in-class questions performed significantly better in the final exam
as compared to the other groups (i.e., the one not using clickers and the other acting as
control group who did not answer any in-class questions).

Use of only laptop in the classroom also affects the learning outcome of the students
and their peers. In [1]], the effect of laptop use on the learning outcome of the students was
studied. For this, around 800 students were part of control and experimental group: the
experimental group comprised of students who were divided into two zones (i.e., laptop
permitted and laptop free area); and the control group comprised of students who can sit
anywhere they like. The experiment showed that non-laptop users performed significantly
better in an exam conducted later as compared to the laptop users when compared to the
estimated score obtained from their pre-academic indicators. It was also found that the
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performance of non-laptop users was not significantly different in either the experimental
(i.e., zoned) or the control (i.e., not zoned) group indicating that the use of laptop by some
students had no effect on the surrounding students. So, it is understood that the use of laptop
has a detrimental effect on the learning performance of students but not on the learning
performance of the neighbouring students. Ravizza et al. [48]] found that most of the time
laptop is used for non-academic purposes in the classroom.

Internet usage while using laptop is examined by Ravizza et. al. [48] on undergraduate
students in a introductory psychology course, where students are logged by a proxy server
to connect to the internet. So, the pattern of internet usage of each student is tracked during
the lecture but, is kept confidential. Later, this content was partitioned into two groups
as academic (lecture related content) and non-academic (lecture unrelated content). Non-
academic internet use was common among the students and it was inversely proportional
to the performance (in an exam conducted after the lecture) of students who were busy in
non-academic internet search for most of the time. This problem arises due to unstructured
use of laptop.

Unstructured use of laptop means that we do not care for what purpose students are
using their laptop in the classroom [31]. Students control their own laptop use. It leads
to the undirected use of laptop [20]; students are busy doing all lecture unrelated (brows-
ing, chatting, playing games, busy with the emails, etc.) activities with their laptop in the
classroom. Unstructured use of laptop makes the students dis-satisfied [68]], they tend to be
involved in more off-task behaviour [20} 22] and also have less learning [20, [22]] of lecture
material.

To examine this, Kay et al. [31] performed an experiment on 177 university students
in two different courses of philosophy or family issues: one course was followed with an
unstructured laptop use; and another was by structured laptop use. At the end of each
of the course, there was a anonymous survey where each student was asked to rate the
percentage of time they were busy in either on-task (note-taking, academic activities) or off-
task (personal email, personal messaging, games, movies) behaviour from 5 options as 0%,
1-25%, 26-50%, 51-75% and 76-100%. It was found after a paired-t-test that the students
in structured laptop condition spent a considerable more time in “on-task™ activities as
compared to the “off-task™ activities when compared to the unstructured laptop condition.
So, directed use of laptop shows promise.

Multitasking while using laptop is common in a classroom[67) 28| |53]], occurs fre-
quently and has a detrimental impact on student learning (or performance) [67, 28, |53]].
Wood et al. [67] examined the impact of multitasking in lectures on 145 undergraduate
students. Each lecture was followed by a 15-item multiple choice quiz. Students were ran-
domly assigned to one of the seven experimental conditions (explained in table 2.2). It was
found that students who multitask had significant negative impact on their learning perfor-
mance. Sana et. al. [S3] found another impact of multitasking on the nearby peers when
they conducted study on 44 students of a introductory psychology course. They concluded
that multitasking has detrimental impact on the students and also their peers. Although
multitasking is a negative impact of laptop use, active learning can reduce the aimless use
of laptop[45} [19]. We have also tried to use an active learning set-up with the help of ASQ
in such a way that students are constructively engaged throughout the lecture with their
laptop.

Clicker use had a lot of positive effects like improved learning performance and less
attention lapses (loss of attention) during the lecture. But, the use of only laptop has both
positive and negative effects. Structured (or directed) use of laptop can help to negate the
negative effects of using laptop.
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2.4 Comparative overview of the studies in higher-education
classroom

Table [2.T]and [2.2] shows the comparative overview of the studies in higher-education class-
room discussed till now. All the experiments are conducted in a classroom similar to our
experiments. But, most of them are in a controlled setting and do not preserve the privacy
of students. The duration of most of the lectures is also similar to our study. Most of these
experiments use testing between the lectures, mid-term exam or a final exam to measure
the learning performance of the students. When we observe the “outcome” column in the
table, then we can find the positive effects of active learning in the classroom. We can also
observe in the “outcome” column in all the experiments that the use of clickers and struc-
tured use of laptop improved the performance of the students. Next, we discuss different
methods that have been employed in the past experiments in higher-education classroom to
determine the study characteristics of students.

2.5 Methods of detecting different study characteristics of students in
the higher-education classroom

Broadly, we classify the methods into three categories based on the nature of it’s implemen-
tation: intrusive (which has possibility of causing disruption or annoyance), non-intrusive
(which does not cause disruption) and combined (which can be both intrusive and non-
intrusive). These methods are used to study different characteristics of students like atten-
tion level, learning performance in the questions, amount of notes taken, etc.

2.5.1 Intrusive

First, we discuss the different physiological measures like heart rate measurement, temper-
ature sensors, gaze detector and EEG that help us to detect study characteristics of students
in the classroom. Then we discuss another intrusive measure i.e., use of self-reports or
probes at certain time intervals.

Heart rate measurement: Bligh [7] monitored the heart rate during the lecture of 40
minute duration and found that heart rate decreases as the lecture progresses. According to
him, heart rate is an indicator of arousal which also shows the attentiveness of an individual.
So, the decrease in heart rate indicated the dipping of attention levels with time. But, this
could not be verified as an immediate test showed that students performed better on the
content taught in the last 20 minutes of the lecture.

Skin temperature sensor and gaze detector: Bixler et al. [4] performed a experiment
to detect mind wandering on 178 candidates by using the data obtained from the tempera-
ture sensor and gaze detector. They found that mind wandering is linked to a rise in skin
temperature and with fewer and longer eye fixations.

EEG (Electroencephalogram): EEG helps in the detection of electrical waves inside
the brain to determine the activity in the brain. It is required to connect the head with
the electrodes to perform EEG. Liu et al. [34]] performed a study to determine the degree
of human attention by using mobile brainwave sensors. They extracted the necessary raw
features from the data collected by EEG and then used a SVM (Support vector machine)
classifier to determine the best set of features which can determine the attention level of
the students. They concluded from the study that attention levels of students decline in the
second half of the lecture and is also dependent on the type of instructor.

Self-reports or response to probes: Some studies [[10, 49| [57, I58]] used self-reports
(or probes) at specific intervals of time to determine the attention variation in class; this
process hampers the concentration of students frequently as they have to respond to these
probes. Stuart et al. [57] performed a study on medical students who were asked to record
their concentration levels at the beginning of the lecture and then at frequent 5 minute
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intervals throughout the lecture by filling a questionnaire containing questions based on a
scale. Bunce et al. [10]] obtained self-reports with the help of clickers as discussed earlier
to determine the duration of attentiveness of students.

2.5.2 Non-intrusive

Here, we discuss different non-intrusive measures like WiFi networks, web-browser and
pattern of paper notes that have been used in the past studies to study the classroom be-
haviour of students.

WLAN (WiFi networks): Tracking classroom behaviour on a large scale in the class-
room by analyzing the internet access data generated from WLANs (WiFi networks) and
mobile phone sensors of the students was done in [[71]]. It helped to gather insights of at-
tendance, delay in attending lectures and performance in a non-intrusive fashion for each
student but, compromised the privacy of the students as it kept track of the student ID which
was mapped to the MAC address of their mobile phones. Based on the usage of smart phone
in the class, they calculated the distraction percentage for every students as the percentage
of time they were busy with their phones. They found that distraction percentage was least
in the first 10 minutes of the lecture but increased as the lecture progressed. They found
that students who attended more lectures had higher GPA in that semester but did not find
any effect of the punctuality of arrival to lectures on the performance of the students; the
correlation of delayed arrival or early escape with the performance was not clear, contrary
to the studies performed later by [30]] by using smartphone sensors who showed that early
arrival to a class strongly correlates with performance.

Web-browser: ASQ [61]], a web-mediated tool allows synchronous flow of lecture be-
tween the presenter (instructor) and the students (viewers) where anyone can join the lec-
ture with the help of the connection URL via a web-browser. The advantage of using web-
browser is that anyone can connect easily without much hassle and it is not cost-prohibitive
as the use of sensors to track the heart rate or brain activity. Another advantage is that it can
be scaled up easily as everything is handled by the server and the database without the need
of human volunteers. They [61] logged the events of all the users in the class every second
and then deduced different inferred attention states like “Bored”, “Distracted”, “Searching
for a solution”, “Following”, etc. These attention states helped them to conclude that atten-
tion breaks occur regularly and increase as the lecture progresses. They used questions in
between the slides during the lecture. They concluded that the introduction of interactive
teaching elements like questions in-between the lectures helped to improve the attention
level of students.

Similar to the study of using ASQ, Niwa et al. [43]] used reactive presentations in which
they varied the animation of the objects used in the presentation slides in real time to control
the attention of the audience. They were also able to react to unexpected questions by
highlighting important objects with varying animations.

Analyzing the pattern of notes: In [54], they analyzed the pattern of notes taken by
160 students who participated as a part of a course. Videotaped lectures were shown to
the students and some of the statements were highlighted by spoken or written cues. It
was found that the information noted down by the students in their notes declined with the
progress of lecture and also written cues were mostly found in the notes. The compari-
son of notes was made with the script of the recorded lecture to determine the amount of
information noted down. The retention of material tested in the form of multiple choice
questions was almost the same for different portions of the lecture. So, the conclusion re-
garding the attention level of students was mixed as the notes showed that attention level
declined with time as the lecture progressed but, the retention tests do not reveal any such
change in the attention levels. A study in a real world classroom setting (as mentioned by
the authors) will give promising results.
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2.5 Methods of detecting different study characteristics of students in the higher-education
Background & Related work classroom

2.5.3 Combined (both intrusive and non-intrusive)

Here, we discuss strategies of determining classroom study behaviour which use both in-
trusive and non-intrusive measures.

Interpolated memory tests and probes: 80 students in an introductory statistics course
(shown as a 21 minutes video lecture) were part of two experiments conducted by Szpunar
et. al. [58] to study regarding mind wandering, note-taking and learning of students as
discussed above in detail. They used both interpolated memory tests (i.e., tests in-between
the lecture at certain time intervals) and probes in the form of self-reports by students to
find the in-attention level and learning performance of students.

2.5.4 Comparative overview of different methods of study in
higher-education classroom

Table [2.3] shows the overview of the different methods (i.e., intrusive, non-intrusive and
combined) that we discussed till now in the higher-education classroom. We find that most
studies do not preserve the privacy and use external volunteers to monitor the note pattern
and other activity of students which do not make them scalable. Most of the studies are also
in controlled settings. But, using Web-browser and Wifi to track student activity is efficient
and scalable as it can track a large number of students simultaneously.

Table 2.3: Comparative overview of the studies in the higher-education classroom based on
the different methods i.e., intrusive, non-intrusive and mixed. The Nature column shows
these 3 methods. Column Privacy indicates whether the study preserved the privacy (v')
or not (X). Column Controlled indicates whether the experiment was conducted in a con-
trolled classroom (v') or a real-world classroom (X) setting. Column Volunteers indicates
whether the study used the help of human volunteers (v') or not (X) Duration column
shows the duration of each lecture. Testing shows the strategy employed to evaluate the
learning outcome of students during the lecture.

Vol-

Nature Study Pri- Con- un- Duration Stu- Testing
vacy trolled dents
teers
Multiple-
choice
(4] X v X NA 178 pre-test
Intrusive and
post-test
[34] X v v NA 24 NA
[10] X v X 50 23-74 NA
[Z1]] X X X 45 or 90 700 NA
Non-intrusive (48] v X X 100 127 Final exam
ASQin In-cla
our v X X 90 89-319 ~class
questions
exp.
Interpo-
8] X v X 20 80 lated
memory
Combined tests
Multiple-
53] X v v 45 44 choice
test
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2.6 Spacing of questions

In this section, we look at the literature on spacing (or placement) of questions. There
has been limited study on spacing of questions; most of these studies concentrated on two
types: 1) in-between the lecture and 2) at-the-end of the lecture. Moreover, the spacing of
questions can also affect the learning performance of students. As we are also studying the
impact of spacing of questions on the learning performance of students in the classroom,
so we need to understand the works that have been done in the past. Weinstein et al. [66]]
made a study of the placement of practice questions where they compared the performance
of students in two types of question spacing strategy i.e., practice questions placed in be-
tween the content in the slides after every 1-2 slides or all the questions were placed at the
end of the presentation. 175 online (via Amazon Mechanical Turk) subjects and 62 subjects
in the undergraduate classroom participated in the experiment. The learning performance
of students was measured in the end when everyone appeared for a final test after their
lectures. It was found that students who were exposed to in-between condition of practice
questions during lecture performed better than the at-the-end condition and had a signif-
icant difference in their mean score. But, there was not much difference in performance
of these two groups in the final test which was given after a long time of the lecture. The
reason for this reduction in difference in the final test can be attributed to the fact that when
question is asked at the end of the lecture then it requires more effort to retrieve the infor-
mation as it was conveyed long back in the lecture; thereby improving the performance in
the final test to bring it at par with the students exposed to the in-between condition. Earlier
study by Bjork et al. [5] also found that retrieval of information which required more effort
to retrieve increased learning.

According to [[13]], spaced questions are generally considered more recent as they occur
at multiple locations throughout the lecture. So, they have close proximity to the mate-
rial taught recently as compared to their massed (i.e., all the questions are placed together)
counterparts. But, the effect of recency [14] (i.e., closeness of related content to the ques-
tions) also needs to be taken into account while designing the spacing of questions for a
lecture otherwise it invalidates the claim of any difference that we can observe in the in-
between questions and at-the-end questions. Recent studies made by Bloom and Toppino
[60] similar to the study conducted by Greene et. al. [23] brought into light a very impor-
tant fact that even a minor recency bias can increase or negate the effect of the question
spacing strategies on learning performance. In reality, it is difficult for the instructors to
redistribute the content and the questions while designing the lectures.

Verkoeijen et. al. [64] examined the effects of spacing (or placement of questions) on
two categories of students i.e., having higher and lower memory-performance for college
students where they discovered spacing effect is more on students with higher memory-
performance as compared to the lower memory-performance ones. So, spacing can have
different effects on different types of students. Figure 2.2 makes it clear where the solid
arrow lines show the different placement strategies of practice questions used in the past
and the dotted arrow line shows the effect of the placement strategies on different types of
students and also the effect of recency on the placement of questions.

To summarize, most of the studies on spacing (or placement) of questions compare the
in-between placement of questions with the az-the-end placement of questions. The prox-
imity of questions to the lecture content results in better performance of the students. Spac-
ing of questions also have different impact on students with different memory-performance.

2.7 Chapter conclusion

Attention level of students in a classroom varies. The attention span can be as low as 30
seconds. We study this by using ASQ as shown in table 2.4] To improve the attention
level of students, active learning has been used in the classroom. It has shown promising

18



Background & Related work

2.7 Chapter conclusion

Memory-performance
orlQ

L Recency bias

| Placement of practice questions

in-between or

interpolated at the end

Figure 2.2: Placement of practice questions: types and effects. The different types of
placement strategies used for practice questions are shown in solid arrow. The dotted arrow
shows the effects i.e., effect of recency bias on the placement of questions and the effect of
placement of questions on students with higher and lower memory-performance.

Table 2.4

Focus of past studies

Relevance in our context

Short attention span in class-
room

Use of active learning im-
proves the attention level
and learning performance in
a classroom.

Examine the effect of place-
ment (or spacing) of ques-
tions on the learning perfor-
mance of students.

Regulated and directed use
of laptop can improve learn-
ing in classroom.

Using ASQ to check the at-
tention span in a classroom.
Use of questions in between
slides in ASQ to check the
impact of active learning on
attention level of students in
a classroom.

Examine the effect of differ-
ent types of question spac-
ing strategies on the learn-
ing performance and reac-
tion time of students.
Students using ASQ for most
time of the lecture should
participate in the in-class

questions.

results to improve the learning performance and attention level of students. Clickers and
laptop are the common active learning methodologies used in classroom. Clickers reduce
the instances of in-attention and improve the learning performance. But, use of only laptop
can have negative impact on learning performance due to it’s aimless use. So, it can be
used in a regulated constructive manner to reduce it’s undirected use and improve learning
outcome of students. In our context, ASQ helps for regulated use of the laptop. Tests in-
between the lecture can also be used to improve the learning outcome of students. Similarly,
we use active learning components like questions and other interactive components in our
context. Most studies in the past examine the effect of placement of questions during
the lecture on learning performance in only two categories (i.e., in-between and at-the-
end). To measure these learning outcomes, [in]attention in the classroom and other study
characteristics, different measures have been adopted as: intrusive, non-intrusive and a
combination of both intrusive and non-intrusive. Most of these studies in higher-education

19



Background & Related work

2.7 Chapter conclusion

classroom are controlled, intrusive and not privacy preserving. However, we use ASQ in
a non-intrusive manner which also preserves the privacy of students. Apart from different
study characteristics (also studied in the past) like attention level and learning performance,
we study other characteristics like reaction time, attention percentage, participation in the
in-class questions. To the best of our knowledge, no study in the past has tracked these
characteristics of students simultaneously.

Table [2.5] shows the comparison of our work with some of the past studies in higher-
education classroom and also the study that used ASQ. The comparison is based on different
criteria as mentioned in the table. As compared to the past work without ASQ, our work
takes into consideration a real-world classroom setting where we integrate questions and
other components within the lecture. We track different characteristics of the students
each second instead of few minutes which also makes our monitoring mechanism with ASQ
superior. Although the study using ASQ [61] tried to measure inferred attention states along-
with the performance of students, the inferred attention states can be misleading and may
give us a false depiction of attention in the classroom So, we adopt a novel methodology
of analyzing the event logs to determine the raw characteristics of students. Moreover,
compared to the past study using ASQ, we conduct a large scale study spanning for around
2 months where we also employ novel question spacing strategies for testing the students
between the lectures.

Table 2.5: Comparison of our work to some past studies that did not use ASQ and the study
that used ASQ based on multiple criteria

Criteria Our work Past work without Past work with ASQ
ASQ
Nature of study Real-world  class- Controlled classroom Real-world  class-
room settings settings room settings
Methodology Questions,  videos Questions not inte- Questions integrated
and interactive com- grated with the lec- with the lecture
ponents  integrated ture

Tracking frequency

with the lecture
Each second

Every few minutes

Each second

Privacy Preserved Not preserved Preserved

Scalability Scalable Not scalable Scalable

Size of study Large Large and Small Small

Testing during the Use of different Use of questions in- Use of questions

lectures

question placement
strategies

between lecture or at
the end of the lecture

which are randomly
placed in the lecture

2For instance, some students with inferred attention state as bored were actually following the lecture from
the beamer and having minimal interaction with ASQ.
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Chapter 3

ASQ

Asd]_-]proj ect was launched by researchers at the UniversitA della Svizzera Italiana (USI) in
Lugano, Switzerland to support web-based education in the classroom. The ASQ research
project is still being developed in collaboration with TU Delft. We collaborated with the
researchers from Lugano for thesis study to extend the ASQ platform and generate insights
of the students in the classroom. ASQ is a web-based platform which helps an instructor
(otherwise known as presenter in ASQ terminology) to create and deliver interactive pre-
sentations using HTMLS. It allows presenters to stream live lecture slides to an audience
(otherwise known as viewers in ASQ terminology). The presentation slides can contain
questions, videos, interactive elements (like JavaScript elements and SQL lite) embedded
in between them which can be answered by the students. The instructor has the option to
view the statistics of the responses in real time. So, the responses from the audience are
collected in real-time and the presenter can give timely feedback to the students. The aim
of this application is to improve the efficiency of active learning between a large audience
and the instructor.

Here, we discuss about the ASQ architecture in detail and then we discuss about the
mechanism used by ASQ to capture and aggregate the events. These events are generated by
students every second which helps us to analyze the student interactions later. Finally, we
discuss the web engineering involved in converting the slides to the desired format which
can be displayed using ASQ.

3.1 ASQ architecture

Figure @] shows an abstract overview of ASQ’s architecture. The front end of ASQ renders
the slides which can be viewed by the instructors and students using their web browser.
Now, Google Chrome is the only supported web browser. These slides are made using
impress.js and reveal.js in HTMLS. The presenter has the option to login in ASQ as shown
in figure to upload the slides. Rich set of questions like multiple-choice, multiple-
answer, fill the blanks, SQL Queries, highlight, classify, code, rating, etc., are supported
by ASQ. The presenter can embed these questions with the help of custom HTML elements
defined in ASQ. The presenter and the viewers (students) have two separate views as shown
in figure [3.3] and 3.4} the viewers can login with the URL shown using laptop, tablet, or
smart phone. Each student is given a unique random identification token by ASQ which
lasts till the presentation is live (or active). Once the presenter stops the presentation from
AS0Q, then the token expires. This token helps us to associate each student with the events
generated by them without compromising their privacy. The student is disconnected on
closing the tab that shows the ASQ presentation. The flow of presentation is controlled by
the presenter and it is synchronous with all the viewers.

Uhttp://asq.inf.usi.ch/
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Front-end Web Sockets ASQ Server

[ Web browser - Instructor ] >'| Control ]
: L Send Events :

[ Web browser - 1st Student J

Send Events

Aggregate | |Analyze the
[) the events events

Capture
events

[ Web browser - 2nd Student }

Event Logs

Send Events in MongoDB

[ Web browser - nth Student }

Figure 3.1: High level view of ASQ architecture. Modified from [62].

<« C | ® Notsecure | 145.100.58.3/login w * ® [a- A

lusername or email

Password
B Remember me

Sign in

Sign in with ¢ Login |

Figure 3.2: Login page of ASQ for the presenter.

€ © C | ® 14510058 3/wcit2076/presentations/5831f6e38bd

Join this presentation at:

http://145.100.58.3/wdt2016/live/
Oviewers

JavaScript: the language
of browser interactions

Figure 3.3: Sample window for the presenter.

The viewers (students) and the presenter (instructor) are connected by Web sockets to
the ASQ server. Web sockets help to open a new interactive session for communicating be-
tween the browser and the server. The web sockets carry event-driven reply from the server
immediately after receiving a request from the browser. They do not work on the queuing
mechanism where the server addresses the requests from the browser based on the priority
given to the queues. So, the responses received by the browser are quite fast. ASQ uses
these web sockets. So, the statistics of responses are immediately shown after few students
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€ C | ® 145.100.58.3/wdit2016/presentations/563

B/ role=viewerBview=presentation#/pf1 e ® m
[I—-—

Connected!

JavaScript: the language
of browser interactions

Claudia Hauff
/eb and Database Technology
ti1506-ewi@tudelft.nl

Figure 3.4: Sample window for the viewer.

answer a question. It also helps the presenter to control the flow of the presentation.

The events that are generated every second by the students are captured as event logs
and stored in MongoDB. It contains details about each student’s activity like the time spent
in answering the question, focus activity, etc. We will look into it in details in the next
section and also discuss regarding the aggregation of events.

3.2 Capturing and aggregation of events

ASQ captures the interactions of students as they happen and immediately stores them as
event logs in the database. These events help us to gather insights on the activity of students
every second like whether they are active or idle with ASQ, answering questions correctly,
etc. Here, we will explain in detail how ASQ captures the events and what is the meaning
of these events. Next, we discuss how we aggregate these events.

3.2.1 Capturing events

Table [3.1] shows the various events captured by ASQ. These events are captured immedi-
ately after being generated during the presentation and stored. Examples of events include:
1)connected and disconnected event indicates if a user has ASQ open in any tab or has closed
the tab rendering ASQ. 2) tabhidden and tabvisible events indicate if the tab rendering ASQ
is visible or not. Similarly, all the captured events are explained in detail in the table 3.1}

3.2.2 Event aggregation

ASQ captures and aggregates the events each second. Table [3.2]shows the details of aggre-
gated events which are formed by aggregation of the events shown in table[3.1} The aggre-
gated events are binary in nature i.e., they can either have a true or false value; which eases
the analysis of data later. In total there are 7 aggregated events i.e., connected, exercise,
visible, focus, idle, input and submitted; exercise, input and submitted are valid only during
a question (otherwise known as exercise in ASQ terminology). The input aggregated event is
also valid during non-question interactive slides like the interactive JavaScript components.

3.3 Web engineering during slide conversion

Here, we discuss how we performed the slide conversion from pdf to HTML and embedded
questions, videos and other interactive components in between the presentation slides in

24



ASO

3.3 Web engineering during slide conversion

Table 3.1: Web browser events captured by ASQ. Modified from [61]]

Event Name

Description

tabhidden

tabvisible

windowfocus

windowblur

focusin

focusout

exercisefocus

exerciseblur
input

questioninput
exercisesubmit

answersubmit

idle

connected
disconnected

0 pixels from the browser tab that displays
the ASQ web app becomes visible on the
user’s screen.

At least 1 pixel from the browser tab that
displays the ASQ web app becomes visible
on the user’s screen.

The browser window that displays the ASQ
web app receives focus.

The browser window that displays the ASQ
web app loses focus (blurs in HTML termi-
nology).

the DOM document emits an focusin
event. Similar to windowfocus but the
event does not bubble (propagated to ances-
tors)

the DOM document emits an focusout
event. Similar to windowblur but the event
does not bubble (propagated to ancestors)
An ASQ exercise (can have one or more
questions) HTML element receives focus.
An ASQ exercise HTML element blurs.
There is student input in the browser win-
dow that displays ASQ

ASQ question types emit this event when
there is student input.

A student submits the solution to an ASQ ex-
ercise.

A student submits an answer for an ASQ
question (an exercise can have multiple
questions).

Emitted by the browser window that dis-
plays the ASQ web app when none of the
above events has occurred for 10 seconds.
A student connects to the ASQ server.

A student disconnects from the ASQ server.

ASQ. ASQ has a provision which allows us to upload the pdf version of the slide and then
convert it to the desired HTML version required for the presentation in lectures. Figure
[3.5 and [3.6] shows the upload mechanism and home screen respectively after uploading a
presentation in ASQ.

But, the HTML version that is initially generated by ASQ does not work properly for
slides with animations and slides containing overlapping images and text. The possible
issues are listed as:

e Multiple text overlap: Different text elements overlapped on each other in the slide.
An example image is shown in figure

e Multiple text and image overlap: Different text elements overlap on image ele-
ments in the slide. An example image is shown in figure[3.8]

e Overlay of empty box: Sometimes empty boxes overlay on some slides contain-
ing animations without displaying the content inside the box. An example image is
shown in figure (3.9
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Table 3.2: Aggregated events based on the browser events. Modified from [61]]

Name Description

exercise True when the current slide has an exercise.
connected  True when the student browser is connected

visible True when the tabvisible event occurs. It
means that the tab is visible.
focus True when the browser has focus on the tab

or exercise related to the lecture i.e., fo-
cusin, windowfocus or exercisefocus event
occurs.

idle True from the time of an idle event until
one of tabhidden, tabvisible, windowfocus,
windowblur, focusin, focusout, exercisefo-
cus, exerciseblur, input, questioninput, ex-
ercisesubmit and answersubmit occurs.

input True when an input or questioninput event
occurs. This state is valid only on slides that
contain exercises.

submitted True when the student has submitted at least
once this exercise (as indicated by an ex-
ercisesubmit or answersubmit event). This
state is valid only on slides that contain ex-
ercises.

< C | ® 145.10058.3/uploa % * ® el

@ Upload Presentation My Presentations My Questions Setlings Log ou

Drop your presentation here to upload

( or click to select a file )

Upload a zipped HTML presentation with curl
To zip all the files in the current directory and upload them with curl as a new presentation:

zip -r - * | curl -i --cookie "asq.sid=s:At2bv8zDV3iAIk5ucAC90b4ZcM7YEaKY.qAIQYaLAY6ZSUR1YPrGm8wMU
SZx/5ePiGHOLtMyVc74;" -F "ti‘tle=o" -F "pr‘esen‘tationFr‘amewor‘k:O" -F upload=@- http://145.100.5
8.3/wdt2016/presentations

Figure 3.5: Upload mechanism in ASQ.

Therefore, we describe a semi-automatic methodology, organized in 3 steps, to fix the
possible issues with automatic translation in ASQ. Figure [3.10| shows the abstract view of
the adopted methodology.

The details of the methodology are as follows:

e Analysis

First, the important thing is to scan the HTML code generated by Asdﬂ and determine
the reason behind the inconsistencies (i.e., overlap and overlay). To achieve this, we
need to determine the problem by making small changes in the HTML version and

2The HTML code generated by ASQ can be obtained by downloading the initially uploaded presentation.
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& > C | ® 145.100583/wdt2016 P32 O] ™ 3

@ Upload Presentation My Presentations My Questions Settings Log out

General

Start presentation

http splash Werk-TS html-continued

#141

145.100.58.3/wdlt2016%

Figure 3.6: Screen after presentation upload in ASQ.

HTML5 overview

<?xml version="1.0" encoding="UTF-8"2>

<1DOCAYEEL firelated technologies (core HTML5, CSS,

SHESority el SBERE Eob e HE W content, .

<htalCare HTMES: /fiark- ub epntet9/xhtml" xml:lang="en" lang="en">

<head>
» <€SSeoumtrod theiappearanceof marked-up content
</head>

sodavaScript: manipulate the contents of HTML documents
<gorespona teausee fRt@raptionskanple.org/ ">example.org</a>.</p>

</body>
</h'cnﬁlk}>'dern Web (app) development requires knowledge of
all three technologies

« Before HTML5:and HTML 4.01

45

Figure 3.7: Multiple text overlap after conversion in ASQ

Particigard&vacilitator

Figure 3.8: Multiple text and image overlap after conversion in ASQ
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Appcache “workflow”

/'E

Figure 3.9: Overlay of empty box after conversion in ASQ

Analysis
Substep problem Repetition problem
Design
Y
Insert questions
Resolve overlap
. and other
and overlay Insert videos . .
roblem interactive
P components
Testing
Y
All overlaps and Questlon_s work Video works
overlays are properly in real- .
. uninterrupted
resolved time

Figure 3.10: Abstract view of the methodology used to prepare the slides for the presenta-
tion in ASQ.

see it’s result in the browser so as to determine the root cause of the problem and find
the potential solution. We discovered 2 main problems in the analysis:

— Substep problem: Each unique slide in HTML code generated by ASQ has a
class named as “step” and the animations of that slide are named as “substep”
class in that slide. A “step” is a slide, a “substep” is the content within a slide
that is revealed with an extra keypress. This content in the “substep” class
overlaps with the content of the “step” class. It causes the overlap and over-
lay problems. Figure [3.11| shows a sample of the “step” and “substep” class
generated by ASQ.

— Repetition problem: Due to some internal technical fault during slide conver-
sion in ASQ, sometimes text was repeated in HTML code in case of animations
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Figure 3.11: Generation of “substep” class after conversion in ASQ

in the slides causing overlap of text in the slides.

e Design

The main aims of the design are:

— Resolve the overlap and overlay problems: We need to solve the overlap and
overlay problems by manually digging into the HTML code which is a time-
intensive process. First, we remove all the “substep” class and create a separate
slide with the “step” class as shown in figure [3.12] which is the solution for
the problem shown in figure [3.T1} To solve the repetition problem, we need to
selectively remove the text which is repeated and also replace some text with
white spaces where they overlapped on images or boxes in the slides.

< id="pf43" class="p slide flash™
ff1l fs11 fcl sce : <

class

£ id="pf45" « @ step slide flash™
ff1 fs11 fcl =c@ ) e 3 cla "
fs3 fcl sco 1

Figure 3.12: Replacement of all "substep" with "step" in the class in HTML

— Insert videos in between slides: We insert the video tags in HTML based on
the videos provided by the instructor.

— Insert questions and other interactive components in between the slides:
Details about question, video tags and other parts of slide conversion for all the
lectures are provided in the GitHub repository mentioned in Appendix B.

e Testing

We upload the modified presentation slide design to ASQ and check whether:

— All overlaps and overlays are resolved.
— The correct answers of each question is shown.

— Video works uninterrupted for the presenter but not shown to the viewers. E|

3Videos are not shown in laptop screen of each student (viewer); rather, shown on the beamer to avoid load
on the server.
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To summarize this section, by using these steps of analysis, design and testing, we can
convert the slides from pdf to the HTML version that can be rendered properly in ASQ. The
testing phase is iterative as we need to test each conversion and then again start the analysis
if the testing does not fit our requirements.

To summarize the chapter, we discussed about a web-mediated tool called ASQ. We
have used it for our experiments in the higher education classroom. We discussed about it’s
architecture, event generation and event aggregation mechanism. These aggregated events
will be used for analyzing and answering the sub-research questions later. Besides, we also
discuss about the methodology employed for converting the pdf version of the slides to the
HTML version that can be rendered properly in ASQ.
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Chapter 4

Experimental Design & Methodology for
Analysis

We use ASQ for a longitudinal study of around 300 undergraduate students of first year
Computer Science in the Web and Database Technology course at TU Delft. The course
has two instructors; one instructor for the Web part and another for the Database part. It
continued from 14th November 2016 till 20th January 2017. At the end, in total 19 lectures
used ASQ. But, only 15 of them are classroom lectures and 4 of them are lab sessions. We
only consider these 15 lectures for our analysis and do not include the labs because the
labs are mostly dominated by successive question and answer periods without the style of
a lecture in the classroom with fewer question periods at certain time intervals. Out of the
15, we exclude one lecture due to problems in logging the data for that lecture. All the
lectures are of 90 minutes duration; there is a break of 15 minutes in between two sessions
of 45 minutes for the whole lecture.

We interleave the lecture slides in ASQ with videos, interactive components (like Java
Script interaction, cookie interaction and SQL lite) and different types of questions like
multiple-choice, multiple-answer, fill the blanks, SQL queries and highlight. Figure [4.1]
(2] F3] and [.4] shows the example of different types of questions used in ASQ. Although
videos and interactive components are part of the lectures for one of the instructors, ques-
tions are included in lectures of both the instructors.

Consider the following list of abilities a malicious user (the attacker) may have who
managed to intercept all of your network traffic:

[1] The attacker can eavesdrop (read all your HTTP requests).

[2] The attacker can inject additional HTTP requests with your source address.
[3] The attacker can modify HTTP requests.

[4] The attacker can drop HTTP requests.

T W T T A e e

Which of these abilities are needed to steal session cookies?

)
Only[1]

[1]and [3]

Only[2]

None of these abilities are required

0/0

Figure 4.1: Example of multiple choice question.
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) ~
.
e

Write the SQL query that can support the following data need. [OPEN
QUESTION]

Retrieve the sumame of female actors that have a first name containing the character ‘a’ at
least 6 times

Figure 4.2: Example of fill the blanks question.

Warmup Exercise

Provide the SQL statement that returns the correct answers to the following query:

How many audio tracks in total were bought by German customers? And what was the total price paid for
them? Chinook Schema

b Displaying results Reload database on submission «# Submissions

NT(t.trackId), SUM(l.unitprice)
invoicelLine 1, invoice i, customer ¢, track t,
mediaType m

l.invoiceld - i.invoiceld
i.customerId - c.customerId
.country "Germany”
.trackld - t.trackld
.mediaTypeld mediaTypeld
.name LIKE "XaudioX”

COUNT(t.trackId) SUM(l.unitpri:e).
146 144.53999999989985

Figure 4.3: Example of SQL queries question.

The aim of our study was to find different kind of fine-grained insights about the study
behaviour of students in the classroom by using ASQ. These fine-grained insights can be
anything like the attention level, performance, reaction time while answering the questions,
change of attention level, etc. To answer this main research question, we had 3 sub-research
questions as: (i) What evidence can we find regarding the study behaviour of students when
lecture elements vary in a continued manner?; (ii) Does the measured attention of students
using ASQ have any impact on their participation in the in-class questions?; and (iii) Do
students take help of external resources while answering questions? Does it relate to the
difficulty of questions? To answer these questions, we design 2 experiments as: (i) Using
different question spacing strategies across all the lectures; (ii) Enabling the option to save
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Figure 4.4: Example of highlight question requiring to highlight certain components of the
code.

the cookies in ASQ for performing the within-subjects study for last few lectures.

First, we discuss about this experimental design, then we discuss regarding the method-
ology that is used for analyzing the data. In the experimental design, we discuss regarding
the design of the experimental setup and then about the collection of data. Next, we discuss
the methodology of analyzing the data after pre-processing the data. The pre-processing of
data is described elaborately in Appendix A.

4.1 Experimental Design

In this section, we discuss the design of our experiment and then move on to discuss our
data collection approach and ER model. While designing the experiment, we used different
question spacing strategies across all the lectures. It helped us to vary the questions at
different times of the lecture. First, we discuss regarding these strategies. Then, we discuss
about enabling the option to save the cookies.

4.1.1 Use of different question spacing strategies

We used 3 different question spacing strategies i.e., burst, uniform and increasing. Figure
(3] shows the three question strategies used during the lectures. Each red dot in the figure
[4.5] represents the placement of each question with time. In the burst strategy there are
at least 2 questions stacked back to back and these bunch of questions appear at certain
intervals throughout the lecture. During our study, we used about 3 to 4 bursts in every
lecture. In uniform strategy, a single question appears at nearly equal intervals of time
throughout the lecture. The increasing strategy was meant to show questions which was
supposed to increase with time. For example, in first 30 minutes one question was posed
and then after 15 minutes 2 questions are posed, again after 15 minutes, 3 questions are
posed. The instructors of the course found it difficult to implement the increasing strategy
while preparing the lectures, so it was dropped later. It was only used in the first two
lectures.
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Figure 4.5: Temporal view of the question spacing strategy

4.1.2 Saving Cookies for the Within-subject study

We also conduct a within-subject study for last 3 lectures where we have enabled the option
in ASQ to save the cookies of the users. It can help us to determine the common set of users
who are present in all the 3 lectures based on the common user IDs. Although we find the
same user set, we cannot associate them to their real name and identity. We only track the
unique token (or user ID) assigned to them. So, there is no privacy breach by this design.

4.1.3 Data collection

This data collection helps us while processing and analyzing the data collected by using
ASQ. For each of the lectures, we took different live field observations as:

e Start, end and break time: These times are important to determine manually as
they cannot be determined from the event logs of ASQ. ASQ only keeps track of the
lecture start time and lecture end time on the server which is not the true start time
of the lecture as the lecture is started in ASQ long before the real start and ends long
after the real end in the classroom.

e Feedback time: We note down the feedback time for each question to the nearest
seconds to know the end time of each question. Basically, when the instructor starts
showing the solution and explaining it then it marks the beginning of the feedback.

e Number of students: We count and note down total students present in the class
before and after the break.

e Ids: We note the Presentation and session id which is useful for the analysis of data.

e Miscellaneous: We note the activity (like noise, murmuring, disturbing entry into
classroom) of students and also observe other activities like how do they pay attention
to the slides shown in the laptop. Mostly we observe the laptop screens of some
students and try to determine in general whether they are busy in playing games or
in social networking or paying attention to the lecture slides in their laptop.
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4.1.4 Entity relationship model

Here, we describe the Entity Relationship model which sheds some light on the important
attributes and entities that are involved in our experiment. It will help us while designing
the methodology for the analysis of data.

The figure .6 shows all the entities, their attributes and the relationship between these
entities involved across the lectures.
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Figure 4.6: ER diagram for the in-class experiments using ASQ

UNIFORM

The main entities of each presentation are lecture, slide, student and question. Every
lecture contains slides. The attributes of each lecture are the “ID” (i.e., presentation ID and
session ID), “instructors”, “topic of the lecture”, “total number of slides” and the “start”
and “end” time. The “length” of the lecture is derived from the start and end time.

Similarly, each slide has “ID”, “video”, “figure”, “question” and “non-question” inter-
active components. Furthermore, a slide contains question and one or more slides may also
relate to a question which brings into picture the distance of the slide from the question; this
“distance” is derived from the position of the slide and the position of the question. A ques-
tion can have different attributes like “start” and “end” time which helps in the derivation of
the “duration” of the question. It also has “complexity” (i.e. easy and hard), “types” and the
“execution strategy”. Each question is answered by many students who have a unique “ID”
and generate the “event logs”. The time taken by them to respond to a question helps us to
derive the “mean” and “median reaction time”. We also get the “correctness” of response

from their answers to the question.
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4.2 Methodology for Analysis

In this section, we define the methodology that we adopt for processing and analyzing the
data based on each research question in detail. We also define the hypothesis associated
with each research question.

4.2.1 Manual annotation

We discuss a manual annotation procedure that is used to calculate the distance of each
question from the most recent content slide to which it is related. Distance is nothing but
the number of slides separating the question slide from the slide with the related content.
We need the distance to design the methodology for analyzing some research questions. We
calculate the nearest distance of the last slide whose content matches with the content in the
question based on the position of the question and that slide. If a question is not related to
any slide preceding it then we mark the distance for that question as NA. It may be because
sometimes the content of the question appears in the slide later or may not be present in the
lecture. We design a “.csv” file of these annotations by associating the distances of each
question with their respective question IDs. This annotation is necessary to answer a part
of RQ1.

4.2.2 RQ 1: Effect of lecture elements on study behaviour of students

What evidence can we find regarding the study behaviour of students when lecture
elements vary in a continued manner?

We want to determine the effect of lecture elements (like the difficulty of questions,
relative positioning of questions, strategy of questioning and discussion time associated
with the slides) on study behaviour (like attention level, performance and reaction time) of
students. Here, lecture elements are the independent variables and study behaviour is the
dependent variable. To explain this research question, we have 4 sub-research questions
as:

RQ 1.1: Is there any marked difference in the percentage of correct responses,
reaction time and performance of students when different question spacing strategies
(like "Burst' and ""Uniform'’) and different instructors are used?

H 1.1: The percentage of correct responses in burst should be more than the percentage
of correct responses in uniform strategy because questions in burst are closer to the content
in the slide that relates them. The normalized reaction time in burst should be more than
the normalized reaction time in uniform because students get tired due to “back to back”
placement of questions in burst strategy and tend to take more time while responding to
questions.

We determine the percentage of correct responses for each question strategy (i.e., burst
or uniform) associated with each of the instructors.

We find the normalized reaction time as follows:

We do not select all the responses of students to a question because some responses to
the questions come from students very late after the feedback with the answer was shown.
So, we select the responses of the students for each question that come before this feedback
time. Then, we calculate the normalized reaction time. Before that, first we need to define
the terms that will be used while calculating the normalized reaction time.

For every student (viewer) v and each question ¢ we denote the submit time of an-
swering a question as A(v,q). Start time of a question is S(g). Feedback start time for
the question is F(g). Then, we compute the reaction time of a student for answering each
question (denoted as R(v,q)) and duration of each question (denoted as D(g)) as follows:
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R(v,q) =A(v,q) —S(q) 4.1
D(q) =F(q)—S(q) (4.2)
Then, the normalized reaction time is calculated as follows:
R(v,q)
NR(v,q) = 4.3)
4 ="Dy)

This normalization is a necessary step as it helps in ensuring uniformity while compar-
ing the reaction time with questions of varying duration. Mean normalized reaction time
(MNR(q)) is calculated as follows:

1
T(v)

()
MNR(q) = Y NR(v,q) 4.4
=1
Here, T (v) is the total number of students answering a question.
To find the effect of question spacing strategy on reaction time of students for both the
instructors, we divide the students in these four groups as shown in table @.1]

Table 4.1: Group shows the name of each group of the strategy and instructor combination.
I1 and 12 represents the 2 instructors that taught all the lectures.

Group Strategy + Instructor
A Burst + I1

B Burst + 12

C Uniform + I1

D Uniform + 12

These four groups cover in total 12 lectures|'|with each group covering for 3 lectures.
Each group contains the normalized reaction time of the students in all the questions. We
compare these groups by Kruskal Wallis test to check for any significant differences be-
tween these groups. As a post hoc test we conduct a Dunn’s test with Bonferroni correction
to check for significant differences between the individual groups i.e., Group A vs Group
B, Group B vs Group C and so on. This is done for all the possible pairwise compari-
son between the groups. Similarly, we also find the effect of question spacing strategy on
performance of students for both the instructors.

We conduct a within-subject study as discussed in the experimental design for the last 3
lectures where we save the cookies of the users to determine the common set of users who
are present in all the 3 lectures. We perform a Wilcoxon’s signed rank test to compare the
performance of these common set of students across these 3 lectures.

RQ 1.2: Does the discussion time of the slides affect the attention level of the class
before and after the slide was shown? (Attention level of the class can be defined as
the percentage of students who are connected, visible and focus)

H 1.2: Slides that take minutes to discuss may show greater variability in the attention
level as compared to the slides that take seconds because the attention span of students
can be as low as 30 seconds [[10]. With the increase in duration of discussion time in the
slides, the attention level change should be more, implying the same short attention span
of students.

! As 2 lectures out of the 14 lectures which used increasing strategy are not considered in this grouping.
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For answering this question, we use the low level aggregated states i.e., focus, con-
nected and visible as the indicator for attention level of the students using ASQ. First, we
compare two types of slides: (i) slides with discussion time more than 1 minute i.e., M(¢);
and (ii) slides with discussion time less than 30 seconds i.e., S(¢). Total number of students
connected to ASQ each second is denoted as T'(s) and total number of students who are
simultaneously connected, visible and focus is denoted as F (s). Then, we calculate the per-
centage of students who are simultaneously connected, visible and focus (denoted as A(s))
at any second as:

A(s) = @ x 100% 4.5)
T(s)

The attention level before the slide discussion started is denoted as A(s,,) which depicts
the attention level at nth second. The attention level after the slide discussion ended is
denoted as A(s,+x) which is the attention level after k seconds of the slide discussion till it
is over. We calculate the difference in attention level before the slide started and after the
slide ended as:

DI(s) = A(spyx) —A(sn) (4.6)

We calculate DI(s) for both M(¢) and S(¢) and then compare them by a box-plot to see
how DI(s) varies for slides that took minutes and slides that took seconds.

To have a general view of the effect of discussion time of slides on the difference (or
change in attention level), next we move on to find the correlation between discussion time
of the slides and attention level change of all the slides for each lecture.

RQ 1.3: How does the performance and the reaction time vary with different level
of difficulty of questions (i.e., easy and hard)?

H 1.3: The reaction time increases (i.e., more time is required to submit a response to a
question) and the performance declines when answering the difficult questions as compared
to the easy questions.

We do not select all the responses of students to a question because some responses to
the questions come from students very late after the answer is shown as a feedback for the
question. So, we select the responses of the students for each question that come before
this feedback time. Then, we calculate the normalized reaction time. Before that, first we
need to define the terms that will be used while calculating the normalized reaction time.

For every student (viewer) v and each question ¢ we denote the submit time of an-
swering a question as A(v,q). Start time of a question is S(g). Feedback start time for the
question is F(g). Then, we compute reaction time for a student for each question (denoted
as R(v,q)) and duration of each question (denoted as D(g)) as follows:

R(v,q) =A(v,q) —S(q) (4.7)
D(q) =F(q) —S(q) (4.8)
Then, the normalized reaction time is calculated as follows:
R(v,q)
NR(v,q) = 4.9)
vq) = @

This normalization is a necessary step as it helps in ensuring uniformity while compar-
ing the reaction time with questions of varying duration. Mean normalized reaction time
(MNR(q)) for each question is calculated as follows:
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1 TW
MNR(q) = —— ) NR 4.10
(@)= 715y L NRO:a) (4.10)
Here, T (v) is the total number of students answering a question.
Mean normalized reaction time (MNR(s)) for each student is calculated as follows:

1 T@
MNR(s) @ t; NR(v,q) (4.11)

Here, T'(g) is the total number of questions answered by a student.

To examine the effect of difficulty of the questions on reaction time, we compare two
groups using Wilcoxon’s signed rank test. One group contains the mean reaction time of
each student for easy questions. Another group contains the mean reaction time of each
student for hard questions. We do this across all the lectures. Table {.2] shows a sample
view of the two groups for 3 different students in a lecture.

Table 4.2: Student_ID reports the unique 16 digit random ID assigned to each student by
250. #Count_E_MNR reports the mean normalized reaction time of each student for all
the easy questions in that lecture. #Count_H_MNR reports the mean normalized reaction
time of each student for all the hard questions in that lecture.

Student_ID #Count_E_MNR #Count_H_MNR
Student 1 0.41 0.67
Student 2 0.78 0.65
Student 3 0.90 0.50

Similarly, to examine the effect of difficulty of questions on the performance of stu-
dents, we compare two groups using Wilcoxon’s signed rank test. One group contains the
percentage of questions each student has answered correctly for easy questions. Another
group contains percentage of questions each student has answered correctly for hard ques-
tions. We do this across all the lectures. Table {.3]shows a sample view of the two groups
for 3 different students in a lecture.

Table 4.3: Student_ID reports the unique 16 digit random ID assigned to each student by
AS0. #Count_E_percentage reports the percentage of questions that the student answers
correctly out of all easy questions in that lecture. #Count_H_percentage reports the per-
centage of questions that the student answers correctly out of all hard questions in that
lecture.

Student_ID #Count_E_percentage #Count_H_percentage
Student 1 40.40 60.70
Student 2 48.90 63.80
Student 3 80.10 40.20

RQ 1.4: Is the performance in questions linked to the distance of questions? (Dis-
tance or (relative positioning) refers to the position of questions i.e., the proximity of
the questions to the most recent slide related to the question.)

H 1.4: Students perform better when the questions are nearer to the recent content
(related to the question) instead of the questions being placed far away. This hypothesis
is based on the study by Weinstein et. al. [66] where they found that when questions are
nearer to the related content, then students tend to perform better.
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For each question, we calculate the distance of most recent slide related to the question
as discussed in Manual Annotation subsection. For checking the correctness of response,
we only consider the “multiple-choice” and “multiple-answer” questions as the responses
to these type of questions are automatically checked by ASQ from the answers stored in it.
We do not consider the “SQL Query” and the “fill the blanks™ question as the responses
to these questions cannot be automatically checked for correctness by ASQ. The distance
ranged from 1 to 29 across all the lectures. Then, we plot a box-plot showing how slide
distance varied for correct and wrong responses of the students across all the lectures. To
check the effect of distance on the performance of students, we use a Kruskal Wallis test.
By using this test, we check for significant differences between the performance of students
in questions with different distances from the related content in each lecture.

Next, we find the effect of maximum and minimum distance of questions on the per-
formance of students in the questions with that particular distance. We use a Wilcoxon’s
signed rank test to find if the performance of students (i.e., percentage of correct responses
in the questions with that particular distance value) is significantly greater in the question
slides with minimum distance as compared to the question slides with maximum distance
across each lecture. Table .4] shows the two columns reporting the percentage of correct
answers given by each student for the questions with the minimum and maximum dis-
tance respectively for each lecture. We compare these two columns for each lecture using
Wilcoxon’s signed rank test.

Table 4.4: Student_ID reports the unique 16 digit random ID assigned to each student
by AsQ. #Count_min_percentage reports the percentage of questions that the student
answers correctly for questions with that “minimum distance” for the particular lecture.
#Count_max_percentage reports the percentage of questions that the student answers cor-
rectly for questions with that “maximum distance” for the particular lecture.

Student_ID #Count_min_percentage #Count_max_percentage
Student 1 40.40 60.70
Student 2 48.90 63.80
Student 3 80.10 40.20

4.2.3 RQ 2: Effect of attention percentage of students in classroom on the
participation in the in-class questions

Does the measured attention of students using ASQ have any impact on their parficipa-
tion in the in-class questions? (Attention is measured as the atfention percentage of a
student which can be defined as the percentage of time a student is connected, visible
and focus with ASQ.)

H 2: More attentive student (or a student with higher attention percentage in the lecture)
participates more in the in-class questions.

Our assumption is that a session s (full lecture from the time a presentation starts
in the classroom and ends) of length T'(s) starts at second 1 and ends at second T'(s).
For every viewer (student) v, for every second ¢ of session s we create a binary variable
artention(v,s,t). It is 1 if we get the visible and focus aggregated events as true and 0
otherwise.

The attention percentage AP(v,s) of a student across s is the number of seconds the
visible and focus events are true, normalized by the session length:

=

1 Y
AP(v,s) = ) attention(v,s,t) (4.12)
=1
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A student v’s question participation is defined only over the question slides in s; it is the
fraction of questions g € Q(s) (with Q(s) being the set of all questions in session s) that v
submitted an answer for:

1
P(v,s) = —— bmi 4.13

Here, submit(v,q) is 1 if v submitted an answer to ¢ and 0 otherwise.

Then, we find the correlation (p (AP, P)) between AP(v,s) and P(v,s).

To make a more detailed analysis, we divide the students into 3 groups (i.e., high,
medium and low) based on their attention percentage AP(v,s) during the lecture. We find
that the common highest attention percentage in each lecture ranges between 50% and 60%.
So, we divide these students into three groups as in table 4.5]in each of the lecture. This
type of grouping accounts for certain number of students in each group without making
any group devoid of students.

Table 4.5: Group reports the name of the group. AP(v,s) reports the attention percentage
range for that particular group

Group AP(v,s)

1 (Low) Less than or equal to 20

2 (Medium) Greater than 20 and Less than or equal to 40
3 (High) Greater than 40

We compare these 3 groups’ participation in the in-class questions by performing a
Kruskal Wallis test. We choose Kruskal Wallis over ANOVA (Analysis of Variance) be-
cause the data sample is non-parametric (i.e., it does not satisfy the properties of Gaussian
distribution). Next, Dunn’s test with Bonferroni correction is used for post hoc analysis
as it is suitable for samples with unequal sizes. It helps to find the relation between two
groups. In this case we can find the relation between 1) Group 1 and Group 2, 2)Group 2
and Group 3, and 3) Group 1 and Group 3.

4.24 RQ 3: Students taking external help

Do students take help of external resources while answering questions? Does it relate
to the difficulty of questions?
RQ3 is based on the following two assumptions:

e Each student uses their own laptop and do not search from their peers laptop while
answering which was also evident as reported by the field observers in each lecture.

e [f a student looses focus while answering a question before submitting it, then he/she
might be taking help from external resources.

H 3: Students will take more external help in the difficult questions as compared to the
easy questions as they may have difficulty in answering difficult questions.

For every student (viewer) v and each question ¢ we calculate the percentage of time
a user is emitting a focus event while answering a question as P(v,q). This P(v,q) is
calculated from the point a user starts answering a question till he submits the response
to the question. Then, we find F(P(v,q)) as:

1, if P(v,q) =100

. (4.14)
0, otherwise

F(P(v,q)) ={
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So, F(P(v,q)) is 0 if a student looses focus (in other words takes external help) while
answering that question.

Next, we calculate the percentage of students who are taking external help which is
denoted as PE(q). Total number of students who answered a question is denoted as T (q)
and the total number of students who take external help for that question is denoted as E(g).
For these students, we have F(P(v,q)) = 0. PE(q) is calculated as follows:

PE(q) = E@ 1009 4.15)

T(q)

To check the relationship between the number of students taking external help (based
on our assumptions) and the complexity of the questions (i.e. easy and hard questions),
we use the Wilcoxon’s signed rank test. First, we find the percentage of easy questions a
student takes help in a lecture. Then we find the percentage of hard questions a student
takes help in that lecture. Then we compare this percentage for each student in that lecture
using a Wilcoxon’s signed rank test as a pairwise comparison. We prefer Wilcoxon’s test
over the paired t-test because our sample does not satisfy the requirements of a normal
distribution. We do this pairwise comparison for each of the lecture.

Table.6|shows the sample of the pairwise comparison of 3 students used for the analy-
sis in one lecture. In the real data-set there are n students for each lecture where n is the total
number of students using ASQ in each lecture. We use the columns #Count_E_percentage
and #Count_H_percentage in table[.6|to make the pairwise comparison using the Wilcoxon’s
signed rank test for each of the lectures.

Table 4.6: Student_ID reports the unique 16 digit random ID assigned to each student
by ASQ. #Count_E_percentage reports the percentage of easy questions that a student
takes external help. #Count_H_percentage shows the percentage of hard questions that a
student takes external help.

Student_ID #Count_E_percentage #Count_H_percentage
Student 1 30.40 50.60
Student 2 45.90 60.80
Student 3 80.10 40.20
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Chapter 5

Results

We used ASQ for a longitudinal study spanning for 2 months in an undergraduate Computer
Science classroom at TU Delft to gain a fine-grained insight into the study behaviour of
students in the classroom. In this chapter, we will explain in details the results of these
experiments. As we discussed earlier, ASQ helps in capturing the event logs. These logs
contain the second by second interactions of each student using ASQ during the lecture.
We use these logs to analyze the student behaviour in classroom and try to gain a deeper
knowledge of their study activity and interactions during the lecture.

Table shows the total events collected by ASQ in each lecture and also the total
number of slides converted so that it can be displayed in ASQ. The number of events is
directly proportional to the number of students using ASQ. Events in HTTP lecture is highest
because more than 300 students used ASQ. It slowly reduced towards the end of the course
with around 90 students using ASQ. But, in some lectures more events are generated with
less students when there are questions of more duration or more non-question interactive
components are present.

Table 5.1: #TE reports the total number of events collected during each lecture, #T'S reports
the total number of slides converted in ASQ, #TST reports the total number of students in
the class and #TSTA shows the total number of students in the class using ASQ.

Lecture #TE  #TS #TST #TSTA
HTTP 104477 139 319 318
HTML 91715 168 238 225
JavaScript 85846 122 192 175
Database introduction 55939 101 204 171
node.js 34647 104 208 135
CSS 50443 176 163 135
SQL introduction 51051 66 196 147
SQL continued 36656 64 157 138
Cookies & session 31103 135 133 129
Advanced SQL 56562 54 89 78
Web security 37002 151 151 107
Conceptual design 18162 55 83 54
ER logical design 20692 62 125 85
NoSQL 13899 65 89 68

Figure [5.1] and [5.2] shows the extensive logging capabilities of ASQ in a short interval
from the beginning and the end of the JavaScript lecture. Here each event type is shown
as a coloured dot. We can see that figure [5.1] shows the events generated in the first 15
minutes of the JavaScript lecture by 3 types of student. We select students based on the
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number of events (i.e., low, medium and high) generated. We observe that Student I who is
least active with ASQ disconnects while answering the first question. Student 2 remains idle
most of the time. Student 3 is quite active with very few instances of being idle and also
actively interacts with the question slide shown with a purple line. This trend continues
till the end of the lecture as we observe the same 3 students again for last 15 minutes of
the same lecture in figure[5.2] In the end, we can see that Student 1 does not generate any
events because he has already disconnected from ASQ. We can see that Student 3 generates
the most number of events as compared to the other students. Lot of overlapping orange
dots are shown in the activity by Student 3 and also few are shown in the activity of other
student before the start of the last question; it indicates the presence of input event which is
generated due to the presence of slides with non-question interactive components like the
) ”, “onchange” and “onblur”.

examples of JavaScript events: “mouseover”, “mouseout”,
HanswersubmitEfocusout EdisconnecledE(abvisiblsE windowblur slide .lwith questioanithoul question
event type i - .
focusin connected questioninput| idle windowfocus

§
T uapms

Zwapms

.
i
€ 1uapns

Figure 5.1: Activity of three students in the first 15 minutes of the JS lecture. Conceptually
similar to [62]

slide .lwith questioanithoul question answersubmit| connected + |questioninput, idle
event type focusin + |disconnected tabhidden e [windowblur
focusout + |input « [tabvisible wir

2 wapms

€ 1uapms

Figure 5.2: Activity of three students in the last 15 minutes of the JS lecture. Conceptually
similar to [62]]

Now, the fluctuation of low level aggregated events can be seen in figure [5.3] for the
JavaScript lecture. During the interval where questions are posed (i.e., shown in purple
lines parallel to x-axis), then there is a spike in the number of students who are in focus.
Also during some interactive components (shown in yellow around 10:30), number of stu-
dents in focus increases suddenly meaning that active learning helps a lot in the higher
education classroom. Another observation that can be made is that right after answering
a question, lot of students loose focus. It indicates that students take rest or become busy
in other activities after answering a question. So, we can observe from the example figure
[5.3] that active learning strategy like questions and other interactive components help in
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improving the focus level of students. This similar observation was also made in all the
lectures when we use active learning with ASQ.
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Figure 5.3: Temporal overview of aggregated events of students during JavaScript lecture.
The parallel vertical gray lines show the slide transitions.

Now, we discuss regarding our problem statement in detail based on the 3 research
questions defined earlier. Revisiting the main aspects of the question, first question is to
determine the effect of lecture elements (like the difficulty of questions, relative positioning
of questions, strategy of questioning) on study behaviour (like attention level, performance
and reaction time) of students; second, we want to find if there is any relationship of atten-
tion level of students with their participation in the in-class questions; finally, we want to
find if students are taking external help and if there is any relationship between the tendency
to take external help and the difficulty of the questions.

5.1 RQ 1: Effect of lecture elements on study behaviour of students

Here, we discuss the results regarding the effect of lecture elements on study behaviour of
students.

5.1.1 RQ 1.1: Effect of question spacing strategies and instructor on
percentage of correct responses, performance and reaction time of
students

We have used 3 different question spacing strategies (i.e., burst, uniform and increasing).
But, as mentioned earlier, the increasing question strategy was dropped by the instructors
after 2 lectures due to problem in execution. So, we compared the effect of only burst and
uniform strategy. Here, we discuss the effect of lecture elements on the study behaviour of
students.

We determine the percentage of correct responses for each question strategy associated
with each of the instructors. In total each instructor has used burst and uniform strategy 3
times each. From table[5.2|we can see that percentage of correct responses in burst question
strategy outperforms the uniform strategy for both the instructors.

In total we get 21 common users in the last 3 lectures for the within-subjects study
where we have enabled the option so that cookies of these users are saved across these
lectures. From the within-subject study, we find in figure [5.4] that the percentage of cor-
rect answers given by these students is more in both the lectures using burst strategy as
compared to the lecture using uniform strategy. We can find after performing a Wilcoxon’s
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signed rank test that there is significant difference between Conceptual design (using burst
question strategy) and ER logical design (using uniform question strategy) lecture but no
significant difference between ER logical design (using uniform question strategy) and
NoSQL (using burst question strategy) lecture.

Table 5.2: Strategy and Instructor type shows the type of strategy used and the type of
instructor teaching in that lecture. #% Correct shows the percentage of correct responses
across all the lectures with that particular strategy and instructor.

Strategy and Instructor type #9% Correct
Burst and I1 60.85
Uniform and I1 50.25
Burst and 12 56.75
Uniform and 12 55.58

100-

75-

value

0-

| | |
burst_lec13 uniform_lec14 burst_lec15
condition

Figure 5.4: Percentage of correct responses comparison for burst and uniform strategy for
the same set of users in the last 3 lectures i.e., Conceptual Design, ER Logical Design and
NoSQL. The error bars for the 95% Confidence interval are also shown in each bars. The
first lecture (from left) uses burst strategy, second uses uniform and the third one again uses
burst.

To find the effect of question spacing strategy on the performance of students for both
the instructors, we compare the reaction time of students among these four groups in table
[5.4) as already defined in the methodology for analysis.

We use a Kruskal Wallis test to compare these groups and find if there is a significant
difference (i.e., p — value < 0.01) between these groups. To check exactly how each group
is different from the other one, we use a post hoc analysis with the help of Dunn’s test with
Bonferroni correction. Table [5.3] shows that we have a significant difference between the
groups when the instructor of the groups are different i.e., when comparing Group B with
Group A, Group D with Group A and Group D with Group C. But, if the instructor remains
same and the question spacing strategy changes i.e., when comparing Group C with Group
A and Group D with Group B, then we do not see significant differences between the
groups.
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Table 5.3: The values show the difference of means of one group to the other obtained
from Dunn’s test. For instance, in the first row of the table, we obtain difference in means
of Group A from Group B (i.e., Group B - Group A) and likewise for the other rows
report the difference in means after Dunn’s test. Each statistically significant value i.e.,
p —value < 0.01 is marked with a .

A B C

B -2.60f
Cc -0.60 1.96
D -353f -1.24 -2937%

To find the effect of question spacing strategy on the reaction time of students while
answering questions for both the instructors, we compare the reaction time of students
among these four groups in table as already defined in the methodology.

Table 5.4: Group shows the name of each group for the combination of question spacing
strategy and instructor. I1 and I2 represents the 2 instructors that taught all the lectures.

Group Strategy + Instructor
A Burst + I1

B Burst + 12

C Uniform + I1

D Uniform + 12

We use a Kruskal Wallis test to compare these groups and try to find if there is a signif-
icant difference (i.e., p — value < 0.01) between these groups. To check exactly how each
group is different from the other one, we use a post hoc analysis with the help of Dunn’s test
with Bonferroni correction. Table [5.5]shows that we have a significant difference between
the groups when the question strategy of the groups are different i.e., when comparing
Group C with Group A, Group C with Group B, Group D with Group A and Group D with
Group B. But, if the question strategy remains same and the instructor changes i.e., when
comparing Group B with Group A and Group D with Group C, then we do not see signif-
icant differences between the groups. We can also observe from the table that the mean
normalized reaction time for uniform question strategy is less than the mean normalized
reaction time for burst question strategy and these values are statistically significant.

Table 5.5: The values show the difference of means of one group from the other obtained
from Dunn’s test. For instance, in the first row of the table, we obtain difference in means
of Group A from Group B (i.e., Group B - Group A) and likewise, the other rows report the
difference in means after Dunn’s test. Each statistically significant value i.e., p — value <
0.01 is marked with a ¥.

A B C

B -237
C -758% -6.67f%
D -5707 -4407% 284
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5.1.2 RQ 1.2: Effect of discussion time of slide on change of attention level
of students

Now, we examine the effect of discussion time (i.e., duration) of slide on the change in
attention level (i.e., defined earlier as the difference in the percentage of students who are
connected, visible and focus in ASQ before the start of the slide and after the slide ended) of
students. We observe in figure [5.3]that the variability of difference in attention level across
all the lectures is more for slides whose duration of discussion was in minutes as compared
to slides whose duration of discussion was in seconds; indicating that attention level (or
attention span) has wider variations in slides having discussion duration in minutes.
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Figure 5.5: Change of focus percentage (i.e., difference in attention level) in slides whose
duration is in minutes and seconds

To have a general view of the effect of discussion time (i.e., duration) of slides on the
difference in attention level, we move on to find the correlation between duration of all
the slides with the difference in attention level associated with it. We observe in table
that JavaScript, SQL introduction and Web security only showed a statistically significant
correlation. All but one show weak positive correlation (although some are not statistically
significant) meaning that with the increase of discussion time of slide, the difference in
attention level also increases.

5.1.3 RQ 1.3: Effect of difficulty of questions on performance and reaction
time of students

Figure [5.6) shows the performance variation with different levels of difficulty of questions
where we do not find any pattern in the mean score for each type of question in any of the
lectures. We do not find any effect of question difficulty on the performance of students
using ASQ.
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Table 5.6: p(D,DI) shows the Spearman Rank Correlation of slide duration and the differ-
ence of attention level. Each statistically significant value i.e., p — value < 0.01 is marked
with a 7.

Lecture p(D,DI)
HTTP -0.06
HTML 0.06
JavaScript 0.217
Database introduction 0.04
node.js 0.12
CSS 0.13
SQL introduction 0.31F
SQL continued 0.07
Cookies & session 0.11
Advanced SQL 0.02
Web security 0.247
Conceptual design 0.19
ER logical design 0.12
NoSQL 0.22

100 - - NA

-

1234566 7 89 1 2 3 i 2 3 a4 65 6 7 &8 123456789%1an=s

ER logical design NosQL

i 2 3 4 5 6 7 8

question

Figure 5.6: Distribution of mean score for each question with difficulty across all the lec-
tures.

To examine the effect of difficulty of questions on performance, we compare two groups
using Wilcoxon’s signed rank test: one group contains the percentage of questions each
student has answered correctly for easy questions; another group contains percentage of
questions each student has answered correctly for hard questions. For most of the lectures,
we do not observe any significant differences between the two groups as seen in table It
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means that we cannot find any relation between difficulty of questions and the performance
of students.

Table 5.7: Significance reports the significance value after the Wilcoxon’s signed rank test
across each lecture. Each statistically significant value i.e. p —value < 0.01 is marked
with a f otherwise it is marked with a x. Advanced SQL and NoSQL are marked with NA
because they have only easy mcq questions and no hard mcq questions. #Easy meq and
#Hard mcq shows the total number of easy and hard multiple choice (or multiple answer)
questions used in each lecture.

Lecture #Easy mcq #Hard mcq Significance
HTTP 6 4 *
HTML 3 3 T
JavaScript 3 5 *
Database introduction 4 1 ¥
node.js 5 3 T
CSS 2 5 *
SQL introduction 3 4 *
SQL continued 5 2 ¥
Cookies & session 5 4 *
Advanced SQL 3 0 NA
Web security 4 4 F
Conceptual design 11 2 *
ER logical design 4 4 *
NoSQL 8 0 NA

Next, we try to examine if there is any relationship between the normalized reaction
time and the difficulty of questions. Figure [5.7) shows the variation of mean normalized
reaction time with the difficulty of questions. It can be seen that the mean normalized
reaction time for difficult questions is more than the mean normalized reaction for the easy
questions in most of the lectures but, in many lectures the result is mixed.

To examine the effect of difficulty of questions on reaction time, we compare two groups
using Wilcoxon’s signed rank test: one group contains the mean normalized reaction time
of each student for easy questions; another group contains the mean normalized reaction
time of each student for hard questions. For most of the lectures, we do not observe any
significant differences between the two groups as seen in table[5.7] It means that we cannot
find any relation between difficulty of questions and the reaction time of students while
answering questions.

So, we observe the distribution of normalized reaction time of every student for easy
and hard questions in detail for each of the lectures with the help of a box-plot.

Figure [5.§] shows that all the lectures (except 3 i.e., JavaScript, node.js and SQL Intro-
duction) have higher median normalized reaction time in hard questions as compared to
the easy questions. It can be seen from figure [5.8] that all but one lecture have more than
75 % of the students requiring around NR(v,q) (normalized reaction time) greater than 0.4
for answering the easy questions. It means that most students need 40 percent of the entire
time duration to answer a question. In Advanced SQL, the normalized reaction time for
hard questions is close to 1 due to the complex nature of writing long SQL queries.

5.1.4 RQ 1.4: Effect of distance (or relative positioning) of questions on the
performance of students

We have explained in the experimental design about the procedure to calculate the distance
of question slide; it is calculated as the number of slides a question slide is away from
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mean normalized reaction time

normalized reaction time
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Figure 5.8: Distribution of normalized reaction with difficulty

the most recent content slide related to it. Now, the relation of slide distance with the
correctness of the responses is shown in figure [5.9] As can be seen, most lectures had the
questions immediately after the content (i.e., with slide distance equal to 1); this is the main
reason causing it difficult to see any pattern due to the limited distribution of distance in
the box-plot.

So, we perform a Kruskal Wallis test to check the effect of relative positioning of ques-
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Table 5.8: Significance reports the significance value after the Wilcoxon’s signed rank test
across each lecture. Advanced SQL is marked as NA because of zero responses in most
question. NoSQL is marked with NA because the lecture has only easy questions and no
hard questions.

Lecture Significance
HTTP +
HTML f
JavaScript *
Database introduction T
node.js *
CSS *
SQL introduction *
SQL continued ¥
Cookies & session ¥
Advanced SQL NA
Web security T
Conceptual design T
ER logical design *
NoSQL NA
. HTTP HTML JavaScript Database introduction
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Figure 5.9: Distribution of the distance of the most recent content from the questions shown
for each category of response i.e. correct and wrong

tions on the performance of students. Except 3 lectures, we find statistically significant
differences in the performance of students with different distance of questions as observed
in table[5.9] We do not consider Advanced SQL for the analysis because most of the ques-
tions have zero responses. So, most questions have zero score for each student.
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Table 5.9: Significance reports the significance value after the Kruskal Wallis test to check
the effect of distance of questions on the performance of students across each lecture. Each
statistically significant value i.e. p —value < 0.01 is marked with a f, otherwise it is marked
with a x. Advanced SQL is marked as NA because of zero responses in most questions.

Lecture Significance

HTTP

HTML

JavaScript
Database introduction
node.js

CSS

SQL introduction
SQL continued
Cookies & session
Advanced SQL
Web security
Conceptual design
ER logical design
NoSQL

— =k =k~ —F % %~k

Z
>

* =k =k

Next, we find the effect of maximum and minimum distance of questions on the per-
formance in the questions with that particular distance. We use a Wilcoxon’s signed rank
test to find if the mean performance of students (i.e., percentage of correct responses in
the questions with that particular distance value) is significantly greater in the question
slides with minimum distance as compared to the slides with maximum distance of ques-
tions across each lecture. We can see in table[5.10] that the lectures where the difference in
maximum and minimum slide distance is at least 3 slides, then we can see noticeable differ-
ence in performance as evident by the statistically significant value obtained in Wilcoxon’s
signed rank test. So, for large differences in slide distance, we can see significant differ-
ences in performance of students; the performance is also better for question slides which
have less distance (or comparatively closer to the content slide related to it).

5.2 RQ 2: Effect of measured attention of students in classroom on
the participation in the in-class questions

The attention of students in classroom is measured as the attention percentage of students
using ASQ. The attention percentage of students has a significant positive effect on their
participation in the in-class question as observed in table [5.T1] Towards the end of the
lectures i.e., in the last 3, we can observe that the correlation strength is moderately low be-
cause most students did not participate in the questions. It may be due to the complexity of
database lectures. But, most of the lectures show a moderately strong correlation. Students
who are more attentive in ASQ also answer most of the questions in the class.

As mentioned earlier in the methodology for analysis, we calculate the attention per-
centage of every student during the lecture. Then we analyze the relation between attention
percentage of students and their participation in the in-class questions in depth. We do this
by dividing the students with different attention percentages in the lecture into different
groups. Group 1 consists of students with AP(v,s) <= 20%. Group 2 consists of students
with AP(v,s) > 20% & <= 40%. Group 3 consists of students with AP(v,s) > 40%. We
compare these 3 groups’ participation in the in-class questions by performing a Kruskal
Wallis test. Except the last few lectures, all the other lectures show significant differences
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Table 5.10: Significance reports the significance value after using the Wilcoxon’s signed
rank test to compare the effect of maximum and minimum distance of questions on perfor-
mance of students (i.e., percentage of correct responses in the questions with that particular
distance value) across each lecture. Each statistically significant value i.e. p —value < 0.01
is marked with a {, otherwise it is marked with a x. Advanced SQL is marked as NA be-
cause of zero responses in most questions. Columns #max and #min report the maximum
and minimum distances of the questions respectively.

Lecture #max #min Significance
HTTP 9 4 T
HTML 2 1 *
JavaScript 3 1 T
Database introduction 5 3 *
node.js 7 1 T
CSS 2 1 T
SQL introduction 10 1 ¥
SQL continued 3 1 *
Cookies & session 29 1 T
Advanced SQL NA NA NA
Web security 2 1 *
Conceptual design 4 1 T
ER logical design 3 1 *
NoSQL 10 2 T

Table 5.11: p(AP,P) shows the correlation of attention level (AP) in ASQ and participation
percentage (P) in the in-class questions. Each statistically significant value i.e., p —value <
0.01 is marked with a ¥.

Lecture p(AP,P)
HTTP 0.647
HTML 0.517
JavaScript 0.59+
Database introduction 0.48F
node.js 0.44+
CSS 0.47%
SQL introduction 0.51%
SQL continued 0417
Cookies & session 0.64+
Advanced SQL 0.66F
Web security 0.477
Conceptual design 0.317
ER logical design 0.297
NoSQL 0.357

between them as observed in table [5.12] It means that these groups’ participation differ
significantly from each other.

Next, Dunn’s test with Bonferroni correction is used for the post hoc analysis. It helps
to find the relation between between 1) Group 1 (Low) and Group 2 (Medium), 2)Group 2
(Medium) and Group 3 (High), and 3) Group 1 (Low) and Group 3 (High). We can observe
in table [5.13] that all the lectures except last 3 have significant differences in participation
between the groups with low and medium attention percentage. The difference between
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Table 5.12: This shows the p-value obtained in the Kruskal Wallis test across the 3 groups
(i.e., Group 1, 2 and 3). Each statistically significant value i.e., p — value < 0.01 is marked
with a } in the column #p-value and the rest are marked with a x. Column #A reports the
total number of students who belong to Group 1. Similarly, #B and #C reports the total
number of students in Group 2 and Group 3 respectively.

Lecture #p-value #A #B #C
HTTP + 165 55 68
HTML + 125 53 20
JavaScript T 114 47 7
Database introduction T 9% 35 26
node.js T 87 30 7
CSS t 89 25 8
SQL introduction + 102 24 14
SQL continued * 101 21 5
Cookies & session T 87 16 13
Advanced SQL T 59 11 1
Web security T 67 22 12
Conceptual design * 34 16 3
ER logical design * 56 21 4
NoSQL * 36 16 9

the means of Group 2 and Group 1 is always negative which means that the mean partici-
pation of students having medium attention percentage is more than the students with low
attention percentage. When we compare the groups with medium and high attention per-
centages, then we do not get any significant difference between them. So, participation of
students paying lower attention differ significantly from the students paying higher atten-
tion. But, the similar difference is not observed when we compare two groups of students
with medium and higher attention percentage in the classroom.

Table 5.13: #BA, #CA and #CB reports the difference between the means of Group 2 &
Group 1, Group 3 & Group 1 and Group 3 & Group 2 respectively after the posthoc analysis
using the Dunn’s test. Each statistically significant value i.e. p —value < 0.01 is marked
with a .

Lecture #BA #CA #CB
HTTP -5.901 -9.02% -2.10
HTML -4.67t -2917 0.25
JavaScript -5.08F  -2.19  0.07
Database introduction -3.301  -5.01F -1.76
node.js -3.71F  -2.85t -0.80
CSS 2731 -1.63  0.04
SQL introduction -3.591 4107 -1.06
SQL continued -2.661  -0.38 0.93
Cookies & session -2.99F -4.517 -141
Advanced SQL 3961 -1.03  0.26
Web security -4.39%  -2.09 1.18
Conceptual design -1.41 0.60 1.25
ER logical design -2.21 -0.97  0.12
NoSQL 0.04 236 -2.14
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5.3 RQ 3: Students taking external help

We assume that students loosing focus before answering a question indicates that they
take external help. Based on this assumption, we can see in the figure that students
may be taking help externally in every question across all the lectures. The percentage of
students taking help from external resources is always greater than 50 % of the students
that respond to a question. It is true for each of the questions in all of the lectures. The
highest percentage of students taking external help can be seen in Advanced SQL due to
the complex nature of writing the long SQL queries.
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Figure 5.10: Percentage of students taking help externally in each lecture

To check the relationship between the number of students taking external help with
the complexity of the questions (i.e. easy and hard questions), we use the Wilcoxon’s
signed rank test. We compare the percentage of questions each student takes help in both
categories of questions (i.e. easy and hard). For this we create 2 groups; one group has
the percentage of easy questions a student takes help; and another one has the percentage
of students that take external help in hard questions. We do not find significant differences
between the two groups in most of the lectures as seen in table[5.14] So, we cannot find any
relation between the difficulty of questions and the likelihood of students taking external
help for most of the lectures.
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Table 5.14: Significance reports the significance value after using the Wilcoxon’s signed
rank test across each lecture. Each statistically significant value i.e. p —value < 0.01 is
marked with a | otherwise a x indicates statistically non-significant values. Advanced SQL
is marked as NA because of zero responses in most questions. NoSQL is marked with
NA because the lecture has only easy questions and not a single hard question. #Easy and
#Hard shows the total number of easy and hard questions used in each lecture.

Lecture #Easy #Hard Significance
HTTP 6 4 *
HTML 4 4 *
JavaScript 5 5 T
Database introduction 6 1 *
node.js 5 3 T
CSS 2 5 *
SQL introduction 4 5 *
SQL continued 6 2 +
Cookies & session 5 4 T
Advanced SQL 7 3 NA
Web security 4 4 t
Conceptual design 11 2 *
ER logical design 4 4 T
NoSQL 8 0 NA
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Chapter 6

Discussion

We used ASQ in an active learning setup in a large classroom to obtain fine-grained insights
into the study behaviour of students. In this chapter, we discuss the results obtained from
these experiments. We can observe from the example of the JavaScript lecture that the
use of active learning components like questions and other interactive components (like
JavaScript components) improve the attention level of the students; it is evident by the sharp
rise of focus activity of the students using ASQ. Past works have also supported the fact that
use of active learning components improves the attention level of students [38, 37} 10].

In the first research question (RQ1), we study the effect of lecture elements (like length
of discussion time associated with slides, question strategy, difficulty of questions, posi-
tioning of questions) on the study characteristics of students (like reaction time, attention
level, performance). First, we discuss the effect of question spacing strategies (i.e., burst
and uniform) and instructor on the performance and reaction time of students (RQ 1.1). We
have used burst and uniform strategy for 6 lectures each for both the instructors. Students
answer an upper percentage of questions correctly while using burst strategy which may
be due to the proximity of the content slides related to the question in the burst strategy.
Weinstein et al. [66] also found similar effects of better performance due to proximity of
related content to the question. But, we do not find significant effect of question spacing
strategy on the performance of students; rather, we find significant effect of instructors on
the performance of students. It is in accordance with past work where instructors have an
impact on the attention level [9]] and learning outcome [40}51] of students in the classroom.
The reaction time of students while using burst strategy is significantly more as compared
to the uniform strategy which may be because students get tired when answering back to
back questions in burst format.

The claim regarding short attention span of 30 seconds by Bunce et al. [[10] was con-
firmed to some extent by our experiments. We find indirect evidence that attention span of
students (i.e., change of focus activity in ASQ) is short and less than a minute (RQ 1.2). It
is established by the fact that we can see wider variation of attention of students in slides
where the discussion time is greater than one minute as compared to the slides where the
discussion time is less than 30 seconds. Moreover, as there is an increase in the length
of discussion time associated with the slides, then the fluctuation of attention level (i.e.,
difference in the focus activity of the students using ASQ before and after the slide display)
also increases.

Contrary to our expectations, the performance and reaction time of students do not
change as per the difficulty of the questions used (RQ 1.3) in most of the lectures. It may be
due to some other factor like previous knowledge on the topic or motivation level [44] 29]
which is also affecting the performance of the students while answering the questions.
Another possible reason for the discrepancy in the results may be due to the way we classify
each question as either easy or hard; this is in a way tricky because we have to consider
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different aspects (like variation in the options, difficulty in understanding the question,
difficulty and clarity in the options, etc.) of the question before classifying it.

We find that the distancemof a question slide has a significant effect on the performance
of students (RQ 1.4). To add to it, students perform significantly better in question slides
having minimum distance in a lecture. This is similar to the results obtained by Weinstein et
al. [66]; they found that students perform better when the questions are nearer to the content
related to it. It is because students find it easier to recollect a recently taught concept.

The second research question (RQ2) was concerned with finding if the participation
of students in the class questions is dependent on the attention level of students who are
using ASQ. Students with higher attention percentage in ASQ participate more in the class
questions as compared to students who are less attentive. It is consistent with the findings
in past literature; more use of laptop for course-related activities leads to a higher level of
attention and engagement among students [[72,152]. Similarly, in our experimental scenario,
as students get more involved with ASQ during the lecture (i.e., using laptop for course-
related activities), they have higher attention percentage during the lecture; these students
also participate more with the in-class questions.

The third research question (RQ3) is related to finding if students are taking external
help while answering the questions and it’s relation to the difficulty of questions. We find
indirect evidence of students taking help from external resources. But, it is based on the
assumption that students loosing focus in ASQ are taking external help which is difficult
to neither accept nor deny. We also do not find any relation between the students taking
external help and the difficulty of questions for 50% of the lectures.

So, we can effectively get fine-grained insights into the study behaviour of students in
a classroom second by second by using a web-mediated tool like ASQ as indicated by RQ1
and RQ2. However, findings in RQ3 are limited: to evaluate RQ3 in detail we need help of
other modalities like eye-tracking and different sensors to complement the ability of ASQ to
obtain fine-grained insights; this will be explained in future work in the next chapter.

6.1 Threats to internal validity

e We do not control the extraneous variables like the previous knowledge of each stu-
dent before attending the course as we do not do any pre-assessment before the start
of the course. Previous knowledge regarding the subject can affect the performance
of students in the in-class questions. For instance, a student with previous knowl-
edge on the topic of the lecture may also score well while answering the difficult
questions.

e We do not know the motivation level and interest of students in the course which
may act as confounding variables. This can also affect the attention level [44, 29]
and performance of students while answering questions in the classroom.

e We do not check the ability of each student to act under the pressure of time, how fast
they react or how they are affected by fatigue which may be a maturation threat. For
instance, some students may handle pressure better as compared to others; this may
help them to perform better in the difficult questions during the lecture. For some
students, their performance may decline with time due to fatigue towards the end of
the lecture.

e Towards the end of the lecture, we get fewer data samples due to reduction in the
student population which is a mortality threat. This happens in most courses at TU

't is calculated as the number of slides a question slide is away from the most recent related content slide.
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Delft but it has the possibility of affecting the data collection. If the duration of data
collection is less then it will be difficult to compare characteristics of students across
the lectures with fewer student samples.

e Mismatch between the functionality of the user interface and the user needs can cause
aesthetic displeasure and effect the learning of students and also the teaching of the
instructor. For instance, a static generic user interface can effect the learning and
performance of the user [3]. In our case, the static user interface of ASQ can have
similar effects on the students and also hamper the teaching of the instructor [50].
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Chapter 7

Conclusions and Future Work

7.1 Conclusions

We used AS0Q for a longitudinal study of around 300 students in an undergraduate classroom
at TU Delft for around 10 weeks. ASQ’s extensive logging capabilities allowed us to collect
student interactions in the classroom as event logs second by second. One advantage of
using ASQ is that the privacy of the users is not compromised. Now, we will explain how
we gain fine-grained insights about the study behaviour of students based on the different
research questions.

First (RQ1), we investigate the effect of lecture elements (like the difficulty of ques-
tions, relative positioning of questions, strategy of questioning, type of instructor) on study
behaviour (like attention level, performance and reaction time) of students. We find signifi-
cant effect of: instructor on the performance and question spacing strategies on the reaction
time of students. The attention span of students is less than a minute as was also observed
in the past [10]. We do not find significant effect of question difficulty on the performance
and reaction time of students in most lectures. But, we find a significant effect of relative
position of questions on the performance of students. So, we gain a overview of how the
study behaviour varies with the effect of different lecture elements.

Next (RQ2), we examine the relation of attention percentage of students on their par-
ticipation in the in-class questions. We find that the more students are attentive with ASQ,
the more they participate in the in-class questions. So, we gain deep understanding regard-
ing the attention percentage, participation of students in the classroom questions and the
relation between them.

Finally (RQ3), we determine if students take external help while answering questions
and how is it related to the difficulty of questions. It is based on the assumption that students
who loose focus while answering a question are taking external help. We find that more
than 50 % of the time students take external help in all the questions across every lecture.
But, we do not find significant effect of difficulty of questions on the possibility of students
taking external help.

So, ASQ can be used effectively as an active learning setup to determine the fine-grained
study behaviour of students in a large classroom as reported by the results in RQ1 and RQ2.
We find from RQI1 that different instructor have significant impact on the performance of
students while answering questions during the lecture. The reaction time of students vary
significantly when we vary the spacing of questions. We find insights about the short atten-
tion span of students. We find a significant relationship between the distance (or relative
positioning) of questions and the performance of students. RQ2 sheds light on the par-
ticipation of students in the in-class questions; this participation increases with increasing
attention percentage of students in the classroom. However, RQ3 and certain aspect of
RQ1 (like the effect of difficulty of questions on the performance and reaction time of stu-
dents) merits further investigation. We have touched some of the aspects in our future work
discussion.
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7.2 Future Work

As part of the future work, we can enable the option in ASQ to save the cookies of students
right from the beginning of the experiments in the classroom. It can help us to characterize
the students based on different study characteristics of students that we study in this thesis.
It can help us to gain insights into how the same student behaves with change of instructor,
difficulty of questions, change of topic, change of question strategy and help us for student
profiling. This can give valuable insights to the instructor to design the courses accordingly.
We can use different level of difficulty of questions with the help of Bloom’s Taxonomy
[2]] to measure the understanding of the students. Similar to past experiments, we can
also determine the effectiveness of using ASQ by creating two groups of students: control
group (i.e., the group that does not use ASQ) and the experimental group (i.e., the group that
uses ASQ). Then we can compare the performance of these two groups by using in-class
questions. We can do this in another way where both the groups use ASQ but, we vary the
question strategy for both the groups. Then we can find the effectiveness of the question
strategy by comparing the performance of the students in both the groups.

One problem that needs to be solved is to monitor the off-task activity of each student in
detail by using a proxy server just like [26, 48]); it can track the browsing of students when
they do not use ASQ in classroom. It is important because some students using ASQ are not
active in it so they are termed as idle by ASQ but, they follow the lecture from the beamer.
We can know what these students are doing based on their browsing patterns. Then, we can
be certain whether they are really idle in the classroom or they are following other study
related material when they are termed as idle by ASQ.

Besides, we can design and test real time feedback for both students and instructors
using ASQ. As a first step, we can form a regression model based on different predictors
like the activity indicators (i.e., focus, visible, connected, idle, etc.), performance, time
spent with ASQ, varying instructors, varying lecture strategy, etc., obtained from the data
of past lectures to predict the attention level of students. Then, we can integrate this with
AS0Q so that the predictive model will give real time time feedback to the students and the
instructors. It will help the students to understand their activity and also help the instructors
to gain deep understanding of the classroom activity.

We can also use other multimodal data capturing mechanisms along with ASQ like eye
tracking glasses, noise level monitor to aid the research. Although it is not scalable, it can
further provide detailed insights into the activity of students from their posture, gesture and
noise levels. It can also help to answer our RQ3 by giving us a certainty that students are
taking external help. We can implement ASQ in other courses to gain a rich understanding
how the use of ASQ varies across multifarious classrooms. For instance, use of ASQ may be
different for a Computer Science course as compared to a course in Mechanical or Civil
Engineering. It can help to generalize the impact of ASQ across multiple classrooms. So,
these recommendations can provide impetus for ongoing research in classroom using ASQ.
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Appendix A

Extraction and Preprocessing

Here, we explain about the data extraction and the pre-processing of the collected data.

A.1 Data extraction from MongoDB

The raw data is extracted from MongoDB running in the ASQ server which is in BSON
(Binary JavaScript Object Notation) format. Then we restore the MongoDB database in
the local host so that we can view the entire data schema. Next, data in “.csv”’ format
is generated from this local host version of the data in MongoDB. Data frames that are
extracted as “.csv” from MongoDB after initial pre-processing are slideshows, sessions,
answers, exercisesubmissions, sessionevents and whitelistentries as shown in table [A]
A2l [A3][A4 [A.5]and [A.6] Complete details about these “.csv” files can be found in the
Github Repository mentioned in the URL in Appendix B.

A.1.1 Overview of data frames (or tables)

Here, we show the important columns of the data frames extracted after initial pre-processing.

Table A.1: Data frame of slideshows. This contains the details about the slides used in
the lecture. id shows the session id of the lecture. title shows the name of the lecture.
slidesTree shows the name and id of all the slides in JSON format. questions shows the
id of all the questions used in the lecture in JSON format. exercises shows the id of all the
exercises used in the lecture in JSON format. questionsPerSlide and exercisesPerSlide
associates the name of the slide with the id of the questions.

id title slidesTree questions exercises questionsPerSlide exercisesPerSlide

Table A.2: Data frame of sessions. This contains the abstract details about the session i.e.,
the lecture. id shows the session id of the lecture. title shows the name of the lecture. start-
Date and endDate shows the start and end date and time of the lecture. breakStartDate
and breakEndDate shows the start and end time of the breaks during the lecture.

id startDate endDate title breakStartDate breakEndDate

A.2 Preprocessing

In this section, we discuss data cleaning, reformatting and aggregation as a pre-processing
measure before starting the data analysis.
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Table A.3: Data frame of answers. This data frame contains the details about the answers
given by the students during the lecture. question contains the id of all the questions. an-
sweree contains the id of the user who answered the question. submitDate contains the
date and time of the submission of answer to a question. submission contains the response
given to the question with the correct answer for the question in JSON format. type shows
the type of question like multiple-choice, fill the blanks, SQL Query, etc. startDate con-
tains the date and time in which the user started answering the question. difficulty_level
shows whether a question is “easy” or “hard”.

question answeree type submitDate submission StartDate difficulty_level

Table A.4: Data frame of exercisesubmissions. This data frame contains the details about
the exercises and submissions. exercise contains the id of the exercise. answeree contains
the id of the user who answered the question. session contains the session id of that lecture.
submitDate contains the submission date and time.

exercise answeree session submitDate

Table A.5: Data frame of sessionevents. This data frame contains the details about the
sessions i.e., the lectures which are part of our experiments. session contains the session id
of the lecture. type contains the type of event like connected, tabvisible, etc., which helps
us in event aggregation later. time shows the date and time at which the event is fired. user
shows the id of the user associated with that event.

session type time user

Table A.6: Data frame of whitelistentries. This data frame contains the details about each
unique user who connected with ASQ during the lecture. session shows the session id of the
lecture. user shows the id of the unique user who connected with ASQ during the lecture.
joinDate shows the date and time at which a new user joined the lecture. role shows the
role played by the user i.e., whether the user is a presenter (or instructor) or a viewer (or
student).

session user joinDate role

A.2.1 Data cleaning:

The main aim of cleaning the raw data is to remove various inconsistencies in the data and
fix some of the content in data fields wherever necessary. In our case we change all the
timestamps from ISO 8601 format to POSIXct object in R so that it can be analyzed in R
unambiguously. We also check the type of event for each user and if the user is a “viewer”
(student) and not a “presenter” (instructor), then we change the “ctrl-disconnected” event
to “folo-disconnected” event. The reason of changing it is to differentiate between the
disconnected event for presenter and the viewer.

A.2.2 Data reformatting and aggregation:

First, we select the sessions that were part of the live classroom presentation from the list
of all the presentation and testing sessions. Then we rename the “_id” field in all the raw
data frames (like slideshows, sessions, answers, exercisesubmissions, sessionevents and
whitelistentries) with "id" field. Next, start and end time of each session (lecture) is filtered
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Extraction and Preprocessing A.2 Preprocessing

based on the true start and end time obtained from the live observations. We also add
each user who triggered the event as a data field to the sessionevents. Finally, for each
question in the answers data frame we find the start date of the corresponding question
by looking for question-activated events in sessionevents and save the result to a new data
frame answers_with_start_date.
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Appendix B

Script

Here, we will include the reference to the Github repository which gives an overview of
the important sample of HTML, css and JavaScript implemented while designing the slides
to be used in ASQ. It includes examples of different types of ASQ questions, videos and the
modifications made while converting the slides into proper HTML format which will be
displayed using ASQ. We also include the Github repository for the analysis of data done
using R.

Github repository containing script used for preparing the slides for all the lectures:
https://github.com/sambit2/delft-web-technology-and-database-slides-2016-2017

Github repository containing the data and R script used for analysis of the logs obtained
from the lectures:
https://github.com/sambit2/DataAnalytics-Web-based-Education
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Appendix C

Debugging

Some lectures of one of the instructors had videos embedded in the presentation. During
one lecture containing around 7 videos there was a problem in between the presentation
when the presentation freezed for few minutes and also started to flicker back and forth
from previous slides till the next slides. We checked the error log in Chrome browser but
could not ascertain the root cause of the problem. After the end of the lecture we tried
to determine the cause of the problem based on different assumptions. Either the internet
was disconnected during the lecture or there was some problem with the limit to the total
number of videos or may be a effect of both.

So, we decided to recreate the same problem by playing the presentation used for the
lecture again from the beginning by employing certain conditions. First, we disconnect
the internet in the middle of ongoing presentation and see the effect on the flow of the
presentation. The presentation freezed in the middle. Then, we reduce the number of
videos from 7 to 6 and continue with the same internet disconnection experiment which
again caused disturbance in the presentation. But, when we reduce the number of videos
to 5 then we do not see any interruption in the flow of the presentation. This gives us an
idea that the cause of the problem was a mixed effect of disconnection of the internet and
the total number of videos. But, to be assured we check Stackoverflow and find the same
where it is mentioned that Chrome has a limit of open sockets which is “6 sockets can open
at a time”. So, for future presentations we reduce the number of videos to less than 6 and
also change the “preload” attribute of the video to none so that all the videos do not load on
loading the page thereby reducing load on the server too. Instead, when we reach the slide
containing the video then it starts to load and play.
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Appendix D

Usability Rating of ASQ in NASA TLX
Scale

NASA TLX scale [25] helps us to determine the perceived workload while executing a task
based on six different indicators like mental demand, physical demand, temporal demand,
performance, effort invested and level of frustration. First the weight of each of the in-
dicator is determined and then the raw rating is obtained which helps us to calculate the
aggregated adjusted weighted rating. It is on a scale of 0-100. In our case, as we can see
from the 14 lectures, both the instructors had higher workload when they first used ASQ
(may be due to in-familiarity with the interface) which decreased with the progression of
the course.

Table D.1: Average Weighted Rating (Scale of 0-100) on NASA TLX scale for both the
instructors (I1 and 12)

Lecture Instructor #Avg Other notes

HTTP 11 68.66 Cockpit view (i.e., the view
which shows the next in-
coming slide) did not work
for next slide preview

HTML I1 28.66 Cockpit view worked with
next slide preview

JavaScript I1 36.33

Database introduction 12 62.33

node.js I1 NA

CSS I1 36.00

SQL introduction 12 32.66

SQL continued 12 28.33

Cookies & session I1 35.33

Advanced SQL 12 32.33

Web security I1 56.33

Conceptual design 12 23.66

ER logical design 12 20.66

NoSQL 12 14.00

Specifically, in the first lecture (HTTP) the workload is very high because the cockpit
view which shows the preview of the next slides did not work. The average workload for
both the instructors through out the course was lower (around 40 and 30 respectively for I1
and 12) indicating that ASQ can be used by teachers at ease in a classroom.
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