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Chapter 1: Introduction

Figure 1.1: Live coding as a performance. Our interview study found that many instructors feel
live coding to be a high-stakes and cognitively taxing activity more akin to a live performance.

(Ilustration by MidJourney version 5.)

“And then I'm teaching [...] in a classroom that feels like a gladiatorial ring. 200
seats in a wall up in front of me. And I have to lean back to see the top. And really
the only constraint in that classroom is that it’s terrifying. It is the most terrifying

experience I've ever had.” — Participant 08 (Computer Science instructor)

The gladiator descends into his pit engulfed by shrill screams from the spectators. Each
level of the arena stares down at him, anticipating the long-awaited battle. But we aren’t in

Ancient Rome; we are in a giant tiered lecture hall on a present-day university campus. The



spectators are students learning programming. And the gladiator? It’s the instructor, of course,
armed with only their laptop and some notes, and the feat they are about to attempt is to write
running source code in front of an auditorium full of students. While an effective means of
engaging the audience and conveying practical programming skills, instructors often liken this
form of live coding to a performance or—as P08 puts it above—a gladiatorial battle because of
its high stakes, captive audience, and technical challenge (Figure 1.1).

Live coding is defined as “the process of writing code live on a computer in front of students
during class” [1, p. 164]. Live coding models the process of programming [2] and gives students
insight into practical programming skills and practices. However, research shows that active
engagement is an important component of effective learning [3]. Fostering engagement requires
teacher preparation and time [4], and risks increasing workload and burnout [5]. Additional work
is needed to gather the perspectives of teachers on active learning during live coding activities [1].

Why are some instructors more effective than others at live coding? What are the barriers
and what are the best practices and benefits? And how can tooling support this practice in live
and online classrooms? In this thesis, we endeavor to answer these questions and many others
by conducting an interview study involving a range of live coding stakeholders: the instructors
and teaching assistants who perform these sessions, and the students who participate in them.
We conducted semi-structured interviews with single participants as well as groups. During
each session, we also solicited feedback on a live coding prototype tool designed to scaffold the
practice by enabling students to follow along on their own devices (Figure 3.2), as well as give
instructors a high-level overview of student programming activity (Figure 3.1 and Figure 5.1).
Our thematic analysis of these sessions enabled us to identify factors that serve as barriers
against effective live coding, as well as those that benefit the practice.
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In summary, we found that constraints in the teaching environment, negative feelings,
and communication breakdown make live coding difficult. In particular, teachers and students
reported intentional and unintentional mistakes, ability to involve the class, and flexibility of
scaffolding as benefits of live coding. Based on our findings, we recommend considering how
personal computers might detract from live coding lectures and how to direct student attention to
important parts of the instructor’s code. To support student-teacher collaborative live coding, we
recommend tools to support a unified digital space accessed via multiple devices. When a large
classroom of students are live coding, errors that students encounter and peeking into student
editors may help teachers monitor student progress.

The remainder of this thesis is structured as follows:

Chapter 2 synthesizes related literature.

Chapter 3 describes the prototypes and the methodological approach of interviews and
prototype feedback.

Chapter 4 reports on the barriers and benefits of live coding identified by our study.

Chapter 5 proposes design guidance for live coding tools, and discusses limitations and
presents areas for future work.

Chapter 6 concludes the work.

We have submitted a manuscript of this work to a computing education conference.



Chapter 2: Related Work

This work is situated at the intersection of education, computer science, and human-computer
interaction. Here we examine the current state of live coding tools and practices, and audience
engagement tools. After, we introduce cognitive apprenticeship, the theoretical framework that

grounds the work.

2.1 Active Learning in Programming Instruction

A significant body of research has investigated the challenges associated with teaching
novices how to program (for reviews, see [6] and [7]). This research has attended to motivational
and sociocultural aspects [8], pedagogy [9], the cognitive complexity of the topic [10], and the
design of programming languages and environments [11]. Across the insights from this literature,
active learning has emerged as a productive instructional practice with a variety of instantiations
in contemporary computer science classrooms [12]. As opposed to passive learning where the
teacher conveys information with little student involvement, active learning stipulates continuous
interaction between students and instructor, supporting the student’s engagement in the process
of learning [13]. Despite active learning having shown to be effective for STEM (Science,
Technology, Engineering, and Mathematics) subjects [14], passive instruction is still common

in the teaching of computer programming [15, 16].



Learning to program requires practice with feedback to help the student guide their own
learning. This kind of deliberate practice—practice that is coupled with continuous feedback—
is vital for acquiring the necessary cognitive, perceptual, and motor skills [17]. Such feedback
might come from programming tools, in the form of error messages or syntax highlighting, or
in classroom settings from teaching assistants, instructors, or peers. In particular, this necessary
feedback can be delivered at a scale to a classroom of students through live coding: writing code
live on a computer in front of a class [1].

Active learning in computer science includes techniques of flipping the classroom, project-
based learning, and peer instruction [12]. Students appreciate active learning in computer science,
with reports of increased satisfaction, motivation, and confidence along with improved learning
outcomes over traditional techniques [12]. Centering the student in their learning, active learning
techniques help students to learn at their own pace. Despite positive reactions and improved
educational outcomes of active learning, such techniques require additional effort for instructors
when compared to traditional techniques [12]. In this paper, we aim to examine possibilities for

active learning in the context of live coding without increasing instructor workload.

2.2 Live Coding Practices

A common technical setup for live coding is for the instructor to simply project their
integrated development environment (or share their screen) while they are live coding [18].
Students can then follow along in their local editors. The teacher often talks aloud to provide
rationale for the actions taken [1, 18] and encourages the students to ask questions during the

process [18]. Some students prefer to code along with the instructor [19], while others do not [20].



A flipped classroom approach where students watch a prerecorded video of an instructor
writing code is another flavor of live coding that has shown to be effective for learning
programming [21]. Associated with positive learning outcomes, the live-coding videos for learning
programming (LV4LP) platform supports self-regulation by providing the ability for students to
pause and rewatch portions of the video, and opportunities for students to reflect by annotating
timestamps of the video [21]. However, such approaches are not strictly speaking “live” in
that they do not allow the instructor to interact directly with the students and respond to their
questions.

While there remain open questions as to the specifics of its benefits and limitations relative
to other teaching methods, live coding is a promising direction due to positive reactions from
teachers and students [1,22]. It is also a scalable delivery method because of its one-to-many
relationship between instructor and students. Importantly, live coding models the incremental
process of programming [2] rather than instantly displaying a finished product that, once run,
will produce an error-free output. Live coding presents a more realistic picture of the practice of
programming which can be important for easing novice students into the craft and complexities

of programming.

2.3 Live Coding Tools

Simultaneously writing correct code, describing the code you are writing, and managing the
technology used for sharing the source code with the students can be a significant challenge for
instructors. To lower the cognitive load of instructors, Improv helps instructors switch between

slides and live coding [23]. Other tools exist to monitor students as they are programming



in a lesson. For example, VizProg helps instructors to monitor live learning by displaying
student progress towards a solution [24], and Overcode analyzes students’ submissions [25].
Codeopticon gives a gallery view of students’ code for tutoring purposes [26]. Our prototype is
informed by this work and builds on it by including a gallery view along with other features to
encourage student participation and facilitate feedback.

A core strength of live coding is the ability to react to the classroom and adjust materials
in real time. However, many existing tools trend towards encouraging progress towards a correct
solution, which implies the requirement of exercise test cases to be prepared and loaded into
the system before the lesson, thus increasing instructional workload. In addition to adding
preparation requirements on the instructional team, by predefining the exercises, the instructor
is not able to create activities that respond to the in-class environment, the progress of the lesson,
student’s questions, and difficulties.

An alternative approach is to provide feedback to the instructor (and students) about trial-
and-error, but not necessarily correctness. This gives instructors greater liberty to create exercises
during class time and allows for student expression in the results that might not be possible by
predefining output, for example by connecting the answer to an important part of their own lives.
For this reason, our emphasis in this paper is to encourage mindful experimentation and tinkering

rather than arriving at a correct solution.

2.4 Audience Engagement Tools

While instructor-student interaction is trivial in smaller classrooms, it can be near-impossible

in a large auditorium. In such settings, tools can extend an in-person performance by supporting



performer-audience interaction at scale; essentially a form of audience user interfaces or audience
engagement interfaces [27]. Clickers are the canonical such audience tools in educational settings,
inviting even large classrooms to engage in lectures [28]. By motivating peer-to-peer and the
instructor-student interaction, clickers support active collaborative learning and engagement that
are associated with favorable learning outcomes [29]. In large classrooms, clickers help to create
a positive and active atmosphere, and help the instructor monitor peer-to-peer learning [28].
Audience engagement tools have the potential to invite student participation in live coding
sessions. For example, Presemo supports polls, chats, and voting in performer-audience
settings [27]. Zoom has a whiteboard feature to annotate code with free-drawing and a screen
sharing feature for students and instructors to share their code. Kahoot, common in primary
school settings, supports slides, multiple-choice quizzes, polls, puzzles, and open-ended questions.
Different features of audience engagement tools offer opportunities to increase engagement in

live coding.

2.5 Theoretical Framework: Cognitive Apprenticeship

This research draws on the theoretical framework of cognitive apprenticeship [30, 31].
Cognitive apprenticeship— “a model of instruction that works to make thinking visible... to teach
a fairly complex task to students” [30]—can help understanding and interpreting the benefits of
live coding [1] because of its practical, hands-on, and example-based approach. Vihavainen et
al. [32] report on how teaching programming with cognitive apprenticeship helped to increase
retention rates in an introduction to programming course. Drawing from Collins et al. [30], the

key pedagogical aspects of cognitive apprenticeship are



Modeling: “teacher performs a task so students can observe”,

* Coaching: “teacher observes and facilitates while students perform a task”;

Scaffolding: “teacher provides supports to help the student perform a task”;

Articulation: “feacher encourages students to verbalize their knowledge and thinking”;

Reflection: “teacher enables students to compare their performance with others”; and

Exploration: “teacher invites students to pose and solve their own problems”.

Of the key pedagogical dimensions of cognitive apprenticeship, live coding is particularly
well-aligned with modeling [1]. However, further investigation is needed to explore ways in
which live coding tools could support the stages of cognitive apprenticeship beyond modeling:
coaching, scaffolding, articulation, reflection, and exploration. These stages are particularly
consistent with active learning [30, 33]. For this reason, our prototype focuses on supporting

the the later phases of cognitive apprenticeship during live coding.



Chapter 3: Methodology

We performed an interview study to understand the barriers and benefits of live-coding. In
general, our study is based on a research-through-design methodological approach, “an approach
to conducting scholarly research that employs the methods, practices, and processes of design
practice with the intention of generating new knowledge... [such as]... novel perspectives that
advance understanding of problematic situations; insights and implications with respect to how
specific theory can best be operationalized in a thing and artifacts that both sensitize the community
and broaden the space for design action” [34, pp. 167-168]. The approach relies heavily on
prototypes that ground communication and serve to externalize ideas and hypothesis, and invite
critique and continued ideation. Prototypes, in their physicality, serve as a sounding board for
ideas to spring. However, by presenting designs, there is an inherent priming effect, as the
participant is shown one possibility, so brainstorming is not from scratch and ideation might
be constrained and altered by familiarity with a particular design solution.

To encourage divergent brainstorming, the aesthetics and the interactions of the prototype
are low fidelity: black and white colors and primal buttons over features that invite complex
interaction. We introduced the prototype as a work-in-progress tool and encouraged honest
critique by reassuring the participants that the draft could be thrown out and recreated without

much effort. We asked the participants to perform tasks using the prototype and to think-aloud.
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For each design artifact, we asked for feedback on what the participant used and saw. Before
and after the prototype review, we interviewed participants. The demographics questionnaire and
the facilitator guide that includes the interview questions and test tasks are available at ht tps:

//osf.io/rg8bd/?view_only=420c9f015e804297bf7b3d3838e3d317.

3.1 Prototype

Our prototype live-coding tool (available at https://gc9vfa.axshare.com/) was
designed to encourage class participation in live coding. It asks students to articulate the strategies
the instructor uses and then employ them themselves as they work through the programming
activities. We build on prior work that explored reflection of programming strategies with professional
software engineers [35]. As discussed above, the prototype is informed by cognitive apprenticeship,
encouraging lessons to go beyond modeling to reflect on programming strategies and to engage
the student in experimenting with code alongside the instructor. Prior work recommends coding
along during live coding as a future avenue for exploration [36].

Here we list key design features of the prototype and link them to documented best practices

for supporting apprenticeship in introductory programming contexts:

* “Learning by doing. The craft will only be mastered by actually practicing it.” [32, p. 94]

— Students can code along with the instructor.

— Students can code independently.

* “Continuous feedback. Continuous feedback must be implemented in both directions. The

student receives multi-level feedback from his progress and instructors, and the instructor
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receives feedback by monitoring the students progress and challenges.” [32, p. 94].

Students can ask questions.

Instructor can peek into students code.

Instructors can see gallery of students coding.

— Instructors can create polls.

Instructors can give hints.
» “Teacher encourages students to verbalize their knowledge and thinking.” [30, p. 15],

— Students can explain the strategies they use.

— Students can explain the strategies instructors use.

3.1.1 Instructor and Teaching Assistant Prototype Walkthrough

Here we describe the sequence of screens the instructor and teaching assistant reviewed.

We asked the instructor and teaching assistant to perform the following tasks:

T1 Imagine that you have just arrived in the classroom and are beginning to set up. Start a live

coding session.
T2 Students have arrived in your lecture, and you begin live coding.
T3 Give students a problem to work on independently.

The following describes the sequence of screens based on the tasks.
© Task 1: The instructor generates a class identifier and shares it with the class to log in.
The instructor then starts a live coding session. The instructor can live code in an editor and run

12



B C

Students coding ) D
Class id: SillyPanda64 along with you Active Students
editor } | Code it yourself |
print(*hello world") s
e o .
et | |
t d AT Breakout
s o Noad W )
Open code
Abe 0 1 1 —_—
| Poll |
Open code R
Marcy 0 0 0
Open code
Luke 0 o o
output
hello world Stacey 2 1 1 Open code
| Open code ‘
Abe 5 o o
| Open code ‘
Marcy 0 o o
| Open code |
Luke 2 0 0
| Open code |
Stacey 0 1 1

Figure 3.1: Teacher live coding view. The teacher can code in their editor (A). The number of
students coding along with the instructor is displayed in the meter (B) and information about
students is in the active student pane (C). The teacher can start an independent activity by
selecting code it yourself (D).

their code (Figure 3.1, A). In addition, the display has a meter to track the number of students who
are actively coding along with the demonstration (Figure 3.1, B). There is also a search bar so
the instructor can also look up specific students (Figure 3.1, C). At first, the meter is empty when
there are no active students populated on the list simulating that an instructor has just arrived, and
students are not yet in class, nor in the live coding session.

© Task 2: The instructor will see a screen (Figure 3.1) that simulates the instructor mid-
way through the session. The editor has some code that the instructor has written and resulting
output from a recent run (Figure 3.1, A), and the bar is filled up part way with a 75 annotation to
communicate that 75 students are coding along with the professor (Figure 3.1, B). Active students
are displayed in a dashboard along with metrics on their activity: words per minute, lines of code,
and total runs (Figure 3.1, C). The instructor can peek into a student’s editor by selecting an open

code button for an individual student. The instructor can also begin an independent programming
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activity through selecting the ‘Code it yourself’ button (Figure 3.1, D), start a group activity by
selecting ‘Breakout’, and ask the class multiple choice questions by polling students.

© Task 3: To start an independent in-class coding activity, the instructor can select “Code
it yourself.” The instructor can set a timer in minutes and seconds for the activity and type in
instructions. To avoid increasing workload and to embody the spontaneity and flexibility of live
coding, the instructions are designed to be filled in ‘on-the-fly’ during the lesson time perhaps
inspired by a student’s comment.

After the instructor launches the independent coding activity, the instructor can view student
activity through a dashboard. Along with peeking into individual students’ code, the instructor
can view a gallery of students (Figure 5.1) as well as provide hints to the students and message
students. In the gallery, the instructor can see each student’s editor and output. The instructor
can project an ambient visualization which serves as crowdsourced feedback of students’ activity
in their editors. If students are not active, that is no students are typing or running their code,
the projector is a blank, black screen. As students begin the coding activity, the screen comes to
life and moves in relation to the typing and running of the code in the class. The underlying
motivation is to encourage students in their experimentation and to reward effort instead of

correctness.

3.1.2  Student Prototype Walkthrough

Here we describe the sequence of screens the student reviewed. We asked the student to

perform the following tasks:

T4 Imagine that you have just arrived in class and are opening your computer. Join the session.

14



The teacher projects the code 123 on the board.

TS5 Program with the instructor.

T6 The instructor has just started a session and asked you to code independently.

) ( N
instructor’s editor & } editor
B Refresh code ’ E
print(“hello world”) print(“hello world”)
What strategies is the instructor using? What strategies am | using?
instructor’s output Questions from class output
hello world hello world
Why do you put ‘ instead of “? |‘6
Ask question
Ask

Figure 3.2: Student coding along with the instructor view. Student view has the instructor’s
editor (A), their own editor (D), and notepads (B, E) where the student articulates the strategies
they use and the instructor uses while coding. Refresh code updates the student’s code to match
the instructor’s code. The student can ask questions (C).

The following describes the sequence of screens based on the tasks.

© Task 4: The student prototype begins with a login where the student is asked their name
and a class 1d. After logging in, the student sees a live copy of the instructor’s editor and output
that is updated on the fly as the instructor types and runs their code (Figure 3.2, A). Inspired by
the articulation phase of cognitive apprenticeship [30], there is a note taking box for students to
record the strategies the instructor is using (Figure 3.2, B). There is a question and answering
system that students can use to pose questions and vote on other student’s questions (Figure 3.2,
O).
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© Task 5: Here students can code along with the instructor (Figure 3.2, D) and if they fall
behind, refresh their code so that an up-to-date version of the code is populated into their window
(the same as the current code of the instructor). Also aligned with cognitive apprenticeship, the
student can articulate what strategies they themselves are using (Figure 3.2, E).

© Task 6: When the instructor asks students to code independently, instructions are
shown on the page, along with a timer displaying the remaining time in the activity. Students
can share their code with the class which would display the code in front of the room with the
projector, ask a classmate for help, and check their code with a classmate. While they are working
independently, the students can see a visualization in the front of the classroom that moves based

on the classes programming activity.

3.2 Positionality

As the methods and analysis are shaped by the researchers and their prior experiences, we
discuss the lens the research team approaches the work. Demographics-wise, the author who
performed the interviews and thematic analysis is a white, American, neurotypical cis woman
in her twenties. She started programming during high school in electives and at an afterschool
programming club and studied computer science in her undergraduate degree at a large public
university in North America. She learned to program largely through attending lectures where
professors would live code and enjoyed this experience.

During the summers, she taught programming and robotics where she live coded often and
asked students to live code in front of their peers. She observed moments of pride when students

demonstrated mastery in front of their classmates. She holds the belief that anyone can learn to
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program given resources, time, and motivation. She is skeptical if technology and new tools are
the answers to the problems faced in computer science education, or if technology is the source
and contributing force to the problems. Unimpressed with the gender and racial diversity in her

undergraduate classes, she strives to make computer science a more welcoming space.

3.3 Participants

We recruited participants through social media and university mailing list servers. Two
instructors, seven teaching assistants, and six students participated in the study. All participants
were 18 years or older, spoke English, and had either taught or attended a post-secondary course
that included programming in the past year. Demographic information about participants is
displayed in Table 3.1. With the exception of two participants (PO2 and P03), the study was
conducted with one participant and the first author. P02 and PO3 expressed a preference to
participate in the study together, so the first author conducted the study with the two participants
at the same time. The study duration was between 30 minutes and 1 hour.

Thirteen participants identified as men, one participant identified as a woman, and one
participant identified as non-binary. Although we did not ask, P09 disclosed that he has ADHD
and P14 disclosed that she has ADHD, dyslexia, and autism. Including the perspectives of

neurodiverse individuals added a layer of richness to the findings.

3.4 Procedures

Participants were asked to complete a demographics questionnaire (age, gender, and educational

background) and then participate in a semi-structured interview, a prototype review, and a closing
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# ROLE SETTING AGE GENDER EDUCATION
POl Teaching Assistant Online 26-35 Man B.Sc. CS; M.Sc. CS; Ph.D.
Info. Sci. student
P02 Teaching Assistant In-Person 18-25 Non-Binary B.Sc. CS student

P03 Student In-Person 18-25 Man B.Sc. CS, Math student

P04  Student In-Person 18-25 Man B.A. Psychology; M.Sc.
HCI student

PO5 Student In-Person 26-35 Man B.Eng. CS, Eng.; M.Sc. HCI
student

P06 Teaching Assistant In-Person 18-25 Man B.Sc. CS student

P07 Teaching Assistant In-Person 26-35 Man BSc. CS; MSc. CS; Ph.D.
HCI student

PO8 Instructor In-Person 36-45 Man M.Sc. Info. Sys.

P09 Student In-Person 18-25 Man B.Sc. CS student

P10 Student In-Person 18-25 Man B.Sc. CS; M.Sc. HCI
student

P11 Instructor In-Person 45+ Man B.Sc. Chemistry; Ph.D Info.
Sci. student

P12 Teaching Assistant In-Person 18-25 Man B.Sc. CS student

P13 Student In-Person 18-25 Man B.Sc. CS, Robotics student

P14 Teaching Assistant Online 18-25 Woman B.Sc. Math, CS; Ph.D. CS,
CS Ed. student

P15 Teaching Assistant In-Person 26-35 Man B.A. Design; Ph.D. Info.
Sci. student

Table 3.1: Participant demographics. Participant roles, study setting, age, gender, and
education background.
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Figure 3.3: Study setup. A participant interacting with the prototype during our study. In front
of the participant is a sketch where he redrew the interface.

semi-structured interview. Inspired by contextual inquiry techniques [37], the interviews aimed
to capture accounts of participants’ lived experience.

The sequencing is loosely inspired by the future workshops method [38] as participants
critique current live coding practices in the first interview and fantasize about live coding in a
perfect world without constraints in the closing interview. By reviewing the prototype between
critique and fantasy, the participants interact with a possible design intervention to ignite ideation
of other possible solutions (Figure 3.3).

The studies occurred in a U.S. public university setting: two on Zoom and thirteen in-
person. We recorded participant’s voices and interactions with the prototype through screen
recording. All participants gave their informed consent before participating in any of the study

activities, and the study was approved by our institution’s ethical review board.
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With the exception of the first participant, participants interacted with a medium-fidelity
prototype of the envisioned live coding platform. After the first participant, we made changes
to the prototype for clarity and to reduce the number of presented features. The changes aimed
to direct the conversation away from common audience engagement tools (polls and question-

asking systems) to provoke conversations specific to live coding.

3.5 Data Analysis

We analyzed the data through thematic analysis [39] guided by practices in analyzing
interview data [40] with attention to types and richness of information over counts and
frequency [41]. The process of engaging with the interview data took several forms (Figure 3.4
from scribbles on the back of the facilitator guide during in-person interviews that synthesized
common topics of discussion from participants to numerous Excel documents with excerpts on
interesting quotes from listening to the recordings then onto a visual display of clustered data.

We familiarized ourselves with the entire corpus of interviews and prototype reviews by
listening to recordings. In a reflexive manner, codes emerged from the data with a focus on
the ways in which students and teachers reflect on their live coding experiences. Descriptions,
barriers, benefits, and design opportunities of live coding were codes that emerged from the data.
Table 3.2 is an excerpt representing the coding process.

After identifying codes, we went through the interviews to identify excerpts that described
the codes. To integrate data we created clusters as depicted in Figure 3.5. We analyzed significant
statements to generate themes [41]. After identifying themes, we went through interviews to find

additional evidence to support the themes. A colleague reviewed our preliminary groupings of
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Figure 3.4: Early data analysis. Whiteboard with common topics throughout the interviews.
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data and gave feedback to improve the clarity of our resulting themes.
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CODE NOTE QUOTE

Description Live coding as a performance “It’s like live performance. It’s really
hard to practice it enough that you
know that it’s going to work, but also
have that kind of ability to take student
suggestions and potentially go in a
direction that you haven’t tested and
might not work out.” (PO8)

Barrier Fear of messing up “Part of it is the pressure of just being
in front of an audience. And you sort
of, I mean, naturally you don’t want
to mess up. And so thinking of that
gives you some sort of, I guess, anxiety,
but I guess for me over time at first [
was definitely like nervous since it was
my first time doing anything like that.
But I think in my experience, I got less
nervous and much more comfortable.
But yeah, I think the main thing is
definitely just the anxiety of messing up
so badly for students.” (P06)

Benefit On-the-fly nature of live coding “I’'m doing some example, then it’s
easier to change stuff on the fly and
then surprise students.” (P02)

Design opportunity  Gallery camera view “Okay, these students got it these
students didn’t. I would love to have
a second screen that had, you know,
the small kind of security camera view
where I had every student desktop and
be able to see that they’re all on their
own.” (P11)

Table 3.2: Excerpts of coding process. Interviews were coded into descriptions, barriers,
benefits, and design opportunities with accompanying notes.
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Chapter 4:  Findings

By interviewing instructors, teaching assistants, and students and reviewing a prototype
we uncovered barriers and benefits of live coding. Themes arose from the participant responses
within the categories of barriers, benefits, and design guidelines. Below we present each theme,

including participants’s own words.

4.1 Barriers of Live Coding

Barriers of live coding were related to the teaching environment, emotions, and issues with

student-teacher communication.

4.1.1 Teaching Environment: Inadequate Resources and Setup

The first barrier our analysis revealed is related to the larger environment in which live
coding takes place. Attributes of the classroom and the lack of necessary resources make live
coding difficult.

According to P08, the absence of electrical outlets in a lecture hall or inaccessible positioning
of electrical outlets makes it difficult for students to use their laptops during class and code along
with the instructor or perform other in-class activities that require a computer. If the class does

not occur in a computer lab, participation via personal computer required students have access to

24



a laptop to bring to class. The need for access to electrical outlets is particularly important given

the prolonged engagement with often resource-intensive applications.

. sometimes you have a classroom that’s conducive to [students coding along]. So

there’s outlets so their computers can be plugged in. (P08, instructor, pre-interview)

Unlike slide-only lectures, during live coding there are several pieces of information that
the instructor must juggle at once. For example, the instructor manages content slides and their
live coding environment on a computer. One instructor identified managing lecture slides and

the editor as challenging, which corroborates prior work [23]:

I mean, I also struggle just with logistics of switching back and forth between the
PowerPoint [slides | that I'm running and terminal to do coding in... (P11, instructor,

pre-interview)

In addition to digital space management, organizing the physical lecture space is difficult
during live coding lectures. Instructors who keep a correct working copy of the code have to

organize their space to be able to see their code and their cheat sheet.

... because a lot of the classrooms I'm struggling to find laptop space, space for my
printouts... that are convenient, you know, lecturing is one thing, having the paper

accessible as I'm typing is another challenge. (P11, instructor, prototype review)

The projector is essential during live coding as it displays the code for students to see. Text
must be large enough that students sitting at the back in hundred person classrooms can see the
code, yet not too large that the code is unmanageable in the instructor’s editor. Said P10, a student
who regularly attended live-coding lectures:
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[ think it would have been nice to have some way to follow along better with live
coding, [...] especially because my lectures were like 150, 200 people and [it’s] such
a big class and sometimes you sit in the back and... [...] I realized quite soon that I
have to sit all the way in the front for me to pay attention in class, especially in those
big classes, because if you sit in the back you get distracted, but also you can’t really

see what [the instructor is] doing. (P10, student, pre-interview)

An instructor reported struggling to get correct projector to screen ratio so that both

student and instructor can see the code.

[The room has ] monster screens and there’s four of them, but if you don’t have eagle
eyes, you can’t see them. It’s still too small. So I have Visual Studio blown up to the
max so that they can see it. So what is the problem there? It’s the amount of different
windows that there is and the text isn’t big enough. It’s just trying to get the text big
enough, but also at a point that I can use it on my screen. (P08, instructor, prototype

review)

4.1.2 Live Coding Can Be Scary

In addition to problems in the environment, live coding can an emotionally fraught experience.

Participants reported feelings of nervousness and having stage fright:

You’re on the spot, and you're typing and you’re nervous, you're just going to freeze
up. And then everyone is staring at you, and it just makes it worse. (P02, teaching

assistant, pre-interview)

26



Since a common live coding setup is one person in front of many, the attention is focused
onto the performer. Furthermore, the classroom layout can create feelings of anxiety while the

instructor live codes.

And then I'm teaching [...] in a classroom that feels like a gladiatorial ring. 200
seats in a wall up in front of me. And I have to lean back to see the top. And really
the only constraint in that classroom is that it’s terrifying. It is the most terrifying

experience I've ever had.
First author: All eyes on you.

Exactly. I'm waiting for a pit to open and violence to come out. It’s a really intense

room to teach in. (P08, instructor, prototype review)

The instructor teaches in a tiered lecture hall with hundreds of students. The performative
nature associated with live-coding can create anxiety. With experience, the stress of live coding

is reduced according to teaching assistant PO6 and instructors PO8 and P11. Says P06,

Part of it is the pressure of just being in front of an audience. And you sort of, I mean,
naturally you don’t want to mess up. And so thinking of that gives you some sort of,
I guess, anxiety, but I guess for me over time at first I was definitely nervous since
it was my first time doing anything like that. But I think in my experience, I got less

nervous and much more comfortable. (P06, teaching assistant, pre-interview)

Even if the instructor is not performing, there are emotional barriers for both the instructor
and student to participate in live coding. If students are coding during class, the thought of

monitoring students’ editors in an online gallery view can be overwhelming.
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I imagine I’ll struggle to look at everyone’s code. I won’t be able to help it... I can’t
imagine 40 [students]. I imagine I'll struggle at like three or four. I'll struggle. Even
at two, I can’t imagine... Watching two people code... They might be taking different
approaches. In that case my brain would just collapse... (P15, teaching assistant,

post-interview)

In reacting to asking student to code in front of the class, a teaching assistant noted the
punitive nature of editors over classical whiteboard coding. Unlike the free form acceptance of a

whiteboard, the editor punishes:

If there’s a spelling mistake [when white boarding], or if [a student coding on a
whiteboard in front of the class] miss[es] a comma or something, no one cares...
You do that on a computer, then it’ll scream at you, and then there will be the red

squiggly. (P02, teaching assistant, pre-interview)

Annotations from the editor call out mistakes, which can embarrass a student who is coding
in front of the class. The intimidating nature of live coding accentuated with a large audience

prevents PO8 from asking his students to code in front of their peers:

I worry about [asking students to code in front of the class] in my 100 person
classroom, it’s intimidating for me sometimes and so I could see that would be really

intimidating for students. (P08, instructor, pre-interview)

The negative emotions associated with live coding make it difficult to teach and participate.
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4.1.3 Signal Broken: Student and Teacher No Longer Communicating

Negative emotions may be coupled with the absence of feedback and the pedagogical
conversation between instructor and student. When reflecting on the pacing of the lecture, a

teaching assistant noted difficulty having a back-and-forth with students.

... there’s no way for us [instructor and teaching assistants|] and for them [students]
to communicate on the code. So the only time we sort of ping the class, do you get
it, is there any questions? That’s the only time [students] can have an opportunity to
get feedback. And that’s the only time for [the professor] to have an opportunity to

give it. (P15, teaching assistant, prototype review)

The teaching assistant explained that during live coding lectures, there are few opportunities
for the instructor to check for understanding and students to ask questions. Another teaching
assistant noted the unidirectional nature of communication where students are passively looking

on as he explains.

So 1 feel [live coding] is a one-way street. So it’s just me talking about what I'm
writing down like that. And them seeing the screen... I found it very easy for students
to kind of switch off. So they do, they’ll just keep looking at it and then, oh, that

works. (P07, teaching assistant, pre-interview)

The instructors and teaching assistants in our study often perceived that such lack of active
learning led to student disengagement.

Monitoring what students are doing during live coding lectures is hard. Teaching is an
embodied experience where teachers use body language cues (P14, teaching assistant), the flurry
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of students typing as they begin an exercise (P11, instructor), and noise of students collaborating
(PO8, instructor) to gauge student participation. By walking around small classrooms, teachers
can observe what students are doing, even if they quickly alt-tab away from another assignment
(P07, teaching assistant). The number of students in in-person lectures and the absence of body
language and classroom sounds in virtual environments can make it hard for teachers to gauge

student understanding and participation.

4.2  Benefits of Live Coding

Alongside the barriers our analysis identified, we also found positive aspects of the practice.
We found themes consistent with cognitive apprenticeship in the benefits of live coding, especially
in modeling mistakes and scaffolding. We also found that live coding can facilitate student-
centered learning. Findings corroborate prior work on student’s perceptions on the benefits of

live coding [19].

4.2.1 The Power of Mistakes

Unlike presenting complete, static code, making mistakes while live coding helps students
to learn. The teacher modeling the mistakes helps to identify promising paths to take by demonstrating

faulty courses of action. This was commented on by a student who said:

.. when he makes mistakes, it’s like that’s a good example of what not to do. And if
he makes the code beforehand then you’re not really gonna see that. (P09, student,

pre-interview)

Students can learn programming strategies from the teacher’s mistakes. At the same time,

30



these mistakes can serve as teaching opportunities for instructors to talk about the at-times messy

practice of programming. As one teacher said:

Fart of it is because I know I'm going to make mistakes and then I can use those

mistakes to teach students certain things. (P06, teaching assistant, pre-interview)

In brainstorming strategies for a new instructor, P11 advises “Don’t don’t stress about
mistakes. They are learning opportunities”. Mistakes, both intentional and accidental, help to

foster student engagement.

Oh, the students love to find the problems as I code them. I kind of built this open
atmosphere with a lot of debugging being a big focus of the course and encourage
the students as I'm typing and we’re seeing what’s going on if they see something
that’s wrong, a lot of times they’ll say aloud. Otherwise, it’s the process... I built in
errors in the code to see a lot of the problems that they may stumble across as they

code. (P11, instructor, pre-interview)

By creating a treasure-hunt for mistakes while live coding, some instructors harness students

attention in the learning activity.

4.2.2 Supporting Student-Centered Learning

Live coding affords teachers to react to students and to change on the fly, leading to reports

of student engagement.

I’'m doing some example, then it’s easier to change stuff on the fly and then surprise
students. (P02, teaching assistant, pre-interview)
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Asking students to make predictions and incorporating their suggestions is a pedagogical

practice that can accompany live coding and was mentioned be several teachers (P08, P12, P14).

So when it goes really well is when you can get students to participate. So it’s like,
you know, you're doing some code and it’s like, okay, what’s the next step and you
get feedback and you can be like, oh, well, that’s a great suggestion. Let’s try that
and maybe it doesn’t work out and then you can say, okay, so how do we adjust?

(P08, instructor, pre-interview)

On a related note, live coding allows for flexibility to introduce areas that the instructor has

not yet explored.

Well, what if we did blah? Yeah. And I go, that’s a good question. I have never
thought about approaching this that way. Let’s see what it does. (P11, instructor,

pre-interview)

Unlike slide-based lectures and static code examples where all material is fixed, our participants
felt that live coding supports student-centered learning by incorporating suggestions known by

the student and that might be unknown to the professor.

4.2.3 Changing Scaffolding on the Fly

During live coding, the teacher can modify the difficulty by changing the content of examples
and the amount of skeleton code provided. If the exercise is too easy, live coding affords changes
in real time. By adjusting the difficulty, the instructor can increase engagement. This can be

seen in one instructors reflection of their own live coding practice:
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I'was like losing them. So then like, whatever, I just made the example more complicated,
like nesting arrays, or storing different kinds of things in arrays, or making the
example more applicable, for example. And yeah, that worked. I was able to live

respond, I guess. (P02, teaching assistant, pre-interview)

The instructor has control over the amount of starter code provided to students, and can

start from nothing or begin with a skeleton.

I give them some skeleton code at the beginning point to start with and then they
will start to develop the pieces that I'm doing at the same time. (P11, instructor,

pre-interview)

However, a student reported difficulty if the instructor begins with starter code without

explanation:

It’s usually better when they start from zero with some example. I've seen some
professors or where if they’re finishing some project and half of it is already done.
And then they start from there, the professor already has the half of it in their mind,
but this might be the first time ever a student is seeing it. And yeah, I've had that
experience and being completely lost. And then you have to go back afterwards and
see the half that they started with, understand that first, and then mentally replay the
lecture and then it makes sense but it’s a little bit of work. (P02, teaching assistant,

pre-interview)

A principle of cognitive apprenticeship is making thinking visible [30] and a tenant of live
coding is the demonstration of the incremental process of programming [2]. By starting mid-
way through the code without explanation, the thinking process behind the code is hidden from

33



students. Scaffolds, while they provide the instructor freedom, should be used wisely as to not

create confusion.
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Chapter 5: Discussion

This analysis of teacher and student experiences with live coding in large introductory
computer science classrooms revealed insights into barriers associated with live coding as well
as benefits of the pedagogical approach. We interpreted our findings, delving into possible
considerations to overcome problems in live coding and ways to support effective live coding.
Here we propose design guidelines for consideration when building live coding tools. Despite
presenting compelling dimensions of live coding, our study is limited in terms of practical outcomes
and actual tooling support. More work is required to gain further insight into live coding as a

pedagogical practice.

5.1 Interpretation of Findings

The major barriers of live coding identified in our analysis include
1. Constraints of the teaching environment;
2. Negative feelings; and
3. Communication-related issues.

The major benefits of live coding are

1. Intentional and unintentional mistakes;
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2. Student involvement; and

3. Flexibility of scaffolding.

In other words, our findings suggest that while live coding has pedagogical benefits consistent
with cognitive apprenticeship, there are barriers to the practice. Select barriers hinder participatory
flavors of live coding: student-instructor collaborative live coding and student-led live coding.
Namely, the student can not participate via laptop if their learning environment lacks necessary
computing supports. Even if the environment is equipped, the feelings of stage fright and embarrassment
may prevent students from coding in front of their peers, and the instructor often will not ask due
to fear of putting a student on the spot.

In the design and selection of classrooms for introductory computer science courses, our
findings suggest identifying room layouts that elicit comfort and confidence amongst teachers
as opposed to anxiety. The podium should have ample space for instructors to organize their
materials and the necessary equipment so that the teacher can live code comfortably. Finally,
the projection screens should be large enough (or there should be multiple ones in different
locations) so that all students can see code on the projector, regardless of their position in the
room. Additional teaching support in the classroom could help offset the instructor feeling
overwhelmed, as additional teaching staff could help monitor student engagement and progress
for in-class exercises.

Our findings indicate that although teachers and students reported educational benefits,
live coding is a daunting task. New instructors and teaching assistants might find support and
advice from senior faculty to gain confidence in live coding. In addition to reducing discomfort,

experienced teachers could share practices and techniques that support the reported educational
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benefits of live coding.

Finally, live coding might require new instructors (or seasoned instructors teaching an
unfamiliar topic) to abandon the notion that they are experts. Effective live coding involves
making mistakes in front of the classroom and incorporating student suggestions. Debugging
faulty code under time pressure and the watchful eyes of a hundred students adds significant
difficulty to an already cognitively taxing task. This often requires a mindset change for instructors
accustomed to smooth and structured slides-only class delivery methods. In other words, the
instructor must get used to not being an infallible expert, but a guide in the collaborative learning

process for the entire classroom.

5.2 Design Guidelines

In the design of tools to support student engagement in live coding, new technology should
lessen or remove barriers of live coding all together and bolster the positive attributes of live
coding. We propose the following design considerations. Table 5.1 situates the design guidelines
into our theoretical framework and the type of live coding facilitated by the guideline. The
creation of design guidelines is grounded in our findings as an effort to reduce barriers and bolster

benefits.

5.2.1 Personal Computers Optional

During lessons where the instructor live codes, students should be able to opt in or out of
using their own personal laptops. Some students and teachers expressed that computers acted

as a distractor. Some preferred to listen only or take notes via pen and paper. Paired with the
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constraints of access to laptops and outlets, personal computer use should be optional. Students
should be able to follow the lecture in a way that best serves their personal learning style. Not
requiring personal computers addresses constraints in the teaching environment and helps to
facilitate student attention to the pedagogically beneficial parts of instructor-led live coding (e.g.,
modelling mistakes).

Future work should explore the reintroduction of analog audience engagement tools (like
clickers) back into the classroom to encourage student involvement without introducing digital

distractions.

5.2.2 Directing Attention

Tools should support directing student attention to areas of the code of importance. A
teaching assistant reported that her students struggle to identify what they should be looking
at and paying attention to, a problem linked to the teaching environment and teacher-student
communication. Live coding tools should direct student attention to which part of the code is
being discussed so that students are synchronizing the instructors words with the intended piece
of code. If students are looking at the right portion of the code, they can better observe the process
of creating programs and debugging, and have the requisite context to be able to participate. Tools
could support giving teacher’s control of which areas of their screen are projected so that only
a portion of a window is projected. Increased control over screen sharing will also help the
projector-to-screen ratio be manageable from the perspective of the instructor and readable from
the perspective of the student in a large lecture hall. Within the projected code, highlighting or

zooming are possible mechanisms to concentrate attention.
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5.2.3 Many Keyboards, One Digital Space

In student-teacher collaborative live coding, supporting collaborative editing in a shared
space where the instructor and student can code on their own laptops in the same digital space
helps to respect personal space. In classrooms where moving around is difficult, having a shared
digital space helps to facilitate the sharing of code. In addition to making students and teachers
feel comfortable, a shared digital space has the opportunity to make coding in the class less
daunting as the student is not required to be physically in front of the classroom. Since both
teacher and student see the same code, more directed and specific communication is possible. A

shared space invites student involvement.

5.2.4 Errors as Signals of Student Progress

When students live code during a lecture, instructors expressed interest in seeing the errors
students produce when they compile and/or run their code as a way of monitoring progress. The
existence of errors students encounter informs the teacher that students are participating. The
types of errors helps to communicate the road blocks students encounter. Error information helps
the instructor to know when to provide feedback and what type of feedback to provide bridging

communication between student and instructor.

5.2.5 Peeking into Student Editors

Instructors noted that it was helpful to be able to see the students’ editors to monitor
progress, identify students to ask to share their work, and troubleshoot. Additional instructional

support might be needed, such as an assistant in the room to monitor the gallery depending on the
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Figure 5.1: Gallery view. Instructors and teaching assistants can monitor students coding, send

them a message, or an emoji.

size of the class. Supporting the teacher’s ability to see student’s code facilitates communication.

One design possibility is depicted in Figure 5.1.

DESIGN GUIDELINE

Personal computers optional
Directing attention

Many keyboards, one digital
space

Errors as signals of student
progress

Peeking into student editors

COGNITIVE

APPRENTICESHIP STAGE

Modeling
Modeling
Coaching, Scaffolding
Coaching, Scaffolding

Coaching, Scaffolding

TYPE OF LIVE CODING

Instructor-led
Instructor-led
Student-instructor
collaborative
Student-led

Student-led

Table 5.1: Overview of design guidelines. A mapping of the design guidelines to cognitive
apprenticeship aspects and the type of live coding the design guideline facilitates.

5.3 Limitations

Half of PO4’s data was lost due to technical problems reducing the corpus of data that

was analyzed. Our work includes a small number of participants, therefore findings are not

generalizable. Furthermore, since the work was conducted in a U.S. public university, findings
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might not translate to other educational settings or geographic contexts. The set of barriers,
benefits and proposed design guidelines are not exhaustive. Finally, we have proposed the above

the design guidelines, but not yet validated them in a real live-coding tool.

5.4 Future Work

The list of barriers, facilitators and design guidelines is not exhaustive. Future work
could expand these findings by running future studies with groups of participants with differing
backgrounds from the participants in our study. Furthermore, we plan to validate the proposed
design guidelines.

Participants noted that there might be a connection between our work and tools for teaching
writing. Additional research could investigate the relationship between live writing and live
coding tools. Outside of the introductory to programming classroom context examined in this
paper, participants highlighted the applicability of live coding tools to support knowledge transfer
in hobbyist communities and informal learning environments, like robotics clubs. Continued
work should explore live coding in other settings. Finally, we recommend exploring the reintroduction
of analog audience engagement tools (like clickers) to facilitate classroom participation in live

coding exercises.
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Chapter 6: Conclusion

By interviewing instructors, teaching assistants, and students and getting their feedback on
a prototype we created, we uncovered barriers and benefits of live coding. We then use these
findings to propose design guidelines for live-coding support tools. Constraints in the teaching
environment, negative feelings, and communication-related issues make live coding hard. Yet,
pedagogical benefits exist to live coding such as modeling intentional and unintentional mistakes,
encouraging student involvement, and flexibility in scaffolding. We recommend tools remove or
reduce barriers and support positive aspects of live coding, and present additional design guidance

for attributes, tasks, and features that live coding tools could support.

6.1 Reflection

As the thesis represents a learning experience of practicing research and apprenticeship
of senior academic and junior academic, I reflect on the process of planning, performing, and

reporting on the research for this thesis.

6.1.1 Research is Living

During the literature review, deliberate practice came to life during tennis lessons. The

minute corrections to my forehand and backhand—a form of continuous feedback—immersed
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me in the literature. I interacted with the literature in an unexpected and new dimension by
connecting concepts from education research to my own life. Although on a plane distinct from
coding and university classrooms, I translated mechanisms of feedback for tennis instruction into
the prototypes. I learned that research is different from other tasks; it’s hard to put down. After
the day is done, unanswered questions linger, and answers and inspiration come from unexpected

sources. I noticed that when I was far away from screens, I had breakthroughs.

6.1.2 Writing as a Process; Writing is Practice

Academic writing scared me. The thesis process taught me that writing is a process where
the drafts will be iterated upon, so they need not be perfect. In fact, I learned to drop kick the
perfectionist out the window as she was the enemy of completion. Inspired by Stephen King, I
aimed to write courageously. That meant getting words out fearlessly and unabashedly despite
of my own self-critic. I attended library workshops which helped append my toolkit of strategies
and tips for writing. Yet, I found the best way to improve at writing was to actually sit down and
write.

I learned through experience that writing, like tennis, required practice. But, I wanted
practice to be fun, so blogging and journaling were my two practice arenas. Keeping the muscles
warm helped me to produce many words in few hours that were of decent quality. Writing came
in bursts, and was motivated by deadlines. The immersion and immediacy drove the production
of prose. I was reminded of a course I took by Professor Laurance Ouellet Tremblay at McGill
on the variety of approaches to writing, and kept these in mind for inspiration, although sadly

I didn’t have the opportunity to try Hemingway’s approach to writing, and editing during my
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thesis. Perhaps writing with a drink in hand is better for fiction.

6.1.3 Keys: Confidence and Joy

Being confident in what I was doing, even though it was the first time doing it, was
cornerstone to conducting the work involved in this thesis. Recognizing that what I was doing
whether it be prototyping or writing was not rocket science, and I, in fact, was prepared to do
the task at hand. Dropping my internal imposter and replacing her with an academic powerhouse
persona made each day easier and more enjoyable. As soon as I did something once, for example,
writing a paper, I knew the following times would be less intimidating. Each time I proved I could
do it, I gained confidence in myself.

Despite my affinity for timelines and planning, there were occasions where a clear path
forward was blurry. When I came to a crossroad, I took my interest into consideration; what
would be the most fun to do next? The benefit to the approach is I found my days enjoyable and

fulfilling. Confidence and joy facilitated intrinsic motivation and ownership over the project.
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