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Abstract

Background and Context. Live coding is a pedagogical technique
where an instructor writes code in front of their class. The literature
on live coding consists primarily of experiments and case studies,
and few researchers have sought to understand how instructors
actually employ live coding in their classrooms.

Objectives. In this work, we seek to gain an in-depth under-
standing of how instructors use live coding, including what they
are teaching with live coding, how live coding fits in with other
lecture activities, and how instructors expect students to engage.

Method. We conducted semi-structured interviews with 22 in-
structors who have experience with live coding, and we analyzed
the results using thematic analysis.

Findings. Our findings suggest that live coding is a flexible tool
that is used in a variety of ways across the CS curriculum. Live
coding can fit into many different lecture styles, and is commonly
paired with active learning activities such as peer instruction or
coding exercises. Instructors valued live coding for its many op-
portunities for student interaction, but they often felt these oppor-
tunities were not fully taken advantage of in practice. Instructors
had mixed feelings about whether students should type along with
them during live coding, and providing or restricting access to the
completed code or lecture recordings was sometimes seen as a way
to influence student behaviors during lectures.

Implications. Our work contextualizes prior studies on the
efficacy of live coding and informs future directions for exploration,
which can include examining the affective impacts of live coding
and exploring how we might augment live coding to improve how
we impart knowledge of processes and procedures. In addition,
our work highlights possibilities for designing tools for the CS
classroom that can encourage student participation in live coding
and facilitate lecture delivery.
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1 Introduction

In the context of computing education, live coding refers to a peda-
gogical technique in which instructors write code live in front of
learners, typically projecting their screens and thinking aloud to ex-
plain their thoughts [33, 48-50]. Live coding is valued by instructors
as a way to demonstrate tacit programming knowledge like debug-
ging, testing, and incremental development [3, 49]. Students also
often perceive live coding as engaging and beneficial [16, 19, 61].
Live coding appears to be widespread, and many have advocated
for its use in the CS classroom [7, 10, 16, 18, 50, 70].

Despite its apparent popularity, few have explored how instruc-
tors operationalize live coding in general practice. Much prior work
on live coding consists of experience reports [8, 18, 40] and experi-
ments [16, 48, 53, 55, 61, 69], which only offer a glimpse into how
each individual author used live coding. While some researchers
have reported on interviews with instructors [3, 33, 63], two of
these studies rely primarily on interviews with TAs [3, 63], and the
studies have a comparatively narrow scope—for example, focusing
primarily on expected student behaviors during live coding [33].
There are countless choices instructors might make when integrat-
ing live coding into their lectures: How much of the lecture will be
live coding? What material is appropriate for live coding? What
other lecture methods will be used? What materials will be provided
to students after the lecture? The detailed choices instructors make
when using live coding, and the reasoning behind them, remain
underexplored.

Addressing this research gap can be useful to practitioners who
might want to reflect on or modify their own instructional practice.
It can also be useful for education researchers, as it contextualizes
prior research on live coding and points to future areas of explo-
ration. For example, while the perceived costs and benefits of live
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Table 1: A summary of the themes we constructed through thematic analysis and their relationship to our research questions.

Live coding is used across the CS curriculum (§ 4.1.1) to introduce and apply
concepts (§ 4.1.2) and to demonstrate a variety of processes and procedures
(§ 4.1.4). It may encourage a positive attitude regarding making mistakes (§ 4.1.3)
and around creative exploration with code (§ 4.1.5).

In live coding lectures, instructors also present information with slides, white-
boards, and computational notebooks (§ 4.2.1). Live coding can also be used
to transition into and out of active learning activities like peer instruction or
coding exercises (§ 4.2.2).

While live coding provides several opportunities for student participation
(8§ 4.3.1), instructors often wish students took better advantage of these op-
portunities (§ 4.3.2).

Instructors have mixed feelings about whether students should type along with
them during live coding (§ 4.4.1). Instructors may try to influence student behav-

Theme Section Summary
§4.1 (RQ1A)

Live coding is versatile
§4.2 (RQ1B)

(Missed) Opportunities for

Participation 343 (RQ2)

Nudging Student Behavior

through Selective Access to  § 4.4 (RQ2)

Course Materials

ior by providing or withholding materials like lecture notes and video recordings
(§ 4.4.2).

coding are well-documented [52], it is possible these costs and ben-
efits are mediated by the specific ways that live coding is employed.
Especially given recent work that suggests live coding does not lead
to learning gains [16, 53, 55, 69], it can be important to understand
if there are variations in live coding practices that are not captured
by these studies.

In this work, we address this gap by conducting interviews with
22 CS instructors who regularly employ live coding in their lectures.
Through our interviews, we set out to gain a deeper understanding
of how instructors use live coding by answering the following
research questions.

e RQ1: How do instructors employ live coding in the CS class-
room?

- RQ1A: What type of content is being taught with live coding
and why?
- RQ1B: How does live coding fit in with the rest of the lecture?

e RQ2: What do instructors envision as the role of the student in
live coding?

- RQ2A: What do instructors want students to do during live
coding and why?
- RQ2B: How do instructors encourage such student behaviors?

Table 1 summarizes our results. Regarding RQ1, we found that
live coding is a highly versatile technique that instructors use across
the CS curriculum. Our instructors use live coding to introduce
and apply concepts, demonstrate procedures, and model effective
programming and problem-solving processes. Often, our instructors
used live coding for just one part of a larger lecture, for example,
to introduce and contextualize active learning activities like coding
exercises and peer instruction.

Regarding RQ2, we found that instructors had widely divergent
opinions on whether students should type along with them while
live coding, with some thinking it would help them learn and others

feeling like it was a distraction. Instructors valued that live cod-
ing could provide several touchpoints for student interaction, but
many wished that students participated more. While instructors
usually did not force students to adopt specific behaviors while
they live coded, many considered the selective release of lecture
materials, such as the completed code, to be a way to influence
student behavior—for example, withholding the completed code so
that typing along during the lecture would be the only way students
could obtain it.

Our results can help practitioners decide if and how to use live
coding as part of their practice. While we cannot provide a single
correct answer, we hope our results provide a richer and more nu-
anced understanding of live coding practices that can help instruc-
tors make decisions about their own particular teaching contexts.
Our results also point to future directions for computing education
research, such as examining live coding beyond CS1, investigating
the effects of live coding on student self-efficacy and confidence,
considering ways to augment and improve the efficacy of live cod-
ing, and exploring whether typing along with the instructor helps
or hinders students.

2 Related Works
2.1 Characterizing Live Coding

2.1.1 Case Studies, Experiments, and Observations. The literature
on live coding includes several case studies and experiments that
offer a description of how the authors employ live coding in their
classrooms. For example, some studies describe live coding as one
component of a lecture or lab that is used for demonstrating ex-
ample problems [16, 55] and some describe live coding as a lead-in
activity for a coding exercise [54, 69]. A 2021 literature review by
Selvaraj et al. examined 20 papers related to live coding and char-
acterized different live coding practices based on three dimensions:
the level of student interaction; whether the live coding was syn-
chronous or asynchronous; and how much of the code was written
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before the lecture, if any [52]. While informative, many aspects of
live coding lectures remain unclear or under-reported. How much
of each lecture is dedicated to live coding? For which courses and
topics are instructors using live coding and why? What tools are
used to facilitate live coding? In this work, we seek to character-
ize the variety of ways live coding can be used in the classroom
and gain a deeper understanding of the decisions instructors make
incorporating live coding in their lectures.

A smaller body of work has tried to understand live coding ped-
agogy through observation. In one work, the authors analyzed 20
programming videos (not necessarily lecture recordings) to derive
design recommendations for a live coding system [10]. In another
work, the authors analyzed recordings of live coding lectures for a
single class and characterized the live coding portion as having two
separate steps: the lead up, where the instructors present concepts,
possibly using diagrams or written notes; and an iterative develop-
ment cycle, where live coding proceeds with a mixture of writing
code, explaining the thought process, and debugging [23]. While
these studies are valuable, they may not generalize to live coding
lectures, as one uses only videos and the other uses observations
from a single instructor’s lectures. Furthermore, observational stud-
ies are limited in that they lack insights from the instructor as to
why they made certain decisions.

2.1.2  Interviews with Instructors. A small number of researchers
have reported on insights from interviews with instructors who
use live coding [3, 33, 63]. The present work differs from these past
works in both scale and scope.

In terms of scale, previous interview studies have a relatively
limited sample size, for example including five instructors and four
TAs [63] or two instructors and seven TAs [3]. Through a larger
sample size of instructors, our work seeks to capture more variation
in live coding teaching practices.

In terms of scope, this work addresses different research ques-
tions than previous interview studies on live coding. In terms of
RQ1, while two prior works touch on instructor practices [3, 63],
they focus on barriers and motivations rather than on the type of
content covered (RQ1A) or how live coding interacts with other
lecture activities (RQ1B). In terms of RQ2, one prior work focuses
on expected student behaviors [33] (RQ2A), but none dive into how
instructors try to influence these behaviors (RQ2B).

2.2 Lectures and Active Learning in CS
Education

Lectures are ubiquitous in higher education [41]. As with any other
field, CS students can benefit from the structured guidance provided
by an expert lecturer [21, 22, 65]. At the same time, the lecture for-
mat may allow students to sit and watch passively, which may not
be as beneficial to learning as more active methods [12]. Thus, edu-
cators commonly try to incorporate more active learning into their
lectures [47]. For the remainder of this section, we discuss some of
the active learning strategies that are common in CS lectures and
that came up in our interviews.

Peer Instruction (PI) is an activity where an instructor presents
the students with a multiple-choice question, and then has stu-
dents (1) think through it individually; (2) discuss with a partner;
and then (3) submit their answer [15]. In a CS classroom, these
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multiple-choice questions might, for example, involve tracing code
or solving Parsons problems [59, 73]. PI has been widely studied
in the context of computing education, where the evidence sug-
gests that it can be an effective intervention to boost learning and
increase student retention and that it can be applied in a variety
of contexts, including across the CS curriculum and in both small
and large classrooms [42-46, 60]. PI might be seen as a specific
formulation of a similar technique called think-pair-share, which
can support open-ended questions and may not require students to
formally submit their answers [1]. Think-pair-share activities can
also be effective in the CS classroom [26, 27].

Instructors may also give students coding exercises during lec-
ture, wherein the student is required to write code by themselves or
in small groups [20, 61]. Coding exercise can pair with live coding—
for example, the instructor may use live coding to walk through a
solution to the coding exercise [56]. Alternatively, instructors may
call on individual students to solve a coding exercise in front of the
class [18].

In order to make more time for active learning activities, some
instructors may use a flipped classroom approach, where students
self-study before the lecture and class time is reserved for active
learning [30]. Some instructors who use the flipped classroom ap-
proach use live coding as their active learning activity during lec-
tures [37, 57]. Instructors may disagree whether or not live coding
constitutes an active learning strategy, and as pointed out by Sel-
varaj et al., it might depend on one’s definition of live coding [52].

2.3 Theoretical Frameworks

2.3.1 Cognitive Apprenticeship. The Cognitive Apprenticeship (CA)
framework draws upon traditional apprenticeship methods to out-
line how experts can transfer their knowledge for reasoning-based
tasks [14]. The CA framework consists of four dimensions of teaching—
content, methods, sequence, and sociology—along with characteris-
tics and guidance within each dimension [14]. In terms of methods,
CA outlines a progression of six techniques, the first of which is
modeling, wherein an expert demonstrates a task while externaliz-
ing their thought process through thinking aloud [14].

CA is one of the most commonly cited theoretical frameworks in
the live coding literature, where studies often refer to live coding as
an example of the modeling phase of CA [52]. Few other works have
explored how live coding intersects with other teaching methods
of CA or the other dimensions of CA [52]. The present work may
shed light on how current live coding practices intersect with other
parts of the CA framework, namely the content dimension (through
RQ1A) and the other teaching techniques in the methods dimension
(through RQ1B).

2.3.2 Cognitive Load Theory. Cognitive load theory (CLT) posits
that instruction places two! types of demands on working mem-
ory: intrinsic load, imposed by the unavoidable complexity of the
information to be learned; and extraneous load, imposed by unnec-
essary information such as irrelevant content, distractions, etc. [17].
According to CLT, both types of cognitive load are additive and
learning is impeded when the total cognitive load exceeds available
mental resources [17].

! An older but still used version of the theory includes germane load as a third type [17]
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Compared to presenting static code in lectures, one study found
that live coding reduced extraneous cognitive load [48]. The re-
searchers suggested that by writing code line by line through live
coding, the cognitive load on students might decrease as they know
exactly where to focus [48]. Another study found no difference in
cognitive load when using live coding [68], and another found that
the different ways students follow live coding lectures can lead to
different demands on cognitive resources [33]. This work can help
us understand the variety of teaching practices (RQ1) and student
behaviors (RQ2A) in live coding lectures, which may have variable
effects on cognitive load and learning.

3 Methods

Table 2: The background information of our participants, in-
cluding years of teaching experience (YoE) and recent courses
taught using live coding and which were discussed in our
interviews. We use DSA for “Data Structures and Algorithms”
and SE for “Software Engineering”

YoE Course(s)
Po1 34 Intro Python; Intro Java
P02 7 Intro Python
P03 18 Databases; DSA
Po4 16 Intro Data Science
Po5 2 Java; Computer Organization
Po6 24 Intro Data Science
Po7 4 Intro Java
Po8 25 Intro Java
P09 0.5 Intro Python
P10 8 Intro MATLAB
P11 10 Data Science
P12 13 Intro Python; C++; DSA
P13 40 DSA
P14 24 SE; Game Development
P15 30 Intro Java
P16 2 SE; Web Development
P17 13 Intro Python; DSA
P18 20 Intro Python; Databases
P19 15 Intro Java; SE; Compilers
P20 36 Data Science; DSA
P21 13 Intro Python; Intro Java; DSA
P22 18 Intro Python; DSA; C++

3.1 Participants

We interviewed 22 instructors who had experience with live coding
in their CS lectures. Participants included research-oriented profes-
sors (n = 4), graduate students with instructor experience (n = 2),
a high school teacher (n = 1), and several other university-level
teaching faculty, lecturers, and adjuncts (n = 15). Four participants
identified as women and the rest (n = 18) identified as men. Partici-
pants had an average of 16.9 years of teaching experience, ranging
from a single semester to 40 years. Our participants’ affiliations
span 14 institutions, with one institution located in Europe, one
in Canada, and the rest in the USA. Information about individual
participants can be found in Table 2.
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An initial round of 10 participants? was recruited through our
university’s mailing lists and through an open call on social media,
and a subsequent round of participants was recruited through mail-
ing lists pertaining to computing education. All participants filled
out a screening survey which defined live coding and asked them
several questions about their teaching experience, including how
often they used live coding, for which courses did they use live
coding, and additional optional questions about their live coding
practice. The survey allowed us to ensure that we only reached
out to eligible participants with live coding experience. While we
primarily chose participants at random from our eligible pool, the
survey results also allowed us to use purposive sampling [4] to
target participants with a wide variety of experiences (e.g., small
versus large class sizes).

3.2 Interview Protocol

Interviews were conducted through Zoom and lasted between 45
and 60 minutes. The first 10 interviews were conducted by the first
author, and the subsequent 12 interviews were conducted jointly
by the first and third authors.

The goal of the interviews was to get a holistic understanding
of how the instructor used live coding in their lectures along with
the reasoning behind their decisions. The interviews were semi-
structured: we roughly followed an interview guide, but asked
follow-up questions freely and did not always go through ques-
tions in the same order. We generally began the interviews by ask-
ing about the instructor’s teaching background and about which
courses they use live coding in and why. We then asked several
questions, including how live coding fit into a typical lecture, what
their expectations were for students during live coding, what ma-
terials they provided to students, and what they perceived as the
benefits and drawbacks of live coding.

The study procedure was approved by our organization’s IRB.
After the interview, participants were compensated with a $40 gift
card for their time.

3.3 Data Analysis

Due to the exploratory nature of our research questions, we opted to
analyze our data using Thematic Analysis (TA) [13]. In particular,
we used an approach to TA called template analysis, wherein a
structured, hierarchical codebook is created based on a subset of the
data and the codebook is iteratively refined and revised throughout
the analysis [6, 25]. As a “codebook TA” approach, template analysis
is a pragmatic interpretivist approach that balances structure with
flexibility [5, 39].

Our approach follows the steps of template analysis outlined
by Brooks et al. [6]. We began by transcribing our interviews using
an automated service and then manually correcting the transcripts.
Then, the first and second authors independently read through four
interviews, taking notes and doing an initial pass at coding. We
then came together to discuss and collaboratively define an initial
codebook. From there, the first two authors went through multiple
iterations of independently coding one or two interviews at a time
and then coming together to discuss discrepancies. We note that

These interviews were conducted as part of an earlier study, and were analyzed as
part of that work with more narrowly-scoped research questions [33].
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Table 3: The finalized codebook used in our thematic analysis, which evolved through several rounds of analysis and discussion.
For brevity, we only include three levels of the hierarchy and provide only a selection of the level-3 codes in the right column.

Level-1 Codes Level-2 Codes

Selected Level-3 Codes

Courses

Intro Java, intro Python, data science, software engineering

Context

New concepts, practice problems, examples, misconceptions

What is being taught? Programming process

Incremental development, debugging, problem-solving

Programming tools

Debugger, shell, Git, IDEs, browser dev tools

Positive attitude

Exploration, mistakes

Information delivery

Slides, IDE, notebook, whiteboard, code comments

s Class activities

Coding exercises, peer instruction, multiple-choice questions

Prompts and questions

What comes next, predict the outcome, intentional mistakes

Ad-hoc Participation Participation trouble

No response, same students respond

Prompting participation

Cold calling, long pause, raising hands

Typing along

Helps learning, exploration, staying on task, cognitive load, errors

Expected Student Behaviors Taking notes

Hand-written, screenshots, code comments

Course materials

Lecture recordings, finished code, starter code

disagreements typically had less to do with the interpretation of
the data and more to do with the definition and boundaries of
our codebook. Thus, rather than calculating inter-rate reliability—
which is not typically done for Codebook TA methods [5]—we
resolved disagreement through discussion and codebook updates.
After processing 23% (5/22) of the interviews this way, our codebook
reached a level of stability where we were no longer adding new
codes to the higher levels of our hierarchy.

The first author then coded the remainder of the interviews
and proceeded with additional rounds of analysis that involved
going back and forth between the codebook and transcripts to up-
date codes and develop interpretive themes. At this point, updates
to codes primarily involved changing their scope or higher-order
classification [25]. For example, “participation” was originally a
subcode of “expected student behaviors”, but then “participation”
became its own top-level code (change in higher-order classifica-
tion) and “Expected Student Behaviors” was reinterpreted to refer
to non-interactive behaviors like note-taking (change in scope).
The themes were developed throughout the process, evolving from
descriptive top-level codes (Table 3) into interpretive “storybook”
themes [39] (Table 1). Throughout this process, the first author
periodically checked in with the second author to discuss updates
to the codebook and candidate themes, as is suggested practice for
solo coding [51]. The final codebook can be seen in Table 3.

4 Results

We constructed three themes based on our analysis. The first is that
live coding is a highly versatile pedagogical tool that can be used to
present a wide variety of material and can be used in conjunction
with many other lecture techniques. The second is that live coding
does not automatically make students active participants, although
it does provide several opportunities for participation. The third

is that instructors may consider the selective release of lecture
materials as a way to influence student behavior (e.g., not releasing
their final code to encourage students to type along with them).
The three themes are summarized in Table 1, which also lists which
sections correspond to each theme.

4.1 What Are We Teaching with Live Coding?

In this section, we explore what instructors teach with live coding,
looking not only at the specific subjects, but also examining the
context of what is being live-coded and what specific skills or
concepts instructors hope to teach using live coding.

4.1.1  Live Coding Across the CS Curriculum. Our participants used
live coding in a wide variety of courses, including introductory CS
courses, data science, data structures and algorithms, databases,
software engineering, and other specialized courses, such as mobile
app development and game programming. Table 2 shows more
information about the courses each participant taught using live
coding.

When we asked the instructors if there were courses in which
they did not use live coding, the most common response was, unsur-
prisingly, for courses that do not require very much coding. Notably,
some instructors did use live coding in their software engineering
(3/22) and algorithms courses (7/22), while others felt those courses
were less suited to live coding as they were more about concepts
than code (3/22). Live coding was widely seen as appropriate for in-
troductory courses, and over half of the instructors had experience
using live coding in that context.

4.1.2  New Concepts vs. Integrative Practice. Our interviews reveal a
dichotomy in how one might use live coding. On one end, one might
use live coding to introduce new material and concepts, for example,
showing many different examples of a for loop and explaining how
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it works. On the other end, one might use live coding to work
through practice problems, integrating already-learned concepts.

P01 exemplifies the approach of using live coding to introduce
new concepts.

(P01) Lectures are me live coding, talking them through
examples, usually focused on an individual type of pro-
gramming statement or concept. [...] 'm trying to make
a distinction between that and live coding, where you
say, let’s solve this problem, and then start coding it
together. My live coding has mostly been we’re going
to learn about the for loop today. So let’s look at all the
possible ways you might tackle it.

In contrast, P17 felt exactly the opposite, and preferred using live
coding only for practice problems.

(P17) So I don’t think that live coding works very well to
introduce a new concept for the first time. [...] Normally,
we’re not going to do the live coding portion unless
students have seen or have already been introduced to
the concept somewhere else, because just typing out a
construct doesn’t do a lot to help other students get a
deeper understanding of the concept.

When P17 wanted to explain a new concept in class, they typically
did so using slides, followed by a live coding example that uses the
concept.

In practice, instructors might use both approaches, even within
the same lecture.

(P06) Sometimes it’s just, “okay, I just got to show you
how to do this.” But other times it’s more like, “Okay,
we’ve learned the basic concepts here. And so now like
here’s a problem, how would we attack it?” And so it
kind of just depends on the topic and what we happen
to be doing at that time. So I would say it varies a lot.

Even though P01 primarily used live coding to introduce new con-
cepts through live-coded examples, as their students gained more
experience towards the end of the course, they would incorporate
more practice problems into their lectures. On the other hand, P05
used a flipped classroom model where they used lecture time to
walk through practice problems using live coding, but they felt the
need to re-teach some of the material while live coding because
students did not always complete the readings.

One benefit of introducing new material with live coding is that
you can start with a simple example and then make incremental
changes to compare variations or gradually introduce more infor-
mation.

(P01) For instance, today I was teaching dictionaries in
my Python course, so we just defined one with just a few
entries and printed it out. And then we said, “Okay, now
what can I do with a dictionary? What is its purpose?”
And I, you know, I looked something up and blah blah
blah, but it’s only a couple lines at a time.

A similar approach is to start out with an already-written piece of
code and then run and modify it in front of the class. We might
call this a live examples approach—it may not involve as many code
changes as doing live coding from scratch, but it is more dynamic
than static code on a lecture slide, which cannot be executed or
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modified. Four instructors described sometimes using this live ex-
amples approach, which might be particularly appropriate when
discussing a larger piece of code.

4.1.3 Learning from Mistakes. Nearly all our participants (21/22)
expressed the idea that mistakes and errors during live coding
provided a valuable learning experience for the students. While
mistakes could come from student suggestions or accidental er-
rors on the instructor’s part, the majority of instructors (13/22)
we interviewed would regularly introduce intentional mistakes for
pedagogical purposes.

One reason instructors found mistakes valuable was that they of-
fered an opportunity to discuss common issues and misconceptions
with students. As P13 expressed, “often mistakes are more instruc-
tive than just students seeing the correct solution at first.” Instructors
could draw on student suggestions as potential sources of authentic
mistakes.

(P10) I understand 90% of the weird ways students might

think about problems. There’s always that 10% where a

student is like, “Could we do it this way?” I'm like, “you

know, I have never thought of that in my entire life, but

yeah, let’s go down that route and see why it works or

why it doesn’t work.”

(P19) I try to follow the student feedback and ideas. Even

if I know that they’re not going in the best direction, I

think that’s also important to illustrate.
Other instructors (5/22) would draw on their knowledge of common
misconceptions to show them to students and correct them on the
fly.

Instructors also valued that mistakes gave the opportunity to

illustrate and teach debugging skills. Live coding can provide the
opportunity to debug in an authentic context.

(P11) A nice thing about live coding is that you can
show students some of the process that you otherwise
would not be able to easily show, like debugging or
running into natural bugs. It’s just less natural without
it because it’s like, oh, I have to show you, here’s a place
where you would run into this bug, but it’s like from
nowhere, right?
(P21) Spending a whole lecture on debugging strategies,
students don’t get it. [...] So instead, you give them
enough that when you model it, you go: okay, well 'm
going to try to do this style of debugging here.
Live coding gave instructors the opportunity to model specific
debugging skills, including how to interpret error messages and
how to use the debugger.

Finally, over half of the instructors we interviewed (13/22) ex-
pressed that making mistakes might help students to feel more
confident when they make mistakes in their own programming.
This confidence could come from both having learned debugging
strategies from live coding and from seeing instructors treat making
mistakes as a normal and expected part of programming.

(P01) I convey that it [making mistakes] happens all the
time. It’s no big deal.

(P15) I try to point out to everybody, I don’t write perfect
code. We all make mistakes when we’re writing code,
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and it’s more about how you find and remove those
mistakes than writing the code perfectly the first time.

(P21) We can’t only model success. We also need to model
failure sometimes.

Not all mistakes during live coding were seen as productive. For
example, P20 felt that when using live coding to show solutions
to coding exercises, introducing mistakes could lead to unneces-
sary confusion. In addition, some instructors felt that if they made
frequent errors or could not debug their own mistakes that this
could lead to wasted class time or a loss of confidence from the
students. Strategies for overcoming those situations include having
“solution code” as a backup (5/22) or debugging the error offline
and discussing it during the next class (1/22).

4.1.4  Process and Procedures. Many instructors felt live coding
was useful for demonstrating the programming process. Through
live coding, instructors could demonstrate things like refactoring
(2/22), incremental development (3/22), working with existing code
bases (1/22), test-driven development (4/22), and debugging (§ 4.1.3).
Some instructors felt that it would be difficult to demonstrate these
processes another way.

(P19) The advantage of doing it live is that you make
the process, the way that you’re thinking, a bit more
explicit, which is difficult to put on static paper.

(P21) Quite often, what they get is the final solution
code. And so if they’re not live in person, they’re not
seeing that development of the code.

P05 and P22 both described the process of writing code in C as
non-linear, involving jumping back and forth between multiple
files and refactoring logic into functions as they went along. P05
found this progression difficult to capture in their own lecture notes,
and described their notes as “more of a mind map” which would be
essentially inscrutable if given to another instructor or the students.

Instructors also used live coding as an opportunity to demon-
strate how to use a variety of programming tools in an authentic
context. For example, instructors’ live coding practices included
demonstrations on how to use the debugger (2/22), shell commands
(3/22), Git (1/22), the browser’s developer tools (1/22), and various
features of the IDE (3/22). As P08 said, “for things that are more
environment based, that’s a process, and that’s something I want to
model with you and practice with you so you can do that on your
own.” P14 also provides their own video recordings for these types
of demonstrations.

(P14) Here’s how you make a project. Here’s how you
connect to GitHub. Here’s how you write your first fail-
ing test, or here’s how you set up Flutter. So those kinds
of things, I give them on YouTube. This is something
I've shown in class, and there’s no way your notes can
capture this.

Finally, instructors felt that live coding gave them the opportu-
nity to model the problem-solving process by thinking aloud while
working through a coding problem.

(P17) The point of the live coding is... there is the live
coding itself, but most of the value in the exercise comes
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from the commentary that I'm giving to sort of exter-
nalize my internal process of how I would work through
these problems so that students can see that.

While P17 felt practice problems were the main point of live coding,
other instructors saw it as just one use case (see § 4.1.2).

4.1.5 Fostering Exploration. Some instructors felt that by tinker-
ing and experimenting with code during live coding, they might
empower students to adopt a similar mindset and set of strategies.

(P02) And so we want them to come away with it with
like, “Okay, I can change this so that this happens, I can
change that.”

(P11) I really wanted to foster a sense of creativity
around the code. Students should be encouraged to tin-
ker and play around a little bit to help them understand
things, and I think showing it frequently throughout
class helps with giving them a sense of like, “oh yeah,
this is how I would explore this question” rather than
just like, turn to ChatGPT or ask a question directly on
the discussion board.

Even without the explicit goal of encouraging tinkering with code,
instructors generally had a flexible approach with live coding and
were willing to try out different things based on student suggestions
(see § 4.3.1).

4.2 How Live Coding Fits within a Lecture

Although some instructors would spend their entire lectures live
coding, we found that more often live coding was combined with
active learning activities and other methods of information trans-
mission. In this section, we discuss how instructors balance live
coding with these other lecture activities, as well as the synergies
and frictions between them.

4.2.1  Modes of Information Delivery: Slides, IDEs, Notebooks, White-
boards, and Comments. Many instructors (14/22) used slides in
conjunction with live coding. Some instructors used slides only
sparingly, for example, to share course logistics (3/22), visualize
select concepts (2/22), or briefly review content at the start of the
lecture (2/22). Other instructors spent a more significant portion
of their lectures going through slides. One strategy was to switch
back and forth from slides to live coding, essentially using live
coding to demonstrate the examples from the slides (6/22). This
context switching could place an additional cognitive burden on
instructors.

(P09) 1 just want to have an easier time balancing the
live-coded segments with the slides.

An alternative strategy reduces context switching by introducing
a topic using slides and then using live coding to demonstrate the
concept in the context of a longer practice problem or demonstra-
tion (6/22). For example, while P22 used slides only sparingly when
teaching object-oriented programming, in their DSA course, they
would commonly use slides to introduce a data structure and then
transition to implementing it with live coding. Although less com-
mon, two instructors felt that starting out with live coding and then
transitioning to slides could be effective: P12 described using live
coding to motivate the need to learn a concept and then switching
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to slides; and P16 sometimes used slides as a recap of what students
were meant to learn during live coding.

Some instructors primarily used computational notebooks to
deliver their lectures. Notebooks were used in every data science
or visualization course (4/22) and also for an introductory program-
ming course in MATLAB. Notebooks essentially replace both the
lecture slides and code editor: the content that would have gone on
slides can go in markdown cells, and code cells can be used to dis-
play examples and do live coding. Having both code and markdown
in the same interface allowed instructors to present the notebooks
linearly, explaining concepts and filling in or modifying code cells
without having to switch between different applications.

(P11) The nice thing with Jupyter notebooks is I can
very much easily sequence the discussion of the syntax
with like here’s an example in a code cell. And let’s try
modifying that.

(P20) I feel a Fupyter notebook is just extremely helpful
to chunk out what I'm teaching in little pieces.

Notebooks also facilitated student note-taking, as the instructors
would provide students with the template version before the lecture
so that they could fill it out with the instructor.

Some instructors (5/22) also used whiteboards and document
cameras to convey information during the lecture, though usually
separate from live coding. One exception was P14, who taught
test-driven development (TDD) using a whiteboard in conjunction
with projecting their screen and live coding. P14 would use the
whiteboard to write out “task lists” and the three steps of TDD: red,
green, and refactor (i.e., writing a test, making the test pass, and
refactoring the code [2]). In their words, the task list and TDD steps
acted as subgoal labels to describe the TDD process. Notably, this
was the only example shared with us of an instructor writing the
explicit steps in a process somewhere outside of code comments
while live coding.

Finally, while live coding, some instructors would also write
down some of the information spoken aloud in code comments.
This was often done to record the process, for example, writing
down the steps of an algorithm before implementing it (6/22). P14
and P22 were specifically against writing these types of comments,
as they felt it did not model standard industry practices like self-
documenting code and selective commenting. P13, P16, and P21 all
felt there was not enough time during live coding to add comments
to their code. Finally, P11, who used notebooks, felt that information
about process and concepts was better captured in markdown cells.

4.2.2 Live Coding and Active Learning Activities. Our participants
often used live coding in conjunction with other active learning
techniques, including coding exercises, think-pair-share activities,
and peer instruction or similar collaborative multiple-choice ques-
tions.

Sixteen of our participants regularly gave students coding exer-
cises as part of their lectures. Most commonly, instructors would
give students short coding exercises similar to what was just demon-
strated with live coding. After coding exercises, instructors often
used live coding to present solutions to the class, whether present-
ing their own solutions or asking students to guide them. This was
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a common point where instructors could lean on student participa-
tion.

(P22) When I go through my solution, there’s probably a
slightly higher percentage of questions. I'll try to engage:
what did you do? Did you do it differently?

For coding exercises, instructors sometimes needed to distribute
starter code. To do this on the fly, P09 used a system called Ed-
Stem while P18 opted for Pastebin. Some instructors had students
download template computational notebook files before class (5/22),
some had students type along with them as they built up the starter
code (2/22), and others did not need to distribute starter code at all.
P05 cited the lack of efficient code-sharing options as a barrier to
conducting in-class exercises.

Six of our instructors had incorporated peer instruction or similar
multiple-choice questions as part of their live coding lectures. P15
felt that live coding helped provide context for peer instruction.

(P15) It’s not like I put up a random Boolean expres-
sion with, you know, x, y, and z variables that they
don’t even have any idea what they represent, right?
I just pulled something live out of what we just wrote,
and they already know what it means because they
heard me narrate it. They saw me write it, they saw the
code run. And now I'm asking them which expression
is equivalent, which one would do the same thing?

Similar to the coding exercises, instructors could go over solutions
using live coding to demonstrate the right and wrong answers.

(P02) if most people got it wrong, then I can stop in the
middle of that and explore that concept and show them
how it works.

In this way, live coding can be used to transition both into and out
of other active learning activities.

4.3 (Missed) Opportunities for Participation in
Live Coding

Instructors often perceived live coding to be an interactive activity
rather than an instructor-led monologue.

(P03) It’s a conversation: I do something and ask them
questions and hear from them and so on. So it’s like all
the time we’re talking together.

Live coding seems to offer several touch-points for student partici-
pation, though instructors often wish students were more actively
engaged.

4.3.1 Opportunities for Participation. Almost all instructors we
interviewed (21/22) would commonly solicit student input while
live coding. One way to do so was to ask students what step should
be taken next (13/22). While this could sometimes just serve to
keep students cognitively engaged, it could also be used to steer
the lecture, as an instructor can adjust their code based on student
suggestions. P01 felt that having students shape the lecture “makes
the lecture so much more meaningful.”

Instructors described taking students’ suggestions, even when
they were not the ideal way of doing things.

(P15) Even if there are competing suggestions and I
know one of them is better, often I will take the naive
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suggestion, and rewrite it so that we can talk about what
doesn’t work about it, or how can we improve it.

Thus, taking suggestions may solicit authentic student misconcep-
tions or mistakes and offer a learning opportunity to correct them.
P19 described taking a similar approach with student suggestions,
but felt the improvisational approach was more appropriate for
advanced courses, whereas in introductory courses you risk “los-
ing the audience” In a similar vein, P10 mentioned having to take
care in their introductory course to not overwhelm students when
showing alternative solutions.

Ten of the instructors felt that making mistakes (intentional or
not) during live coding was an effective way to increase student
engagement.

(Po6) I'll purposely throw a wrench in the works there
to force some interaction.

(P22) Every now and then, I'll drop something, and that’s
when they’re more likely to be engaged. If I can’t find a
syntax error, we’ll sort of collaboratively work on it.

Thus, collaborative debugging provides another opportunity for
student participation.

Finally, another strategy used by some instructors (4/22) was
to ask students to predict what would happen when the code is
executed.

(P10) We'll talk about it even before we run it. Like, who
thinks this is right? Who thinks this is not right? And
then we’ll have debates or discussions before we even
run anything.

Asking students what line of code comes next can be another type
of prediction, as students can compare what they thought should
come next with what the instructor ends up writing.

4.3.2  Improving Participation. Despite the many opportunities for
student interaction afforded by live coding, most instructors (14/22)
struggled with student participation. Ten instructors explicitly men-
tioned that student participation during live coding was low and
they wanted to improve it, and five instructors felt participation
was limited to a small, self-selecting group of students.

The level of participation may be affected by variables like the
class size and course level.

(P05) I think a lot of it is the size of the classes I teach. A
lot of my lectures are 200 to 250 people, so people do not
want to speak up and be wrong. [...] It’s better in the
higher-level class I'm teaching, I think, because I have
more people who care more.

These participation dynamics may be largely unrelated to live cod-
ing. As P01 said when discussing unequal participation, “there’s
nothing magic about live coding that changes this, but there are some
students who are more engaged than others.”

Instructors shared a variety of approaches to soliciting student
participation, such as taking long pauses after asking questions
(2/22), having students raise their hands to vote instead of speaking
(1/22), or directly asking questions to a single student or a small
group of students (4/22). P12 described an activity where they di-
vided the class into rows and rotated through each row of students
to ask them to provide the next line of code. P10 experimented
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with a “random student picker” to cold call on individuals, but ul-
timately abandoned that approach because of negative feedback
from students.

Even though many struggled with student participation during
live coding, some still made a point to mention that live coding was
more engaging than other alternatives. For example, P04 felt they
received more student questions when using live coding than when
using slides. A similar sentiment was shared by P01, who said “the
slide approach is just deadly”

4.4 What Should Students do during Live
Coding?

During the interviews, we asked instructors what they thought

students should be doing when the instructor was live coding. While

few instructors required that students engage in one specific way

or another, most still held views on whether students ought to be

typing along, taking notes, or just paying attention.

4.4.1 Typing Along and Taking Notes. Instructors had widely vary-
ing opinions on whether or not students should type along with
them to copy down the instructor’s code. Half of the instructors
liked or preferred that students typed along with them while they
live-coded; five instructors explicitly did not want their students to
type along; and the remaining six expressed no preference. Instruc-
tors felt that the benefits of typing along were: that the physical
act of typing along might help students learn better (8/22), that it
could encourage experimentation with the code (3/22), that it could
help students train their typing skills (1/22), and that it could be
engaging and help students stay on task (3/22).

The most commonly mentioned drawback of students typing
along was that it could lead to cognitive overload, distracting stu-
dents from learning and putting them at risk of falling behind
(8/22).

(P05) I'd rather you understand why I'm typing and
what I'm typing versus frantically copying it down.

(P11) I think the idea that you’re copying down code
when you’re trying to take in these multiple streams of
information can be really overloading.

Some instructors (3/22) still felt that typing along could be worth
it—for example, P01 felt that typing along would slow students
down, but that this might help them examine the code in more
detail, “dissecting it line for line” On the other hand, P14 felt that
the effort students put into typing along could give them a false
sense of accomplishment.

(P14) What I see them do is follow along and think
because they follow along, they understand it. But that’s
obviously false to me.

P14 highlights that the final artifact—working code—can feel like an
accomplishment, when it is possible to copy down the code without
actually understanding the code or learning from it.

Another drawback of typing along was that students might make
errors in transcription (4/22). This could mean that they fall behind
while they try to debug, or they might waste class time as they ask
the instructor to help them debug or to scroll back to earlier parts
of the code to check it against their copied version.
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(P04) One challenge of live coding is like when one of
your students has a problem, and because you are tak-
ing a class, you can’t go to that student and solve that
particular problem.

(P05) it just gets kind of disjointed when someone’s like
“can you scroll up to line 13” while I'm trying to talk
about line 97 or whatever, because they missed an am-
persand on line 13.

Even though the students’ transcription errors could be distracting,
some instructors still welcomed them as learning opportunities.

(P02) It’s an act of learning, of like, oh, I forgot my
parentheses, or I, you know, need to make sure that I
have spacing correct, and things like that.

(P06) We’ll just do it [debug the error] right there in the
middle just because again, I feel like it’s useful for all
the students to see what mistakes crop up and how to
recover from them.

Notably, P02 and P06 were teaching with Python, which may lend
itself to fewer transcription errors than languages like Java or C
with trickier syntax.

In addition to just typing along, many instructors (9/22) felt it
would be beneficial for students to take notes. With the exception of
P14 and P08, instructors did not have a specific preference for how
students should go about taking notes. P14 preferred his students
take hand-written notes, citing results from learning science: “[you
should be] rewriting the notes that are your ideas, and putting those
notes in conversation with the course topics” P08 had a specific note-
taking strategy they asked their students to adopt that made use of
screenshots from the instructor’s code, which was live-streamed
to each student’s computer. Essentially, they had their students
keep notes in a Google Doc that consisted of screenshots of the
instructor’s code annotated with textual explanations. They felt the
benefit of their approach was that (1) it forced students to step back
and explain the code in plain English; and (2) it allowed students
to easily come back to and interpret their notes later. While P08
did not bar other note-taking methods, such as handwritten notes,
they still required their students to keep digital notes in addition.

4.4.2  Influencing Student Behaviors through the Availability of Course
Materials. If instructors wanted students to adopt a specific behav-
ior while they live coded (e.g., typing along with them) they most
typically would just directly suggest to students that they do so. A
small number of instructors had a way to enforce participation: P20
asked students to turn in their code from lecture for a participation
grade (and P06 wished for an easy way to do so); and P08 required
their students to keep their course notes in a Google Doc. But more
commonly, instructors would try to influence student behaviors
through the selective release of course materials such as lecture
notes or recordings.

Instructors often reasoned about releasing course materials in
terms of the effects on their lectures. For example, we can consider
the completed code that the instructor writes during a live coding
session. Releasing the completed code after the lecture could be seen
as disincentivizing student attendance and classroom engagement
(6/22). But at the same time, students having access to the code could
be positive, as it could make them less preoccupied with getting
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everything exactly right when typing along with the instructor
(3/22). While most instructors released their completed code, many
expressed ambivalence.

(P01) I'm of two minds on that issue. Because in my
larger classes, where I'm not doing attendance every
day, there’s nothing that forces them to be in class. And
me giving them the example after I do it encourages
them to think “Well, I'll just get it after class and I don’t
have to show up.” So that’s the downside. [...] And yet to
say I'm not going to provide the example we did in class
afterwards... that’s not really a reasonable position to
take either.

(P06) Maybe after a couple of lectures, like when we
finish a topic, then I'll publish the sort of solution note-
books. With the idea that if they messed up their notes
or if they didn’t follow along or they missed something,
they could always go back and see it. But sometimes I
feel like when I do that, that just causes them to not feel
like they need to follow along. They’ll just be like ‘Oh,
I’ll just wait till the solutions come out.” So I go back
and forth on that.

P22 approached this tradeoff by giving the completed code to stu-
dents in their more advanced courses, but not the introductory
courses, explaining that ‘T think part of the difference here is the
message to the freshman about paying attention and being engaged
instead of being on their phones.”

The five instructors who used notebooks described two versions
of each notebook: the “skeleton”, which was missing some of the
code and was presented to the class; and the completed “solution”
notebook that contained the code written in lecture. Four of the
five instructors provided the skeleton notebook and suggested that
students fill it out with them during class. On the other hand, P11
tried to limit access to the skeleton notebook to discourage typing
along.

(P11) I think that when I distribute the code [notebook]
to students, they feel the need to copy down what I'm
writing [...] So my default for this quarter is I do not
distribute the code to students by default. If they really
want it, if they find that it’s very helpful to have the
editable notebook in front of them, they can get it. It’s
just an extra step that they have to ask for that.

The instructors usually provided the solution notebook after the
lecture, as they thought that if students had access to the solution
notebook during lecture, they would be less likely to type along.
Despite this concern, P04 felt that they should make the solution
notebook available before each lecture for accessibility reasons.

(P04) I usually suggest my students to download those
empty [skeleton] notebooks, and I announce in the class,
these instructor [solution] notebooks are only for those
students who have issues visualizing what’s on the pro-
Jjector. So if you are struggling with copying the code,
you have the instructor’s notebook.

While P20 did not release the solution notebooks before lectures,
they had colleagues who did.
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Finally, some instructors (5/22) provided students with lecture
recordings, which have the benefit of completely capturing the
progression of code in a live coding session. More commonly, in-
structors were hesitant to record their lectures because they felt it
would negatively impact attendance (10/22). To counteract the ef-
fect on attendance, P10 adopted a strategy where they only released
each day’s lecture recording if more than half the class was present.
P12 released lecture recordings, but not the completed code from
their lectures, as they wanted students who missed the lecture to
physically type in the code instead of copy-and-pasting it (their
live coding was often directly related to homework assignments).

5 Discussion

Our work offers new insights into the dynamics of live coding
lectures that are not captured by other works characterizing live
coding [3, 33, 52, 63]. For example, we highlight the ambivalence
instructors may feel about releasing course materials like com-
pleted code, as they balance their desire for students to have reli-
able lecture notes with their desire for students to actively engage
during lecture by typing along or taking their own notes (§ 4.4.2).
Previous work examines live coding in the context of projects or
examples [50, 52, 68], but we found that some instructors use live
coding to introduce new material, sometimes forgoing lecture slides
altogether (§ 4.1.2). While prior work has examined how coding ex-
ercises interact with live coding [56], we found that live coding can
also be paired with multiple-choice questions or peer instruction,
both to frame the activity and to walk through solutions (§ 4.2.2).
Finally, while other studies have found that instructors value live
coding for its adaptability in responding to students [3, 63], our
findings suggest that this ideal does not always hold up in practice,
as cultivating student participation can be difficult (§ 4.3.2).

For the remainder of this section, we discuss the implications of
our findings for three stakeholder groups: CS instructors, comput-
ing education researchers, and designers of educational technology
systems. We also discuss the limitations of our study.

5.1 Implications for Instructors

There is no one-size-fits-all approach to teaching; effective ped-
agogy requires instructors to adapt to their particular classroom
context [58]. Instructors can look to our results to better understand
the details of how and why others incorporate live coding into their
pedagogical practice, which may help instructors to reflect on or
improve their own teaching. To that end, we discuss below how
our results add nuance to what is known about the benefits and
drawbacks of live coding.

5.1.1 Perceived Benefits of Live Coding. Our study highlights many
potential benefits and uses of live coding that have been previ-
ously discussed in the literature, including that live coding demon-
strates the coding process [18, 49, 52], that it helps teach debug-
ging [18, 40, 52], and that it teaches students how to apply program-
ming concepts in context [40, 52]. Our results add depth and nuance
to some of these benefits. For example, live coding is often perceived
as increasing student engagement [16, 40, 50, 52]; however, our re-
sults suggest that live coding is not a magic bullet for engagement,
but rather a source of potential participation opportunities to be cul-
tivated through an instructor’s pedagogical tactics (e.g., asking for
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predictions, collective debugging). Our results also highlight that
demonstrating errors in live coding is not only useful for teaching
debugging, but can also be an opportunity for instructors to intro-
duce and correct common misconceptions in an authentic context
(§ 4.1.3). Additionally, instructors may keep in mind the potential
affective benefits of live coding by showing students that errors are
normal parts of the programming process (§ 4.1.3) and cultivating
an exploratory and creative attitude towards programming (§ 4.1.5).

Through our analysis, we identified another benefit of live cod-
ing that is not widely discussed in the literature: its versatility [52].
Live coding can be adapted to many different styles of instruction:
instructors can use a flipped classroom approach [30] and spend
part of the lecture using live coding to demonstrate practice prob-
lems [37] (§ 4.1.2); instructors can introduce new concepts using
slides and then show examples with live coding (§ 4.1.2); instructors
can use computational notebooks to intersperse content with short
live coding examples (§ 4.2.1); or instructors can use live coding
to transition in or out of other active learning activities (§ 4.2.2).
Additionally, live coding may be particularly fitting for adapting
lectures to address student questions (§ 4.3.1), as instructors can use
live coding to test “what if” questions or construct demonstrative
examples on the fly.

5.1.2  Mitigating Drawbacks of Live Coding. Our study highlights
how instructors might mitigate some known drawbacks of live cod-
ing. For example, it is known that live coding can make it difficult
for students to take notes [16, 55, 62]. This drawback may be less
problematic if instructors do not introduce new concepts using live
coding (§ 4.1.2) and instead rely on slides, notebooks, or the white-
board to introduce new material (§ 4.2.1). Alternatively, instructors
might suggest an approach using code snapshots with annotations,
like P08 asked their students to do during their lectures (§ 4.4.1).
Another common challenge in live coding is that it can be difficult
for students to keep up with the pace of the lecture [16, 52, 55].
Instructors may partially address this by asking students not to type
along or, alternatively, asking them to type along, but reassuring
them that they will have access to the completed code after the
lecture, in case they run into errors or cannot keep up (§ 4.4.2).
Lastly, live coding can be time-consuming as a mode of lecture
delivery [40, 52, 68]. This effect may be compounded for instructors
who are not as comfortable with the material and have difficulty re-
covering from mistakes (§ 4.1.3). These difficulties may be partially
addressed by keeping backup code or by using the live examples
approach, making smaller modifications to prewritten code (§ 4.1.2).

5.2 Implications for Computing Education
Research

5.2.1 Theoretical Framing of Live Coding. Our results highlight
a variety of practices in terms of what is being live coded during
lectures. In this section, we briefly consider how this variation in
context can inform how we apply two theories commonly applied
to live coding: cognitive apprenticeship (CA) and cognitive load
theory (CLT) [52].

Consider the case where an instructor uses live coding to intro-
duce new concepts (§ 4.1.2). If the instructor’s primary goal is to
teach concepts and facts, rather than procedural knowledge, then
CA might not be as directly applicable [14]. On the other hand,
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CLT may help us reason about how the pacing and modality of
live coding might influence cognitive load and affect student learn-
ing [64]. Researchers have found mixed results comparing student
cognitive load during instruction using live coding versus static
code [48, 68]—future work may examine how contextual factors,
such as student prior knowledge, might influence these results.

We might also consider the case where the instructor’s main
goal is to teach a procedure or process (§ 4.1.4). CLT may still be
relevant—especially for well-defined procedures—but it does not
directly address how to solicit tacit knowledge. In contrast, CA
can provide insights into the types of tacit knowledge we hope to
impart, as well as guidance on the instructional methods that can
be used alongside live coding to do so [14].

5.2.2  Contextualizing Past Work and Exploring Future Directions.
Several recent studies have found no learning gains from live cod-
ing compared to presenting static code examples [16, 53, 55, 69].
Although our study shows live coding is used across the CS curricu-
lum (§ 4.1.1), the above studies were conducted in the context of
introductory programming courses using either Python [53, 55, 69]
or Java [16]. The efficacy of live coding in upper-level CS courses
remains underexplored. Additionally, none of the above works con-
trolled for student behavior, leaving open the question of whether
students should type along during live coding lectures (§ 4.4.1). Our
study highlights the variation in how instructors operationalize
live coding in their lectures, and future work can examine whether
some of these variations might lead to better results.

While our study (§ 4.1.4) and previous work [52] highlight how
live coding is valued for demonstrating process, recent studies
suggest that just observing the programming process via live cod-
ing may not be enough to alter students’ programming behav-
iors [53, 55]. Might there be a way to improve live coding to help
communicate and teach processes and procedures? Consider P14’s
approach to teaching test-driven development (TDD), where they
would live code an example while at the same time writing out on
the whiteboard (1) the three steps of TDD, and (2) a task list (§ 4.2.1).
Regarding (1), writing the steps of TDD on the board can be seen as
scaffolding to help students connect the live coding demonstration
with a more abstract process. Loksa et al. have shown how a simi-
lar metacognitive scaffold describing the problem-solving process
can help students in an asynchronous programming task [28], but
future work might explore the role of this type of scaffolding in
live coding lectures. Regarding (2), the task list can be seen as sub-
goal labels [9] for the programming task, an approach that can be
beneficial for students when learning from worked examples [34—
36, 38]. While live coding, instructors may already employ subgoal
labeling while thinking aloud through a problem (§ 4.1.4) or when
outlining their process in code comments (§ 4.2.1). Future research
might explore how subgoal labeling intersects with live coding, for
example, examining the efficacy of speaking aloud subgoal labels
compared to writing them in code comments or on a whiteboard.

Finally, our study highlights potential psychological benefits of
live coding, including that it might make students more comfortable
with making mistakes (§ 4.1.3) and that it might help foster an
exploratory and creative attitude around programming (§ 4.1.5).
Future work may explore whether live coding can foster a sense
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of belonging in students, increase student self-efficacy, or help
students develop a growth mindset.

5.3 Implications for System Designers

Our results can help inform the design of future systems that can
facilitate or improve CS lectures that use live coding. For example,
we found that many of the touchpoints for student participation
in live coding may not be fully taken advantage of (§ 4.3.1). Thus,
future work may consider how to solicit student participation dur-
ing live coding in a scalable way, perhaps allowing all students to
participate rather than just the ones most comfortable speaking out
during lecture (§ 4.3.2). While much work has examined how to
scale programming exercises in a live lecture context [11, 66, 72],
designers may consider how they can solicit student input in re-
sponse to the lightweight, ad hoc questions that arise during live
coding (§ 4.3.1).

Another opportunity is to design a system that helps students
take more effective notes during live coding. While this is the focus
of one recent study, that work examines live coding lectures that
focus on introducing new concepts rather than imparting lessons
about the programming process [33]. If instructors are trying to
teach effective programming processes, students may benefit from
some other representation that better encodes the progression of
code over time, especially as some instructors felt this was not fea-
sible to capture in student notes (§ 4.1.4). Designers might explore
different ways to represent code changes over time, such as version
trees [24, 32] or timelines [31, 71], that might be more amenable to
reflecting on process.

Finally, while many of our instructors found computational note-
books to be an effective choice for presenting live coding lectures
(§ 4.2.1), not all programming languages are well supported in the
notebook ecosystem (e.g., Java or C++). Wang et al. created Colaroid,
a computational notebook where code cells support a multi-file
snapshot of a coding project that links to an IDE [67]. While Co-
laroid was designed for asynchronous tutorials, designers may wish
to explore how a similar system might be useful for supporting live
coding instructors.

5.4 Limitations

Our work is exploratory and interpretive, so while our results may
provide a framework for characterizing how and why live coding
is used in the CS classroom, we cannot determine the frequency of
any of the strategies or opinions presented. Our participants were
largely US-based, which may influence our instructors’ experiences
and opinions. We did not observe our participants’ actual lectures,
which could make it difficult at times to understand exactly the
type of content that live coding was used to teach. Our analysis fo-
cused on characterizing practices broadly, though future work may
explore how each instructor’s live coding practice is influenced by
their underlying pedagogical philosophies and beliefs [29]. Finally,
our results only reflect the instructor perspective, and not that of
the students. We lack information on the efficacy of the different
lecture strategies and how students perceive them.
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6 Conclusion

In this work, we interviewed 22 instructors who use live coding in
order to gain a better understanding of how live coding is opera-
tionalized in general practice. We found that live coding is highly
versatile: it is used across the CS curriculum to introduce and ap-
ply concepts and to demonstrate the coding and problem-solving
process. We found instructors used live coding in conjunction with
other modes of lecture delivery like slides and whiteboards, and
that computational notebooks were a convenient option for instruc-
tors when available. Instructors valued live coding for providing
many opportunities for student engagement, but at the same time,
instructors found student participation to be lower than they would
have liked. Finally, we found that instructors had divergent opin-
ions on whether students should type along with them while they
live coded, and instructors viewed the selective release of course
materials, like the completed code from lecture, as an opportunity
to nudge students towards desired in-class behaviors. Our results
can help practitioners understand the many ways they can employ
live coding in their lectures. Additionally, our study points to future
directions for computing education research, including studying
live coding beyond CS1, examining the effects of live coding on
student affect, measuring whether typing along with the instructor
affects student learning, and exploring how to augment live coding
practices to better impart procedural knowledge.
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