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Abstract

This thesis explores the role of human factors in the realm of code critiquers and stu-
dents’ experiences with them. Across three studies, the work utilized Design Think-
ing to improve the user experience of WebTA for introductory engineering students
learning MATLAB. The first two studies gathered observational and interview data
to empathize, define, and ideate a new user interface (UI). Said UI was prototyped
and then tested with the third study. Overall, the surveys’ data suggests that most
students found the new design to be more appealing, useful, and purposeful; however,
there is still plenty of room for improvement. Additionally, analysis of student be-
havior while using WebTA is very suggestive of enhancing students’ learning. Future
work will include more robust usability testing, validation & further prototyping of
interactive help documentation, and the creation process of a dashboard for professors

to employ as an aid to their pedagogy.
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Chapter 1

Introduction

Human Factors/Ergonomics (HFE) and its related principles are the missing piece(s)
to modern code critiquers. HFE is a melting pot of various disciplines (e.g. psychol-
ogy, artificial intelligence, philosophy, engineering, etc.) and an autonomous science.
HFE operates solely in and around the link between humans and technology. Code
critiquers are software that analyze computer programs and output a report, typi-
cally on errors. Code Critiquers date back almost as far as coding itself. As soon as
computer scientists found a way to command a computer, they commanded it to help

them fix their work. My research is the marriage between the two.

The goal of this research is to upgrade the user experience of students’ while using a

code critiquer. This is done by revamping the user interface and implementing helpful



new features through the process of design thinking. This Ul was then compared to

the original design on its appeal, usefulness, and perceived fulfillment of purpose.

In this chapter, I will outline the background knowledge in which my research rests
atop. Starting with more the simultaneously more broad and more pedantic topic
of code critiquers. Then, I will detail how WebTA, the software that this research
helps develop and hone, was borne and currently functions. In this thesis, I will
discuss my contributions to improving students’ user experiences while using WebTA,
particularly in regards to its user interface. Chapter 2| outlines the typical user story,
or use case, of WebTA. Chapter [3|dives into the theory and rationale behind the work.
Chapter 4] examines the work done in the first/pilot study. Chapter [5] demonstrates
the improvements made with the re-imagined UI. Chapter [6] deliberates on the larger,
second study that evaluates the new design. Chapter [7| reviews the work overall, its

implications, and its limitations.

1.1 Code Critiquers & Related Terms

Over time, the terminology relating to code critiquers has shifted and can quickly
seem muddling. The major terms that relate to code critiquers and are important to
this topic include: Automated Feedback System, debuggers, linters, autograders, and

Intelligent Tutoring System(s). The best way to understand how all of these terms



Automated Feedback System

Code
Critiquer Linter

Autograder

Intelligent
Tutor

Figure 1.1: This venndiagram shows the relationship between terms relat-
ing to Automated Feedback Systems, code critiquers, and WebTA.

connect is shown in Figure[l.1] Automated Feedback System (AFS) is a superordinate
term for every other term present. A code critiquer is a special type of AFS. Both
debugger and linter are types of, and/or features of, a code critiquer. An autograder
is a type of AFS as well as a potential feature of a code critiquer. An Intelligent Tutor
System (ITS) is a type of AFS and a possible feature of a code critiquer. This makes
WebTA, the focus of this paper, an Automated Feedback System, code critiquer,

linter, and autograder.



1.1.1 Automated Feedback Systems (AFS)

The modern code critiquer stems from a category of systems that provide autonomous
responses (e.g. assessment or commentary) to a learners’ work, which are aptly named
Automated Feedback Systems (AFS). AFS’ exist and vary across numerous fields such
as computer science & all of its subfields, mathematics, public-speaking, and even
dance (Deeva et al., 2020). A code critiquer is a specialized AFS that only analyzes

and assists with computer programs, or code.

In a comprehensive literature review of published AFS’ from 2008 through 2019
(Deeva et all [2020), researchers classified these systems based on a series of multi-
faceted dimensions: 1) architecture, 2) feedback, 3) educational context, 4) evalua-
tion, and 5) terminology. Architecture refers to an AFS’ model of its domain, any
incorporation of expert knowledge, the type of data collected from students (e.g. in-
system behavior, open answer, etc.), the model for generating feedback, and how the
system is implemented. Feedback refers to the adaptiveness, timing, level of user con-
trol, and purpose of the assistance the system provides a learner. Education context
includes details on the domain, level of education, and setting (e.g. blended learning).
Evaluation connects the method of testing (e.g. student surveys), group size, and sta-
tistical analysis techniques (e.g. ANOVA). Terminology simply alludes to the words

and phrases the researchers observed authors using to describe the various systems.



For example, the most common phrase found was ”Intelligent Tutoring System”, in
which 35% of the papers within the review had in their abstract/introduction (Deeva
et al., [2020). Since code critiquers are a type of AFS, these classifications are able to

be applied.

1.1.2 Debuggers & Linters

Some of the earliest code critiquers were debuggers, which are programs to help find
errors within code. The 1980’s debugger, LAURA, is one such archetype (Adam
and Laurent| [1980). LAURA uses a graph model of a programming assignment re-
quirements to help students find semantic errors. Many debuggers execute the code
step-by-step with manually-set stops called breakpoints. It is a dynamic process. This
process of debugging (i.e. removing ”"bugs” from code) is often used to understand

discrepancies in logic and diagnose the exact point that a program may be incorrect.

Linters do not run the code. Instead, they analyze the source code as if it is text to
find errors and stylistic mistakes. It is a static process. This type of program can aid
in improving the readability of code on top of the detection of problems (Témasdottir

et al., 2017).



1.1.3 Autograders

Autograders are widely utilized both in and out of computer science education. They
are software that systematically provides grades to students’ work based on some pro-
grammatic rubric. Autograding computer code often involves assigning point values
on output correctness, time efficiency, and/or code style. The strictness of a rubric,
as with any field, usually depends on the level of expertise (or lack thereof) expected

from the students.

1.1.4 Intelligent Tutor Systems

Intelligent tutors, or Intelligent Tutor Systems (ITS), are dynamic, adaptive, and
often tailored. ITS’ contain a model representing the student’s behavior while engaged
in learning. This student/learner model is able to adjust to the student’s needs in

order to better support a student’s learning journey (Woolf, |2010).



1.1.5 Code Critiquers

The term code critiquer is a slightly less broad designation compared to its par-
ent, AFS. A code critiquer is a special type of AFS that only analyzes and com-
ments on code, be that high-level, low-level, or even blocky code (Greifenstein et al.|
2021, Von Wangenheim et al., 2018, Wang et al. [2021)) (i.e. code constructed with
GUI elements, or blocks). As such, code critiquer functionality varies greatly. Some
(auto)grade, some debug, some lint, and others incorporate intelligent tutoring. Each
encompasses its own distinct characteristics. Caesar at Massachusetts Institute of
Technology has a heavy social aspect that strongly encourages students to peer re-
view code (Tang, 2011)). LAURA (Adam and Laurent| 1980)), the debugger, is also a
code critiquer. Researchers at Queensland University of Technology proposed a code
analysis framework with a special “fill in the gap” type of programming assignment

(Truong et al., [2005). The subject of this paper, WebTA, is equally distinct.



1.2 WebTA

1.2.1 Progress Thus Far

Borne in 2020, WebTA originated as a Java code critiquer with linting and auto-
grading capabilities. It was developed with the purpose of assisting students within
an introduction to Java and programming course outside of the classroom (Ureel 11|
2020)). To this day, WebTA continues to grow more detailed and extensive. Foun-
dational steps have been made towards WebTA becoming a grouped system of code
critiquers under one user interface (Ureel 11, [2021). The beginnings of a Python cri-
tiquer are underway (Albrant et al., [2023c). Most prevalent, a MATLAB critiquer
has been introduced to an introductory engineering course and thoroughly examined

(Albrant et al., |2023b|, Benjamin et al., |2024, [Ureel II et al., |2022).



1.2.2 How WebTA Functions (For MATLAB)

1.2.2.1 Antipatterns, Good Patterns, & a Traffic Light

WebTA contains a database filled with antipatterns and good patterns. Antipatterns,
in this context, are common mistakes found in novice programmer’s code (Ureel 11|
2020)). These mistakes vary in severity of effect, importance, and programming lan-
guage. For instance, stylistic antipatterns, like Crammed/Crowded Operators (i.e.
missing spaces around operators like '=" and ’4’), are labeled as ”Warning” by
WebTA. It does not affect how the code runs, but instead affects the code’s readabil-
ity. It also exists for Java, MATLAB, Python, and arguably every other high-level
text-based language. Additionally, a semantic antipattern like Replacing Pi (i.e. us-
ing an unnecessary extra variable to contain the value of the number pi) can poorly
affect both the efficiency and memory within a program. Thus, it receives the label
of 7 Critical” by WebTA. This antipattern is most noticed in MATLAB but could be

present in Python and Java as well.

The counterpart of an antipattern is called a good pattern. This is coding behavior
that should be reinforced for novice programmers |Albrant et al. (2023a). A humor-
ously and anecdotally rare example of a good pattern is called Correct Comment

Block, where a student includes and properly formats their header comment block(s)



at the top of their source file with the required details.

To annotate the labels, WebTA uses a traffic light system of green, yellow, and red,
paired with the labels associated with its known patterns. Good patterns are green.

Warning antipatterns are yellow. Critical antipatterns are red.

During the course of this research, MATLAB WebTA had limited functionality, at
least in comparison to its predecessor. The Java WebTA can detect a wide variety of
patterns: style, syntax, logic, semantic, run-time & compilation errors, inefficiency,
etc.. The MATLAB WebTA, in its infancy state and due to the closed nature of the
language, could only detect syntax and style patterns using various forms of static

analysis.

1.2.2.2 Syntax Checking

In order to check MATLAB syntax, WebTA utilizes McGill’'s MATLAB Parser,
McLab (Casey et al. 2010). This allows the critiquer to detect syntax errors like
Unexpected Token. This error is has a large list of causes like mistyping, undeclared
variables, etc.. An example of this is in Figure|l.2, which demonstrates what a student

would see when this error is found in their code.

10
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1.2.2.3 Regex Based Static Analysis

Regular expressions, or regex, are a common tool for text analysis in order to search
and adjust. With the use of specific characters, regex can communicate complex
text-based patterns. One pattern that WebTA uses a regular expression to find is
Correct Comment Block. Students are required to put their program name, program

description, their own name, class section, and team number.

% Program Name: myprogram.m

% Program Description: What my program does and how and why.
% Name: Jane Doe

% Section: LOO

% Team: 03

The regular expression used to look for and check for this header comment block is:

(?7m) \A\s*),\s+Program Name:\s*(.+)\s*
Y\s+Program Description:\s*(% .*\s+)+\s*
%\s+Name: \s* ((["\s]+\s)+)\ ([T)T*\)\sx*
%\s+Section:\s*(\w+)\s*

%\s+Team: \s* (\w+) \s*

12



Even split up for a line-to-line comparison, that regular expression is dreadful to read.
Regex is inherently difficult for humans, even experts, to read. However, WebTA

happens to excel with it.

1.2.2.4 AST Based Static Analysis

Using a tree-like data structure, an Abstract Syntax Tree (AST) is a method of
representing code and its structure. WebTA utilizes an AST while linting as part of
its search for antipatterns and good patterns. The use of an AST allows us to detect
patterns that regular static analysis would be unable to find. The following code
exerts an excellent example. The code below will likely have a logic error due to the

floating-point number comparison.

12.42

Q
I

b

16.000008
while (a < b)

foo()

Corrected code would look something like this.

12.42

[\
Il

16.000008

o'
I
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epsilon = .05
while (abs(a - b) < epsilon)

foo()

1.2.3 Linter

Linting is the process of scanning code to find errors, style crimes, and other text-
based problems. The term itself is derived from the very first linter, called Lint
(Johnson| |1977). WebTA’s linting finds patterns like the antipattern Crammed Op-

erators. An example of this in MATLAB may look like:

for k=2:1length(t):

rmean=[rmean (t (k) +t (k-2)) /2]

end

A fixed version of the same code might look like:

for k = 2:length(t):

rmean = [rmean(t(k) + t(k-2)) / 2]

end

14



Chapter 2

Extended Example

2.1 User Work Flow

The expected, or typical, user work flow of students is as follows:

1. Student logs in.
2. Student selects course.
3. Student selects assignment

4. Student either selects previous critique to view or submits more code file(s) to

receive a new critique.
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5. Student reviews feedback.

6. Student changes code (outside of WebTA).

7. Student resubmits to WebTA.

8. Repeat until student is content with results.

Suppose for step four, the student submits the following MATLAB code as a ”.m”

file:

fprintf (Hello World!)

This code is an example the antipattern ” Missing Quotations (fprintf)”. In MATLAB,
unless a variable is involved, the text within an fprintf call must also have single or

double quotations around them.

The student would receive the following feedback:

Missing quotes around the format string.
See https://www.mathworks.com/help/matlab/ref/fprintf.html.

What are some good ways to remember to put quotes around the fprintf

format string?

The student should then fix and resubmit the following code:
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fprintf ("Hello World!")

The expectation is that students will be content with their code upon receiving a green
light from WebTA and correct output based on their assignment’s rubric. Figure 2.1
is a more visual and detailed way to view this process. From the Start node to the
Assignment Details node, the flow is straight forward and equates to the first four
steps highlighted previously. The more complex part of the flow occurs after a student
selects or submits a critique. From there, students can review the details that WebTA
provides. The student can review the submission details (e.g. date, time, etc.), use
the critique table and feedback messages to fix antipatterns in their code, and/or
download the source files of that submission. Lastly, they can submit again to repeat

the reviewing process until they are satisfied with the results.

2.2 WebTA’s Original Design

Figures through provide exemplar screenshots of WebTA’s original design
with a focus on specific features. Figure displays the very first page students will
see after successfully logging in: a grid-like list of the courses available for them to
see. Figure [2.3| shows an example of a course’s main page, which contains a list of
the existing assignments and their due dates. With Figure 2.4} a student sees the

assignment title, description, a file selector, and a submit/critique button. Figure
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Yes

Resubmit?
Login
Download .j IChange Code,
\ All | . (Outside) |
‘ Courses ‘ - -
| T Yes T Yes
No
No
Download? Fix Antipatterns
[ cnoose |
Course T T
‘ Download File(s) Critique Table Submission Details
‘ Assignments ‘
Yes
No
/ Review F
[ Choose |
| Assignment |

Choose/

Assignment Details i i
Submit Critique Details

& Previous Critiques }—' Crmque 4’{

Figure 2.1: This figure displays a typical user work flow of students using

WebTA.

showcases the same page as the previous screen shot, but now with the ability to

review previous critiques that WebTA has stored.

Figure displays the overall layout of what is called a ”critique page”

Every

critique page has four primary functions: show the submission’s details (Figure ,
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This figure is a screenshot of the first page students see after

logging in. It lists each course they have access to.

Figure 2.2
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communication skills. Through active, collaborative work, students work on
teams to apply the engineering problem-solving method to “real-world"

An introduction to the engineering profession and to its various disciplines.
Focuses on developing problem-solving skills, computational skills, and

ENG1101
problems.
417124, 12:00 AM
4/8124, 12:00 AM
419124, 12:00 AM
4110124, 12:00 AM

Due Date

e
=
=
&)
=
=

Assignment List
nment 2
nment 3
ignment 4

Name
Assignment 1
Assigr
Assig)
Assig

Figure 2.3: After selecting a course, students will see this web-page.

Assignment 2

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt
utlabore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation

ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in

in voluptate velit esse fugiat nula pariatur. Excepteur sint
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est

laborum.

[Browse... | No files selected.

Critique My Code

Figure 2.4: After selecting an assignment, the student will be met with a
web-page like this.
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Assignment 1

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt
utlabore et dolore magna aliqua. Arcu non odio euismod lacinia at quis risus sed vulputate.
Massa sed elementum tempus egestas sed sed. A lacus vestibulum sed arcu non odio.
Metus aliquam eleifend mi in nulla posuere. Pellentesque elit eget gravida cum sociis
natoque penatibus et. Vel fringilla est ullamcorper eget nulla facilisi. Arcu bibendum at
varius vel pharetra vel turpis nunc eget. Et netus et malesuada fames ac turpis. Cursus
turpis massa tincidunt dui ut ornare lectus sit. Scelerisque mauris pellentesque pulvinar
pellentesque habitant. Vel pretium lectus quam id leo in vitae turpis massa. Faucibus
scelerisque eleifend donec pretium vulputate sapien nec sagitis aliquam. Elit ullamcorper
dignissim cras tincidunt lobortis feugiat vivamus. Et egestas quis ipsum suspendisse.
Euismod lacinia at quis risus sed. Faucibus purus in massa tempor nec. Cursus sit amet
dictum sit amet justo. Arcu cursus vitae congue mauris rhoncus aenean vel elit scelerisque.
Ut morbi tincidunt augue interdum velit euismod. At consectetur lorem donec massa sapien
faucibus et molestie ac. Feugiat nibh sed pulvinar proin gravida hendrerit. Gravida quis
blandit turpis cursus in hac habitasse platea. Tempor orci dapibus ultrices in iaculis nunc

sed. Commodo sed egestas egestas fringilla phasellus faucibus scelerisque eleifend.

[ Browse... | No files selected

fitique My Code

View Previous Critiques

¥ Critique # 01 - Critiqued 001 Files - On 2024-04-07 23.09:27.0  lealbran
§ Crtique 02 - Critiqued 001 Files - On 2024-04-08 23:54:32 0  lealbran

§ Critique # 03 - Critiqued 001 Files + On 2024-04-08 23:54:44.0 - lealbran

§ Critique # 04 - Critiqued 001 Files - On 2024-04-08 2354:51.0  lealbran

Download all source files critiqued for this assignment.

Figure 2.5: This is what the same web-page as Figure but after a

student has submitted to WebTA at least once.

download the source files (Figure , and provide both a general summary (Figure

as well as a line-by-line breakdown (Figure of what WebTA found in the

code. Figure presents and example of the line-by-line breakdown can seem quite

overwhelming.
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WebTA Code Critique

Program: Assignment 1

Name: Laura Albrant

Created: 2024-04-07 23:09:27.0

Critiqued Files: example(1)m
[oovossosans e

Summary: EngTA found issues with your code. (See below.)

« There are 1 non-critical concerns about your code.
§ These issues should be addressed to make sure your code is robust and maintainable.

Critiques: example(1).m

# Code Critique

$ trusesvaraves

Source File Listing: example(1).m

Figure 2.6: After submitting code, or selecting a previous critique from
the list, the students will see this web-page.

Program: Assignment 1
Name: Laura Albrant
Created: 2024-04-07 23:09:27.0
Critiqued Files: example(1) m

Download source files from this critique.

Figure 2.7: This is a closer look at the feature of the critique page which
lists details about the submission as well as the button to allow students to
download all of the files within the critique.

Summary: EngTA found issues with your code. (See below.)

+ There are 1 non-critical concers about your code
§ These issues should be addressed to make sure your code is robust and maintainable.

Figure 2.8: This is a closer look at the feature which provides a general
summary on what WebTA found.

Critiques: example(1).m

# Code Critique

$ truseovaraien

Figure 2.9: This is a closer look at the feature which displays antipatterns
and good patterns found on a line by line basis.
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003

006

010

014

018

021

025

029

036

Figure 2.10:

% 1. Use a for loop to determine the sum of integers from 1 to 5 and store
the result in the variable, sum5.

for i = 1:5

% 2. Use a for loop that runs from 6 to 1 in steps of -1 that calculates
the factorial of 6 and stores the result in the variable fact.

for i = 6:-1:1

% 3. Use a for loop to determine the product of the first 10 positive, even
integers and store the result in the variable, even_prod.

for i = 2:2:20

% 4. Use a for loop to determine the expected temperature change of a 100 g
object made of silver

% The expected change in temperature can be calculated using the following
equation:

for i = 1:100

This is an additional example of Figure

! For readability and printability, lines of code should be less than

80 characters. This line was over 80 characters, please break it up
into two or more lines. For information about how to split up a line of
code, see

long-statements-on-multiple-lines.html
What affect do long lines have on code readability and programmer
fatigue?

§ Definition of i shadows a builtin function or constant.

! The system already knows about the imaginary number i. What
are the possible ramifications if you change the value of i? (Try it and

see what happens.)

! Keep each line less than 80 characters.

! Changing the value of the imaginary number i can have

unintended consequences.

§ Keep each line less than 80 characters.

! Changing the value of the imaginary number i can have

unintended consequences.

! Keep each line less than 80 characters.
! Keep each line less than 80 characters.

! Changing the value of the imaginary number i can have

unintended consequences.

to demonstrate

how quickly the critique table can become overwhelming to look at.
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Chapter 3

Theory & Rationale

3.1 Error Messages & User Interfaces: The art of
showing a student ways to improve

There is a clear art to teaching. Every teacher/instructor does their own interpreta-

tion of what some believe is best for their students. Code critiquers are, and should

be, no different. This is why I take how WebTA displays and describes the students’

patterns with great concern and care.

Due to the complexity and dynamic nature of WebTA, a blend of three human factors,

or ergonomic, viewpoints were/are required to properly analyze its user experience:
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corrective, preventive, and prospective ergonomics. Corrective ergonomics focuses on
“the problem to correct” (Robert and Brangier, 2009). In terms of WebTA, the ‘prob-
lem’ is the presence of antipatterns in students’ programs. Preventive ergonomics fo-
cuses on the system’s design, usually about design choices that minimize the chance
of human error by accounting for human ability, or lack thereof (Robert and Brangier,
2009). This flavor of ergonomics would try to pinpoint and resolve WebTA’s flaws
in its user interface. Finally, prospective ergonomics is defined as ”[an attempt| to
anticipate human needs and activities to create new artifacts that will be useful and
provide positive user experience” (Robert and Brangier, 2009). This is a framework

to analyze a learning environment, training process, in our case, a learning system.

The first problem space I noticed, either with common sense or insight from the pilot
study (Albrant et al 2023b), was the antipattern feedback WebTA was giving. Two
examples of the original design’s feedback can be found in Figure [2.9] and Figure
2.10l These messages can be described as ”functional but lacking”. They deliver a
message that contains a hint to a solution and a link to why this kind of pattern is an

antipattern. However, they don’t inform the student why it should matter to them.

While attempting to resolve this, I quickly realized that WebTA’s antipattern feed-
back functions just like error messages in code (Albrant et al., 2023al). Good error
messages are, among a few other things, relevant, actionable, user-centered, and cour-

teous (Oshana and Kraeling, [2013). Thus, one of my first steps of this redesign was
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to alter the wording for our known anitpatterns and this remains an ongoing process
(Albrant et al., 2023a). The following list encapsulates the mental schema I use to

adjust each critique message for antipatterns:

1. Five sentences or less

2. Antipattern named accurately & consistently

3. Student-centered & courteous antipattern description

4. Explanation as to why the antipattern is relevant to the students’ learning

5. Actionable hint to solve the antipattern

I set the maximum number of sentences a feedback message can have to five in order to
minimize cognitive load. Additionally, seven plus or minus two is the commonly held
"magic number” for how many items of information a person can hold in their working
memory (Baddeley et al.;[1994)). As the lower end of the magic number, five seems like
a good limit to use. Next, every pattern has a name in WebTA’s database. For the
sake of easier recall and communication, I find it is important for every antipattern
to have an accurate and consistent name; this is very similar to naming variables
while programming. When describing an antipattern to the student, the description
should be centered on their learning, or point-of-view, as well as courteous to them.
The description should never place blame or shame onto the student, purposefully

or not. Then, the message should contain a brief reason why WebTA searches and
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pulls focus to the given antipattern. This is intended to inform the student on the
relevancy to validate the learning in their mind. Lastly, WebTA is not intended to
grade the students or give them the answers to their problems. It’s primary purpose
is to gently guide them to best practices and debugging help in the recursive process
of programming. Therefore, the feedback message should give a hint on how to solve

the antipattern, not directly give the corrected code.

One example of this is with the Unused Variable antipattern (Fig. [2.9). Previously

the feedback/critique message was simply:

Unused variable a.

The new message is:

Unused Variable (a): There is a variable called a that has not been
used, yet. While having unused variables in your code will not hurt any
functionality, it can affect readability and efficiency. It is best to remove

it or put it to use.

As for the user interface, Figures through exhibit the overall look of WebTA’s
original design as well as highlight specific features that have been tackled through

this redesign. Explicitly, WebTA has four main features within its critique details

page: submission details (Figure [2.7), summary (Figure [2.8), critique table (Figure
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, and downloading critiqued files (Figure . Overall, the original UI of WebTA
can be described in a similar way as its error messages: functional with lots of room for
improvement, especially in terms of readability /accessibility and cognitive overload.
When it comes to readability and accessibility within the context of code critiquers,
the topic is not as thoroughly researched as it should be. However, Fathauer and Rao
2019 do share their experiences and general tips on how to be more accessible within
an automated feedback system. Through this, I was able to complete small steps
in the hopes of having a sizable impact, with the intention of making much larger
progress in the future. For example, efforts were made to use semantic HTML in
the website itself to improve usability with a screen reader. According to Fred Paas,
cognitive overload is when working-memory becomes ”overloaded” due to its limited
capacity and lifespan (Paas et al., [2010). There are three different types: intrinsic,
extraneous, and germane. Intrinsic cognitive load refers to the overloading caused by
the complexity of a topic being learned. Extraneous load relates to the external aspect
of the lacking nature of instructional materials while learning. Germane load is the
working memory resources, or lack thereof, to combat intrinsic load. Knowing this, is
it clear how WebTA’s original design contributes to cognitive overload; particularly
intrinsic as programming is a complex subject and extraneous as the original design
required improvement. Consulting Figure [2.10, when WebTA has spotted a large
quantity of antipatterns within the code, this design is quite difficult to visually

parse. A part of the new design involved chunking much of the critical information
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and allowing the user to hide said information until needed.

3.2 Research Question

The overarching question that leads me to this research is: RQ): How can I improve
WebTA for students? More accurately, I want to identify the exact areas of WebTA
that could cause students to not enjoy the application, not find it helpful, not fulfill
an intended purpose, or not find it relevant to them. To attempt to answer this, the
process of Design Thinking (Koh et al., [2015, Razzouk and Shute, [2012)) was imple-
mentedT the first course of action was to listen/observe the students and instructors
using WebTA (i.e. empathize and define). This was during the first of three stud-
ies (Albrant et al.. 2023c). Interviews with instructors for the course (i.e. Study 2)
further defined the problem space and aided in the ideation and prototyping phases
(Benjamin et al. [2024)). That insight, combined with my knowledge of human factors

principles and research, I

1. redesigned the user interface of WebTA with the goals of minimizing cognitive
overload and improving its aesthetic appeal as well as tested the new design

through the opinions of the students (Study 3),

2. will adjust the wording of feedback to students to be actionable, relevant, and

courteous (Oshana and Kraeling, 2013)), and,
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3. will incorporate extensive help documentation with a section for each known
(anti)pattern outlining its name, definition, why its a part of WebTA, and a

fix-it-yourself example.
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Chapter 4

Study 1

This paper was initially published in the 2023 conference proceedings of Frontiers in
Education, or FIE (Albrant et al., [2023b)). Assignments S17 and S22 are referred to

as assignments B and C in future chapters.

During this introduction, the MATLAB WebTA’s functionality did not extend past
static code-as-text analysis. Thus, it did not contain the functionality to catch every
type of antipattern, only some stylistic or syntactic ones that were previously detected
and stored within a database as regular expressions. One example, from MATLAB’s
style guide (Johnson, [2024), is commonly referred to as crowded operators. It is a
stylistic antipattern where a programmer does not put enough spacing around an

operator of any type.
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4.1 Problem Statement

FYE students often struggle with writing clean and effective code due to their limited
knowledge of coding conventions, best practices, and common programming pitfalls.
As a result, their code may be difficult to read, understand, and maintain. Instructors
face challenges in providing timely and personalized feedback to large numbers of stu-
dents to help them improve their coding skills. Additionally, FYE instructors most
commonly have backgrounds in engineering education. Although they have taken
a programming class or two, they are not computer scientists and are not trained
in CS education. Bridging the gap between computer science and engineering edu-
cation, there is a need for an automated tool that can analyze students’” MATLAB
code, identify antipatterns, provide immediate feedback, and suggest related improve-
ments. This paper addresses the problem by presenting the development and testing
of WebTA, a code critiquer specifically designed for FYE students using MATLAB,
aiming to enhance their coding skills and better prepare them for future engineering

courses and careers.
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4.2 Methods

The section encompasses several important aspects of the project, including the adap-
tation of WebTA software, beta testing interventions, data collection, evaluation mea-
sures, and data analysis. Each subsection provides unique insights into the modifi-
cations made, classroom interventions conducted, data collection procedures, evalu-
ation measures utilized, and the subsequent data analysis techniques employed. By
following this systematic approach, the effectiveness of WebTA in enhancing students’

coding skills and improving the quality of their MATLAB code is evaluated.

4.2.1 Adaptation of WebTA Software

The existing WebTA software, initially designed for computer science students learn-
ing Java [6], was modified to work with the MATLAB programming language. The
process required understanding the unique requirements of FYE students and iden-
tifying any coding conventions, best practices, and common programming pitfalls
relevant to MATLAB. The necessary adjustments were preemptively and concur-
rently made to the code critiquer algorithms to align with MATLAB programming
standards. Additionally, observers for the beta testing interventions kept a lookout

for any missed or new antipatterns.
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Summary: EngTA found issues with your code. (See below.)
« There are 2 non-critical concems about your code.

These issues should be addressed to make sure your code is robust and maintainable.
« EngTA identified 1 good patterns in your code.
This shows you are on the right path to mastering the craft of programming.
Figure 4.1: Yellow light with syntax error present in the code.

Summary: EngTA found no issues with your code.
« EngTAidentified 1 good patterns in your code.

g This shows you are on the right path to mastering the craft of programming.

Figure 4.2: Green light with no error present in the code.

4.2.2 Beta Test Interventions

Three beta test interventions were conducted in a classroom setting with a total of
52 FYE students. The students were introduced to WebTA by giving a demo on
how to use and navigate through WebTA by the instructors. The WebTA indicates
the syntactical and best practices errors with a “Yellow” light, logical or necessary
coding requirement errors with a “Red” light, and, code with no presence of error
gets a “Green” light. With “Red” and “Yellow” lights, students also receive the
necessary corrective actions to be taken to correct the code and progress towards get-
ting a “Green” light. Students were also instructed to submit a screenshot alongside
their MATLAB programming assignment for each intervention. The interventions
aimed to evaluate the effectiveness of WebTA in enhancing students’ coding skills

and improving the quality of their MATLAB code.
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4.2.3 Data Collection

Feedback generated by WebTA was collected during the beta test interventions to
assess the performance and impact of WebTA. The students’ MATLAB code sub-
missions were analyzed by WebTA, which identified common mistakes and provided
feedback and suggestions for improvement. The feedback generated by WebTA, in-
cluding the identified antipatterns and recommended code modifications, was recorded

for each student.

4.2.4 FEvaluation Measures

Various evaluation measures were employed to assess the effectiveness of WebTA.
The accuracy of WebTA in detecting coding errors and providing relevant feedback
was evaluated by comparing its feedback with manual code reviews conducted by
instructors. The improvement in students’ coding skills was measured by analyzing
the changes in the quality and readability of their MATLAB code submissions, labeled
by a traffic light system of severity. Furthermore, student surveys and feedback were
collected to gauge their perception and experience of using WebTA and its impact on

their learning process.
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4.2.5 Data Analysis

The collected data, including feedback from WebTA, instructors’ manual code re-
views, and student surveys, were analyzed to derive meaningful insights. Statistical
analysis techniques were applied to examine the effectiveness of WebTA in identi-
fying coding errors, improving code quality, and enhancing students’ coding skills.
The results were summarized and presented, highlighting the strengths and limita-
tions of WebTA and providing recommendations for its further improvement. The
combination of software adaptation, beta test interventions, data collection, evalua-
tion measures, and data analysis provides a comprehensive approach to evaluating
the performance and impact of WebTA as a code critiquer for FYE students using

MATLAB.

4.3 Experimental Results

The data collected by the three beta test interventions indicates improvement in
students’ coding styles and attention to syntax and programming best practices over
time (i.e. from 1st classroom intervention to the 3rd classroom intervention beta test
conducted). In the 1st classroom intervention, the majority of students received some

feedback on their initial code submission to WebTA. The comparison is done in the
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Comparison of Flags between S17 and S22

. sl7
. 522

Count

Red Yellow Green
Flag

Figure 4.3: Flag comparison in lab intervention with S17 and S22.

second and third lab interventions (i.e. S17 and S22 assignments).

Regarding flags, the authors observed patterns between the two assignments. In S17,
the majority of the initial submissions had a “Red” flag, indicating potential issues or
challenges. In S22, the number of “Yellow” flags was nearly halved and the number of
“Green” flags doubled. These trends most likely display how students became more
familiar with WebTA, MATLAB, or both, as many of them Additionally, observations
made during both of these class times insinuate that a number of the “Red” flags were
due to a strict assignment requirement regarding comments, not the presence of true

critical antipatterns. This was noted during both assignments.

When analyzing attempts (i.e. submissions by students in which they get feedback
from WebTA, the authors found interesting variations in student efforts). In S17,
some students made a high number of attempts, while others had relatively fewer

attempts. However, in S22, the attempts were more evenly distributed among the
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Comparison of Attempts between 517 and 522
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Figure 4.4: Comparison of the number of attempts taken by students for
S17 and S22.

students, indicating a more balanced level of engagement.

Overall, these findings suggest that the students demonstrated improvements in their
performance and engagement between S17 and S22. The decrease in “Yellow” flags
and increased “Green” flags attempts in S22 indicate a positive progression in student
performance and dedication to the assignments. These insights can inform future
instructional strategies and interventions to enhance student outcomes and promote

a more equitable learning environment.

To further evaluate the usability of WebTA, the authors collected surveys and feed-
back from students. Here are some insights on what the students think about the

ease of use and ease of navigation for the WebTA tool.

The majority of the students found the WebTA tool easy to navigate and easy to

use (Fig. and Fig. . The most important factor from the survey “What did
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Frequency Graph for How easy students find the WebTA software to use
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How easy students find the WebTA software to use (1: Easy - 5: Hard)

Figure 4.5: Ease of use of the WebTA.

Frequency Graph for How easy navigation from canvas to WebTA was for students
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Is the navigation from Canvas to WebTA convenient (1:hard - 5:very easy)

Figure 4.6: Ease of Navigation.
students learn with the help of the WebTA” or was the tool helpful for them was

thoroughly analyzed and to get the standard responses and compare for meaningful

insights on the usefulness of WebTA (Fig. @

It is evident that the majority of students found WebTA helpful with understanding or
rectifying the syntactical and/or formatting errors with MATLAB programming. The
contribution to category “Nothing” says that students either got a “Green” flag in the
first go or they knew about how to resolve the error without the help of WebTA. This

category holds the second highest importance because the graph represents survey
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Frequency Graph for Learnings from WebTA

Nothing
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Commenting
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Figure 4.7: Categorical representation of what students learned (self-
reported) from WebTA.

data collected from all three beta classroom interventions combined, demonstrating

that as students improved, they received positive outcomes in subsequent interven-

tions.

Overall, the initial data analysis and the experimental results show the great potential

of the WebTA tool in helping students learn and improve coding standards.

4.4 Conclusion and Discussion

The data collected from the three beta test interventions heavily indicate a great
improvement in students’ coding styles and adherence to syntax and programming
best practices over time. In the initial intervention, a majority of students received
feedback on their initial code, with 95% of students receiving “Yellow” or “Red” flags
indicating areas for improvement. However, with increased familiarity and experience

with the WebTA tool, the performance improved in subsequent interventions, with

42



an increase in the number of students receiving the “Green” flags on their initial code
submission. This demonstrates the positive impact of WebTA on the coding style of
engineering students with no prior coding background. Surveys and feedback from
students further support the usability and effectiveness of WebTA. The majority of
students found the tool easy to navigate and use, indicating its user-friendly nature.
Analysis of the survey responses confirmed that students perceived WebTA as a valu-
able tool in identifying and rectifying coding errors, with the majority attributing
their learning and improvement to its assistance. The results and insights obtained
from the data analysis and experimental outcomes affirm the great potential of the
WebTA tool in helping students learn and enhance their coding skills. The significant
improvement observed in students’ coding styles, coupled with positive feedback on
the tool’s usability and educational value, supports its integration into the curriculum
for FYE students using MATLAB. Further discussions can revolve around the impli-
cations of these findings for enhancing coding education, addressing any limitations

of the study, and exploring avenues for future research and improvements to WebTA.

The future scope of this project extends to exploring how the WebTA tool can assist
instructors in obtaining clean and effective code from novice programmers. By col-
lecting feedback from instructors, valuable insights can be gained to further enhance
WebTA’s usability and effectiveness from an instructor’s perspective. This would in-
volve incorporating features and functionalities that specifically cater to the needs and

preferences of instructors, making the tool more instructor-friendly. By aligning the
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tool with instructors’ requirements, it can better support their teaching process and
streamline the code evaluation and feedback process. Additionally, future research
could delve into evaluating the long-term impact of WebTA on students’ coding skills
beyond the first-year level, as well as investigating its potential application in other
programming languages and disciplines. These endeavors would contribute to the
continuous improvement and refinement of WebTA as a valuable tool for both stu-
dents and instructors in the realm of coding education. Furthermore, to gain more
comprehensive insights and evaluate the long-term impact of the WebTA tool, the
experiment will be extended to cover a full semester. This extended duration will
allow for a more in-depth analysis of students’ coding skills, progress, and the effec-
tiveness of WebTA over an extended period. Continuing the experiment for a full
semester enables the assessment of WebTA’s sustained impact on students’ coding
abilities, identification of challenges, and a comprehensive understanding of the bene-
fits and limitations of WebTA in supporting coding education for FYE students using

MATLAB.
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Chapter 5

WebTA’s Re-Imagined Design

Screenshots of the new design of WebTA are found in Figures [5.1] through [5.9) The
new design was aimed to improve five main features of WebTA: 1) assignment instruc-
tions & submission, 2) previous submissions/critiques, 3) critique details, 4) critique

summary, 5) and critique table.

5.1 Feature 1: Assignment Instructions & Submis-
sion

This feature (Figure is found when a student selects an assignment from the

list on their course’s main page. The new design (see Figure has four primary
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S11 IC MATLAB Temperature
Conversion

Due: 2023-02-20 05:00:00.0

Objectives
Our first program is going to be a single scriptthat does four things

1. collect user input of a temperature in Fahrenneit

2 convertthe temperature from Fahrenheit to Celsius,

3. conver the temperature from Celsius to Kelvin, and

4. printout the temperatures, each on thelr own Iine, wih two piaces after the decimal.

Background
“The equation to convert from a 10 n eq e csC=(F-32)- (E)

e squaton o convet o 2 Cetss measurement €, toan equvaent temperaure ke, €1 K = (F — 32) - (§) +273.15

Instructions
« Open MATLAB and Create a New Script
« Start wih the following file header

fon for every fine of code

Iction) 1o get the temperature n Fahrenheit from the user
o convert from Fahrennelt o Celsius and Kelvin.
= Your output (using fprint) should report back to the user the temperature converted to Celsius and Kenin.

Test Case

t

en
Ten
Ten

Submission Requirements:
« Submit your code to WebTA 1o check your coding style. Make note of any feedback you have regarding WebTA and fil out this survey.

« Take a screen capture showing your results
« Submit your screen capture (jpg) and your MATLAB code (m fl)

ey —

Critique My Code.

Figure 5.1: After selecting an assignment, the student will be met with a
web-page like this.

changes: 1) a ”submit” button near the name of the assignment that, when clicked,
will automatically scroll them to the actual submit/critique button, 2) the removal
of the large traffic light image, 3) a more blatant (bright blue) design to the critique

button, and 4) the addition of displaying the assignment’s due date just below its

title.

5.2 Feature 2: Previous Submissions/Critiques

This feature (Figure is found when a student selects an assignment from the list

on their course’s main page that they have already submitted to at least once. The
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Previous Critiques

Critique # User Date/Time Files Antipatterns Good Patterns Result

01 ureel 2024-02-19 18:51:29.0 001 0 1 . )
Green (Good)

02 ureel 2024-02-19 18:52:23.0 001 2 0 . )

Red (Gritcal)

Figure 5.2: After a student has submitted to WebTA at least once, this
table appears below the ”Critique” button.

new design (Figure [5.2)) revised the original’s condensed list of links to be a table
that is more readable and provides a bit more information about each critique in the

table.

5.3 Feature 3: Critique/Submission Details

This feature is contained within the individual critique pages (Figure . The new
design groups the critique page into three different parts, as opposed to one, typi-
cally long page (Figure . The details of the critique (e.g. user, submission time,
assignment name, etc.) mostly remain in a similar place, except the assignment’s
name, which was moved above as the page’s title. Additionally, a larger traffic light
icon was placed in line with the details labeled ”Overall Result” to bring that to a
students’ attention sooner. Lastly, a comment box was added to allow for students

to provide feedback directly to researchers.

The ability to download files, another aspect of this feature, was moved to its own

section (Figure . Moreover, the ability to download a subset of source files, as
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Critique of submission for assignment: S11 IC MATLAB Temperature Conversion

Submission Details

Overall Result Name: Leo Ureel Please contact me about:
Submitted: 2023-03-16 16:34:39.0 Select One... v

Files Critiqued: F2K.m Send Email

Good Work!

Figure 5.3: The ability to download source files has its own section as well
as the ability to download select files, instead of all or one.

Critique of submission for assignment: S11 IC MATLAB Temperature Conversion

1 [ T

Choose Files to Download

Select All

@ F2Km

Download Selected

Figure 5.4: The ability to download source files has its own section as well
as the ability to download select files, instead of all or one.

opposed to all or one at a time, was added through the use of a list of check boxes.

5.4 Feature 4: Critique Summary

This feature is contained within the individual critique pages and placed just be-
low the critique details section (Figure . This new design aims to condense the
original’s bullet point list with multiple sentences to a table with numbers and their
explanations separated by columns. The goal of this is for students, after they un-

derstand what the traffic light color represents, can more easily ignore the lights’
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Critique of submission for assignment: S11 IC MATLAB Temperature Conversion

Submission Details

Overall Result Name: Leo Ureel Please contact me about:
Submitted: 2023-03-16 16:34:39.0 Select One... v
Files Critiqued: F2K.m Send Email
Groon Light y

Good Work!

Patterns Found

Severity Count Description

1 Green Lights indicate that WebTA found a good pattem
in your code, which often means a best practice Was
found.

Green (Good)

0 Yellow Lights indicate that WebTA found a noncritical
antipatter in your code. This typically means you
should double-check your style and/or syntax.

0 Red Lights indicate that WebTA found a critical
antipattern in your code. This typically means your code
might not run the way you would want or there is
missing requirement from this assignment.

Red (Critical)

See the Critique Table for more information.

Figure 5.5: After submitting code, or selecting a previous critique from
the list, the students will see this web-page.

descriptions as it becomes unnecessary for them to read. In turn, they can focus on

the numbers more.

5.5 Feature 5: Critique Table

This line by line breakdown of the students code received an upgrade by minimizing
the amount of information shown at first (Figure . Instead of listing all of the
found patterns in the rightmost column of the table for every line, the details for
every pattern found gets effectively hidden. Every line of code gets a traffic light in

the right most column. A green light can indicate the absence of any antipatterns
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Critiques: example(1).m

# Code Critique

000 fora=-1:10 F vnused variable a

Figure 5.6: This is a closer look at the feature which displays antipatterns
and good patterns found on a line by line basis.

for i = 1:length(t)

. Replacing i

The system already knows about the imaginary number i. What are the possible ramifications if you change the
Red value of i? (Try it and see what happens.)
(ciital)

Shadowing

Definition of i shadows a builtin function or constant.
Yetiow
(warning)

Figure 5.7: When a student clicks on a row that contains a critical an-
tipattern, the row will expand in this fashion.

014 T(i) = 20 + ( 98 - 28 ) * exp( -0.056 * t(i) ); -

elow (Waring)

LooplnvariantComputation

Consider computing (98 - 20) outside the loop.
Yelow
aming)

LooplnvariantComputation

Consider computing (-0.056) outside the loop.
Yellow
(Warning)

Figure 5.8: When a student clicks on a row that contains a warning an-
tipattern, the row will expand in this fashion.

or the presence of a good pattern. The lines of code with at least one pattern gain
a "down caret” to the right of its traffic light icon, which universally indicates the
container can be expanded. Upon expansion, that row will be highlighted in a color
that matches its overall status/light. A list of all patterns present gets revealed below
the now highlighted row. Examples of expanded rows are within Figures through

5.9] This feature’s redesign is the key area for reducing cognitive load for the students.
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%% Program Name: myprogram.m

Correct Comment Block

Good job, Jt
Green  You correctly formatted the source file header comments.
(Good)

Figure 5.9: When a student clicks on a row that contains a good pattern,
the row will expand in this fashion.
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Chapter 6

Study 2

6.1 Introduction

With this first iteration of design thinking, this second study’s purpose is to test the
new user interface. DT’s test phase involves ” getting feedback, modifying the design,
reevaluating it, and making a decision to accept or reject the modeled idea” (Raz-
zouk and Shute) 2012)). This study outlines the feedback and evaluation portions,
then discusses future modifications and the decision of accepting/rejecting certain
features. The goal of this evaluation is to determine if the new design’s aesthetic
appeal, perceived sense of usefulness and purposefulness is better to students in com-

parison the original design as well as formally review WebTA’s overall usability and

93



user experience as well as its learnability.

6.2 Methods

6.2.1 Training

To close a gap in antipattern knowledge, I designed a training session based in the
Interactive, Constructive, Active, and Passive (ICAP) framework that was carried
out before WebTA'’s integration for the semester of Spring 2024. The training was
conceived to be open-ended and encourage a two-way flow of information between us
researchers with the professor and teaching assistants for the course Benjamin et al.
(2024)). The instructors learn how best to utilize patterned language and WebTA as
a tool. Researchers record the session to analyze and receive an even better under-
standing of instructors’ perceptions of the project and ways in which WebTA can

improve.

6.2.2 Survey Instruments

To evaluate the students’ opinion on the redesign and general usage of WebTA, two

surveys were distributed to the students of ENG1101. The first survey uses A/B
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testing to directly compare the old design to the new. It provides screenshots of the
above features in old design and my design of WebTA. For each feature presented,
three questions are asked. 1) Which of the two interfaces do you find to be more
appealing? 2) Which of the two interfaces do you find to be more useful? And, 3)
Which of the two interfaces do you find to fulfill the described purposes better?. The
second survey utilizes questions from the the User Experience Questionnaire, or UEQ
(Schrepp et al., [2017). This questionnaire consists of 26 seven point scales with end-
points like “attractive” to “not attractive”. I hypothesize that the first survey will
reveal students finding “Design B” (i.e. the redesign) to be more appealing, more
useful, and equally purposeful. The second survey will unveil students’ generalized
perceived drawbacks of WebTA’s user experience in which I can address. By com-
bining a training session with the instructors and revamping the design of WebTA,
I aim to improve the students’ overall user experiences. In doing so, it can improve

their learning and encourage a passion for programming in MATLAB.

6.2.3 Student Behavior Data

Across all three semesters, WebTA collected the following data (and more) on every
submission: 1) the date and time of submission, 2) details of every pattern found
within the code submitted, 3) the overall status (i.e. highest severity of the patterns

found), 4) the identifier for who submitted, 5) and the assignment the submission is
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for. This data was compiled to inspect, compare, and contrast students’ behaviors
while using WebTA across all the three semesters. The analysis’ results suggest that

student behavior remained relatively similar.

6.3 Results

6.3.1 Survey Instruments

6.3.1.1 A/B Testing

This survey’s results are shown in Figure through Figure [6.8] Overall, students
heavily leaned towards a preference with Design B (i.e. the new UI) for appeal,

perceived usefulness, and perceived purpose fulfillment.

Figures through possesses four graphs that display the total counts of answers
(i.e. 7A” for the original design, ”"B” for the new design, or "They are equal”)
across all five of the UI features highlighted by the survey and this paper. Figure[6.1
shows the count of the summation of all three qualities (i.e. Appeal, Usefulness, and
Purpose) across all five features. With a total possible count of 300 (5 features/Q’s

x 60 students), the number of all "B” answers for the three qualities per feature is
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Design Preferences Across All Features by All Qualities

90 -

60 -

54
32
30-
20 i
0- .

count

17

Original Neutral New
preference

Figure 6.1: This graph shows the count of students’ preferences across all
five features grouped by the sum of all three qualities (appeal, usefulness,
and purpose) asked about. For example, if a student chose Design B/New
for all three qualities of Feature 1, that adds to the far right bar, marked
"New” in the X-axis.

greater than 90. This implies that the majority of students prefer the new design’s
version of the five features in terms of appeal, usefulness, and fulfillment of purpose.
Figure shows that over half (; 150) of the responses to questions asking which
design is more appealing chose the new design. Figure [6.3] a very similar trend.
Although, Figure has less neutrality (i.e. "They are equal” answers) than Figure
[6.3] Finally, Figure [6.4] reveals that the same proportion of students view the new
design as equally fulfilling its features purposes as those who view the new design as

fulfilling the features’ purposes better than the original design.
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Design Preferences Across All Features by By Appeal

150 -

100 -

count

Original Neutral New
preference

Figure 6.2: This graph shows the count of students’ preferences across all
five features for the appeal quality. For example, if a student chose Design
B/New for all five features on their appeal questions, that adds a count of
five to the far right bar, marked ”New” in the X-axis.

Figures through contain four graphs that separate out the distributions of
the answers by the individual features. Figure reveals that features #2 (Previous
Submissions/Critiques) and #b5 (Critique Table) are the most neutrally rated across
appeal, usefulness, and purpose. Figure demonstrates that across all features,
students strongly preferred the new design’s appearance over the old one. Features #1
(Assignment Instructions & Submission) and #4 (Critique Summary) show the most
preference to the original design’s appeal. Upon coding the follow-up questions’ (i.e.
“What about that design is more appealing?”) responses, majority of the students

who preferred the original design enjoy the image of a traffic light on the assignment
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Design Preferences Across All Features by Usefulness

156

150 -

100 -

count

Original Neutral New
preference

Figure 6.3: This graph shows the count of students’ preferences across
all five features for the usefulness quality. For example, if a student chose
Design B/New for all five features on their usefulness questions, that adds a
count of five to the far right bar, marked "New” in the X-axis.

page. Figure displays that for the first four features, students overwhelmingly see
the new design as more useful. However, feature five (critique table) is perceived as
useful as the original. Figure [6.8 shows a similar trend with feature 5 as Figure [6.7]

Except, feature #1 joins that trend of equality /neutrality as well.

Comprehensively, the survey’s results strongly indicate that, on average, students
view the new design to be more appealing, more useful, and better fulfills its purpose

than the original design.
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Design Preferences Across All Features by Purpose

125- 123

100 -

75-

count

50 -

Original Neutral New
preference

Figure 6.4: This graph shows the count of students’ preferences across all
five features for the purpose quality. For example, if a student chose Design
B/New for all five features on their purpose questions, that adds a count of
five to the far right bar, marked ”New” in the X-axis.

6.3.1.2 User Experience Questionnaire

The researchers of the UEQ provide a resource, in the form of a Microsoft Excel sheet,

to aid in the analysis the UEQ’s answers (Schrepp et al., [2017). Figures [6.9] through

[6.17] contain the outcomes of utilizing said resource.

Figure displays the average score/value given for each of the 26 questions, or items.

The majority of the items show that, on average, students rated WebTA positively
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Distribution of Design Preferences Per Feature By All Qualities

factor(feature)
0 -
B
[ E
B -
Lls
1 2 3 4 5

feature

MNew -
Meutral -

preference

Criginal -

Figure 6.5: This violin plot shows the distribution of students’ preferences
between the old (A) UI design and the new (B) UI design. It is broken down
by the five features, as mentioned in the above paragraph, focused on in the
redesign and the summation of all three qualities (appeal, usefulness, and
purpose).

but almost neutral. The worst rated items include: boring/exciting, usual/lead-
ing edge, demotivating/motivating, unattractive/attractive, and unpredictable/pre-
dictable. The most concerning from that list is students viewing WebTA as neutral
when it comes to motivation. The best rated items include: not understandable/un-
derstandable, slow /fast, complicated/easy, not secure/secure, impractical/practical,
and cluttered/organized. While not secure/secure may not wholly apply to WebTA,
it is very encouraging for all of these items to be rated, on average, above a 1 (i.e. 4

out of 7) on the scale.

Figure [6.10] shows the distributions of the answers per item. This demonstrates

more clearly which of poorly rated items were due to neutrality or a more negative
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Distribution of Design Preferences Per Feature By Appeal

New -
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Figure 6.6: This violin plot shows the distribution of students’ preferences
of appeal quality between the old (A) UI design and the new (B) UI design.
It is broken down by the five features, as mentioned in the above paragraph,
focused on in the redesign.

Distribution of Design Preferences Per Feature By Usefulness

New -
factor(feature)
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Meutral - = j
o -
s
Criginal -
3 4 5
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Figure 6.7: This violin plot shows the distribution of students’ preferences
of usefulness quality between the old (A) UI design and the new (B) Ul
design. It is broken down by the five features, as mentioned in the above
paragraph, focused on in the redesign.
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Distribution of Design Preferences Per Feature By Purpose

MNew
factor(feature)
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Figure 6.8: This violin plot shows the distribution of students’ preferences
of purpose quality between the old (A) UI design and the new (B) UI design.
It is broken down by the five features, as mentioned in the above paragraph,
focused on in the redesign.

perception. For example, usual/leading edge is more neutrally rated than demotivat-
ing/motivating, which has relatively even proportions between negative and positive

rating.

Figure discloses the average answer based on the UEQ’s six scales (i.e. At-
tractiveness, Perspicuity, Efficiency, Dependability, Stimulation, and Novelty). This
shows that of the 26 items, those that relate to efficiency and perspicuity (or clearness
of WebTA) are what WebTA has the most of. In contrast, WebTA still has quite a

bit of room for improvement in terms of stimulation and attractiveness.
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Mean value per Iltem

-3 -2 -1 0 1 2 3

annoying/enjoyable

not understandable/understandable
dull/creative

difficult to learn/easy to learn
inferior/valuable
boring/exciting

not interesting/interesting
unpredictable/predictable
slow/fast
conventional/inventive
obstructive/supportive
bad/good

complicated/easy
unlikable/pleasing
usual/leading edge
unpleasant/pleasant

not secure/secure
demotivating/motivating
does not meet expectations/meets expectations
inefficient/efficient
confusing/clear
impractical/practical
cluttered/organized

unattractive/attractive

unfriendly/friendly

conservative/innovative

Figure 6.9: This bar graph shows the average answer of students for each
of the 26 items that the UEQ looks at.

6.3.2 Student Behavior Data

For the following analysis, the three intervention assignments for the Spring 2023
will be called A, B, and C. The three assignments for Fall 2023 will be D, E, and F.
Then, the three assignments for Spring 2024 will be G, H, I. Table|6.1|shows a general

overview of the submissions made by students across the assignments/semesters.
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Distribution of Answers per ltem
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Figure 6.10: This bar graph shows the distribution of students’ answers
for each of the 26 items that the UEQ looks at.

o B, N W

Figure 6.11: This bar graph shows the average students’ answers for each
of the six scales that the UEQ looks at.
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|

Submissions By Assignment

|

Assignment \ Total \ Min \ Max \ Median \ Mean
Spring 2023

A 21 0 7 0 0.32

B 281 0 12 4 4.32

C 172 0 10 2 2.65

Fall 2023

D 262 0 10 1 1.76

E 107 0 6 0 0.72

F 438 0 17 2 2.94
Spring 2023

G 133 0 8 1 2.33

H 93 0 9 1 1.63

I 87 0 9 1 1.53
Table 6.1

A breakdown of submissions for each assignment.

6.3.2.1 Spring 2023

As table shows, the Spring 2023 semester has an assignment (A) with a tenth to
a fourth of the submissions compared to the other assignments. This is due to an
unexpected time constraint during the class period, which led to only a handful of
students submitting to WebTA. In tandem, the low submission count can cause the
assignment to seem like an outlier in weird instances. For example, assignment A is

the only assignments with a mean number of submissions per student be less than

0.5.

Figure graphs the number of patterns found in students’ submissions over time,

color-coded by assignment. The thick lines show the mean number of patterns found
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Spring 2023: Pattern Count & Mean Across Submissions

40-

Assignments
A
B
C

Pattern Count

20-

1 2 3 4 5 6 7 8 9 10 1" 12
Submission Number

Figure 6.12: This data is from the Spring 2023 semester. Each thin line
on this graph represents the number of patterns found across a student’s
submission(s) for a given assignment. The X-axis of submission number acts
as time. The colors differentiate which assignment and the thick lines display
the average across students at that submission/attempt number.

for a given submission number per assignment. Table [6.2] shows the results from a
simple linear regression model on the thicker, mean lines from Figure[6.12] This table
reveals with good confidence (p < 0.007) that the slope of assignments A, B, and C
are slightly negative. It is also clear that assignment B had some outlier students

who received a hefty number of found patterns and made that their last submission.

’ Linear Regression of Mean Per Assignment ‘

Assignment | Estimated Coefficient | p-value
A -0.5746 p < 0.001
B -0.2879 p < 0.001
C -0.2806 p = 0.006
Table 6.2

The estimated coefficients and p-values of linear regression on the mean

lines from Figure

Figure [6.13]| shows the distribution of the number of submissions made by students.

The closest assignment to a normal distribution is assignment B. However, all three
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Spring 2023: Distribution of Submissions Per Student By Assignment
125~

Number of submissions per student

_ —

. ‘ |
0.0- —_—— .

1 2 3
Assignment

Figure 6.13: This data is from the Spring 2023 semester. This boxplot
shows the distribution of the number of attempts/submissions that students
made per assignment.

assignments are skewed towards zero submissions.

Figure observes ratio of a pattern’s presence over students’ submissions (time).
For example, in the X number of students that reached 12 submissions (in all three
assignments) around 50% of those submissions contain the “Correct Comment Block”

pattern.

6.3.2.2 Fall 2023

This semester is peculiar compared to the other two as, at Michigan Technological
University, there is a significantly higher number of students that join the school in
the Fall than the Spring. This means that this semester had a significantly larger

class (i.e. more likely to get WebTA submissions) that the Spring semesters.
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Percentage of Patterns Present across Student Attempts
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Figure 6.14: This series of bar charts shows the ratio of students whose code
contained the given pattern at the given submission number. For example,
in the Spring 2023 semester, no students that made 10 or more submissions
had the ”Comma without a Space” antipattern by their 10th submission.

Figure [6.15| graphs the number of patterns found in students’ submissions over time,

color-coded by assignment. The thick lines represent the mean number of patterns

found for a given submission number per assignment. The average student has a

negative slope or a rather flat slope. Table [6.3 shows the results from a simple linear

regression model on the thicker, mean lines from Figure [6.15] This table reveals with

good confidence (p < 0.001) that the slope of assignment E is negative.

|

Linear Regression of Mean Per Assignment

|

Assignment | Estimated Coefficient | p-value
D 0.6825 p = 0.018
E -0.6464 p < 0.001
F 0.4260 p = 0.008

Table 6.3

The estimated coefficients and p-values of linear regression on the mean

lines from Figure
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Fall 2023: Pattern Count & Mean Across Submissions
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Figure 6.15: This data is from the Fall 2023 semester. FEach thin line
on this graph represents the number of patterns found across a student’s
submission(s) for a given assignment. The X-axis of submission number acts
as time. The colors differentiate which assignment and the thick lines display
the average across students at that submission/attempt number.

Fall 2023: Distribution of Submissions Per Student By Assignment

Number of submissions per student

Assignment

Figure 6.16: This data is from the Fall 2023 semester. This boxplot shows
the distribution of the number of attempts/submissions that students made
per assignment.

Figure [6.16| shows the distribution of the number of submissions made by students.
The closest assignment to a normal distribution is assignment B. However, all three

assignments are skewed towards zero submissions.
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Percentage of Patterns Present across Student Attempts
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Figure 6.17: This series of bar charts shows the ratio of students whose code
contained the given pattern at the given submission number. For example,
in the Fall 2023 semester, no students that made 11 or more submissions
had the ”Comma without a Space” antipattern by their 11th submission.

Figure observes ratio of a pattern’s presence over students’ submissions (time).
For example, in the X number of students that reached 16 or 17 submissions (across all
three assignments) 100% of those submissions contain the “Correct Comment Block”

pattern.

6.3.2.3 Spring 2024

Spring 2024 is the semester in which students began using the re-imagined design of
WebTA. Due to similar class sizes, it is easier to make more direct comparisons and

contrasts between this semester and Spring 2023
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Spring 2024: Pattern Count & Mean Across Submissions
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Figure 6.18: This data is from the Spring 2024 semester. Each thin line
on this graph represents the number of patterns found across a student’s
submission(s) for a given assignment. The X-axis of submission number acts
as time. The colors differentiate which assignment and the thick lines display
the average across students at that submission/attempt number.

Figure graphs the number of patterns found in students’ submissions over time,

color-coded by assignment. The thick lines show the mean number of patterns found

for a given submission number per assignment. Table [6.4] shows the results from a

simple linear regression model on the thicker, mean lines from Figure[6.18] This table

reveals with good confidence (p < 0.001) that the slope of assignments G and I are

negative.

’ Linear Regression of Mean Per Assignment

|

Assignment | Estimated Coefficient | p-value
G -1.3365 p < 0.001
H 0.1071 p = 0.587
I -0.6509 p = 0.003
Table 6.4

The estimated coefficients and p-values of linear regression on the mean

lines from Figure

Figure [6.19 shows the distribution of the number of submissions made by students.
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Spring 2024: Distribution of Submissions Per Student By Assignment

75-

50-

25-

Number of submissions per student

0.0~

1 2 3
Assignment

Figure 6.19: This data is from the Spring 2024 semester. This boxplot
shows the distribution of the number of attempts/submissions that students
made per assignment.

The closest assignment to a normal distribution is assignment B. However, all three

assignments are skewed towards zero submissions.

Figure observes ratio of a pattern’s presence over students’ submissions (time).
For example, in the X number of students that reached 9 submissions (across all
three assignments) none of those submissions contain the “Correct Comment Block”

pattern.

6.4 Discussion

While it is difficult to make broad statements on education-related research, especially

pilot data, this study still provides a sturdy base for a first iteration of design thinking.

73



Percentage of Patterns Present across Student Attempts
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Figure 6.20: This series of bar charts shows the ratio of students whose code
contained the given pattern at the given submission number. For example, in
the Spring 2024 semester, no students that made 7 or more submissions had
the "Line Length Over 80 Characters” antipattern by their 7th submission.

The key takeaways from this study include:

1. The average student prefers the aesthetics of the new design over the old design

(Figs. 6.2 [6.6).

2. The average student perceives the new design to be more useful than the old

design (Figs. [6.7).

3. The average student perceives the new design to fulfill the given purpose(s)

more than the old design (Figs. [6.8).

4. The overall usability and user experience of WebTA is seen in a neutral to

slightly positive light by students, though it does vary between students. (Figs.
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5. There is evidence of WebTA’s learnability with this pilot data as the average
student is able to decrease the number of antipatterns found in their code.

This is a trend found in multiple assignments across multiple semesters and two

different UT designs (Figs. [6.12] [6.15] [6.18} Tabs. [6.26.3][6.4)).

With ample the room for WebTA to grow, future modifications are necessary. There
are numerous minor changes that can make the process more efficient, such as a "re-
submit” button on individual critique pages— as opposed to how they currently have
to go back to the assignment page to submit more code. Following any modifications
will include additional testing. Each test phase will determine if that modification
and/or feature remains as part of WebTA. In regards to the five changed features
redesigned and tested in this thesis, the decision remains to accept them with the in-

clusion of minor changes and brand new features to be tested in the coming semesters.

5






Chapter 7

Discussion & Future Work

Chapter [ or Study 1, was first published in the 2023 conference proceedings of

Frontiers in Education, or FIE (Albrant et al., [2023b)).

7.1 Implications & Lessons Learned

This research demonstrates a concrete and earnest example of design thinking being
implemented in a higher-education setting. While it is only one full iteration of this
nonlinear process, this research lays out a template to a solid beginning to enhancing
student’ user experience with a code critiquer, regardless of the field of study it is

implemented in.

7



It also shows that applying HF principles and methods to the development and ap-
praisal of an autocritiquer should be a more utilized approach. Human factors is the
prevailing field when it comes to usability and user experience. Without comprehen-
sively analysis of students’ user experience with an auto critiquer, one cannot truly

understand the impact the autocritiquer has in a classroom.

A prime, anecdotal example of how human factors, specifically design thinking, aided
me in my research happened behind the scenes. Most of WebTA'’s researchers come
from a computer science background, including myself, while MATLAB WebTA is
implemented into an engineering course. The empathy and define stages of DT had
an unexpected side effect of highlighting notions from computer science that do not
necessarily transfer into the engineering space (e.g. the weight of learning code style).
In other words, my background in computer science actually worked against me at
first in the beginning of my research. My HF approach is ultimately what mended the
disconnect of understanding what computer science says and what the engineering

students required from this design.

7.2 Limitations

By implementing Design Thinking for this research, I entered a technically never-

ending, recursive process. Though, that easily describes all of research in the pursuit
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of knowledge. The two studies discussed in this thesis demonstrated a single cycle
of Design Thinking. Study 1 ( practices empathizing with students and defining
the their problem space through observational data. The prototyping ( occurred
concurrently with the first study and before the second study. Study 2 ( tested
through students’ self-reported preferences and logged behavior. The A/B Testing
and UEQ surveys imply that students greatly prefer the new design over the original.
However, there is significant room to improve as the majority of students where
neutral about their experience with WebTA, if not bored by it. While it is my
experience that there is always a chance of this opinion with any education tool, it is
vital to listen to students and find solutions when possible. The analysis of student
behavior across three semester is not conclusive, but rather extremely suggestive of

WebTA'’s usefulness to enhancing students’ learning while programming.

Nevertheless, there is another way in which my work may fall short. My work focused
almost purely on the students and improving their user experience. I did not put much
attention towards course instructors. As WebTA currently stands, our researchers are

the ones to prepare WebTA’s back-end for each assignment students must use it for.
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7.3 Future Work

My future work plans to amend this gap while simultaneously continuing the Design

Thinking process for the students’ UX. This includes:

1. robust usability testing with both students & instructors,

2. validation & further prototyping of interactive help documentation

3. continuation of rewriting/improving critique messages,

4. amending the lack of easy autonomy for professors to set up their assignments

on their own in WebTA,

5. creation of a customizable experience with WebTA’s pattern database, complete
with a machine-learning recommendation system for which patterns to check

for in an assignment,

6. and the creation of a dashboard for professors to employ as an aid to their

pedagogy.

At the time of writing this, the focus is on the points 1 - 3 to put into action first.
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