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ECS Web Lab: A Web-Based Solution for Equitable and
Engaging Web Development Education

Abstract

UCLA developed the Exploring Computer Science (ECS) curriculum to increase participation of
women and people of color in computer science, focusing on content comprehension,
inquiry-based learning, and educational equity. Initially launched in Los Angeles, ECS expanded
nationwide with NSF support. However, teachers in Milwaukee encountered challenges in
adapting the ECS curriculum, particularly Unit 3 on web development, due to virtual settings,
rising truancy, and Chromebook limitations. Many teachers opted for web-based alternatives with
automated coding activities, despite these being less effective for underrepresented students.
These platforms lacked project submission and feedback features, increasing teacher
workload.

In response, we developed the ECS Web Lab (ECS-WL), a Chromebook-compatible web tool
designed to facilitate HTML and CSS learning while preserving ECS’s core principles: CS
comprehension, inquiry-based learning, and educational equity.

ECS-WL integrates features such as an in-browser code editor using CodeMirror, secure HTML
sanitization with Dompurify, and real-time data management via Firebase. This tool enables
students to write, test, and submit code directly through their browsers, eliminating the need for
software installations and addressing logistical hurdles faced by educators.

To enhance ECS-WL’s pedagogical effectiveness, we revised Unit 3 of the ECS curriculum. The
modifications introduced assignments that encouraged students to create web pages based on their
personal interests and individual experiences, promoting equity and engagement. For instance,
students designed websites about their favorite restaurants or fictional businesses, allowing them
to express their identities and cultures authentically. These adjustments clarified guidance,
reduced ambiguity, and supported inquiry-based, student-driven projects.

During the 2023-2024 academic year, ECS-WL was piloted in five classrooms within the MPS
district, involving 242 students who created and submitted 755 unique web pages using 41
distinct HTML tags. Assessments of student submissions on the first two assignments revealed a
wide array of topics reflecting personal interests and unique perspectives. Students created
websites about local, chain, and fictional restaurants representing various ethnic cuisines, and a
diverse selection of books and movies. The Linguistic Inquiry and Word Count (LIWC) tool
showed that students added more personal content, authenticity, and references to their
motivations and lifestyles compared to the starter code, indicating deeper engagement and



incorporation of their experiences.

However, the pilot identified areas for improvement. Student engagement declined noticeably by
Day 9, before the introduction of CSS on Day 10, suggesting the curriculum’s length and
structure may be overwhelming. Teachers noted ECS-WL’s inability to customize the curriculum,
manage multiple classes, or facilitate group work. Presenting the entire 25-day curriculum at once
was daunting, and the absence of features like a class overview menu and language translation
options limited the tool’s accessibility and usability.

In response, we have implemented several enhancements to ECS-WL. Teachers can now edit
daily instructions for classroom customization. A system to hide complete and future days has
made the curriculum more flexible, allowing length adjustments. Features to distinguish between
different ECS classes taught by the same teacher and to group students for collaborative learning
have improved classroom management. An overview menu offers a comprehensive view of
student progress. Additionally, a personal workspace enables students to apply daily concepts to
their projects, fostering creativity. We will collect teacher feedback through surveys on
engagement, usability, curriculum adaptability, and student outcomes. Student progress will be
tracked through metrics like assignment completion rates and evaluations of submitted work. This
feedback will guide ongoing refinements to ECS-WL and the curriculum.

Introduction

To increase the participation of women and people of color in computer science (CS), UCLA
developed the ECS curriculum1 for use in the Los Angeles Unified School District. ECS serves
both as a high school introductory CS curriculum and a professional development (PD) program
for educators. ECS is built on three core principles: CS content comprehension, inquiry-based
learning, and educational equity2. This approach ensures that CS education is accessible and
engaging for underrepresented students, fostering a supportive and equitable learning
environment1. With the help of multiple National Science Foundation grants in the 2010s, ECS
spread to many other regions of the country.

The COVID-19 pandemic significantly impacted education globally beginning in 2020, propelling
a widespread shift towards remote work and education. Communities using ECS implemented
remote teacher workshops to address the challenges exposed by the pandemic3, but in Milwaukee
many teachers struggled with the transition, and ECS implementation rates began to drop sharply
in MPS. Our investigation uncovered multiple reasons that teachers were turning from the rigors
of ECS to competing alternatives. Teachers struggled to convert the rich group work of ECS into
virtual and hybrid modalities. Strapped for time, they found web-based curricular alternatives
with slick, pre-recorded instructional videos, and highly automated coding activities to be
alluring, despite the research showing lower engagement and success among precisely those
students most supported by ECS. Meanwhile, skyrocketing truancy rates in MPS (58% of
students chronically absent in 2021-22, attending less than 90% of school days4; MPS students
attended only 70% of the time) undermined sequential progression in coursework, especially in
curricula like ECS unit 3. Finally, while ubiquitous use of Chromebooks in MPS simplifies many
aspects of device administration, the difficulty in installing many kinds of standard software
presented additional challenges for teachers during web development (WD). As a result, many



teachers turned to websites offering valuable WD materials and coding environments requiring no
installation. However, these platforms lacked features for direct student project submission and
teacher project review, in effect further sapping scarce teacher time and effort.

Our challenge was developing a Chromebook-compatible web tool for HTML and CSS learning
that would directly address many of the logistical and pedagogical pain points raised up by our
ECS classroom practitioners, while still preserving the core aspects of the ECS curriculum’s
culturally-responsive and inquiry-led pedagogy. Our response was to build the ECS Web Lab
(ECS-WL) and its corresponding modifications to Unit 3 of the ECS version 9 curriculum and
PD. The new PD was deployed with teachers in October 2023, and ECS-WL was piloted by those
teachers in MPS classrooms in the following winter and spring. The deployment of ECS-WL is a
major prong in our efforts to re-engage and revitalize our ECS teacher community after the
challenges of the pandemic. In this paper we present the design and major features of ECS-WL
and evaluate the results of its pilot year in MPS.

The research questions guiding this experiment were:

1. Can students effectively utilize the ECS-WL tool to create and submit websites to their
teachers?

2. Do the assignments replacing existing ECS curriculum activities demonstrate cultural
responsiveness and provide opportunities for students to express their personal interests?

Prior and Related Work

Exploring Computer Science

In 2016, Chicago Public Schools (CPS) mandated CS as a graduation requirement 5. ECS course
enrollments at CPS rose significantly, from 3,165 in 2013 to 7,901 in 2017, and 15,220 in
20216.

The growing numbers of ECS teachers, students and schools have experienced numerous benefits.
A previous study found that 43% of ECS students enrolled in additional high school CS courses,
compared to only 26% of students who started with alternative classes7. Furthermore, a post-ECS
survey revealed a significant surge in student interest in learning more about CS, with 43%
expressing being “very interested,” up from 17% before the program began8. Students who have
completed CS courses, particularly ECS, also tend to earn higher grades in subsequent science
courses than students who have not completed CS courses9. A disparate impact analysis of the
statewide deployment of ECS in nearby Wisconsin showed that increased access to CS was
significantly greater in schools in the lowest socioeconomic quartile10.

ECS PD offers significant benefits for educators, with 91% finding PD sessions useful 2. Even
during COVID-19 remote implementations, 95% of educators reported that ECS PD strengthened
their understanding of inquiry-based teaching methods3.

The ECS curriculum is constantly being improved and extended, both by its original authors and
other stakeholders. The tenth edition of ECS is being released for the 2024-25 school year. The
MUzECS project11 introduced a low-cost module using Arduino Leonardo and a custom
block-based programming language, replacing the expensive module in the final unit of ECS



version 6. A unit on sewn electronic textile projects12 focused on iterative design in computational
thinking. Students engage in hands-on learning with programmable circuits using sensors and
actuators, helping them embrace mistakes and build understanding and resilience.

However, the curriculum’s impact on WD proficiency has been less pronounced for both students
and teachers. A study done in CPS found that students demonstrate the lowest mastery in WD
compared to other areas13. Another study tracking coaching interactions amongst ECS teachers
revealed that Unit 3 required the highest rate of coaching interactions14, underlining that this unit
frequently presents pain points for classroom practitioners.

Importance of Web Development

Debates took place in Milwaukee regarding the observed teacher shift away from teaching HTML
and CSS in ECS Unit 3. The decision to advocate for continuing the teaching of WD was driven
by several factors. WD offers students a platform to create diverse projects while gaining
foundational CS knowledge. Past instructors highlighted the transferable skills learned through
WD, and the fulfillment derived from creative autonomy and project ownership 15. Additionally,
research has demonstrated that using HTML and CSS in introductory programming courses
increased student engagement and retention by allowing them to create personalized web pages
16. This approach helped students grasp fundamental programming concepts in a meaningful way,
especially those with little prior experience.

Insights in Web Development Education

ECS-WL builds upon insights and effective strategies that have emerged from prior tools and
research. In one instance of an introductory WD course, students encountered challenges with
document types, embedding links and images, and understanding page layout, including
positioning and alignment17. This study also suggested that a WD course focusing on HTML and
CSS first and saving JavaScript for later may better serve students – particularly those without
prior experience – to avoid confusion and negative attitudes toward programming.

In WD, openHTML18 offered valuable insights as an educational tool. Its live previews helped
students quickly identify and resolve errors. However, browsers rendered buggy code correctly,
reinforcing misunderstandings. Combining live previews with validation and linting tools can
create a more robust educational framework, promoting accurate coding skills19.

Another study, also using openHTML, found that approximately 20% of student errors are due to
the complex rules dictating valid nesting of HTML elements, while 35% of errors are related to
simpler tag syntax mistakes. This underscores the importance of mastering both the fundamental
and intricate aspects of HTML syntax20. Despite its significant contributions to WD education,
openHTML was discontinued. The website remained accessible until April 16, 2016, before it
was taken down.

Web Development: Other Existing Tools

In the field of WD education, numerous modern tools and platforms have been established to
facilitate the learning process for students. These platforms provide comprehensive resources and
interactive environments that help learners grasp HTML and other web technologies. The
following are some notable tools that have significantly contributed to WD education:



Figure 1: Other Web Development Tools vs. ECS-WL

W3Schools21 is a popular WD learning platform with tutorials and references for HTML, CSS,
JavaScript, and other web technologies. It features interactive code examples and a “Try it
Yourself” feature for editing and executing code in the browser. The platform also includes
fill-in-the-blank exercises that engage users in active learning. However, these exercises only
accept one correct answer and lack personalized feedback. Extra exercises, quizzes, certifications,
and ad-free access require a subscription (see Figure 1).

Learn-HTML.org22 is a free tool for learning HTML and CSS through lessons with explanations,
examples, and interactive exercises. Solutions are revealed upon clicking a designated button.
However, the tool uses hard-coded solutions, limiting user personalization and providing minimal
feedback.

Codecademy23 is a well-known online learning platform that offers interactive coding courses on
various programming languages and web technologies. Codecademy’s engaging and interactive
courses feature hands-on exercises, quizzes, and real-world projects, all within a user-friendly,
gamified platform. While this tool provides only one solution to the exercises, it offers immediate
feedback on code submissions, helping students correct errors and understand their next steps.
However, it requires a subscription to access features beyond the lessons, such as quizzes and
projects.

Google’s Web.Dev24 is a comprehensive free resource covering a broad range of WD topics,
along with resources and tutorials on HTML and CSS. Web.dev includes articles, code examples,
and occasional interactive code labs. However, the labs only provide code demonstrations, not
guided projects, and the quiz feature offers no assessment or feedback on coding ability.



Methodology

Students in MPS use Chromebooks, complicating the process of installing third-party apps. As a
response, basic HTML/CSS compilation was implemented into ECS-WL, allowing students to
write and test their code directly in their browsers. To create an effective and accessible learning
environment, we relied on robust, user-friendly platforms: Firebase for database management,
CodeMirror for code editing, and Dompurify for enhanced security (see Figure 2 for platform
overview).

Firebase: Cloud-Based Database Solution

Firebase25 is a platform developed by Google for creating mobile and web applications. It
provides a variety of tools and infrastructure designed to simplify the development process.
Firebase’s database allows developers to store and synchronize data between users in real-time,
making it an ideal solution for applications that require instantaneous data updates.

Key features of Firebase include authentication and Cloud Firestore. Firebase offers a robust
authentication system, which supports various authentication methods, including email and
password, phone authentication, and third-party providers like Google and Facebook. For MPS
students, this means they can use their existing MPS-managed Gmail accounts for authentication,
streamlining the login process. Cloud Firestore is a flexible and scalable real-time NoSQL cloud
database. It offers live synchronization and offline support, providing a seamless user experience
even when connectivity is intermittent. Relying upon existing cloud tools for the development of
ECS-WL provides a more robust and secure tool than more homegrown solutions.

CodeMirror: Text Editor for Code

CodeMirror26 is an open-source JavaScript library that provides a versatile text editor specifically
designed for editing code. It supports a wide range of programming languages and offers various
features that make it a valuable tool for WD.

Figure 2: The Interaction of 3rd Party Tools within ECS-WL

Some of the key features of CodeMirror include syntax highlighting and line numbering. Syntax
highlighting helps users easily distinguish between different elements of their code, while line
numbering helps to more quickly identify and reference specific lines when debugging. These



features are crucial for both novices and experienced developers alike, as it makes the code more
readable and reduces the likelihood of errors.

During the development of ECS-WL, CodeMirror was implemented to enhance the HTML and
CSS coding experience for students. By integrating CodeMirror, students were provided with a
more sophisticated and user-friendly code editor.

Dompurify: Secure HTML Sanitization

Dompurify27 is a powerful library for sanitizing HTML and CSS to prevent XSS (cross-site
scripting) attacks. XSS is a vulnerability that allows attackers to inject and execute malicious
scripts in users’ browsers. Dompurify cleans user-generated content before insertion into the
HTML document, enhancing web application security.

Dompurify provides thorough sanitization by removing malicious code from HTML and CSS,
such as scripts, iframes, and embedded objects. This ensures code runs and outputs safely.
Additionally, Dompurify allows developers to customize the sanitization process by specifying
allowed and disallowed tags and attributes.

By using Dompurify, the ECS-WL website can ensure that all user-generated content is
thoroughly sanitized before being displayed, thereby protecting against potential XSS attacks.
Dompurify also allows only HTML and CSS code to run, blocking all JavaScript and any other
language from being run. This library ensures the output is safe from malicious scripts and is
required only on the web creation page. The cleaned code is sent to the Firebase database.

Improving Student Code Management

ECS-WL incorporates a “Get Starter Code” button to directly address one of the ECS teachers’
pain points. This was designed to provide specific foundational code tailored to each day’s
activity, without the need for the teacher to develop an independent delivery mechanism.
Template starter code was prepared for each day of the modified curriculum, offering more
extensive guidance at the beginning to assist students as they start their WD journey. Two more
buttons were introduced to enhance functionality. The “Save and Turn In Assignment” button
enables users to save their work and submit the day’s assignment. The “Get Previously Saved
Code” button allows users to retrieve their previously saved web page.

Teacher feedback during beta testing of ECS-WL highlighted a mismatch between the unmodified
curriculum and ECS-WL. The existing ECS curriculum provided solid content, but the associated
activities fell short. It instructed students to apply HTML and CSS concepts to their websites
without direct assignments, resulting in confusion due to the broad scope and lack of guidance on
content.

Curriculum Adjustments for ECS-WL

The existing ECS curriculum was updated to better align with the ECS-WL. Previously, the
lesson plan covered HTML and CSS concepts. The revised curriculum retains these concepts but
enhances learning by requiring students to create web pages based on their interests. This
approach aimed to encourage student research and provides specific instructions, making the
tasks less ambiguous.



The curriculum development process began with identifying equitable WD topics that would
allow all students to embrace their own interests, identities, or cultures. Culturally responsive and
sustaining curriculum design is a key pillar of equitable CS education28. Topics include creating
websites on various interests, such as favorite animals or board games. They also cover practical
scenarios, like selecting items for their school garden or writing articles as if contributing to their
school newspaper. Later in the curriculum, students design websites for fictional yet realistic
businesses, such as an event organizing service or a photography business.

Legend: HTML Concepts CSS Concepts

Lesson Number Concept Covered Website Premise
1 doctype, html, head, title, body, h1-h6, p Favorite Restaurant
2 img, a Favorite Book
3 b, strong, i, em Green Space
4 Learning Check 1 Favorite Animal
5 ul, ol, li, hr, br Favorite Holiday Dish
6 table, thead, tbody, tr, th, td Phone Comparison
7 blockquote, q, abbr School Newspaper
8 Learning Check 2 Recycling
9 style, font-size, color Dream Vacation

10 link, border-style, background–color Music Playlist
11 border-color, border-width, height/width units, color units Morning Routine
12 Learning Check 3 Historical Event
13 padding, margin Future Career
14 div, width, height, Favorite TV Show
15 section, article, classes Ideal Weather
16 Learning Check 4 Favorite Celebrity/Figure
17 line-height, letter-spacing, font-weight, font-style Favorite Drink
18 text-transform, text-align, text-decoration Favorite Board Game
19 list-style-position, list-style-type Event Organizer
20 Learning Check 5 Nonprofit/Charity
21 a:link, a:visited, a:hover, a:active Fitness Studio
22 display:block, display:inline, display:inline-block,

display:flex, display:none
Travel Agency

23 position:static, position:relative, position:fixed,
position:absolute

Photography Studio

24 Learning Check 6 Themed Wedding
25 Final Assignment What Culture Means To You

Table 1: Unit 3 Overview Using ECS-WL

Next, these topics of interest were integrated into the existing ECS curriculum. Originally, the
ECS curriculum included lessons that spanned multiple days. This structure was revised so that
each day a new webpage would be created. Consequently, additional HTML and CSS concepts
were incorporated into the curriculum. For each day of the curriculum, “Key Concepts,” “Notes
On Topics,” and “Instructions For Assignment” buttons and text were created. The concepts and
notes were organized through bullet points, and the instructions were organized numerically to
offer a clear guide on what concepts and content students need to include on their webpages. The
instructions thoroughly elaborate on certain topics to help prevent common errors that researchers
have identified novice web developers often encounter17,19. The starter code was also updated to



match each day of this new curriculum. Each day was aligned with CSTA K-12 Standards.

To illustrate the result, assignment one will be examined. For this assignment, students choose
either their favorite restaurant or create their own. They research the items on the restaurant’s
menu and build a web page featuring these items. Through this assignment, they learn about
HTML metadata, headers, and paragraphs.

An additional objective was to promote the intelligent use of AI tools while preventing students
from becoming overly reliant on them for their assignments. The curriculum, designed around
students’ personal interests, achieved this by ensuring that although students can use AI tools like
ChatGPT29 for assistance, they cannot simply copy and paste assignment instructions without
engaging with the material. Blindly copying and pasting produces generic responses that do not
reflect the unique interests of each student, making it easy for teachers to identify a lack of
thoughtful engagement. If students do choose to use AI for assistance, they must engage in
thoughtful prompt engineering to tailor the AI’s output to their personal criteria. This approach
guarantees that with or without the use of AI, every piece of work reflects genuine personal
engagement and critical thinking.

To assess students’ understanding of the concepts without using starter code, we introduced
learning check days. These days do not cover any new material. Instead, they evaluate students’
knowledge of previously taught concepts. On these days, the buttons “Key Concepts,” “Notes On
Topic,” and “Get Starter Code” are removed. Students are encouraged to review previous lessons
to complete the project for these days.

Figure 3: The Layout of the ECS-WL Website: Directory Page

Enhanced Web Development Learning

A key addition to the ECS-WL was an error detection feature. If an HTML or CSS error is found,
a red icon appears on the affected line, clearly indicating the location of the issue to students. Our
approach aligns with findings from previous studies, which emphasize the importance of
integrating error detection tools to prevent the reinforcement of faulty coding
understandings19.

Another significant improvement involved the implementation of realistic CSS linking. Logic was
introduced to give students the flexibility to name the CSS file as they prefer, but also ensure that



Figure 4: The Layout of the ECS-WL Website: Website Creation

separate CSS files function correctly only if the appropriate linkage code is provided. As previous
research has indicated, this can be a challenging area for students17. Therefore, we provided
detailed and thorough instructions for this aspect of WD.

Support for multi-page websites was added to ECS-WL. This enhancement was achieved by
providing starter code for linking to other pages and adjusting the directory for effective
navigation. This update expanded the scope of student projects and enriched their learning with
real-world WD practices.

As seen in Figure 3, the website was also improved by implementing a notification system.
Teachers can now add notifications to student websites during the grading process, allowing for
real-time progress monitoring. A visual tracker uses icons to represent daily progress: “gray” for
not started, “blue” for pending teacher review, “orange” for student review needed, and “green”
for no further edits required. This system simplifies grading for teachers and provides a clear
visual representation of student progress.

Results

During the 2023-2024 semester, five teachers integrated the ECS-WL tool into their classrooms.
A total of 242 students used this tool, resulting in the creation and submission of 755 unique



webpages. Students submitted webpages using 41 distinct valid HTML tags.

To assess whether students were incorporating elements that reflected their individual creativity
when developing their submitted webpages, two methods were employed. The first method
involved manually reviewing the topics chosen on days one and two and analyzing those results.
The second method used an automated process with LIWC (Linguistic Inquiry and Word
Count)30, a text analysis tool.

Manual Assessment

Days one and two were selected for manual feedback extraction due to their high volume of
submissions. Day one has students create a webpage about either an existing restaurant or one of
their own design. Students research the items that would be on the restaurant’s menu. Restaurant
title was extracted manually for each student submission, and categorized as local, part of a chain,
or fictional. If the chosen restaurant was real, its ethnicity was reported. For fictional restaurants,
the ethnicity was extracted only if it was explicitly mentioned in the name of the restaurant.

Figure 5: Diverse Student Choice for Day 1 Activity

Out of 134 entries, 126 entries contained an extractable restaurant name. Out of these valid
submissions, 101 unique restaurants were identified, accounting for 80.2%. Among the valid
submissions, 42.1% were categorized as part of a chain, 39.7% as fictional, and 18.3% as local, as
depicted in Figure 5.

Out of 126 entries with a valid title, 87 (69.0%) had an extracted ethnicity. This was done either
by finding the ethnicity of the real restaurant or extracting the ethnicity in the name of the
fictional restaurant. Figure 5 shows that restaurant ethnicity also demonstrated a wide
distribution. Out of 87 web pages, American-Other (restaurants with diverse menus not primarily
focused on burgers or chicken,) made up 25.3% of the entries. American-Burger accounted for
20.7%. American-Chicken represented 16.1%. Asian restaurants comprised 10.3%, while both
Mexican and Italian restaurants each accounted for 9.2%. Ethnicities in the “other” category
include Puerto Rican, Greek, Vietnamese, and African restaurants, as well as restaurants that
feature multiple ethnicities. The “other” category made up 9.2% of all entries.



Day two’s project required students to choose their favorite book or movie and create a webpage
based on their selection. For each submission, the title of the book or movie was extracted.

Day two had 101 total entries, of which 96 had an extractable title. Among the 96 entries, the
distribution between books and media was distinctly skewed. Books accounted for 80.2% of the
total selections, with 77 out of 96 entries. Within the category of books, 52 unique book titles
were identified, representing 67.5% of the total book entries, as illustrated in Figure 6. A unique
book title refers to a distinct book series or standalone book, where even different books within
the same series are considered as one unique book title.

On the other hand, media entries constituted 19.8% of the total, with 19 out of 96 entries, each
entry unique. In total, 74.0% of all day two submissions topics were uniquely chosen.

To the extent to which it is possible to quantitatively gauge creativity and freedom of expression
in this type of classroom activity, ECS-WL lessons one and two supported a pleasingly wide array
of student-chosen preferences and cultural referents.

Figure 6: Diverse Student Choice for Day 2 Activity

Automated Assessment

LIWC is a text analysis tool that quantifies linguistic and psychological features in written text,
providing insights into emotional, cognitive, and social processes through word usage patterns. In
this study, an LIWC analysis was conducted on the text extracted from within the HTML tags of
both the starter code provided to students and the websites submitted by students.

For the student submissions, values for each term in the LIWC dictionary were calculated. The
day of each submission was tracked, and the number of submissions per day was recorded. Days
with fewer than five submissions or designated as learning checks were excluded from further
analysis. This exclusion applied to both the student submissions and the starter code.

To ensure reliability, a weighted average for each LIWC term was calculated, assigning greater
importance to days with higher numbers of submissions. Similarly, the starter code results were
averaged, with weights corresponding to the number of student submissions on the same days.
This approach ensures that the comparisons between student work and starter code reflect the
varying levels of student participation.

There were 12 eligible days that met this requirement totaling 601 out of the 755 student webpage
submissions. As indicated in Table 2, the student webpage’s weighted average word count (WC)
according to the LIWC output was 72.6, significantly higher than the starter code WC of



Table 2: Comparing Starter Code and Student Submissions
WC Authentic Drives Lifestyle

Starter 25.6 20.5 2.0 4.6
Student 72.6 27.8 3.1 5.3

25.6.

In the LIWC dictionary, the term “Authentic,” which was originally based on studies of honesty
and deception31,32 reflects the degree of self-monitoring, with high scores found in spontaneous,
uninhibited conversations and low scores in prepared or socially cautious texts. The student
average authentic score was 27.8, compared to the starter code’s 20.5. “Drives,” also in the LIWC
dictionary, encompasses various motivations and needs expressed in the text. This score is higher
in student submissions (3.1) than in the starter code (2.0). “Lifestyle” in the LIWC dictionary
references daily activities and personal concerns. The student average lifestyle score was 5.3,
compared to the starter code’s 4.6.

In summary, automated quantitative sentiment assessment of hundreds of student-developed
pages showed significant investment by students in sharing an authentic voice.

However, student engagement with ECS-WL fell short of expectations. By Day 9, 602 out of 755
submissions (79.74%) had already been made before CSS was introduced on Day 10.

Discussion

The ECS-WL pilot was successful in its objectives, while also identifying areas for improvement.
It effectively streamlined student WD, offering an accessible platform for learning HTML and
CSS. Features such as Firebase for real-time database management, CodeMirror for the coding
interface, and Dompurify for security enhanced functionality and reliability. The streamlined
submission and review processes made it easier for teachers to monitor submissions and provide
feedback efficiently.

The evaluation of the ECS-WL tool revealed that while teachers found it significantly more useful
than previous solutions, they also identified several critical areas for improvement. One
prominent issue was that teachers could not customize the new curriculum for their specific
classrooms directly on the ECS-WL website. As a result, teachers had to provide modified
instructions either on paper or through online methods. Another issue was the overwhelming
presentation of the entire 25-day curriculum at once, which could be daunting for students.
Additionally, the tool did not adequately differentiate between separate ECS classes taught by the
same teacher, creating challenges in classroom management. The absence of functionality for
grouping students further hindered the ability to track and manage group work, a crucial aspect of
collaborative learning. Teachers also observed a decline in student engagement as the course
progressed, raising concerns about the curriculum’s length. Moreover, the lack of an overview
menu to view all students simultaneously and the absence of a toggle feature to translate the
website into Spanish were highlighted as significant shortcomings. Lastly, teachers suggested
adding a workspace where students can apply daily concepts to their personal projects.



The tool successfully incorporated CS concepts, inquiry, and equity into the platform. Students
demonstrated their understanding of CS concepts through the extensive use of HTML tags.
Inquiry-based learning was evident from the LIWC analysis, which showed students adding more
personal content, authenticity, and references to their motivations and lifestyle activities. This
indicates deeper engagement and understanding, as students are not only completing assignments
but also integrating their own experiences and perspectives into their work, thereby fostering a
more meaningful and personalized learning process. Equity was achieved by encouraging
students to incorporate elements that reflect their individual interests. Submissions featured an
array of creative choices, such as ethnic restaurants, unique book titles, and varied movie
selections. This variety highlights the curriculum’s success in allowing students to express their
cultural backgrounds and personal interests, ensuring every voice is represented and valued.

Despite these positive aspects, student engagement showed a noticeable decline by Day 9, before
the introduction of CSS, suggesting that the curriculum’s length and structure may still be
overwhelming for some. Teacher feedback corroborated this, pointing out the daunting nature of
seeing all 25 days of the curriculum at once.

Future Work

In response to the feedback, several enhancements have been made to the ECS-WL tool, pending
evaluation in real classroom environments. Teachers can now edit every aspect of the instructions
for each day in the curriculum. To make the curriculum more manageable for students, the system
hides days that the teacher chooses to keep out of view. Classroom management and personalized
instruction have been improved by distinguishing between separate ECS classes taught by the
same teacher. Grouping features have been introduced to facilitate collaborative learning. To
maintain student engagement, the curriculum is more flexible, allowing for the reduction of days
or the addition of extra days for reinforcing content. An overview menu provides a
comprehensive view of individual student progress. Lastly, a workspace area enables students to
apply daily concepts to their personal website projects, fostering creativity and practical
application of skills. The Spanish version of the website is still in the early stages of development
and is not available yet.

The updated version ten of the ECS curriculum came out after the pilot of this tool and includes
several improvements to increase student engagement in WD. Instead of dedicating an entire unit
to WD, it now integrates WD throughout various parts of the curriculum. An updated version of
ECS-WL designed to incorporate these changes is currently under development.

Finally, to ensure the tool’s long-term success and adaptability, ongoing feedback from both
students and teachers should be systematically collected and incorporated into future updates.
This iterative approach will enable continuous improvement, ensuring that ECS-WL remains a
valuable and effective resource for WD education within the ECS curriculum.
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