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Abstract 

NotaBene (NB) is an online collaborative annotation platform, commonly used in classroom 

settings. NB allows instructors and students to directly interact with online readings or videos, 

share comments and questions by highlighting areas in the document. The original NB has 

historically had a poorly maintained codebase and lack system specifications and documentation. 

We decided that the most efficient way to remedy the problems of the original NB was to 

redesign and rewrite the entire NB. The system specifications and documentation is included in 

sections below. Our redesign and rewrite resulted in a more concise and maintainable codebase 

as well as carefully considered and designed specifications compared to those of the previous 

NB. 
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Chapter 1 

Introduction 
 
NotaBene (NB) is an online collaborative annotation tool developed by the MIT Haystack Group 

for classroom settings. Course materials are uploaded by faculty onto NB. They are then 

assigned to students who can add comments to share opinions and resolve confusion. Students 

can also engage in discussions by replying to their peers’ comments.  

 

In the past 6 years, 1.8 million comments on NB were generated by 60,000 students at 100 

universities around the world. NB has been adapted by MIT courses such as 6.055, 6.813, and 

6.854 and at other universities such as Harvard, UPenn, and UC Davis. NB encourages students 

to engage with their course materials, peers and faculty. For example, 3,800 comments were 

made by the students during the Spring 2018 6.813 class. In 200 of these comments, students 

specifically requested replies from their faculty and peers. 

 

Since NB was launched, many features were added to meet the needs of faculty and students. 

However, since these features were added and modified by multiple contributors without 

consulting each other, some important software engineering principles were overlooked. Today, 

some of NB’s shortcomings include haphazardly written code, lack of documentation and 

ambiguous system specifications. 
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1.1 Motivations  

Due to the lack of system design and documentation, it had become increasingly difficult to 

maintain NB. As a result, contributors neglected some obscurity, vulnerability, and redundancy 

in the codebase. Furthermore, the convoluted codebase and lack of documentation made it 

difficult to add new features with modularity, readability, or testability. Contributors ended up 

compromising software engineering principles and wrote new code without documentation or 

unit tests. This amplified the poor code quality that made NB difficult to maintain. 

 

The goal of this project was to rewrite a new system for NB with well designed architecture, 

specifications, and documentation. Another advantage of rewriting is to revamp outdated UI 

features to maintain external consistency with other interfaces used today. The way users interact 

with interfaces have changed over time, and some UI features that made sense 6 years ago may 

seem unfamiliar to students these days. 
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1.2 Project Summary 

 
Figure 1-1: Annotator interface from the previous NB 

 

 
Figure 1-2: Annotator interface from the new NB prototype 

 

I worked along Adrian Sy, a SuperUROP student, under the supervision of Professor David 

Karger. Our contributions are roughly divided by the frontend and backend of the system. Our 
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initial investigation [Section 2] involved analyzing the previous NB codebase. I analyzed the 

overall codebase and documented the previous NB feature specifications, while Adrian analyzed 

and documented the data models.  

 

We started by documenting current feature requirements and considering design choices to 

outline new system specifications [Section 3]. We implemented a prototype [Section 4] based on 

the new specifications and conducted evaluations [Section 5]. For documentation and 

implementation, I mainly worked on the frontend while Adrian focused on the backend; 

however, we discussed design choices together to come up with new specifications. For 

evaluations, Adrian and I conducted user testing with two courses [Section 5.2.1, 5.2.2], and I 

also conducted additional user testing detailed in Section 5.2.3.  

 

Finally, we discuss recommendations for future work [Section 6], including implementation 

steps and open design choices. These are important steps forward to improve NB’s 

maintainability and user experiences. 
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Chapter 2 

Background 

This section explains the motivation behind NB, introduces case studies, and analyzes the current 

NB codebase. 

2.1 About NB 

The NB project was started to validate the hypothesis that an online academic discussion forum 

where the course material and discourse are juxtaposed would yield higher engagement and 

deeper comprehension [19]. NB displays the course document on the left side of screen and the 

discussion threads on the right side [Figure 1-1]. Locations corresponding to discussions are 

highlighted on the document. 

 

The WebAnn project tested a similar platform in 2001, but encountered delayed response 

problems because most students printed out course documents and annotated the printed copies 

before submitting their comments online [4]. In contrast, by 2012, both faculty and students were 

more familiar with online technology, and NB was successfully deployed in classrooms during 

its first phase of user study in 2010: 91 students created over 14,000 annotations during a single 

semester for a single class [19]. Additionally, students reported that NB improved discussion 
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qualities, comprehensions, and collaborations.  

 

NB conducted another case study with an introductory physics class at Harvard in 2014, which 

explored the relationship between students’ levels of engagement on the platform and their 

course performances [9]. A 23% increase in exam scores correlated with 1 standard deviation 

increase in the average annotation quality. The study also found a correlation between smaller 

section sizes and higher discussion quality. 

 

Case studies have also resulted in new NB features. For example, the 2016 case study at a UC 

Davis biology course introduced a feature on NB that allowed students to label their comments 

with hashtags and emojis [18]. These labels later helped train machine learning models to predict 

comment sentiment. A more recent study in 2018 labeled the cognitive engagement 

(thoughtfulness) of around 7,600 comments from 800 students and showed varying levels of 

cognitive engagements in different sections of texts [17]. The study combined the labels with 

their textual context to improve the performance of machine learning classifier of cognitive 

engagement in texts. The data was also used to create heat map visualizations to help the faculty 

understand which sections of texts encouraged more thoughtful discussions. 

2.2 The NB Codebase 

In this section, we analyze the current NB codebase using several different criteria. We also 

compare the results of these analyses against metrics from the codebase of Hypothesis, another 

online collaborative annotation platform. Since Hypothesis maintains multiple repositories, I 
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used the main repository for this comparison. This is a reputable and well maintained repository 

with over 1,200 stars and 50 contributors. It was created in 2012, the same year the NB codebase 

was created.  

2.2.1 Code and Documentations 

 

 

 

Figure 2-1: Number of lines in the NB 
codebase by language 

 Figure 2-2: Number of files in the NB 
codebase by language 

Since 2012, 19 contributors have made more than 1000 commits to the NB codebase, inserting 

1.2 million lines and deleting 500,000 lines of code. The codebase today contains over 200 files 

and 35,000 lines in total, excluding frameworks and libraries which account for 600,000 lines. 

Figure 2-1 and 2-2 show the language composition of the NB codebase by the number of lines 

and files. The majority of the codebase is written in JavaScript, followed by Python. JavaScript, 

HTML, CSS, and Handlebars are used for the frontend and Python (Django server framework) 

and SQL are used for the backend server and database. 
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For large codebases like NB, it is important to keep each file size small to enforce modularity in 

the code. Figure 2-3 shows the number of NB files by the number of lines, excluding auto 

generated files, libraries, and comments. Figure 2-4 shows the same metrics for Hypothesis. In 

contrast to NB where 21% of files are at least 200 lines long, in Hypothesis, that’s only 6% of 

files. Hypothesis also has a much larger codebase than NB, containing over 700 files and almost 

80,000 lines, including about 26,000 lines for unit tests and 10,000 lines from auto generated 

files. It is concerning that NB has a much higher ratio of large files than Hypothesis even though 

it’s a much smaller codebase. 

   

Figure 2-3: File sizes in the NB codebase  Figure 2-4: File sizes in the Hypothesis 
codebase 

Although NB has many large files, it lacks comprehensive documentation. NB’s current 

documentation files are very limited; they only provide installation instructions. There is no 

documentation specifying feature requirements or describing codebase architecture. Therefore 

we can only rely on inline documentations to fill in the gaps. Figure 2-5 shows the total number 
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of lines of code and comments in the NB codebase by languages. Figure 2-6 shows the same 

metrics, with the average number of lines per file rather than the total. About 10% of all code, 

11% of JavaScript code and 12.5% of Python code, is dedicated to inline documentation. These 

percentages of inline documentation are lower in reality since commented out code was also 

counted as inline documentation. For example, 51 out of 74 inline comments in one of the NB 

unit test files are commented out code. 

 

 

Figure 2-5: Code and comments in the NB 
codebase (total) 

 Figure 2-6: Code and comments in the NB 
codebase (average) 

By comparison, the Hypothesis codebase contains more than 20 standalone documentation files 

with almost 2000 lines in total which describe its API specifications, installations, testing 

procedures, and development guidelines. Additionally, about 11% of all code, 22% of JavaScript 

code and 13% of Python code, is dedicated to inline documentation. Although these percentages 

are close to those of NB, NB lacks detailed documentation which is crucial for understanding the 

codebase. 
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2.2.2 Unit Tests 

There are only 3 unit test files in the NB codebase which contain 9 test cases and 160 lines of 

code. Only 0.5% of the NB codebase is dedicated to unit tests. This deficiency is noticeable 

when compared against the Hypothesis codebase where 34% of the codebase is dedicated to unit 

tests over 240 unit test files with 26,000 lines of code. Furthermore, NB does not provide any 

instruction for running its unit tests while Hypothesis has dedicated documentation files for 

testing procedures. 

2.2.3 Open Issues 

Currently NB has more than 200 open issues on Github. In the past 6 years, almost 300 issues 

were created, and fewer than 60 of them were closed. Figure 2-7 shows the number of created, 

closed, and open issues for NB in each year. The data shows a significant increase in the number 

of open issues and a consistently low number of closed issues. In comparison, Hypothesis 

currently has only 85 open issues, and more than 2000 issues have been closed in the past 6 

years. 

 

Figure 2-8 shows the number of issues that are currently open by their creation years. The 

majority of issues were created before 2016. 63 of the currently open issues were created in 2013 

and have been unresolved for 5 years. 32 open issues even date back to 2012, the year the NB 

codebase was created. In contrast, the 28 oldest open issues for Hypothesis were created in 2016. 
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Figure 2-7: Github issues for NB  Figure 2-8: Open Github issues for NB 

From the growing number of open issues and the long life span of issues, it is clear that the NB 

codebase is poorly maintained. Over the years, the state of the codebase has been exacerbated by 

the lack of documentation and unit tests as shown in Section 2.2.1 and 2.2.2. 

2.2.4 Unresolved pull requests 

In addition to open issues, NB also has a lot of old unresolved pull requests. NB has a large ratio 

of unresolved pull requests, 9 out of 113, compared to 7 out of 3,224 for Hypothesis. Looking 

deeper, the 9 unresolved pull requests for NB were created 2 to 3 years ago while the 7 for 

Hypothesis were created within the past 3 months. This shows that the NB codebase has not been 

consistently updated. 
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Chapter 3 

Specifications 

Based off of the previous NB specifications, we consider multiple design choices and 

incorporated them into the new specifications detailed below. Every specification is finalized 

unless explicitly noted as an open / future design choice. However, the finalized specifications do 

not imply their current implementations. To see whether certain specifications are currently 

implemented, please refer to implementations [Section 4]. 

3.1 User Accounts 

Every user needs an NB account in order to use any functionalities on the platform. Although 

some courses allow guest access to users who are not enrolled, the users still need to sign into 

their NB accounts. 

3.1.1 New Accounts 

There are three ways to create new NB accounts: Sign-up form, single sign-on, subscription link, 

and invitation email. After creating new NB accounts, the user will receive a welcome email 

which contains their username and the link to tutorials. The previous NB’s welcome email also 

contained the user’s password in plaintext, causing a security vulnerability. The welcome email 

will also contain a link to verify their email, which automatically signs them in upon the 
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verification. Regardless of the sign-up method, users must verify their emails before being able 

to sign in to their accounts. New accounts are not officially registered until their emails are 

verified. This is to prevent users from entering emails they do not own and forging their 

identities. 

3.1.1a Sign-up form 

Anyone can create their own NB account by navigating to the public sign-up form on the NB top 

page. The sign-up form asks for: First and last names, email, username, password, and agreement 

to the terms and conditions. All these fields are required. New users are only allowed to create 

usernames that are unique from existing users’ since usernames are fixed as primary user 

identifiers. Although emails are not fixed, i.e. they can be updated anytime in the user profile 

[Section 3.1.4], new users cannot use existing verified emails. All other fields do not need to be 

unique. 

 

The previous NB used emails as fixed user identifiers, preventing users from changing their 

emails or connecting multiple emails to a single NB account. By dissociating user identifiers 

from emails, the new NB lifts these restrictions. The only downside is that users are now 

required to choose distinctive usernames, which may become difficult with increasing number of 

user accounts. As a future design choice, we may consider suggesting alternatives when users 

enter conflicting usernames, similar to the Gmail sign-up. 
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Figure 3-1: Previous NB sign-up form Figure 3-2: New NB sign-up form (partially 
implemented) 

 

3.1.1b Single sign-on 

Previously, single sign-ons were not supported by NB; however, many users prefer to register for 

new services using single sign-ons for convenience or security reasons. In the new NB, users 

may use existing single sign-on systems, such as Google, Facebook, and LTI (Learning Tools 

Interoperability), to register for NB accounts without creating NB-specific passwords.  When 

using single sign-on systems, the user is only required to create a unique username. Their first 

name, last name, and email will be imported from the single sign-on system by default and can 

be modified in the user profile page. If the single sign-on does not provide any of these three 

fields, the user will be required to manually enter them. As described earlier in the section, the 

user must verify their email to finish creating their account. If the verified email is already in use 

by an existing NB account, the single sign-on credential will be connected to the existing account 

[Section 3.1.1b] rather than used to create a new account. 
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3.1.1c Subscription link 

Subscription links specific to courses may be enabled and distributed by the instructors [Section 

3.2.3]. When users without NB accounts try to enroll in courses via subscription links, they will 

be prompted to sign up for NB accounts. Users may choose to fill out the sign-up form or use the 

single sign-on option. The procedures are same as described previously, except their accounts 

will automatically be enrolled in the courses associated with the subscription links they used to 

create their accounts. 

3.1.1d Invitation Email 

Users receive invitation emails when they are directly invited by instructors to enroll in their 

course [Section 3.2.3a]. When users without NB accounts receive invitation emails, they will be 

prompted to sign up for NB accounts. Their emails are automatically verified when they open the 

confirmation link in the invitation email. Users must then fill out all fields in the sign-up form 

except for email to finish creating their accounts.  

3.1.2 Sign-in 

Users will need their NB usernames and passwords or use their single sign-on credentials in 

order to sign in to their NB accounts. They can also sign in using emails instead of usernames 

since each email can only belong to a single NB account. As a future design choice, we may 

consider allowing users to sign into and switch between multiple NB accounts from the same 

interface, similar to how Google allows sign-ins to multiple accounts. This may be a useful 
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features for instructors who also wish to enroll as students in their course by creating additional 

NB accounts. 

3.1.3 Account Recovery 

If users forget their NB specific passwords, they can request a password reset link by entering 

their usernames or emails in the password recovery form. The link will be sent to all emails that 

are connected to the users’ NB accounts. The form will inform the users which emails the link 

was sent to since they may not remember which emails are connected to their accounts. 

Following the reset link in the email, users will be prompted to select new passwords before 

being redirected to their accounts that have been updated with the new passwords. 

 

Figure 3-3: Previous NB password recovery form 
 

If users signed up through the single sign-on options and forget their single sign-on passwords, 

they must follow the account recovery protocols specific to the single sign-on platforms they 

used. 

3.1.4 User Profile 

Users can update their first and last names, emails, and authentication details in the user profile. 

Emails can be added or deleted as long as users have at least one verified email connected to 

their accounts at all times. Newly added emails are indicated as unverified until the user opens 
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the verification links in their emails. Users also have the option to resend verification links to 

their unverified emails. All verified emails will receive notifications and can be used for account 

recovery. As a future design choice, we may consider giving users an option to specify which 

emails they would like to receive notifications [Section 3.3]. 

 

If users signed up with single sign-ons and want to update their passwords, they must verify their 

identities again through single sign-ons or password recovery; otherwise, users must confirm 

their current passwords. In contrast, the previous NB allowed users to set new passwords as long 

as they were already signed in. If users used the single sign-on option to register their accounts 

without creating passwords, users may still create additional NB-specific passwords in the user 

preferences. Similar to password update / recovery, they must verify their identities again 

through single sign-ons before creating new passwords. 

 
Figure 3-4: Previous NB user settings (profile and preferences) 
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Users can also connect new single sign-on options to their accounts. For example, the user signs 

up for NB by creating a password, but later decides that they want to sign in to their NB account 

using their Google account. To do this, the user signs into NB using their password, then signs 

into their Google account from the user settings to verify that the specific Google account is 

owned by the same user. The Google account is now added as a single sign-on option for their 

account, and next time the user signs into NB, they have the option to sign-in with their NB 

password or single sign-on with their Google credential. The only caveat is that there is a 

one-to-one relationship between an NB account and a single sign-on credential per platform. For 

example, a single Google account cannot be associated with multiple NB accounts, and vice 

versa. However, a single NB account may be associated with single sign-on credentials from 

multiple platforms. For example, a single NB account may be associated with a Google account 

and a Facebook account. 

3.2 Course Administration 

3.2.1 New Courses 

Any registered NB users can create a new course by filling out the course creation form. The 

form has the following fields: 

● Course name 

● Course description 

● Term (as a month/year range, e.g. “April 2019 - June 2019”) 

● Institution name 
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● Primary contact email 

● Show “instructors” in comment visibility options: Yes by default 

● Show “tagged users and instructors” in comment visibility options: No by default 

● Show “anonymous to classmates” in comment identity options: Yes by default 

● Allow guest access (i.e. users with NB accounts who aren’t enrolled in the specific course 

can still read comments): No by default 

● Enable course enrollment through a subscription link: Yes by default 

● Allow instructors to add online PDF files by their URLs (rather than direct file uploads): 

No by default 

● Allow users to download original PDF files: Yes by default 

● Pause videos on instructor comments: No by default 

● Randomly assign students to section upon enrollment: No by default 

All fields are required, including the term and institution name which can be quite useful for 

analytics. Currently, there is no verification mechanism in place for institution names since their 

sole purpose is for analytics; however, as a future design choice, we may consider making them 

automatically verifiable based on .edu emails. 
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Figure 3-5: Previous NB course creation form 

 

When users create new courses, they are automatically enrolled in them as instructors. 

Instructors may update the course settings, memberships, and sections as well as add new 

materials to the course contents. 

3.2.2 Course Settings 

 
Figure 3-6: Previous NB course settings 
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In the course settings, instructors can edit any of the fields defined in the course creation form 

[Section 3.2.1]. If enabled, the subscription link can be viewed and reset in course settings.  

 

Instructors can edit the set of suggested hashtags for each course. The default set of hashtags 

with associated emojis are: Confused, curious, frustrated, help, idea, interested, question, and 

useful. The default set can be modified by removing or adding new hashtags. For each new 

hashtag, instructors need to specify a pair of hashtag text and emoji. The emoji can be chosen 

from any emojis available as unicode; however, there cannot be duplicate hashtag texts or emojis 

in the same course.  

 

Instructors can also archive or delete the course. When a course is archived, users will no longer 

be able to create or edit comments, receive notifications from the course, or enroll through the 

subscription link. Archived courses will be grouped together in the collapsed sections of course 

lists to clean up the clutter [Section 3.4]. However the archived course contents will remain 

accessible to all the course members. In contrast, when a course is deleted, the contents and 

comments inside will be no longer accessible to any course member. Archiving courses is easily 

reversible, while deletion is irreversible. Therefore, ample warnings will be given before 

instructors can delete their courses. The design choice remains open for whether to give 

instructors an intermediate option between archiving and deleting a course. For example, there 

could be a hide option, which basically behaves the same as deletion, but is reversible. 

3.2.3 Course Memberships 

This section describes specifications for enrolling users to courses and managing them. 
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Figure 3-7: Previous NB user management page 

 

 
Figure 3-8: New NB user management page (partially implemented) 

 

3.2.3a User enrollment 

Instructors can enroll users in their course by distributing the course subscription link or 

manually inviting registered users. Subscription links allow for efficient self-enrollment in large 

courses, while manual invitations provide instructors a convenient and reliable way to invite 

other instructors or small groups of students. As a future design choice, we may consider 

allowing registered NB users request membership in courses which can be approved by the 

instructors. 

 

The subscription link can be enabled and obtained in the course settings. Users enrolled through 

the subscription link have student roles by default; however instructors may assign instructor 
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roles to certain users in the user management page. The link can be distributed outside of NB 

through emails, course web page, learning modules, etc.  

 

To manually invite registered users, instructors need to look up individual users and specify the 

users’ roles in the course. Users can be looked up by their first and last names, usernames or 

emails. To manually invite unregistered users, instructors can specify emails that are not 

associated with existing accounts instead of looking up the users. Optionally, instructors can also 

specify the users’ sections or customize the invitation message. Once users receive the 

invitations through emails or in-app notifications, they must confirm the enrollment; otherwise 

their status will remain as pending. 

3.2.3b User management 

Instructors can view and perform actions on the course members in the user management table. 

Each user is defined by their first name, last name, email, username, role (student or instructor), 

section (if applicable), and enrollment status (confirmed or pending). If the enrollment is 

pending, instructors have the option to resend the invitation. Users can be sorted and/or filtered 

by these fields. Student and instructor roles suffice for typical NB courses; however the design 

choices remain open for additional role categories. For example, one design choice is to create a 

teaching assistant role that is allowed to enroll new students, but not allowed to edit the course 

settings. As part of this design choice, we may consider allowing teaching assistants to be 

assigned to multiple sections [Section 3.2.3c] and setting their comment visibility to these 

specific sections by default. 
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The enrollment status refers to whether the user accepted the enrollment invitations to the course. 

A new field is the user’s enrollment status, either confirmed or pending. The previous NB had 

two tables in the user management page for enrolled users and pending invitations. The new NB 

combined the two tables by simply adding the enrollment status field. The concise table allows 

instructors to look up users’ enrollment status. Instructors can also filter by enrollment status as 

needed. 

 

There are three actions instructors can perform on each user: Remove the user, change their role, 

or change their section. To perform an action in bulk, instructors can select multiple users with 

checkboxes and apply the same action to those users. The instructors are only allowed to remove 

themselves if there are other instructors enrolled. This is to ensure each course always has at 

least one instructor; otherwise no new users can be enrolled or assigned instructor roles. 

 

The previous NB had a separate table for sections, even though the information was nearly 

identical with that of the section field in the user management table. The sections table was 

merged into the user management table so that instructors can perform all actions in a single 

table.  
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3.2.3c Sections 

 
Figure 3-9: Previous NB section management page 

 

Large courses typically divide their students into smaller sections. Sections can improve learning 

since students in smaller groups tend to engage in more meaningful discussions [9]. 

 

Instructors can create a new section by filling out the section name. They can view a list of all 

the section names and the number of people in each section. Each student can be assigned to at 

most one section or remain unassigned by default. Instructors cannot be assigned to sections, but 

have access to all sections. 

 

If students are assigned to a section, the assignment will be unknown to them; however their 

comments’ visibilities will be limited by the assignment. When “the entire class” is chosen as the 

comment visibility: 

● Comments by unassigned students are visible to unassigned students and all instructors 
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● Comments by students in a section are visible to students in the same section and all 

instructors 

● Comments by instructors are visible to all students (all sections and unassigned) 

 

If students choose other visibilities, such as “instructors” or “only the author”, then comments’ 

visibilities are not affected by sections. Students can only tag [Section  

3.6.1e] other students within the same section. Instructors have the additional visibility option of 

posting to a single section. Replies by anyone inherit the visibility from its parent comment. For 

example, if an instructor replies to a comment by a student in section A, then the reply is only 

visible to section A. 

 

Instructors also have the ability to edit section names, assign or unassign students to sections, 

and delete sections. When instructors try to delete non-empty sections, they will receive 

warnings. Students in deleted sections will become unassigned, and their existing comments will 

only be visible to other unassigned students and all instructors.  The design choice remains open 

for whether / how to allow instructors to make certain students’ comments visible to all sections. 

This may be useful when instructors want to promote certain students’ comments, that they 

found helpful, to all sections. 

 

Instructors can update students’ sections in the user management table. There are three ways to 

update sections: 

● Update individual students’ sections with the dropdowns in table rows. 
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● Select checkboxes for multiple students and assign them to a single section in bulk. 

● Upload a CSV file that denotes section assignments of the students.  

For the last option, instructors first download a CSV file containing the course users’ first and 

last names, emails, usernames, roles, and section names. Section names are left blank if the users 

are unassigned. After updating the section names, instructors upload the modified CSV file. 

Instructors are able to preview the changes and save the new section assignments. 

 

When students switch sections: 

● They can still see the comments they authored in the old section. 

● They can still see existing comments in threads from the old section that they have 

previously read, but they will no longer see incoming comments in these threads. 

● If not authored or seen, comments from the old section are no longer visible to them. 

● They can see all the comments in the new section, including ones posted before they were 

switched into the new section. 

As a future design choice, we may consider allowing students to continue interacting with 

incoming comments in threads from the old section that they have participated or seen. 

3.3 Notifications 

Users can receive notifications from NB either by email or in-app notifications. Preferences can 

be set separately for each. The in-app notifications is a new feature that shows up on the NB top 

bar as badges. Similarly to Facebook notifications, users can open the popup to see recent 

notifications or open a new page to see all the notifications. The notifications can be marked seen 
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or unseen, and users have the option to filter for unseen notifications. Currently, the notifications 

are categorized as: 

● Files added to courses that you hold instructor roles in 

● Threads created by instructors in enrolled courses  

● Comments in courses that you hold instructor roles in 

● Comments that you are tagged in 

● Replies in a discussion thread that you commented on 

● Reply requests in enrolled courses 

● Reply requests to comments you authored 

● Upvotes to comments you authored 

● Replies to comments you reply requested 

● When your reply requests are marked resolved 

 

Users can opt in or out of each notification in the user preferences. Notifications contain 

timestamps, courses the notifications originated from, users who initiated the notifications, and 

short excerpts of comments if applicable. Course enrollment invitations, as described in the user 

enrollment section [Section 3.2.3], trigger both email and in-app notifications by default. Users 

cannot opt out of in-app notifications for course enrollment invitations. 

 

Additional notification categories, such as instructors’ replies to comments you reply requested, 

may be considered as future design choices. However, the current notification categories are 

already fairly fine grained. A better way to improve the user experience may be to give users 
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more fine grained notification frequency options as suggested in the notification preferences 

section [Section 3.3.2].  

3.3.1 User Preferences 

Users can set frequencies for each mode (email or in-app) of notifications. The notification 

preferences are the following: 

Notification Category Notification Preference 

Files added to courses that you hold instructor roles in Each file (default) / never 

Threads created by instructors in enrolled courses Each thread (default) / never 

Comments in courses that you hold instructor roles in Each comment (default) / never 

Comments that you are tagged in Each comment (default) / never 

Replies in a discussion thread that you commented on Each reply (default) / never 

Reply requests in enrolled courses 
Each reply request (in-app default) / 
never (email default) 

Reply requests to comments you authored 
Each reply request (in-app default) / 
never (email default) 

Upvotes to comments you authored Each upvote / never (default) 

Replies to comments you reply requested Each comment** (default) / never 

When your reply requests are marked resolved Each reply request (default) / never 

** Receiving notifications of replies to comments you reply requested enforce people to reply request for comments 
only when necessary.  
 

Users can only set the notification preferences globally throughout all enrolled courses. The 

design choice remains open for giving users an option to override the global preferences by 

customizing notification preferences per enrolled course. 

37 



 

 

Another open design choice is whether to give users the option to receive digested notifications. 

The digest can be modeled after Piazza notifications, which users can customize the frequency of 

digested notifications. For example, users could receive digested notifications about new reply 

requests every 6 hours, rather than receiving a single notification per new reply request. This 

type of notification may particularly be useful for instructors who do not want to receive an 

email for every comment in their course. 

3.3.2 Design Choices 

The notifications replaced two functions from the previous NB. The first function replaced is the 

pending questions, which displayed the comments that requested replies. Each pending question 

provided the preview of highlighted area and number of reply requests for context and gave users 

the shortcut option to reply. Since pending questions displayed all the reply requested comments 

from all the files in the course, they could be overwhelming and uninformative even with the 

provided context. Pending questions were also sorted by the number of reply requests rather than 

the recency. This can be easily done inside the annotator using the new sort by reply requests 

feature [Section 3.5.1b]. 

 

Furthermore, each pending question would not be hidden until the user replies to them. This only 

works under the unrealistic assumption that users would reply to all the reply requested 

comments they see. In reality, users reply to only a subset of questions and need a way to 

differentiate between those they have or have not seen. Therefore we decided to include pending 
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questions in the new NB’s notifications instead of the course contents page. This aligns with the 

principle that users should be able to opt in or out of any type of notifications, which users could 

not do with the previous NB’s pending questions. The new NB will preserve the preview and 

reply shortcut format for the pending questions in notifications since these were convenient.  

 

 
Figure 3-10: Previous NB pending questions 

 

Another function replaced is the feedback requests, which asked those who requested replies to 

rate the level of satisfaction with the replies received. Previously, feedback requests from all the 

files were displayed in the course contents page until users rated the replies. Not only could this 

be visually overwhelming for users, the rating systems could be confusing for users. There were 

no visible changes when users rated replies with the “thanks, this really helped!” option, while 

the “accept” option automatically removed their reply requests. Furthermore, according to this 

model, comments remain as pending questions until every user who reply requested accepts the 

replies. Since users often ignore feedback requests, many pending questions tend to remain so. 
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Figure 3-11: Previous NB feedback requests 

 

To improve the user experience, users are given the option to see feedback requests in their 

notifications. These notifications show users a preview of the comment with the new reply and 

the shortcut to reply or mark reply requests as resolved. Resolving reply requests is a simpler 

feature, modeled after Piazza’s follow-up discussions, that allows users to indicate whether 

certain reply requests received satisfactory responses. These changes preserve the benefit of 

feedback requests, while making them less overwhelming and more informative for users. 

3.4 Courses 

On the home page sidebar, users can view and navigate between the courses they are enrolled in. 

The courses are divided into two lists by the user’s role (student or instructor) in them. This 

format is more understandable than that of the previous NB, which combined all the courses in a 

single list and represented user roles with star and folder icons. Users can also drag and drop to 

change the order of courses within each list. The lists only show active courses by default, but 

users can expand them to see archived courses as well. The design choice remains open for 

additional organization options, such as allowing users to create folders within each list. 
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When the user opens the home page, it will display the most recently viewed course. This differs 

from the previous NB’s home page which displayed the feedback requests and pending questions 

from all courses which could be overwhelming for the user. 

 

 
Figure 3-12: Previous NB courses Figure 3-13: New NB courses 

 

3.4.1 Course Contents 

For each course, the contents are organized in a nested files and folders format. Each file 

displays the following attributes: 

● File type (PDF, HTML, or video) 

● File name 

● Assignment due date (if applicable) 

● Upload date 

● The number of comments the user authored 

● The number of unread comments 

● The total number of comments 
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Files are linked to the documents in the annotator [Section 3.5]. Users have the option to 

download the original PDF files if the course settings allow. Folders can contain files or other 

folders and only has the name attribute. Users can sort and/or filter the files and folders by any 

applicable fields. 

 
Figure 3-14: Previous NB course contents page 

 

 
Figure 3-15: New NB course contents page (partially implemented) 

 

Currently the course files and folders are displayed in a table view. However, a possible design 

choice to consider is giving users an option to show course contents in a drag-and-drop grid 

view, similar to Google Drive, which allows users to preview files and drag-and-drop contents 

into folders. 
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Additionally, instructors can perform the following actions on the contents: 

● Add new files and folders 

● Rename files and folders 

● Edit the files’ assignment due dates 

● Change the files’ underlying documents 

● Download the annotated copy if the file type is PDF 

● Move files and folders between folders 

● Duplicate files and folders within the same course or into another course 

● Delete files or folders (if empty) 

Before changing the files’ underlying documents, instructors are warned that the change may 

break existing annotations since the highlight positions in the document are kept track of 

relatively. As a future design choice, we may consider making annotations responsive to changes 

in the underlying document, similar to the comments on Google Doc. When duplicating a file, 

instructors can select threads to copy and decide whether to copy all the comments inside the 

threads or just the first ones. If instructors are duplicating a folder with files inside, they can do 

the step above for each file.  

 

To add a new file, instructors can specify the following: 

● Underlying document, uploaded as a PDF file or linked by the URL 

● File type (PDF, HTML, or video) 

● File name 

● Assignment due date 
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All fields except for the assignment due date are required. Videos must be uploaded to YouTube 

first and linked by their URLs. Although uploading videos to YouTube is free and easy, 

supported links could be extended to other video file types in the future. This could be helpful if 

instructors want to avoid suggested YouTube videos popping up when the video is paused. The 

new file is added to the currently open folder. Similarly, when creating a new folder, its parent 

directory is set to the currently open folder. 

3.5 Annotator 

The annotator is the main functionality of NB. It displays the underlying document (PDF, HTML 

or video) with the annotated area highlighted in the document. The annotator allows users to 

create, edit, and reply to comments in the sidebar. The sidebar also shows a list of discussion 

threads with the thread’s comments and replies. Each thread is associated with a highlighted 

location in the document.  

3.5.1 Document Annotator (HTML and PDF) 

The previous NB used two different annotators for PDF files and HTML pages. The new NB 

converts PDF files into HTML pages in order to use the same document annotator. Additionally, 

the conversion allows users to highlight PDF files by lines of text rather than rectangular 

approximations of text location over the rasterized images.  

 

As shown in Figure 3-16, the annotator requires users to sign in before accessing the annotation 

features. Users can sign out of NB from the top bar at any later time. After users log in, they 
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have access to all the annotation features, as seen in Figure 3-17. If a document is shared across 

courses in which the user is enrolled, NB will provide an option in the top bar to switch between 

the courses to choose which one is visible. 

 

 
Figure 3-16: The new NB document annotator log in 

 
 

 
Figure 3-17: The new NB document annotator 
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3.5.1a Document 

The document [Figure 3-17, Section 1] behaves as a standard HTML page. In order to start a 

new thread, users click and drag over a selection of text to highlight it and draft their comment in 

an editor. The user can click on the non-highlighted part of the document to cancel their draft if 

they have not yet started typing, otherwise users need to click the cancel button or press the 

escape key. Users can redo the selection by simply clicking and dragging over another part of the 

document, and the contents typed inside the text editor will be preserved.  

 

Highlights in the document are color coded as the following: 

● Blue indicates the thread that is currently selected 

● Red indicates the thread that is currently being drafted 

● Light blue indicates the threads that are hovered over 

● Yellow indicates all other threads 

To select a thread, users can click on the associated highlight on the document or click on a row 

in the thread list [Figure 3-17, Section 3]. Users can click on the non-highlighted part of the 

document or press the escape key to deselect threads. 

 

We have an open design choice regarding the ability to annotate images in HTML documents. 

This may be useful for marking diagrams inside HTML pages. Another benefit may be that, 

when PDF file resolutions are too low to be accurately converted to HTML texts, they can be 

annotated as images instead. 
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3.5.1b Search / Filter, Sort, and Visibility 

In the new NB, search and visibility as well as additional filter options [Figure 3-17, Section 2] 

were added to improve the user experience. The search bar allows users to find comments with 

keywords or author names.  

 

Users have the following filter options: 

● Bookmarked by me 

● Hashtag(s) from the suggested list 

● Comments I am tagged in 

● Comments by instructors or me 

● Replies by instructors or me 

● Reply requests by anyone or me 

● Upvotes by anyone or me 

Additionally, instructors also have the following filter options: 

● Minimum number of reply requests 

● Minimum number of upvotes 

● Minimum number of replies 

● Minimum number of words 

● Comments from a specific section or all sections (default) 

Certain filters have icon shortcuts and an overflow icon for more options. The overflow icon will 

open a popup with all the filter options. Future design choices include extending the selection of 
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icon shortcuts to be customized by the user or suggested based on the frequency or recency of 

use. 

 
Figure 3-18: New NB filter options popup (partially implemented) 

 

Since properties, such as thread length, upvote, and reply requests, are quantitatively 

informative, the new NB implements the following sorting options for threads: 

● In the order the associated highlights appear in the document (default) 

● Most recently created 

● Most replies (i.e. longest thread) 

● Most reply requests 

● Most upvotes 

 

Furthermore, the new NB implements a visibility toggle option between showing and hiding the 

highlights. This improves the readability of underlying documents, which can be covered with 

too many highlights especially in large courses. When the highlights are hidden, there will be a 

48 



 

ribbon on the left margin marking the locations of hidden highlights. However, even when the 

highlights are hidden, the highlights for the selected thread and comment draft will still be 

visible. 

3.5.1c List View 

The list view [Figure 3-17, Section 3] shows the discussion threads from the document. Each 

row of the list summarizes one thread, showing: 

● Thread length (total number of comments)  

● Instructor icon if the instructor started or replied to the thread 

● Replies requested icon if the thread contains unresolved reply requests 

● One-line excerpt from the first comment of the thread 

Unread threads are indicated by bolded excerpts. As a future design choice, we may consider 

giving users an option to specify an email stype “subject lines” that override the excerpts. 

 

When a user clicks on a row to select a thread from the list, the document auto-scrolls to the 

associated highlight if not already visible. Similarly, when users click on a highlight in the 

document, the list auto-scrolls to the selected thread if not already visible. The selected thread is 

highlighted blue in the list. When users hover on the highlights in the document, the hovered 

threads are highlighted light blue in the list; however, the list does not auto-scroll to the hovered 

threads even if they’re not visible. 
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3.5.1d Thread View 

When a thread is selected, the thread view [Figure 3-17, Section 4] displays the comments in a 

nested format, ordered chronologically at each level. The thread header shows the total numbers 

of comments and reply requests. For instructors, the header also shows the section name for 

which the thread is visible, if applicable.  

 

Each comment contains: 

● Author’s name 

● Whether the author has an instructor role 

● Whether the author is myself 

● Time posted 

● Content of the comment 

● Number of replies to the comment 

● Number of upvotes to the comment 

● Number of reply requests to the comment 

● Whether reply requests have been resolved or unresolved 

 

For each comment, users can perform these actions: 

● Reply to the comment 

● Upvote the comment 

● Request a reply to the comment 

● Mark reply requests as resolved or unresolved 
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● Bookmark the comment 

● Get a link to the comment 

● Edit or delete the users’ own comments if no replies attached  

 

The previous NB allowed users to favorite each comment. Threads are marked with star icons if 

anyone, including yourself, favorited comments in them. Although users could favorite 

individual comments, star icons are only displayed at the thread level. There were also no 

indication of how many people favorited the same comment or if comments were favorited by 

yourself. Favorites (stars) could have connotations of upvotes or bookmarks. However, their 

behaviors made their purposes ambiguous so we split them into two new features: upvotes and 

bookmarks.  

 

Similar to Reddit, upvotes simply recognize good comments. Everybody in the course can see 

the total number of upvotes per comment, but not who upvoted. The upvote icon color changes 

to indicate users already upvoted the comment themselves. Users can also filter for comments 

they upvoted. Although upvotes are modeled after Reddit, NB does not include downvotes, 

counterparts of upvotes in Reddit, since downvotes are not productive in classroom settings and 

can be abused. 

 

On the other hand, bookmarks give users a convenient way to save comments so they can be 

easily found later. Bookmarks are private to each user, and there are no indications if certain 

comments are bookmarked by anybody. Users can filter for comments they bookmarked. As a 
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future design choice, we may consider incorporating bookmarks with upvotes; however, careful 

considerations are needed since bookmarks cater to different use cases. For example, instructors 

may want to privately bookmark comments to follow up, but not necessarily endorse them. 

 

Reply requests are used to signal that the comments contain questions. The new NB improved 

the visibility and usability of reply requests. Reply requests are now categorized as resolved or 

unresolved, modeled after Piazza’s follow-up discussions. Reply requests start out unresolved, 

and any user who deem that the question received satisfactory replies can mark the reply requests 

resolved. However, any user can add a new reply request or revert their own reply request back 

to unresolved if they deem the replies unsatisfactory.  

3.5.1e Comment Editor 

The comment editor [Figure 3-17, Section 5] contains a text editor for creating or editing 

comments and replies. The header above the text editor indicates whether the user is creating a 

new comment, replying to or editing a specific comment. The toolbar has the following 

formatting options: 

● Paragraph styles: Normal, headings 1 - 6 

● Text styles: Bold, italic, underline, strikethrough, superscript, subscript 

● Blockquote, code, links, formulas 

● Numbered or bulleted lists 

● Indentations, alignments (left, center, right, justify) 

● Clear style/format 

● Insert mentions (# for hashtags or @ for people) 
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Users can also insert mentions by directly typing # or @ in the text editor and choosing from the 

autocomplete suggestions. The previous NB had a fixed set of emojis in the toolbar, which just 

inserted hashtags when selected. The new NB merged the emojis to the hashtag feature, which 

allows instructors to customize a set of course specific hashtags. By requiring instructors to 

choose an emoji for each new hashtag, the associations between emojis and hashtags are 

preserved. As a future design choice, we may consider giving users an option to display their 

hashtags as emojis in their comments or automatically detect emojis in their comment drafts as 

hashtags. As future design choices, we may consider extensions to the formatting options such as 

inserting images, gifs and drawings.  

 

The comment editor contains the visibility option dropdown. Comments can be visible to the 

entire class (default), tagged users and instructors, instructors, or only the author. The options for 

tagged users and/or instructors can be turned off in the course settings [Section 3.2.2]. For 

courses with sections, when instructors post comments to “the entire class”, their comments are 

visible to all sections. However instructors can also select a section name as the visibility option 

to post only to the specific section. Only the instructors see section names as additional visibility 

options in the dropdown since sections are unknown to the students. When students in a section 

select “the entire class” option, their comments will be visible to students in their own section, 

unassigned students, and all instructors. If unassigned students select “the entire class” option, 

their comments will only be visible to unassigned students and all instructors. For more details 

on comment visibilities across sections, please refer to the section specifications [Section 3.2.3c]. 
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The comment editor also contains the identity option dropdown. The authors of comments can 

choose to post as themselves (default) or post anonymously to classmates. Even when the post is 

anonymous to classmates, instructors can see the identity to prevent abuse. The option to post 

anonymously can be turned off in the course settings [Section 3.2.2]. Optionally, authors can 

mark any comments they draft with reply requests in the comment editor. 

3.5.1f Layout 

When users open the NB annotator, comments view [Figure 3-17, Section 4] and comment editor 

[Figure 3-17, Section 5] are not visible at first because no thread is selected. Instead, there is a 

short tutorial message explaining some operations that may not be immediately clear to first-time 

users, such as how to create new comments, select/deselect thread, etc. 

 

The annotator sidebar defaults to a constant width, but can be resized to improve the readability 

of document or comments. To resize, users can click and drag the border between the document 

and sidebar. Sections inside the sidebar are sized to optimize their visibilities. Some sections 

have constant heights, but others can be resized to fit individual users’ needs: 

● Search bar, filter options, and sorting options [Figure 3-17, Section 2] have constant 

heights. 

● Comment editor has a constant height. 

● Height of the list [Figure 3-17, Section 3] can be resized by clicking and dragging its 

bottom border. 
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● Comments view [Figure 3-17, Section 4] take up as much height as it can, meaning it 

uses whatever the space available between the list and the comment editor. If the 

comment editor is hidden, all the space under the list is used for comment view. 

3.5.2 Video Annotator 

The video annotator has different dynamics from the PDF/HTML annotator. 

 
Figure 3-19: Previous NB video player in the annotator 

 

3.5.2a Document 

The document is displayed as an embedded video player rather than a HTML page. The video 

player has toolbar options to play, pause, replay, mute, and unmute. The video progress bar 

shows elapsed and total time. Users can skip to specific time frames by clicking or dragging the 

progress bar.  
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The locations (in time) associated with threads are represented by markers below the progress 

bar.  The markers are color coded as the following: 

● Red indicates the thread that is currently being drafted 

● Blue indicates the thread that is currently selected 

● Black indicates the threads that are section titles 

● Yellow indicates the other threads 

Each thread normally refers to a span of time (width) on the progress bar, whereas the section 

title acts as a divider that marks an exact timestamp.  

 

When the currently viewed frame contains threads, the threads are displayed as rectangle 

markers to indicate locations on screen. The on-screen markers are color coded in the same 

manner as the progress bar markers. The section titles do not have the rectangle on-screen 

markers since they are meant to divide video into sections by timestamps alone. As a future 

design choice, we may consider extending section titles to the document annotator; however, 

considerations are needed regarding how to represent the section divisions inside a single 

scrollable HTML document. 

 

Users can click on the progress bar markers to skip to the time frames and view the 

corresponding discussion threads. When users play the video and enter a span of frames 

containing a thread, the thread becomes automatically selected. Similarly, after users pass the 

span of frame, the corresponding thread is automatically deselected. If multiple threads are in the 

same frame, then the one whose marker started latest on the progress bar is selected. To start a 
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new thread, users can click and drag to select a rectangular area inside the video, and the video 

will pause automatically.  

3.5.2b Sidebar 

The search, filter and sort system [Figure 3-17, Section 2] is the same as those of the document 

annotator except for an additional option to filter for section titles. The list view [Figure 3-17, 

Section 3] is the same as that of the document annotator except for the section titles represented 

by their underlined excerpts. When users click on a list row to select a thread, the video player 

skips to the frame containing the thread. The comments view [Figure 3-17, Section 4] is the same 

as that of the document annotator. 

 

The comment editor [Figure 3-17, Section 5] is similar to that of the document annotator except 

for a few additional video specific options. Course settings specify whether the video pauses at 

instructor comments by default; however instructors can override this setting per thread from the 

comment editor. Unlike PDF or HTML documents, threads in videos are associated with 

locations in time. Users can set their threads to be section titles; otherwise, users are required to 

select a range of time defined by the starting timestamp and the duration in seconds. There are 

two ways to select a range of time: 

● Move to the start frame and click “set start time here”, then enter the duration in seconds 

from the start frame. 

● Move to the start frame and click “set start time here”, then move to the end frame and 

click “set end time here”. The duration in seconds will be automatically updated. 
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Unless otherwise specified, the start time defaults to the frame that the user paused to start a 

thread. The user can move to the start and/or end frame by playing and pausing the video or 

clicking on the video progress bar. 

3.6 User Activity 

This section describes features for analyzing and/or displaying the user activity in the annotator. 

3.6.1 Statistics 

Instructors can view the course statistics in an online table or download them as a CSV file. Each 

row corresponds to an enrolled user in the course. Each user is defined by the following 

columns: First and last names, email, username, role (student or instructor), and section name (if 

applicable). The user definition columns are followed by grouped columns. Each group refers to 

a file in the course and have the following columns: 

● Number of comments the user made 

● Total number of words in the user’s comments 

● Total number of characters in the user’s comments 

● Total number of hashtags in the user’s comments 

 

Instructors can also toggle the statistics between showing all comments and only the ones before 

the assignment due date (if applicable). The online table and downloaded CSV file are just 

different modes of display for the same information, resolving the inconsistency between them in 

the previous NB. Previously the statistics had only one category, word counts per document. The 
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new NB expanded the statistics with new categories such as the number of comments. The 

design choice remains open for possibly including new categories in the statistics, such as the 

total number of reply requests and the number of hashtags by type. 

 

 
Figure 3-20: Previous NB statistics and grading page 

 

The previous NB included a grading feature as part of the online statistics table. In the previous 

NB, instructors could click on a table cell to see the previews of comments that the specified user 

made in the specified file. From the preview, instructors could reply to or open the comment in 

the annotator. Instructors could also assign a letter grade (A/B/C/D/F) to the selected cell. Design 

choices remain open regarding whether and how to preserve the grading feature as part of the 

new NB statistics. 

 

During the user interviews [Section 5.1], both courses’ instructors stated that they did not use 

NB’s grading feature. Instructors at UC Davis use their own script to automate grading since 
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their course is too large to manually assign individuals’ grades per document. Additionally, the 

A/B/C/D/F scale is not applicable to their course since their grading use numerical points which 

are not easily interchangeable with letter grades. On the other hand, the instructor of a smaller 

literature course always reads all her students’ comments in the annotator. Therefore, the 

statistics table was not an appropriate grading interface for her. 

 

Based on the feedback, the current grading model is not efficient enough for a large course, but 

also not useful for a small course. However, since the feedback is only based on two courses, we 

should collect more feedback from courses of various sizes before making major changes. Right 

now, a benefit to courses of all sizes is giving instructors options between different grading 

scales, such as letter grades, point scales, etc. 
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3.6.2 Analytics 

 
Figure 3-21: Previous NB analytics page 

 

The analytics feature takes the information described in the statistics as well as logged user 

activities to display trends in the annotator. This feature analyzes users’ discussions and logged 

activities throughout the annotated document and visualizes the data. Since the analytics is an 

experimental feature from the previous NB, the new NB does not have finalized specifications 

for it. However, the general specifications for the analytics feature includes two modes of 

visualizations.  

 

The first visualization is a bar chart showing the following metrics by part of the document: 
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● Total number of threads 

● Total number of comments 

● Total number of replies requested 

● Total number of participants 

● Total time (in minutes) spent by participants 

● Average time (in minutes) spent by participants 

The second visualization shows the distribution of the metrics above as a heat map overlayed on 

the document.   
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Chapter 4 

Implementation 

This chapter describes the current prototype implementations, including limitations and an 

experimental feature, and the reasonings behind them. This chapter also details the frameworks 

and libraries used for the prototype. Finally, we explain the implementation iterations 

specifically for the annotator interface. 

4.1 Prototype Scope 

This section describes which specifications are included in our prototype implementations. The 

prototype features were prioritized based on the UC Davis Bis2A use case [Section 5.1.1] since 

they were the first to test our prototype using regular course assignments. We also took into 

consideration that the user testing was done in a small group of 25 to 30 students for a short 

period of 1 to 2 weeks [Section 5.2.1]. 
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4.1.1 User Accounts 

  
Figure 4-1: Prototype sign-up form Figure 4-2: Prototype sign-in form 

 

The user accounts [Section 3.1] are partially implemented. On the prototype, users can only 

create a new account through the sign-up form since the subscription link is not implemented. 

The user accounts only support username and password. The single sign-ons are not supported 

yet; however, the user authentication framework can easily be extended to support single 

sign-ons. The prototype has no account recovery feature since we found the overhead and 

complexity of setting it up to be less efficient than providing individual supports to the small 

group of users for the purpose of user testing. 

4.1.2 Notifications and Preferences 

The notifications and preferences [Section 3.3] are not implemented yet. They were deemed less 

important than other essential features, such as the annotator, for the purpose of user testing. 
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Especially, the in-app notifications did not exist in the previous NB so the lack of the feature 

wasn’t a detriment.  

4.1.3 Course Administration 

 
Figure 4-3: Prototype course creation form 

 
The course administration [Section 3.2] is partially implemented. Currently, the course name is 

the only field for a new course. Instructors are not asked to fill in the description, term, 

institution, and primary contact since we know exactly who and which courses we are working 

with. We use the default set of visibility and identity options which were deemed sufficient for 

the Bis2A use case. The other settings such as enabling subscription link or pausing video are not 

applicable since they corresponded to unimplemented features. 

 

Course settings [Section 3.2.2] are also not implemented yet for similar reasons. The general 

settings are already tailored for the Bis2A use case. Although the Bis2A instructors were 

interested in using custom hashtags in the future, they decided against it for the first phase of 

user testing. Therefore, the editing interface for hashtags is not implemented yet. We also 

deemed archiving or deleting courses unnecessary for the purpose of user testing.  
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Course memberships [Section 3.2.3] are partially implemented. Currently, the subscription link 

is not implemented, and users may only be enrolled through manual invitations, which worked 

for the small group of user testers. The same reasoning was used to not ask students for 

enrollment confirmation. 

 
Figure 4-4: Prototype user management table 

 

The user management table is partially implemented and shows all fields except for section and 

enrollment status, which correspond to unimplemented features. Instructors do not have the 

option of removing users or changing users’ roles since we decided to provide individual support 

if enrollment is made by error. Instructors also cannot assign users to sections since sections are 

unimplemented. We did not implement sections [Section 3.2.3c] because it was not useful for 

user testing with a small group of students. 
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4.1.4 Courses and Contents 

 
Figure 4-5: Prototype course lists 

 
Course lists [Section 3.4] on the sidebar are implemented except for the drag-and-drop 

reordering within list. Viewing archived courses is not an option since archiving courses is 

unimplemented. 

 
Figure 4-6: Prototype course contents page 

 

Course contents [Section 3.4.1] have the folder and file table view implemented and show the 

file names, assignment due dates, and upload dates. The other fields, such as the number of 

comments, are not implemented since they were not essential for user testing, especially since 
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Bis2A students do not usually use the course contents page. Currently, instructors can add files 

and folders, but only HTML files are supported since Bis2A do not use PDF or video files.  

4.1.5 Annotator 

 
Figure 4-7: Prototype document annotator 

 

We implemented all specifications for the document annotator [Section 3.5.1] except: 

● Icon shortcuts for filter options and resolving / unresolving reply requests since they were 

added to the specifications later on 

● Resizable sidebar since we were still searching for an appropriate frontend library and we 

deemed this feature not essential for user testing 

● Switching between courses since it is unnecessary for user testing 
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Currently all filter options are inside the “more filters” popup. Although the sidebar layout is not 

resizable yet, we tried to optimize for the space inside the fixed layout. The video annotator 

[Section 3.5.2] is not implemented since the prototype does not support video files. 

4.1.6 User Activity 

 
Figure 4-8: Prototype grading interface 

 

We partially implemented the statistics [Section 3.6.1]. The current implementation does not 

display statistics in an online table, but allows instructors to download a statistics CSV file per 

course file. Currently, the downloadable statistics are part of an experimental automated grading 

feature we implemented based on requests from the Bis2A instructors. The automated grading 

feature allows instructors to input the grading rubric in a table. The table columns define grading 

criteria such as the number of comments, hashtags, words, etc. The table rows define grading 

thresholds and has fields: Label (optional), numerical points given, and minimum threshold for 

satisfying the criteria per column. Optionally, instructors can add custom grading criteria that 

filter for comments with a specific number of hashtags, words, and/or characters. They also have 
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the option to specify an assignment due date to exclude all comments made after. Lastly, 

instructors can generate a statistics CSV file per specified course file which includes a column 

for points given by the rubric. 

 

The analytics [Section 3.6.2] is not implemented since this was an experimental feature from the 

previous NB, which only worked for PDF files. 

4.2 Frameworks and Libraries 

For our prototype, we chose frameworks and libraries that are open sourced, well documented, 

well established, and actively maintained. We chose open source frameworks and libraries since 

NB is also an open source project. To infer their levels of establishment and maintenance, we 

looked at the number of contributors and stars as well as commit history in their Github 

repositories.  

4.2.1 Node.js 

Node.js is a JavaScript-based asynchronous and event driven framework for building network 

applications. We used Node.js to build the backend of our prototype. Node.js is efficient and 

highly scalable, good at simultaneously handling multiple user requests, and appropriate for 

full-stack development. Node.js is well supported and even used by large companies and 

organizations, such as Netflix, NASA and Ebay. Node.js is customizable, supported by the Node 

Package Modules (NPM) which are open source libraries built to work with Node.js. NPM is the 

world’s largest ecosystem of open source libraries, with over 800,000 libraries to choose from. 
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Node.js integrates with Vue.js client applications more smoothly than Django, which was used to 

build the backend for the previous NB. This was taken into consideration since we decided to use 

Vue.js for the frontend. 

4.2.2 Additional Backend Libraries 

We used Sequelize and Passport.js with our Node.js backend. 

 

Sequelize is an object-relational mapping library for relational databases, used by large 

corporations like Walmart. Sequelize has approximately 750 contributors and more than 18,000 

stars in their Github repository [13]. We used Sequelize to define our data models since we chose 

to use a relational database, which is well established, scalable, and good at maintaining data 

consistency. Specifically, we used a Postgres database for the prototype because Postgres 

supports a rich variation of data types such as arrays, JSON objects, geospatial data, and ranges. 

 

Passport.js is a user authentication middleware library. Passport.js supports simple username and 

password authentications, which we capitalized on; however, it also supports a wide range of 

single sign-on systems that can be incorporated in future iterations of the prototype. Passport.js 

has around 30 contributors and over 15,000 stars in their Github repository [7]. 

4.2.3 Vue.js 

Vue.js is a Javascript framework for building components-based web UI, which helps keep the 

codebase organized, modular, and easy to maintain. Vue has around 300 contributors and 
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140,000 stars in their Github repositories [14] and is trusted by large companies like Netflix, 

Adobe, and Alibaba. We used Vue to build the frontend of our prototype. 

 

Vue allows us to write UI components that can be reused to eliminate redundancy. The 

components can also be easily linked to data, making the UI responsive to changes in the 

underlying data. The data can be synced between the parent and child components. Vue also 

allows us to sort and filter the data within components before showing them in the UI. Aside 

from the convenience of components, we chose Vue because it includes useful official libraries 

like routing, good documentation and tutorials, and numerous third party libraries and plugins. 

 

I personally found Vue more intuitive, easier to learn, and easier to integrate with third party 

libraries than React, an competitor framework to Vue that I have worked with before. I started 

building the NB prototype UI using pure JavaScript before transitioning to Vue. The transition 

was easy because Vue components can be mixed with regular DOM elements, which allowed me 

to incrementally convert different segments of the UI. I enjoyed Vue’s flexibility, single-file 

components that can group DOM templates with data methods, and easily communicable data 

between parent and child components. Vue’s flexibility allowed me to even use components 

recursively. Additionally, I found that many popular frontend libraries already support Vue or 

have Vue versions implemented. 

 

After the conversion from pure JavaScript, Vue eliminated redundancy and complexity in the 

code. Vue eliminated the need to update DOM elements manually every time data changes. Vue 
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also made it easier to implement the sort and filter UI as well as keep track of the current UI 

state. For example, we had to keep track of the currently selected thread in the annotator UI. The 

pure JavaScript solution involved adding or removing classes to individual DOM elements by 

checking their ID’s against the currently selected ID every time the selection changes. With Vue 

on the other hand, we just set a data field in the parent component as the currently selected 

thread. Whenever the selection changes, the child components automatically update their UI by 

checking if they correspond to the current selection. The Vue solution is simpler and less error 

prone.  

 

The only disadvantage of Vue was that it was not supported universally. There were some 

frontend libraries I wanted to use based on their features, but they did not support Vue. However, 

there are usually alternative libraries that support Vue and if not, we could wrap third party 

frontend libraries in Vue components to create Vue versions of them. 

4.2.4 Additional Frontend Libraries 

Quill is a rich text editor library which supports a wide range of formatting options including 

Latex-syntax formulas. Quill is customizable with a variety of third-party plugins and has around 

100 contributors and 23,000 stars in their Github repository [12]. Quill is used by notable 

companies like Microsoft, Slack and LinkedIn. We used Vue-quill, the Vue version of this 

library, for the search bar and text editor in the annotator.  
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We also used Quill-mentions [1], a Quill plugin, for autocomplete mentions. Quill-mentions has 

the ability to detect specific starting characters like # or @ and customize autocomplete 

suggestions. We used Quill-mentions for hashtags and user tags. 

 

Axios is a promise based HTTP request library for clients, with around 160 contributors and 

60,000 stars in their Github repository [3]. We used it to send GET/POST requests to the server 

from the frontend. 

 

Moment.js is a library for parsing and displaying time and dates, with around 500 contributors 

and 41,000 stars in their Github repository [10]. We used it to display comment timestamps as 

user-friendly, relative times (e.g. “2 hours ago”). 

 

Html-to-text is a library for converting HTML strings to plain texts with optional formatting 

options and has around 40 contributors and 660 stars in their Github repository [15]. We used it 

to convert annotation contents (HTML strings) to plain texts for the ease of searching and 

displaying excerpts. 

 

V-tooltip is the tooltip component library for Vue.js, with around 20 contributors and 1000 stars 

in their Github repository [2]. We used it for displaying text labels for icons on hover and 

overflow menu popups.  

 

74 



 

Vue.js modal is the modal components library for Vue.js, with around 40 contributors and 2500 

stars in their Github repository [5]. We used it for edit forms in the course contents and grading 

rubric tables. 

 

Vue-good-table is the table components library for Vue.js, with around 40 contributors and 1000 

stars in their Github repository [16]. We used it for the user management and course contents 

tables. 

 

Vue-simple-suggest is the autocomplete components for Vue.js, with 7 contributors and around 

150 stars in their Github repository [8]. We used it for autocompleting users to invite in the user 

management page.  

4.3 Annotator Interface 

The annotator interface is the most completely implemented interface since it contains many 

essential functionalities of NB. It is also the NB interface most used by students, who are the 

majority of users. There were multiple iterations of the prototype before finalizing the best 

implementation methods for the annotator.  

 

For the first iteration, we tried to find libraries for selecting / highlighting texts and storing the 

selections. We also looked for libraries for the sidebar UI components, such as the search bar, 

nested thread text editor, tooltip, etc. This iteration failed because we only found two libraries, 

Annotator.js and Rangy, that satisfied our needs for selecting / highlighting and storing. Both 
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libraries are outdated and not actively maintained. Annotator.js was previously used for 

Hypothesis, but it has been replaced. Rangy is what the previous NB used but it has not been 

updated for at least 4 years. People have tried to start new actively maintained forks of Rangy, 

but failed. However, during the first iteration, we found useful libraries for the sidebar UI 

components like Quill for the text editor. We also found that some UI components, like list and 

nested thread, are more efficient to implement manually than using libraries.  

 

The second iteration surrounded the idea of using some libraries from the first iteration along 

with our own components for the sidebar UI. As for selecting / highlighting and storing, we 

could build off the previous NB’s implementation while finding ways to use Rangy such that we 

can easily move away from Rangy in the future if needed. The previous NB’s implementation 

used Rangy to detect selections and highlight texts by inserting spans into them. Rangy was also 

used to store and restore selections of texts using character offsets. This iteration failed since, we 

concluded after investigating that the previous NB implemented the best use of Rangy. 

 

For the third iteration, we tried to fork the frontend code of Hypothesis and modify it to fit our 

needs since many existing Hypothesis features overlapped with the new NB feature 

specifications. This seemed efficient since Hypothesis had a fairly complete set of frontend 

features, including selection and highlight of texts as well as UI components for the sidebar. 

However, this iteration failed because Hypothesis used Ruby on Rails which meant we would 

have to convert all their frontend code in Vue.js. We would then have to manually update our 

code whenever Hypothesis updates their code or deal with bugs on our own. This would result in 
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great inefficiency and poor maintainability when our code eventually diverge from Hypothesis. 

During this iteration, we also learned: 

● Hypothesis uses its own code for selecting / highlighting texts and storing the selections. 

In fact, they copied and modified some code from Annotator.js. Otherwise, their logic is 

similar what the previous NB does with Rangy. 

● Hypothesis is currently trying to implement overlaying highlights. This change is 

motivated by the shortcomings of inserting spans into text, such as breaking the selectors 

for underlying documents [6]. Overlay highlights show SVG rectangles over the 

bounding boxes of text selections rather than inserting spans into texts. Their planned 

change still keeps the logic for storing and restoring the text selections. 

 

For the final iteration, we implemented overlaying highlights as mentioned in the third iteration. 

For selecting and storing the text selections, we copied and modified portions of the Hypothesis 

frontend code, which were small enough to easily self-maintain in the future. This also allowed 

us to depart from Rangy which is no longer maintained. We implemented the sidebar with a 

combination of libraries and our own components as planned during the first two iterations. 
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Chapter 5 

Evaluations 

We worked with two courses to conduct user interviews and testing. The first is a biology course 

at UC Davis. The main contacts are Professor Marc Facciotti and a graduate student, Erin 

Easlon. Professor Facciotti teaches Biological Sciences course (Bis2A), a large course of about 

1000 students, in which Erin is the academic coordinator. The second is a MIT literature course 

(21L.320), a small course of about 10 students, taught by Professor Mary Fuller. 

 

We first conducted user interviews with students and/or instructors from the two courses to 

inform the new specifications and prototype implementations. After the user interviews, we 

conducted user testing for the new prototype with the same group of instructors and students. We 

also expanded the group of user testers to 16 college students and recent graduates over a variety 

of majors. 

 

Lastly, we analyzed the codebase quality of the new prototype in order to fulfill the important 

goal of this project, which is to improve the codebase quality.  
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5.1 User Interviews 

Through the user interviews with instructors and students, we received feedback on the previous 

NB, what they did or did not like about it, and any future improvements they would like to see. 

The interviews also helped us get a better idea of how NB is currently used, validate our 

assumptions about use cases, inform prototype implementations, and update the new NB 

specifications. 

5.1.1 UC Davis Biological Sciences (Bis2A) 

Students of Bis2A use NB for their weekly online reading assignments. All readings are HTML 

pages from LibreText, a platform for free public online textbooks. Since LibreText has its own 

UI for file and folder navigation, students usually navigate inside LibreText rather than use the 

NB course contents table. Students typically open the reading page, log in, and then annotate 

using the NB sidebar. For each assigned reading, students are required to make 3 comments and 

in any of these comments, use hashtags at least once. The use of hashtags is encouraged since 

they could be later used to analyze cognitive engagement for each section of the document.  

 

During an interview with the Bis2A instructors, we asked about the use of hashtags and reply 

requests in their course. We discovered that even though students are only required to use 

hashtags once, some students used hashtags in all their comments. Instructors also wanted 

custom hashtags for students to request certain materials to be covered in lectures. Instructors 

suggested that custom hashtags can also be used to label confusing English vocabularies since 
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many UC Davis students are ESL or bilingual. We also learned that reply requests were not 

commonly used because students did not know about the feature or misunderstood its purpose. 

Instructors found hashtags to be more useful than reply requests for knowing which parts of text 

students found confusing.  

 

We also received some feature requests during the interview. Instructors mentioned their 

students asking for an option to hide all highlights to improve readability of the underlying 

document. We included this option as a feature in the new specifications [Section 3.5.1b] and 

implementations [Section 4.1.5].  

 

Another requested feature was automated grading. Bis2A instructors currently grade using a R 

script outside of NB, which is not user friendly for non-technical instructors. The script 

automatically assigns numerical points to students for each assignment based on comment, word, 

and hashtag counts. They used the script instead of the NB’s grading feature because it is 

inefficient to manually grade 1000 students per assignment. They also found the NB’s letter 

grades difficult to translate into numerical scales used by Bis2A. We implemented automated 

grading as an experimental feature [Section 4.1.6] for the user testing with Bis2A.  

 

Other suggested features included random section re-assignment and hashtag density 

visualization. These features are useful for instructors’ analytic purposes. 
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5.1.2 MIT Literature Course (21L.320) 

Professor Fuller assigns online readings using NB. Although she uses HTML pages, she noted 

that other literature professors often use PDF uploads because it is generally harder to find the 

full versions of readings online. The assignments in 21L.320 are rotated between groups of 

students such that only a third of the class needs to annotate each one and the others read the 

annotations. Professor Fuller always reads all her students’ comments and replies to some of 

them. She wanted a NB feature for bookmarking comments, which was already included in the 

new feature specifications [Section 3.5.1d] and implementations [Section 4.1.5]. An additional 

aspect she suggested was a categorization of bookmarks. She also wished users could associate 

replies to parts of text independent from the first comment of the thread. 

 

We also interviewed 21L.320 students about their NB usages. Some students found it helpful to 

read others’ comments before lectures even when they were not assigned to write comments. 

Students also found the associations between comments and highlighted texts helpful. 

 

Out of the 10 students, only 2 had previously used hashtags. The others did not know about them 

or were unsure of their purposes. However, the two who had used hashtags before complained 

about the lack of options. This limitation can be mitigated by the new NB feature that allows 

instructors to customize the set of hashtags [Section 3.2.2]. When asked about the representations 

of hashtags inside comments, most students preferred hashtag texts over emojis as the better 

form of categorization. Based on this feedback, one design choice to consider is defaulting to 
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hashtags displayed as texts inside comments and use emojis as abbreviated representations of 

hashtags in the comment excerpts. The students also did not utilize reply requests or favorites 

(stars) because they were not obvious features. Their visibility and learnability were improved in 

the new NB specifications [Section 3.5.1d] and implementations [Section 4.1.5]. 

 

The students also pointed out that the NB sidebar disappears when they open hyperlinks in the 

document. This happens because the NB annotator plugin has to be loaded on individual pages 

by either embedding the script in the page or loading the script through bookmarklet. One 

solution for keeping the NB sidebar across web pages is through browser extensions. Although 

this issue was not tackled in the redesign, it should be noted that literature courses desire this 

feature because they typically refer to hyperlinks in footnotes.  

 

The students also offered multiple suggestions for improving NB. They wanted NB to show 

author names in the thread list, provide additional sorting options for the thread list, and color 

code text highlights by their priorities or categories. The last suggestion could be implemented 

by color coding highlights based on reply requests or hashtags. The additional sorting options 

were already specified [Section 3.5.1b] and implemented [Section 4.1.5] in the new NB. 

5.2 User Testing 

We asked users to annotate readings using the new NB prototype. In classroom settings, the 

readings were course assignments; otherwise, we gave users a short story to read and tasks to 

perform on the annotator interface. 
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Following the testing, we asked users to give feedback through surveys. Users had the flexibility 

to answer as many or as few questions as they wanted. The feedback was divided into sections, 

asking about each segment of the interface as well as general impressions about the new NB. 

Specifically, the interface was divided into the search/filter, list view, comments view, and 

comment editor. Each section asked users to state: 

● Their satisfaction with the interface, rating from 1 (poor) to 10 (excellent)  

● Things they liked or found helpful 

● Things they did not like or found confusing 

● Things they wish they could add or change 

 

Some sections contained additional questions tailored to the specific interface segment. The 

general feedback also asked users how their experiences compared to the previous NB if 

applicable. 

 

The qualitative evaluation of the prototype involved observing how students used the annotator 

and analyzing survey responses from users. 

5.2.1 UC Davis Biological Sciences (Bis2A) 

We worked with a discussion group from Bis2A, which consists of 25 to 30 students, to test the 

new NB prototype. They were assigned 3 readings over the span of a week. For each reading, 

83 



 

they needed to make 3 comments and use at least 1 hashtag to receive full credit. 5 of the 25 to 

30 participating students also provided feedback through the survey. 

 

Since Bis2A typically uses the previous NB for assignments, students gave feedback about the 

previous NB as well as the prototype. When asked about the previous NB features they disliked, 

two students responded: 

● The old NB sometimes had the first letter or two letters of the comment I wrote appear in 

the text I highlighted. 

● Sometimes it would be hard to scroll through the comments section. 

 

Another student pointed out that, in the previous NB, their readings were often covered with too 

many highlights. They wished there was a way to improve the readability of documents. This 

problem should be mitigated by the toggle option for highlight visibility [Section 3.5.1b]. 

 
Figure 5-1: Satisfaction ratings (1-10) for the comment view 
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Two students stated that the prototype comment view was confusing since they were used to the 

previous NB layout. One student liked that the comment view was organized in a similar manner 

to other forums. The students did not mention anything they disliked about the comments view.  

 
Figure 5-2: Satisfaction ratings (1-10) for the comment editor 

 

The students did not find any icons or buttons in the comment editor confusing. They stated that 

inserting hashtags and user tags was intuitive, and the dropdown options under the text editor 

were straightforward. Some students pointed out things they particularly liked about the 

comment editor: 

● It had spell check! 

● I liked the wide range of emoticons! 

● Being able to edit comments after it is submitted, being able to comment directly on 

others' comments instead of having to create a new thread. 

When asked for things they disliked, one user complained that the typing window inside the text 

editor was too small. For improvements, one student asked for a wider variety of suggested 

hashtags (emoticons).  
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Figure 5-3: Satisfaction ratings (1-10) for the filter and list 

 

All the students found the toggle and filter options easily understandable and useful. They also 

found the icons in the thread list straightforward. When asked for things they liked, they 

responded: 

● It was helpful to be able to filter your own comments to see how many you've made. 

● I liked how you could look at instructor comments. 

● I liked being able to click highlights in the document to navigate to the corresponding 

threads.  

However, there was one student who felt they were provided with too many filter options. 

Implementing the filter icon shortcuts may mitigate this problem by showing less filter options to 

those who find them overwhelming. 
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Figure 5-4: General satisfaction ratings (1-10) for the new NB prototype 

 

Overall, the students found the prototype user friendly and its general layout straightforward. 

Some comments and suggestions we received were: 

● When highlighting text on the areas that have comments, make it a less noticeable color 

which distracts less from the reading --- hard to read when most of the text is highlighted 

already. 

● I think making it so it would be easier to distinguish your own comments from others 

would be helpful! It will help me keep track of comments or find notes I made earlier. 

● This website was fairly similar to the old website in my opinion. 

 

Although making highlights less noticeable may defeat their purposes, the toggle option for 

highlight visibility [Section 3.5.1b] should help eliminate the distractions. Based on the 

feedback, the user may not have noticed the eye icon was used for toggling highlight visibility. 

One solution is to add a tooltip label on hover to describe this functionality. 

 

87 



 

To better distinguish your own comments from others’, we may: 

● Include the filter for your own comments in the icon shortcuts for filter options [Section 

3.5.1b]. The icon shortcuts are not implemented yet. 

● Include icons to indicate your own comments, similarly to the instructor icons, in the 

thread list. The reply request icons may be eliminated to make space for them since users 

can already sort threads by the number of reply requests 

5.2.2 MIT Literature Course (21L.320) 

Two students from 21L.320 tested the new NB prototype as an extra credit assignment. The 

online assignment was similar to their regular reading assignments. However, each student made 

one or two nonsensical annotations because they were given credit as long as they tested the 

prototype in some way and gave feedback. Although their feedback may not accurately reflect 

sentiments from real use cases, it can still be useful for heuristics evaluations. 

 

Both students rated the satisfactory levels for all sections between 6 to 8. One liked the tooltip 

showing the text label describing each icon when hovered. Both found the search/filter and reply 

request features easy to use and understandable. There were three things that the students 

individually found confusing:  

● Where to filter for bookmarks 

● What the toggle option for highlight visibility did 

● Whether the numbers in the thread list represented thread lengths or upvotes 
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One reason for the last point of confusion was that the thread list indicates reply requests, but not 

upvotes. Since the space for the thread list is limited, we might consider excluding indicators for 

both reply requests and upvotes. This will not affect the functionalities since threads can be 

sorted by reply requests or upvotes. The thread length indicators may remain in the the thread list 

since they are good indicators of participation; however, we may consider clearer representations 

such as placing the number inside a speech bubble icon to indicate comments and not upvotes. 

 

One also found the formatting options in the text editor unnecessary while the other found them 

particularly useful. When asked about future improvement, they suggested: 

● Filter by comment visibility 

● Indicate the comment visibility for your own comment in the comments view 

● Indicate the total number of upvotes per thread in addition to per comment 

● Remove the comment editor’s checkbox for reply request since the author can simply 

reply request in the comments view 

5.2.3 Participants in a Non-Course Setting 

We also tested the new NB prototype with a group of 16 volunteers in a non-course setting. The 

participants were college students or recent graduates, with half from MIT and the other half 

from other U.S. colleges, spanning over various majors. They were asked to create at least three 

comments, reply to at least one comment, and freely explore other features. Out of the three 

comments, at least one needed to utilize a hashtag, and at least one had to ask a question. These 
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tasks were modeled after the Bis2A reading assignments [Section 5.1.1] to simulate realistic use 

cases. 

 

Over a span of one week, this group created 39 threads, made 82 comments and replies, made 74 

upvotes and 13 reply requests in total. They also used 31 hashtags with 14 of them from the 

suggested list; the rest were made up by the users. 15 of the 16 users also gave feedback through 

the survey. 

 
Figure 5-5: Satisfaction ratings (1-10) for the comment view 

 

In the comments view, the most common confusion was regarding the purpose of reply request 

icons. One user mentioned correlating the question icon to reply request after hovering over and 

read the tooltip label, which supports the benefit of showing tooltip labels on hover. The purpose 

of reply requests can be explained in the tutorial view [Section 3.5.1f] since first-time users 

might not be familiar with the notion of reply requests. Another user wanted a dropdown of 

common reasons, similar to Amazon’s return page, for reply requests to guide answers to 

comments. 
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Other confusions involved bookmarks, unread comment indications, and user tags. One user was 

unsure what use cases bookmarks had and how to filter for bookmarked comments. We may 

consider explaining bookmarks in the tutorial to avoid confusion. Another asked why some 

comments were highlighted and bolded and if there was a way to receive notifications when 

another user tags you. Unread comment indications may be learned over time; however, we 

could consider other types of indications like blue dots next to comments. Although notifications 

are not implemented yet, once they are, users will be notified when tagged by other users. 

 

Users liked the nested formatting of the threads, upvotes feature, easily learnable icons, and 

representations of comment timestamps. 3 users also found it helpful when users clicked on text 

highlights, it auto-scrolls the thread list to relevant comments and vice versa. 

 

8 users suggested increasing the size of the comments view to improve visibility of long or 

deeply nested threads. Implementing the resizable sidebar layout [Section 3.5.1f] should mitigate 

the space constraints of comments view. Another solution for accommodating deeply nested 

threads is to collapse comments after a certain level of nesting and offer a “show more” link as 

seen in Reddit. 
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Figure 5-6: Satisfaction ratings (1-10) for the comment editor 

 

In the comment editor, the most common confusion was regarding the icons for text formatting 

options, which can be mitigated by showing tooltip labels on hover. One user also suggested 

having a larger text editor space. To do this without taking away the space from other sidebar 

sections, we may consider a toggle option for the text editor toolbar between showing a collapsed 

set of options and all options. 

 

When asked about hashtags, 7 of the 11 who answered had explicitly noted they were intuitive 

and easy to use. 5 of the 7 also suggested showing all previously used hashtags, including ones 

created by students, as part of the autocomplete. 

 

Two users particularly liked being able to insert hashtags, tag users, and mark comments reply 

requested from the comment editor. They also liked the implementation of emojis associated 

with hashtags. One user specifically pointed out the usefulness of text formatting options such as 

links or formulas; however, another found the advanced formatting unnecessary. To balance the 
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opposing preferences, we may consider showing the first row of formatting options by default 

and giving users an option to show all other formatting options. This would also give users more 

text box space to type in the editor.  

 

When asked about future improvements, one user suggested making the tag autocomplete 

dropdowns more visible. Another suggested improving visual indications of currently selected 

formatting options in the text editor by styling them as  pressed buttons, as seen in the Google 

Doc toolbar. 

 

 
Figure 5-7: Satisfaction ratings (1-10) for the filter and list view 

 

Two users noted points of confusion regarding the search / filter functionalities. One found the 

“default” sorting option label confusing. The other was unsure of the purpose for the eye icon, 

which was used to toggle the highlight visibility over text.  
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Two users found the filters useful. One pointed out it would especially help instructors locate 

comments with confusions or questions. Another user mentioned that the search bar placeholder 

text, “search for comments”, helped clearly define its purpose.  

 

The only thing users disliked about the list was that the comment counter for each thread 

defaulted to 1, including the first comment. They found it more intuitive to default to 0, only 

counting the replies.  

 

There were three individual suggestions for future improvements: 

● Have a button to clear search bar and/or reset filters (e.g. an “X” icon next to the search 

bar) 

● Make the thread list resizable 

● Filter by a group of authors 

Resizable layout is already included in the new specifications [Section 4.1.5], but the feedback 

confirms its usefulness. Although users can search for comments by a specific author, expanding 

it to filter for multiple authors is an interesting idea. 
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Figure 5-8: General satisfaction ratings (1-10) for the new NB prototype 

 

The general feedback section received 4 particularly positive responses: 

● I really liked it! I think this tool is really cool and all the options to encourage discussion 

like filtering, thread formatting, upvote options, @ people, hashtags, etc. are really 

innovative and cleanly done. 

● It is nice to be able to start discussions and be able to request replies. 

● I liked the mouseover to reveal feature immediately! It really helps new users and people 

with not much knowledge of standard computer icons. 

● This seems super useful. it's also really simple and easy to use! 

 

Another pointed out that the document would be overwhelmed with highlights as more threads 

are created over time. This supports the practicality of our new toggle highlight visibility feature, 

but also shows that the feature needs to be more discoverable. 
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We also asked users to compare their experiences between the previous NB and the prototype if 

applicable. Three users had experience with the previous NB, but only two remembered the 

previous NB features. They responded with: 

● I liked this one better but mostly because you could highlight text; the NB I've used was 

with a pdf and you had to image capture. 

● I feel like it is just as good. 

5.3 Code Analysis 

The new prototype codebase was analyzed using similar criteria to the codebase analysis from 

the background [Section 2.2]. The prototype implementation contains 73 files and almost 8000 

lines in total, excluding the compiled bundles and packages.  

 
 

Figure 5-9: Number of lines in the previous NB 
codebase by language 

Figure 5-10: Number of lines in the new NB 
codebase by language 
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Figure 5-9 shows the composition of languages for the previous codebase. Figure 5-10 shows the 

same scope for the new codebase. The majority of the new codebase is written in JavaScript 

whereas the previous NB was mostly written in a combination of JavaScript and Python. 

 

The table below summarizes the ratio of inline documentation over the total number of lines, 

which is defined as the sum of inline documentation and lines of code: 

Language Ratio (Previous NB) Percentage 
(Previous NB) 

Ratio (New NB) Percentage 
(New NB) 

Vue.js (JavaScript) N/A 0% 44 / 3,830 lines 1.15% 

Pure JavaScript 1,638 / 13,197 lines 12.41% 563 / 3,441 lines 16.36% 

CSS 150 / 3,870 lines 3.88% 5 / 682 lines 0.73% 

Python 996 / 7,033 lines 14.16% N/A 0% 

Overall 3,002 / 27,698 lines 10.84% 612 / 7,953 lines 7.70% 

 

Pure JavaScript files are the best documented while Vue.js components need to be better 

documented. However, one reason that Vue.js components have such low inline documentation 

ratio is because they are modular and easily readable with properly named variables, attributes, 

and functions. Overall, we have a slightly lower inline documentation ratio than the previous NB 

due to the low documentation ratio of the Vue.js components. Additionally, the new prototype 

implementation does not contain unused and commented out code that were miscounted as inline 

documentation in the previous NB. 
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One of our goals was to keep each file size small to enforce modularity in the code. Figure 5-11 

and Figure 5-12 shows the number of NB files by the number of lines, excluding auto generated 

files, libraries, and comments. The file sizes of the previous NB, detailed in Section 2.2.1, are 

shown in Figure 5-11. In contrast, the file sizes of the new NB are shown in Figure 5-12. The file 

sizes in the new NB are generally smaller than those in the previous NB, implying better 

modularity in the new NB codebase. The new NB also does not have as many large files; the 

largest files in the new NB are all under 500 lines while the previous NB contained some 

extremely large files with more than 800 lines of code. 

 

Figure 5-11: File sizes in the previous NB codebase Figure 5-12: File sizes in the new NB codebase 

In the previous NB, only 0.5% of the codebase was dedicated to unit tests. Although no unit tests 

are implemented for the new NB prototype yet, they should be easier to implement now that the 

codebase has better modularity and organization. There is no analysis of Github open issues or 

pull requests for the new prototype since most of the new code is not yet publicly accessible. 
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Chapter 6 

Future Work 

This chapter gives recommendations for the future iterations of implementations and continued 

evaluations through user testing. Some open design choices are also listed for consideration. The 

ultimate goal will be to roll out the new NB into production and replace the previous NB. 

6.1 Unimplemented Specifications 

With future iterations and continued evaluations in mind, we categorized unimplemented 

specifications into suggested priority levels. 

6.1.1 High Priority 

Features in this category are recommended for the next iteration of implementations. The next 

iteration of user testing may be expanded to a larger scale, such as the entire Bis2A course. We 

took the larger number of participating students into consideration when recognizing high 

priority features. 

 

The current annotator interface implemented almost all the specifications. We recommend 

completing the rest of annotator specifications to receive constructive feedback during the next 

iteration of user testing. Specifically, the following should be implemented: 
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● Resizable sidebar to mitigate the space constraint issues that many users pointed out 

● Icon shortcuts for filter options to improve the visibility and accessibility of filter options 

● Resolving / unresolving reply requests to make their purpose clearer 

 

We also recommend implementing the account recovery, subscription link and enrollment 

confirmation, sections, and instructor options for removing users or changing users’ roles. These 

implementations will be necessary for a larger scale user testing since we can no longer manually 

enroll students or provide individual support for account settings, user management, etc. 

 

Lastly, we recommend adding the description, term, institution and primary contact fields to the 

course creation form. Although these fields are not necessary for user testing, they are easy to 

implement. 

6.1.2 Medium Priority 

Features in this category are suggested for implementations after the initial large scale user 

testing. This iteration of implementations may be used by a single course for an extended 

duration, such as Bis2A for a full quarter, to begin rolling out the new NB into production. At 

this point, we recommend having complete implementations of the course settings, notifications, 

user preferences, and statistics. Specifically, the course creation form and course settings should 

include visibility and identity options. Course settings should also allow instructors to customize 

hashtags, as specified in Section 3.2.2. The notifications and user preferences are important for 

engaging users when the new NB is used for an extended duration. The specifications of 
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statistics have open design choices regarding grading; we suggest addressing them through 

additional evaluations before finalizing the specifications. 

6.1.3 Low Priority 

Features in this category are suggested for implementations before complete replacement of the 

previous NB. After this iteration, the new NB may be used by multiple courses over multiple 

terms. Specifically, we suggest implementing: 

● Archiving or deleting courses 

● Switching between courses on the annotator 

● Support PDF files and videos 

● Video annotator 

 

The first two of implementation items above are necessary especially when a single course 

utilize the new NB over multiple terms. For example, instructors may want to archive old terms 

or view the same document in the annotator while switching between different terms. The 

support for PDF files and videos are necessary for scaling the new NB to courses that depend on 

file types other than HTML. When implementing the support for PDF files, we suggest using 

PDF.js [11] to convert PDF contents into HTML texts. The video annotator should also be 

implemented for the new NB to support videos. 
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Additionally, this stage of iterations could implement the single sign-on feature, which is not 

essential but nice to have. We suggest implementing single sign-ons by extending Passport.js, the 

user authentication library we currently use. 

6.2 Open Design Choices 

In addition to the open design choices suggested in the specifications [Section 4], listed below 

are ones to consider for the annotator interface based on the observations and feedback from the 

user testing. The lists are not inclusive, but they encapsulate suggestions that may be particularly 

useful. More suggestions can also be found in the user testing section [Section 5.2] 

 

Based on the user feedback on the annotator interface, we may consider: 

● Filtering by comment visibilities 

● Indicating the number of upvotes per thread in addition to per comment 

● Indicating comment visibility for your own comment in the comments view 

● Only showing the first row of formatting options by default in the text editor toolbar and 

giving users an option to show all 

● Styling the currently selected formatting options as pressed buttons, similar to the 

behavior in Google Doc, for better visual indications 

● Categorizing reply requests by their reasons 

● Having a button to clear the search bar and reset filters 

● Leveraging new hashtags created by students in addition to the preset suggestions defined 

by instructors 
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Leveraging new hashtags is important because we noticed during the user testing that many 

users, both in Bis2A and the non-course setting, created new hashtags in addition to the preset 

ones. Possible features we may consider include: 

● If the same hashtag is used by a certain number (or percentage) of students, automatically 

add it to the suggested list of hashtags 

Provide instructors with statistics of trending hashtags and give them an option to promote them 

to be suggested course-wide.  
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Chapter 7 

Contributions and Conclusion 

I worked along Adrian Sy, a SuperUROP student, under the supervision of Professor David 

Karger. Our contributions are roughly divided by the frontend and backend of the system. I 

analyzed the overall codebase and documented the previous NB feature specifications, while 

Adrian analyzed and documented the data models. We then discussed design choices to come up 

with new specifications. Finally, we documented the new specifications, implemented the 

prototype, and evaluated through user testing. For documentation and implementation, I mainly 

worked on the frontend while Adrian focused on the backend. 

 

The prototype is a vast improvement from the previous NB in regards to the codebase modularity 

and feature specifications which were carefully considered and implemented. Through user 

testing with three groups of users, we received numerous positive feedback along with suggested 

improvements to the prototype. Finally, suggested improvements and possible priorities for 

future iterations of NB are detailed in Section 6. 
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