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Abstract: Research has yet to explore how the social and technical affordances of open web annotation (OWA)

can mediate connections among educators in service of their professional learning. This study examined

educator participation in the Marginal Syllabus, a computer-supported collaborative learning (CSCL)

environment that encouraged connected conversation via OWA. Multiple quantitative methods, including text

sentiment analysis and social network analysis, were used to discern key discursive characteristics among the 9

conversations of the 2016–2017 Marginal Syllabus (1,163 annotations authored by 67 participating educators).

Key discursive characteristics of educators’ connected conversations include: (a) generally positive sentiment;

(b) educators who annotated most prolifically also authored the greatest percentage of annotations with neutral

sentiment; and (c) conversations of at least 4 annotations tended to demonstrate a greater percentage of negative

sentiment. The sentiment trends and study limitations are addressed in the final discussion.

Annotation as Connection

From handwritten scholia atop Homer’s Iliad to layered Talmudic commentary, the act of annotation has

notable historical roots that precede our digital era. Annotation, according to Sanderson and de Sompel

(2011), is “a pervasive activity shared by all humanity across all walks of life” (para. 1). Inspired by

the centuries-old practice of adding marginalia to printed texts, the need for digital forms of annotation

appeared in Berners-Lee’s (1989) proposal for an information system linked by hypertext—what we

know as the World Wide Web—and was a feature of Mosaic, the first web browser. Today, web

annotation allows a reader to comment upon, correct, highlight, and categorize online text. According to

Udell (2017):

If we think of the web we’ve known as a kind of fabric woven together with links, the annotated web increases

the thread count of that fabric. When we weave with pieces of URL-addressable documents, we can have

conversations about those pieces, we can retrieve them, we can tag them, and we can interconnect them. (par.

11)

Web annotation serves as a means of connection; more specifically, it can serve as a process mediating

connected conversation among people, their ideas, and fine-grained linkages to online content such as

phrases, sentences, and data.

Today, connected conversations mediated by web annotation appear in journalism, legal education,

scientific research, and scholarly publication. Within the field of education, a growing body of research

has examined web annotation in relation to students’ reading comprehension and critical thinking, the

development of domain-specific knowledge, and as a form of collaboration (e.g., Johnson, Archibald,

& Tenenbaum, 2010; McNutt, 2014; Su, Yang, Hwang, & Zhang, 2010). However, educational research

has yet to robustly examine how the social and technical affordances of web annotation might mediate

connections between educators in service of their interest-driven and professionally relevant learning.

Under what conditions might educators leverage web annotation to have connected conversations

about their teaching practices and professional interests? What may be the discursive qualities of this

conversation? And, ultimately, why would such conversation matter? Given the relevance of connected
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learning (Ito et al., 2013) to both educators’ classroom practices (i.e., Garcia, 2014) and emerging

models of connected teaching (Mirra, 2017), this study examines educators’ connected conversation via

open and collaborative web annotation as a form of professional learning.

Open Web Annotation Mediating Educator Connected Conversation via CSCL

Given growing interest in open educational movements, practices, and values (i.e., Cronin, 2017; Wiley,

2016), as well as the proliferation of open educational resources (OER) in both K-12 and higher

education settings (i.e., Baker, Asino, Xiu, & Fulgencio, 2017; Hilton, 2016), we examine educators’

connected conversation as mediated by open web annotation (OWA; Kalir, in press). OWA is defined

by a standardized technical architecture (Web Annotation Working Group, 2017), interoperability, and

open-source software. Moreover, OWA content may be publicly licensed (i.e., Creative Commons

attribution) and, like blogging or online social networking, may encourage an “ethos of transparency”

(Havemann, 2016) about open educational practices. While there is growing interest in and use of web

annotation in educational contexts (e.g., Novak, Razzouk, & Johnson, 2012), the use of OWA remains

scarce (an exception is Chen, 2018) and is a motivator of this study.

This study leverages OWA to help architect a computer-supported collaborative learning (CSCL)

environment for educator learning. According to Kirschner and Erkens (2013), the three key elements of

CSCL are pedagogical, social, and technological. Pedagogy, in CSCL, is intended to support cognitive

and metacognitive tasks; by authoring open annotations, for example, an individual can make his or her

thinking available to others, aiding the visibility of group cognition (Stahl, 2006) and public accessibility

of knowledge resources. The social element of CSCL refers to collaborative interaction; while OWA

systems are not, by definition, social networks, OWA-enabled learning environments can become a

social medium, as evident by OWA use in academic communities of practice (Kalir, in press). The

final element of CSCL is technological, or the computer supports that “facilitate the collaborative

cognitive and social learning processes” (Kirschner & Erkens, 2013, p. 3). The technical affordances

of OWA can create an “anchored environment” (Gao, 2013) for collaboration that supports multimodal

expression, the addition of descriptive metadata (i.e., tags), and the curation of and cross-context

linkages among distributed resources. More specifically, the OWA platform featured in this study,

Hypothesis, includes various technical affordances that facilitate collaboration, including replies, sharing

individual annotations via social media, and public annotations attributed with a Creative Commons

license to be reused by others. In consideration of these pedagogical, social, and technological elements,

this study builds upon research about CSCL environments supporting educator learning (e.g., Lockhorst,

2004) and makes a novel contribution to the CSCL literature by investigating the role of OWA in

mediating educator learning via connected conversation.

Study Context: The Marginal Syllabus as a CSCL Environment

The context of this study is a CSCL environment for educator learning that has been iteratively

developed and implemented by a multistakeholder partnership among: university researchers; K–12

educators and administrators; authors and publishers of academic content; Hypothesis, a nonprofit

organization building an open-source web annotation platform; and the National Writing Project, the

nation’s premier literacy-education organization that provides professional development for educators.

Launched during the 2016–2017 academic school year, the Marginal Syllabus is a CSCL initiative

that sparks and sustains conversations about educational equity via OWA. The project embraces a
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political and technical double entendre; the Marginal Syllabus partners with authors whose writing may

be considered marginal—or contrary—to dominant education norms, and online conversations among

educators and authors occur in the margins of digital texts using web annotation.

The 2016–2017 syllabus featured nine conversations with 10 partner authors about topics such as

critical literacy, curricular co-design, the business of educational technology, and culturally relevant

pedagogy. Sixty-seven educators participated in these public conversations by generating a corpus of

1,163 annotations. The 2017–2018 syllabus, hosted by the National Writing Project, was organized

around the theme “Writing Our Civic Futures;” it featured eight conversations with 12 partner authors.

Eighty-nine educators participated in the eight public conversations of the 2017–2018 syllabus and

generated a corpus of 1,137 annotations. The Marginal Syllabus initiative includes: a project website;

two sets of curated, open-access digital texts contributed by multiple authors and scholarly publishers;

public layers of Hypothesis OWA dialogue; blogs authored by project partners; and webinars (most

featuring text authors) hosted by the National Writing Project.

Research about web annotation in educational contexts has seldom focused on educator learning. In

response, this study suggests OWA may be a promising means of creating open, publicly accessible

CSCL environments within which educators might exercise political agency through connected

conversation, question dominant schooling narratives, and critique inequitable educational practices

(Kalir & Perez, in press). The research question guiding this study asks: What are key discursive

characteristics of educators’ connected conversation as mediated by OWA in a CSCL environment?

Methodology: Examining Connected Conversation

A persistent methodological challenge in CSCL studies is the definition of a unit of analysis to

meaningfully describe participatory patterns. Stahl (2006) stated the problem simply: “I work and I

learn in innumerable ways and modes,” and added, “Working and learning with other people mixes

these ways into yet more complex varieties. Technology multiplies the possibilities even more” (pp.

2–3). In a CSCL environment such as the Marginal Syllabus, learning not only occurs at the level of

the individual educator (i.e., reading and annotating a text), it also occurs with and around a group of

educators via their conversation (i.e., annotation replies). Puntambekar and colleagues (2011) suggest

the methodological challenge of including individuals and groups in a CSCL study is akin to a sliding

scale: “Smaller segments in data provide finer grained analysis but little contextual information. On the

other hand, larger units of analysis help create context but with the loss of detail” (p. xii).

We adopt multiple quantitative methods to examine connected conversation as the unit of analysis

relevant to educator learning in the Marginal Syllabus as an open CSCL environment. We analyzed

multiple discursive characteristics of connected conversation during all nine conversations of the

2016–2017 Marginal Syllabus, a corpus of OWA data associated with 1,163 Hypothesis annotations

authored by 67 participants. To systematically investigate patterns of interaction and connected

conversation in the Marginal Syllabus, we used an array of quantitative methods that included text

sentiment analysis, social network analysis, time series analysis, as well as visual representations of data.

We then applied these analytic methods at multiple levels of granularity including individual educators,

annotation discussion threads, and discussion spanning all nine conversations. This study’s quantitative

analysis of the entire 2016–2017 Marginal Syllabus complements a smaller-scale discourse analysis

of a single conversation (August, 2016) that found the Marginal Syllabus helps to organize—across
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multiple sociopolitical texts and contexts—professionally relevant learning opportunities for educators

that amplify political dimensions of talk (Kalir & Perez, in press).

Sentiment Analysis

The first phase of our analysis measured the sentiment of educators’ individual annotations. To perform

this analysis, we used a tool called VADER (Valence Aware Dictionary for sEntiment Reasoning), a

rule-based model for sentiment analysis, that returns a sentiment value of polarity and intensity. The

sentiment value is returned as a continuous number between -1 and 1, with 0 indicating the text has

neutral sentiment. VADER outperforms other sentiment analysis techniques in testing social media text

(Hutto & Gilbert, 2014). In our assessment, VADER was an appropriate tool given that Hypothesis

annotations and replies resemble social media messages in size. Among the 1,163 Hypothesis

annotations analyzed, the mean word and sentence count per annotation was 37.7 and 2.4, respectively.

VADER was also useful regarding the lexicon of the annotation corpus. For example, in measuring

sentiment, VADER is capable of accounting for educators’ use of emoticons (i.e., ? ) and phrases such

as “+1” to indicate agreement.

Social Network Analysis

Unlike typical social media networks in which users define their own networks by selecting other users

with whom they share a connection (Kane, Alavi, Labianca, & Borgatti, 2012), Hypothesis users form

no explicit networks between other users. Rather, Hypothesis users form networks implicitly through

their annotations. In projects such as the Marginal Syllabus, a reply to an original annotation becomes

a discussion thread; such connections are central to educator interactions via OWA. In order to analyze

the structure and patterns of the educators’ connected conversations, we used a network analysis tool

called NetworkX. Each annotation contains data that determine whether the user is referencing the

source document, known as the anchor text, or whether the user is replying to an existing annotation. By

using a directed graph—where each annotation is analyzed and represented as a node, and each reply

is a directed edge to another node—we are able to analyze conversation threads as treelike structures

generated from Hypothesis’s underlying social network characteristics.

For this second phase of analysis, we focused on threads of connected conversation. Threads, in this

study, were generated when a participating educator’s original Hypothesis annotation elicited at least

one reply from another educator. To initiate this analysis, we discarded all annotations from the nine

2016–2017 Marginal Syllabus conversations that did not generate any replies from other participants.

As an example, consider a thread of connected conversation initiated by educator bali from the October

2016 conversation; the annotation generated eight replies from five different educators (see Table

1). Social network analysis of this conversation reveals different discussion patterns of connected

conversation mediated by OWA. For example, Figure 1 illustrates: (a) bali showed reciprocity of posts,

replying to two educators who had replied to the initial post (left); (b) most annotations had positive

sentiment scores (center); and (c) bali’s reciprocity applied, in particular, to the first two subsequent

posts made within 7.45 minutes. After the initial exchanges of this particular thread, bali did not return

to the conversation (right).
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Table 1. Sample thread featuring anchor text, original annotation, and subsequent replies.

Figure 1. Network graphs of sample Marginal Syllabus thread with different labels, including usernames (left),

sentiment score (center), and delay of reply in minutes (right).

In summary, data collection and analysis began at the lowest granularity—individual annotations

collected via Hypothesis. Through our analysis, patterns among connected conversations emerged to

provide a perspective on educators’ interaction in the Marginal Syllabus as an open CSCL environment.
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Social network methods provided the analytic tools necessary to better understand the social and

collaborative elements of CSCL within the 1,163 Hypothesis annotations comprising the entire

2016–2017 Marginal Syllabus. Both sentiment analysis and social network methods measured patterns

of educators’ collaborative interaction, allowing us to move from the scale of individual activity in

a learning environment to examine broader discursive characteristics of connected conversations that

supported educators’ professional learning.

Findings

Sentiment analysis of OWA authored by educators during Marginal Syllabus conversations indicates

educators’ connected conversations were generally positive (59%). Table 2 summarizes all 1,163

annotations of the 2016–2017 Marginal Syllabus: The left column reports annotations organized

according to three count ranges; “Educator Count” organizes the 67 educators within a range based upon

their OWA authorship; and three columns report the mean sentiment of all annotations.

Table 2. Sentiment analysis of 1,163 annotations in 2016–2017 Marginal Syllabus.

Just under one third of educators (20 of 67) authored more than 16 annotations during their Marginal

Syllabus participation, about one third of others (21) authored between four and 16 annotations, and just

over one third of educators (26) authored fewer than four, but at least one, annotations. The 20 educators

who authored 16-plus annotations produced content with sentiment that was, on average, less positive

(56.4%) than annotation content authored by other educators. The group of most prolific annotators also

authored the greatest percentage of content with neutral sentiment (34.1%), as illustrated by a sample

annotation from the October conversation:

I wonder sometimes if some instructors don’t make explicit the narrative of their course in part because they

think it’s obvious, because they put it together. When do we give instructors the time or permission or whatever

to say to their students, “This is why I am assigning these works, in this sequence.” (dlanclos)

Trends in the sentiment of educators’ connected conversations also appeared in an analysis of thread

length, or the number of replies to an original annotation (i.e., eight replies in the Table 1 example).

Table 3 summarizes threads in the 2016–2017 Marginal Syllabus: The left column reports the number

of annotations within a thread; “Thread Count” organizes the 266 threads according to the number of

component annotations; and three columns report the mean sentiment of annotations within a thread.
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Table 3. Sentiment analysis of 266 conversation threads in 2016–2017 Marginal Syllabus.

All threads were generally positive in sentiment (58.8%). Threads that featured three or more replies

(17%; 46 of 266), while a minority of the overall data set, evidenced the greatest percentage of negative

sentiment (11.6%). In other words, connected conversations of at least four annotations—despite

occurring in only about one fifth of all threads—tended to demonstrate a greater percentage of negative

sentiment. The finding that threads with large annotation counts (> 4) evidenced a higher percentage of

negative sentiment may, in part, be explained by Figure 2, which illustrates that the likelihood of a reply

from another educator decreased in relation to more positive sentiment. An annotation with negative

sentiment (VADER value -1) was replied to in 48% of all educator interactions, whereas the likelihood

of a reply to annotations with both neutral sentiment (0) and positive sentiment (1) dropped to 39% and

37%, respectively. This trend in educator interaction might explain why the 46 conversation threads of

greatest length evidenced the highest percentage of annotations with negative sentiment.
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Figure 2. Likelihood of reply to annotation as measured by annotation sentiment.

Discussion

This study has described a number of discursive characteristics associated with educators’ connected

conversation as mediated by their use of OWA in the Marginal Syllabus, an open CSCL environment

organized around conversations about educational equity. In this brief discussion we address two

key characteristics of educators’ connected conversation: (a) sentiment trends in individual educators’

annotations; and (b) trends in the sentiment of threads.

First, it is noteworthy that the group of most prolific annotators—nearly a third of Marginal Syllabus

participants (20)—authored the greatest percentage of OWA content with neutral sentiment (34.1%).

Perhaps these educators’ sustained participation in Marginal Syllabus conversations led them, over

time, to write more balanced commentary about important topics—such as pedagogical transparency,

as indicated in the sample annotation by dlanclos. Alternatively, perhaps this neutral sentiment can

be attributed to an awareness of social norms. Given these educators’ more pronounced presence in

Marginal Syllabus conversations, perhaps neutral annotations were more regularly contributed so as to

keep the conversation “moving forward,” or so as not to inadvertently offend another participant. Future

study of connected conversation in the Marginal Syllabus as a CSCL environment should contextualize

such trends in annotation sentiment by, for example, interviewing educators about their intent when

authoring annotations, replying to others, and participating in such open learning.
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A second notable discursive characteristic was that educators’ lengthier connected conversations (4-plus

annotations) evidenced the largest percentage of annotations with negative sentiment. To better

understand this dynamic, we consider Kadushin’s (2005) assertion that sentiment affects interactions

within networks and small groups and that, generally, “Positive sentiments lead to further interaction

and negative sentiments lead to less interaction” (p. 2). Yet this was not the case for some connected

conversations in the Marginal Syllabus. However, a more recent study by Backstrom and colleagues

(2013) suggests that participation patterns in social network conversations (i.e., commenting on

Facebook) are inversely patterned to those that are primarily task oriented (i.e., editing Wikipedia). This

may help us to understand why, as connected conversations in the Marginal Syllabus grew, annotations

with negative sentiments made up a larger percentage of those OWA conversations, demonstrating

an inverse effect of Kadushin’s (2005) socially focused findings. In other words, sentiment patterns

associated with the Marginal Syllabus’s longer connected conversations indicate that these interactions

among educators may have been more task oriented (and less social).

Finally, a limitation of this study concerns the methodological challenge of attributing social network

characteristics to Hypothesis, a system that affords social and collaborative interaction via annotation

but is not expressly designed as a social network. The social network methods we applied allowed

us to identify and pattern educators’ participation in the Marginal Syllabus by providing a structure

to our unit of analysis—connected conversations—based upon Hypothesis’s underlying data structure

of annotations and replies. The social limitations of using such an annotation system for connected

conversation are also apparent from a participating educator’s perspective; having authored a Hypothesis

annotation, an educator is only notified of a subsequent reply to his or her annotation via email. This

may limit an educator’s capacity to sustain or reenter a conversation as he or she may be unaware that a

connection has occurred. Such challenges may suggest there may be benefits to facilitating synchronous

OWA conversation atop a text, as well as the limitations associated with mediating educator professional

learning via open—but primarily asynchronous—CSCL environments.
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