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Abstract
Purpose – Working together in groups is a common and emphasized feature in today’s society, and hig-
her educational settings often utilize group assignments to enable students to develop collaborative skills. 
Therefore, the purpose of this article is to describe and analyze applied strategies and the patterns that 
emerge during students online collaborative writing in higher education group assignments. The research 
questions that this article aims to answer are 1) which patterns of students online collaborative writing 
emerge in higher education group assignments, and 2) what strategies of online collaborative writing do 
higher education students apply in group assignments?

Design/methodology/approach – This study’s design builds on Conversation Analysis to explore visua-
lizations of Google Docs revision history of online collaborative writing documents. Documents from 25 
student groups was the basis of the analysis. The visualizations used in this project are produced with the 
DocuViz Chrome extension.

Findings – The findings suggest that visualizations can provide a quick and fairly accurate estimate of col-
laborative strategies used when students write together online. Three patterns of document growth were 
identified, two of which could be directly linked to strategies for collaboration. Cramming patterns are 
indicative of low collaboration, and concentrating patterns with high levels of collaboration.

Practical implications – The findings provide useful insight for teachers regarding the nature of colla-
boration taking place during online collaborative writing tasks. By visualizing the revision history, much 
can be learnt about the nature of the collaboration and of the individual group member’s contributions in 
a student group that otherwise remains largely invisible to the teacher.

Originality/value – Prior studies have combined visualizations with extensive analysis of document con-
tent. This investigation shows that an examination of the visualization of the document’s revision history 
can be used to draw conclusions about the nature of collaboration during the online writing process.

Citation: Sundgren, M. and Jaldemark, J. (2020), ”Visualizing online collaborative writing strategies in higher education 
group assignments”, International Journal of Information and Learning Technology, Vol. 37 No. 5, pp. 351–373. 
https://doi.org/10.1108/IJILT-02-2020-0018
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Introduction
Working together in groups is nowadays a common and emphasized feature in society (e.g., European 
Commission, 2018; World Economic Forum, 2015). Such work embraces tasks that could be performed 
in various locations and at various times. They could be performed synchronously or separated in time 
and be located at the office, at home, or between different locations. Besides working face to face, working 
together could also be enabled by various digital technologies (Jaldemark et al., 2018). In recent decades, 
various technologies have emerged and been developed to facilitate communication between people and 
enable group work. For example, technologies such as desk-based video conferencing, Wikis, and other 
cloud-based technologies have been applied to enable group work. Besides being enabled by technology 
and being related to time and space, group work also relates to group sizes – such as pairs, small to large 
groups, or communities – and the performance of shared tasks (Dillenbourg, 1999).

Scholars discuss group work as being either a collaborative or a cooperative phenomenon (Baker, 2015; 
Dillenbourg, 1999; Fischer et al., 2002; Sharples, 1993; Sharples et al., 1993). In the choice between these 
two terms, some scholars de-emphasize the difference and treat collaboration and cooperation as syno-
nyms. Others suggest that these terms refer to different concepts altogether, with respect to division of 
labor. Cooperative work includes at least sharing a common goal, toward the achievement of which each 
participant in the group will strive. However, cooperation also means a division of labor into sub-tasks 
that are split between the members of the group and assembled later in the process. As in the case of coo-
peration, collaborative work includes at least sharing a common goal. However, by working together col-
laboratively, members will pursue a shared understanding through joint work with the sub-tasks. Overall, 
cooperation can be seen as a more general concept and phenomenon than collaboration. Baker (2015, p. 
455) claims that “collaboration is a specific form of cooperation: cooperation works on the level of tasks 
and actions, collaboration works on the plane of ideas, understanding, representations.” Whatever term is 
applied, Baker’s emphasis on ideas, understanding, and representations links group work to higher-order 
thinking, precisely such abilities and skills that students of higher education are supposed to develop. 

Moreover, an emphasis on developing skills in collaboration could be linked to the ability to apply 
digital technologies. Such a link has emerged and is emphasized in various transnational and national 
policies. For example, an updated version of the European Commission (2018) key competencies for li-
felong learning emphasizes the ability to work together with others and to apply digital technologies to 
pursue common goals. Another example from the World Economic Forum (2015) emphasizes skills in 
collaboration by linking them to the potential of emerging digital technologies. In such policy documents, 
the inclusion of these skills emerges from an analysis of needs in society. To be able to apply skills in col-
laboration and digital technologies in group work is therefore identified in such policies as a requirement 
for being able to participate in the labor market. These policies also emphasize formal education as a key 
to fulfilling this requirement. Therefore, higher education has an important task to nurture students’ 
development of these skills, including developing strategies that lead to quality in pursuing common goals 
in collaborative settings. 

Higher educational settings often utilize group assignments as a method to enable students to develop 
collaborative skills (e.g., Al-Samarraie and Saeed, 2018; Sun et al., 2018; Zhang et al., 2019). Collabora-
tive writing is a form of Computer Supported Collaborative Learning (CSCL) (Liu et al., 2018), and hig-
her education works with the inclusion of various digital technologies to nurture such collaborative skills. 
For example, in the study by Sun et al. (2018), discussion forum and instant messaging apps were applied. 
Other studies have included online collaboration hubs (Zhang et al., 2019), wiki technologies (Di Lauro 
and Johinke, 2017), learning management systems (Al-Samarraie and Saeed, 2018), and online writing 
applications such as Dropbox and Google Docs (McNely et al., 2012; Ryberg et al., 2018). 
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However, the collaborative process of writing such assignments is often not in itself visible to teachers. 
Students utilize various applications in the process of collaboration, and teachers might not have access 
to those applications. Monitoring is also a time-consuming process for teachers that is compatible neither 
with a reasonable allocation of course resources nor with the workload of higher education teachers. Ho-
wever, having students work together facilitated by online writing applications such as Google Docs can 
give some insights regarding aspects of that process (Liu and Lan, 2015; McNely et al., 2012; Olson et al., 
2017; Ryberg et al., 2018). Using the revision history to see, understand, and unravel group processes can 
be both difficult and time consuming. However, recent technological development enables the visualiza-
tion of the version history (Olson et al., 2017; Wang et al., 2015). It is possible to unveil some parts of the 
collaborative writing (CW) process and thus provide value for the teacher, both in assessment and in the 
planning and design of further lessons and tasks that should support the development of collaborative 
skills. Of particular interest in the monitoring of students’ collaboration are the patterns emerging in 
collaboratively written assignments. These patterns could reveal successful strategies applied in group 
work. Such patterns and strategies could explicitly be included by teachers in discussions with students, 
with the intent to nurture their collaborative skills. Therefore, the purpose of this article is to describe 
and analyze applied strategies and the patterns that emerge during students’ online collaborative writing 
in higher education group assignments. The research questions are as follows:

• Which patterns of students’ online collaborative writing emerge in higher education group as-
signments?

• What strategies of online collaborative writing do higher education students apply in group as-
signments?

Before discussing the methods applied to answer these research questions, a review of CW strategies and 
visualization of CW follow.

Strategies for collaborative writing
Several authors have developed nomenclature and taxonomies regarding CW strategies. Stratton (1989) 
described three models of labor division in workplace writing: the horizontal (each group member re-
searches, outlines, revises, and edits his or her own section of the document), the sequential (the first 
group member writes up a complete version, the second revises, the third re-revises, and so on), and the 
stratification model (each group member takes on a different role, such as leader, data gatherer, writer, 
or editor). Posner and Baecker (1992) have a slightly different take on this, separating roles and writing 
strategies. They identified the roles of “writer,” “consultant,” “editor,” and “reviewer” and the writing stra-
tegies “single writer” (one member writes the document based on group discussions), “scribe” (one member 
writes down what the group decides during a meeting), “separate writers” (each writer is responsible for 
a separate part), and “ joint writing” (the group writes together, deciding on exact wording and sentence 
structure). These strategies could also be modified with “consulted” (e.g., “ joint writing [consulted]”) for 
situations where the writer(s) received outside consultations. Both Posner and Baecker (1992) and Strat-
ton (1989) developed their models well before CW applications were readily available; thus, their models 
do not completely fit current online written assignment scenarios. Sharples et al. (1993) in a discussion 
of the impact of computer applications suggested that one way to categorize CW concerns the closeness 
of the collaboration. They claim that “at one extreme is the ‘shared mind’ … [a]t the other is ‘division of 
labour’” (p. 14).
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Lowry, Curtis, and Lowry (2004) set out to create a unified taxonomy of CW. It is not limited to roles 
and strategies, as the “process complexity of CW is compounded by the possibility of multiple writing 
strategies, writing activities, document control modes, and work modes” (p. 70). They use Posner and 
Baecker’s four roles, with the addition of “leader” and “facilitator.” The strategy categories integrate featu-
res from the work of Stratton (1989), Posner and Baecker (1992), as well as from Sharples (1993; Sharples 
et al., 1993). The strategies are “group single-author writing” (one member is directed to write for the 
whole group, cf. “scribe”), “sequential single writing” (one member writes at a time, then passes it on to the 
next member), “parallel writing” (work is divided into discrete units, and the group works in parallel), and 
“reactive writing” (group members write the document in real time, reacting and adjusting to each other’s 
additions and changes). The parallel writing strategy can be sub-divided into “horizontal division,” where 
each member is responsible for a particular section, or “stratified division” where group members take on 
different roles, such as editor, author, or reviewer. Lowry et al. also noted a “mixed strategy” for cases when 
two or more of the above strategies are used by a group.

Onrubia and Engel (2009) described five strategies for CW: “Parallel construction - cut and paste” 
(each group member contributes with a different part of the complete task), “Parallel construction - puzz-
le” (each member contributes a partially or entirely completed task, and the final document is constructed 
from parts of the individual contributions), “Sequential summative construction” (one member presents 
a document with a partial or complete proposal, and the rest successively add their contributions without 
modifying what was previously written), “Sequential integrating construction” (one member presents a 
document with a partial or complete proposal, and the rest of the group successively propose modifica-
tions and discuss whether they agree upon what was previously written), and “Integrating construction” 
(the writing is based on synchronous discussion through chat, with repeated revisions, where all members 
participate). These strategies developed out of a process shaped by document control and responsibility 
issues, stemming from the necessity to pass a single document around between group members. Some 
of the aspects above are thus downplayed by synchronous CW applications, where all group members – 
theoretically at least – have equal access to and control of the document at all times. 

Figure 1. Hierarchical relationship among conceptions of OCW (reprinted with permission from Limbu and 
Markauskaite, 2015, p. 399)
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Limbu and Markauskaite (2015) studied students’ conceptions of online collaborative writing (OCW), 
and they brought together aspects from the above authors and described a model adapted to the specific 
conditions of OCW. Their model positions categories of how students perceive OCW on a continuum 
spanning from a simple division of work to a process of knowledge co-construction and learning (Figure 
1). These categories can be seen as different strategies for CW.

Limbu and Markauskaite point out that students could benefit from becoming aware of their stances 
toward knowledge and learning, as those stances could be more or less productive. It is in part the teacher’s 
responsibility to remedy this by clearly conveying the objectives of the task. 

Visualizing collaborative writing
There is a history of solutions to provide a view of how a collaboratively authored document emerges. 
An early example of visualization of CW is the work of Fischer et al. (2002). Their study showed that 
visualization technology could enable the fostering of collaborative knowledge construction. Later, Wang 
et al. (2015) provided an overview of applications for visualizing CW. They found that many of those 
applications were not constructed for simultaneous online writing; thus, they created an extension to 
Google Chrome that produces a visualization of the Google Docs version history. They suggest that this 
type of visualization can be beneficial to both groups and teachers because it allows information to be 
perceived in context and according to their needs, which is more powerful than text-based commentary. 
The importance of group awareness for student engagement is also demonstrated by a recent CSCL study 
that examined OCW tasks performed with a tool that visualized collaborative indicators (Liu et al., 
2018). Olson et al. (2017) used DocuViz in their analysis of advanced undergraduates’ CW and found 
that student groups write both synchronously and asynchronously, fluidly take on different writing and 
editing roles, and employ a variety of CW strategies. They conducted a thorough analysis of the quality of 
the final texts, and found that longer documents and documents that included balanced participation or 
exhibited leadership were of higher quality.
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Method
The analysis in this study built on ideas from conversation analysis (CA) and linked it to online commu-
nication in terms of online writing. In such analysis, unfolding rules and structures of human interplay 
in different cultures and settings are emphasised. Earlier studies applying CA in online settings have for 
example analyzed face-to-face and online communication; trouble-dealing of participants; asynchronous 
social actions; and the maintenance of coherence in terms of for example turn-taking (e.g., Paulus et al., 
2016; Tan and Tan, 2006). The study drew on CA in terms of analyzing turn-taking in the communica-
tive interplay of participating students’ OCW. These turn-takings were the links in the chain of actions 
students performed together while writing and editing the document. Further, from a CA perspective, 
the study emphasized turn-taking in terms of writing and editing as a phenomenon built on conversatio-
nal rules and structures (Paulus et al., 2016; Tan and Tan, 2006), which became visible in terms of the 
patterns that emerged while students collaboratively wrote and edited an online written group assign-
ment. To reveal the strategies applied by groups in the OCW, the study sought to uncover patterns that 
emerged in collaboration between students. 

The basis for the analysis was the graphs produced by the Google Chrome extension DocuViz for 
Google Docs created by Wang et al. (2015). It is a general-purpose application for visualizing the revision 
history of Google Docs, and could in part be considered as an application of learning analytics (Southavi-
lay et al., 2013). It generates a graphical overview of the entire revision history, showing when the students 
write and what part of the document is authored by whom. 

The vertical axis in the generated graph (see Figure 2) represents the text content, with the first cha-
racter in the document at the top and the last character at the bottom. The horizontal axis is a timeline, 
starting with the document creation at the left. Each colored column is a representation of the actual 
document in miniature, from top to bottom, with the separate colors identifying different students’ con-
tributed text at a point in time. Lines connect text segments between editing sessions, making it possible 

{ {A B
Sessions

Stripes

Stripes
Name Edit of Self(?) Edit of Other(?) Total Edit(?) Contribution(?)

Student 1 14247 228 14475 8597

Student 2 23733 6126 29859 3929

Student 3 13520 1843 15363 782

Student 4 7181 4909 12090 3381

Student 5 61 5 66 0

Student 6 1780 4152 5932 1824
Total 60522 17263 77785 18513

Figure 2. Example of a DocuViz output on top with its statistics table on the bottom left. To the right, an 
excerpt that illustrates a session (column) and a stripe (horizontal single-color field).
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to follow where a particular segment of text is located in each revision of the document. A couple of terms 
needed for the discussion of these graphs are defined next.
A session is defined as a single vertical column in the DocuViz graph, marked by a date printed above 
the horizontal axis (A and B in Figure 2). This is what constitutes a single continuous session of work. A 
session can be either joint or solo. In a joint session, several colored squares denoting the students parti-
cipating are stacked above the column; a single colored square denotes a solo session (as seen in Figure 2).

A stripe is defined as a horizontal solid color field, or row (marked by arrows in Figure 2), representing 
a contiguous segment of text (one character or more) that is an edit of a single student. A block of text 
originally written by student X would constitute a single stripe, for example the orange part of column A 
in Figure 2.  If student X later extends that text block it would remain one stripe, but if student Y makes 
an edit within that sentence, such as the green part in session B, the original stripe becomes split into two 
(session B in Figure 2), creating a representation of turn-taking. 

The DocuViz extension also produces various statistics, such as the number of characters edited (by 
both self and others) and the amount of contributed characters per student remaining in the final docu-
ment. Three indicators were calculated (see Table 2) from those statistics. The first indicator, the Times-
pan, was obtained by calculating the number of days from document creation to document completion. 
This indicator can be used to illustrate time spent on the assignment. The second indicator, called Turn-
taking, was obtained by counting the number of colored stripes in the last session and is an important 
measure for the CA. This gives an indication of the amount of collaboration taking place. The third and 
last indicator is Concentration, which was obtained by dividing the maximum document length by the 
submitted document length. If this variable is close to 1 principally everything added to the document was 
retained in the final version. The larger this variable is, the more editing to process and refine the initial 
text contributions is required, and more negotiation of the content is likely needed. 

Sample
The dataset consists of 25 Google Docs documents with revision history, collected from two consecutive 
years of students taking introductory courses in two teacher education programs (preschool class trough 
grade three, and grade four through grade six), and the assignment took place during the first three weeks 
of their first semester. The reason for using this specific assignment was that study groups were new and 
not yet set in their habits, and therefore has a better chance of displaying variation in collaborative pat-
terns and strategies than assignments later in their education. Students were divided into study groups by 
the teachers and tasked with using Google Docs to do a group assignment writing a text on educational 
history. Because these programs are given in a blended format with 3–4 face-to-face campus meetings 

Table 1. Overview of sampled groups and students. The teacher education program orientations are 
preschool class through grade 3 (Pre–3), and grade 4 through grade 6 (4–6).

Semester Program Groups (Total)
Groups with 
visualizations

Students with 
visualizations

2016 Pre–3 9 6 34

2016 4–6 6 4 29

2017 Pre–3 10 9 51

2017 4–6 6 6 32

31 25 146
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per semester combined with distance studies, students live in many different areas of Sweden. Therefore, 
group composition was primarily based on geographic location to make face-to-face meetings possible. In 
total, 31 groups were formed, with group sizes ranging from 3 to 8 students (M = 5.7, SD = 1.48). Four 
documents could not be processed by the DocuViz extension. Another two groups are excluded from the 
analysis, one because a group failed to submit a document on time, and one because the document creator 
deleted the document prior to this analysis. This left 25 group documents for analysis (Table 1). In total, 
146 students participated in these 25 groups (M = 5.8, SD = 1.49).

All visualizations were printed, visually examined side by side by the authors, and grouped based on 
distinguishing visual features. This grouping allowed three distinct categories to be formed. 

Procedure
An introductory lecture was held by the first author on campus at the beginning of the course, where an 
assignment was presented and an introduction to Google Docs was provided. The purpose of the assign-
ment was for students to demonstrate knowledge of different perspectives on the history of public educa-
tion in Sweden, but also to show their ability to use CW applications, specifically Google Docs. The as-
signment was to write an argumentative text to answer the question: “What evidence have we in the study 
group found for the school seen as a function of various societal factors, or as an instrument for policy 
makers to change society/societal development?” (from teacher PowerPoint presentation, translation by 
the authors). The only instructions regarding the format were to: 1) present two examples for each of the 
two different ways of interpreting the history of education, 2) to present their argumentation clearly, 3) to 
use correct reference management, and that 4) all group members had to participate visibly, e.g. their con-
tributions needed to be visible in the revision history. No templates or examples were given by the teacher. 

Students were instructed to create a document specifically for this assignment and to make sure that 
all group members had access to it before leaving campus. It was pointed out that all students needed to 
be individually logged in, on their own accounts, when editing for the revision history to correctly report 
their participation. However, a student email to the first author revealed that at least one group had a 
single student acting as a scribe during some face-to-face meetings, performing all the edits the group 
decided on, leading to the revision history not reflecting all individual students’ contributions. Approx-
imately three weeks were allotted for assignment completion. The finalized assignment was handed in 
by giving the first author editing privileges to the documents. The second author did not participate as a 
teacher in the course.

During the introductory lecture, students were informed that their documents were subject to re-
search in an anonymized form and that they were allowed to decline participation. All students verbally 
confirmed their participation in class. As peer pressure might affect their answers, a second opportunity 
to decline participation was offered. Students could signal their wish to opt out by not participating in a 
survey via a classroom clicker, as this could be done without peers noticing. A third opportunity to de-
cline participation was to retract editor privileges – or to delete their document – after the assignment 
had been marked and reported. One group selected to delete their document. The DataViz visualizations 
were not created until at least a year after the last group handed in their assignments.
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Results
The presentation of the results is organized in three parts. First, an overview of the main results is presen-
ted. Thereafter, two sections follow, which correspond to the research questions, one exploring patterns 
of document growth and the other strategies for OCW.

For all documents, basic descriptive measures were collected. They are presented together with the cal-
culated indicators described above and the visual categorizations in Table 2. The length of the submitted 
documents varies from 4 707 to 21 509 characters, with an average of 10 769 (SD = 4 571). This equals 
approximately 1.5 to 9 A4 pages in length (M = 3, SD = 1).

Table 2. Descriptive measures and categories for all group documents.

Group ID Group Size

Length of 
Submitted 
Document 
(Chars)

Concentra-
tion

Time Span 
(Days)

Total edits/ 
Document 
length

Sessions
Turn-
taking

Category

4 5 6933 1.000 1 1.03 3 20 Cramming

20 3 5821 1.009 3 1.99 4 56 Cramming

29 5 11398 1.000 5 1.49 8 46 Cramming

30 6 4701 1.000 5 1.19 7 32 Cramming

18 5 6887 1.046 6 11.51 9 141 Hybrid

11 5 21509 1.000 8 4.03 19 113 Expanding

27 3 8126 1.025 8 1.95 11 19 Expanding

15 8 7083 1.000 9 3.10 22 63 Expanding

23 6 9869 1.000 9 5.90 22 270 Expanding

28 7 16723 1.000 9 2.03 17 296 Expanding

31 6 4795 1.000 14 2.08 14 47 Expanding

5 5 17658 1.000 15 1.31 17 30 Expanding

26 6 18513 1.001 15 4.20 25 141 Expanding

3 4 7018 1.122 6 3.51 14 53 Hybrid

1 7 13189 1.087 9 4.61 16 306 Concentrating

19 5 10166 2.672 9 11.02 24 112 Concentrating

14 8 11209 1.578 10 8.38 24 142 Concentrating

13 8 8181 1.312 11 4.02 18 112 Concentrating

25 4 9129 1.162 13 6.30 17 200 Concentrating

17 6 13354 1.061 14 6.75 15 300 Concentrating

2 8 16770 1.218 15 9.59 24 257 Concentrating

6 5 6971 1.240 15 8.22 20 156 Concentrating

24 6 11356 1.202 15 7.05 25 209 Concentrating

21 8 8942 1.236 17 7.19 26 145 Concentrating

22 7 12935 1.362 17 9.73 36 363 Concentrating
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Patterns of document growth
From a visual examination of the DocuViz visualizations, three patterns of document growth emerged 
that exemplify different approaches to assignment completion. These patterns have been named Cram-
ming, Expanding, and Concentrating. Strategies of student collaboration were not considered in this 
categorization. Each pattern is presented in more detail below.

In the Cramming pattern, tasks appear to be divided up between the students at the outset, and then 
students work separately, likely using an offline word processor. During a relatively short period (1 to 5 
days), the students assemble their document from the individual pieces by pasting text into the Google 
Docs document, possibly during a joint session. The most extreme example of this strategy is shown in 
Figure 3.  This document is created at 9:30 in the morning, and a few lines of text are added. At 2:30 in 
the afternoon, chunks of pre-written text are pasted in during a joint session, and the assignment is sub-
mitted. The only apparent negotiation of content is regarding in what order to put the pieces. None or very 
few examples of students editing other group members’ contributions can be discerned.

A less extreme example can be seen in Figure 4, where students assemble their individually constructed 
pieces during a joint session. Individual students then touch up and piece out omissions over a few days 
before a final joint session where they agree to submit it. There are relatively few examples of students 
editing contributions of other group members.

In the Expansion pattern, there is a fairly continuous build-up of text in the document, with material 
added evenly along the way, from the time the assignment is introduced until the assignment is completed 
(Figure 5). All contributions typically add to the document length, and most students only edit their own 
contributions.

In the Concentration pattern, students start to add material to the document fairly well in advance of 
the deadline. It might start with a substantial chunk from the outset (Figure 7), or content might build 
up gradually (Figure 6). What makes this pattern significantly different from the Expansion pattern is a 
distinct reduction of the content length (more than 5 percent) along the way. Students have gathered more 
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Student 3 1011 9 1020 962

Student 4 510 1087 1597 1542

Student 5 17 1309 1326 1315
Total 4699 2437 7136 6933

Figure 3. Example 1 of the Cramming pattern of document growth. Note that all sessions are on the same 
date, just a few hours apart.
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material than deemed necessary, and parts of that initial content are removed during one or more editing 
sessions, resulting in the content becoming more concentrated.

Finally, two documents (18 and 03) did not fit any of the above “ideal types”, as they showed signs of a 
blend of patterns. Document 18 appears to be a mix of cramming and expanding, and document 03 seems 
to be a mix of expanding and concentrating patterns. These documents were categorized as Hybrid. 

To explore the boundaries of the visual categories, the indicators Timespan and Concentration were 
investigated. In Figure 8, all documents are plotted according to those indicators. A zone from the fifth to 
the eighth day separates the cramming category from the expanding and concentrating categories on the 
Timespan axis. All the documents in the cramming category is thus completed within approximately one 

1/2

Grupp # skolväsendets historia
Student 1, Student 2, Student 3, Student 4, Student 5

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

11,000

R
ev

 L
en

gt
h 

(c
ha

ra
ct

er
s)

11,398

Se
p 

06
 1

0:
52

Se
p 

14
 1

6:
21

Se
p 

15
 1

2:
13

Se
p 

15
 1

8:
22

Se
p 

17
 1

2:
41

Se
p 

17
 2

0:
57

Se
p 

18
 0

5:
52

Se
p 

18
 1

0:
36

Name Edit of Self(?) Edit of Other(?) Total Edit(?) Contribution(?)
Angelica Engstr 1510 197 1707 1212

Felix Henriksso 1734 23 1757 1568

Linda Hallqvist 5565 778 6343 4174

Linnea Bergströ 1863 53 1916 1710
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Total 15538 1445 16983 11398

Figure 4. Example 2 of the Cramming pattern of document growth, which is more extended in time.
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Figure 5. Example of the Expansion pattern of document growth. Material is added to the document in a 
continuous fashion.
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quarter of the allotted time (26.3%). The expanding and concentrating documents have all been processed 
during 8 to 17 days (42.7–89.5 % of allotted time). 

On the concentration axis the bottom two categories, cramming and expanding, are separated from 
the concentrating category by a zone from 1.025 to 1.061. Besides document 27 (1.025), all other docu-
ments are 1.001 or lower. The discrepant value of document 27 can be attributed to what seems to be an 
editing mistake late in the process, where half a page of text was pasted in the wrong place, then pasted 

into the intended location, and finally the unintended paste was removed. This led to a maximum docu-
ment length higher than the final document length by 2.5 %, but not due to engaged text processing. The 
concentrating documents start at 1.061 and extends to 2.672, with half of the documents ranging from 
20.1 % to 36.4 % of text reduction. 
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Figure 6. Example 1 of the Concentration pattern. In this example, a majority of content is removed during a 
joint session shortly before the deadline.
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Strategies for online collaborative writing 
The visual representations of the version history can to some degree reveal the level of OCW in the ma-
king of the text. The turn-taking concept from CA is reflected in the number of stripes in the visualiza-
tions, which in turn is indicative of the level of OCW. On one extreme of the continuum is a completely 
cooperative strategy, and on the other extreme is a completely collaborative strategy – or shared mind 
(Sharples et al., 1993). 

In Figure 9 an example of a strategy on the cooperative end of the continuum can be seen, where each 
student stays within his or her own block of content, not touching the other students’ contributions, 
either due to fear of negative relational consequences (Birnholtz et al., 2013) or because of a division of 
labor. This low level of turn-taking manifests as a few large solid-color stripes in the visualizations. 
On the other end of this continuum, students use a more collaborative strategy (Figure 10), where all – 
or most – students participate in the creation of all parts of the text. Participation can be anything from 
the contribution of new content to corrections of typos or spelling mistakes, but there appears to be no 
hesitation about editing other students’ contributions. This higher level of turn-taking shows up in the 
visualizations as many thin lines of interchanging colors.

Between these extremes, many intermediate degrees of collaboration can be observed. The number of 
stripes in the DataViz visualizations indicates the amount of turn-taking occurring during the OCW 
process, giving a visual estimate of how collaboratively oriented the strategy was. 

In Figure 11, turn-taking represented by number of stripes are plotted against timespan. Documents 
in the upper right corner would represent the highest level of interplay with both the document and with 
other students. In the lower-left corner documents with the least amount of interplay between students 

Figure 8. Documents plotted according to number of days editing (Timespan) and total edits per submitted 
document length (Concentration).
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and with the document can be found. Nearly the same pattern as in Figure 8 can be seen, but one inte-
resting difference is that the expanding category is spread out along the turn-taking axis. This indicates 
that two different strategies for collaboration have been used. A close examination of the visualizations 
confirms this, where documents 05, 15, 27 and 31 have mostly thick solid color stripes (much like in the 
cramming category), whilst documents 11, 23, 26 and 28 have thin intermixed color stripes indicating 
collaboration on all parts of the texts (much like the concentrating category).

Looking at the two categories that are differentiated with regard to OCW strategy, it can be noted that 
the highest value in the cramming category (56 for document 20) is exactly half the value of the lowest 
value in the concentrating category (112 for documents 13 and 19). This signals a rather substantial dif-
ference in interplay in the writing processes between these two categories. 

Figure 9.  Example of a cooperative strategy, where students almost exclusively stay within their own blocks 
of content.

Figure 10. Example of a collaborative strategy where all students contribute to the editing of all parts of the 
content.
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Discussion
The purpose of this study was to describe and analyze applied strategies and the patterns that emerged 
during students’ OCW in higher education group assignments. Three categories of document growth 
emerged as possible to distinguish visually: cramming, expanding, and concentrating. Two of these pat-
terns are also likely to occur together with specific strategic categories.

The cramming pattern is quite easy to distinguish visually, and also easy to link to the class of strate-
gies exemplified by the “parallel construction - cut and paste” strategy described by Onrubia and Engel 
(2009) and the “Category A” described by Limbu and Markauskaite (2015). 

The concentrating pattern is also rather easy to distinguish, and that pattern seems most likely to oc-
cur in tandem with a collaborative strategy. A look at the amount of turn-taking can confirm that. This is 
indicative of Onrubia and Engel’s (2009) integrative construction strategy or Limbu and Markauskaite’s 

(2015) categories C and D.
The expanding pattern does not in itself signal more than time-on-task, as it is not as unambiguously 

linked to a specific strategy. It is, however, easy to visually determine whether the strategy was collabora-
tive or cooperative by looking at the turn-taking strategy that can be deduced from the amount and mix 
of stripes. The more cooperatively oriented documents might be the result of undue territorial considera-
tions, e.g. respect for other writers’ demarcations and personal space (Larsen-Ledet and Korsgaard, 2019). 
It is not unusual for student groups to use a mixture of two or more strategies (c.f. Lowry et al., 2004) 
which might render the visualizations less distinct (e.g., documents 03 and 18).

To conclude, the shape of the graph (the pattern of document growth), and the stripiness (the amount 
of turn-taking) will indicate the nature of the strategies for CW taking place during the document writing 
process. The cramming category would likely be the result of division of work, with low levels of learning 
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from each other, low intensity of interaction and be driven by formal commitment. The concentrating 
category would on the other hand likely result from a collaborating strategy, with a high intensity of 
interaction, possibly high levels of learning from each other and be driven more by intrinsic motivation 
(Figure 1). The expanding category can be examined with regard to the amount of turn-taking, and if 
low levels are found, it might be fruitful to address undue territoriality, for instance by encouraging trust 
within the group. 

It is quite conceivable that a lot of text processing can take place without engaging with other students’ 
contributions. This would not be reflected in the number of stripes as there is no turn-taking involved. It 
is also possible that a group can work intensely during a shorter period, which would not be reflected in 
the timespan indicator. Furthermore, any activity taking place outside editing of the Google Docs docu-
ment itself will not be reflected, such as communication face to face or via other social media. Therefore, it 
would not be recommended to rely exclusively on the visualizations when drawing conclusions about col-
laborative strategies. Despite these shortcomings, data suggests that these visualizations still can provide 
practical utility in exposing how OCW processes takes place, which can be of value for teaching in formal 
higher educational settings.

Implications for practice
A seemingly superficial visualization can consequently provide a surprisingly rich overview of the collabo-
rative patterns and strategies employed in a higher education OCW assignment. An educational implica-
tion is that the application of OCW in teaching practices can, in turn, be a time-efficient and simple way 
for teachers to assess qualitative aspects of the collaborative process that otherwise would be concealed 
and inaccessible. Implementing visualization could assist in developing teaching practices of OCW that 
focuses on strategies and the division of labor applied in group work. In such practices, visualization could 
enable the identification of groups with low levels of a shared mind in Sharple’s terms (1993; Sharples et 
al., 1993). The current study suggest that patterns of document growth and turn-taking can reveal such 
low levels of a shared mind. By identifying groups with a cramming pattern, remedial or compensatory 
action could be applied and implemented. Applying such actions in teaching practices could nurture de-
velopment of higher education student’s ability to apply digital technologies to pursue common goals in 
collaborative settings and develop collaborative skills (European Commission, 2018; World Economic 
Forum, 2015).

Another educational implication is on an instrumental level. Applying this type of visualization might 
benefit the group members, as it can reveal how balanced higher education students’ participation is. Kno-
wing that a teacher easily can detect imbalances might also incentivize students to participate, as it beco-
mes harder to hide behind other group members’ efforts, and students with larger contributions might 
feel confident that their efforts will be noticed. On a conceptual level, the group could gain awareness of 
their stances toward knowledge and learning, and reflecting on whether those stances are productive or 
unproductive could greatly benefit them (e.g., Elby and Hammer, 2010; Limbu and Markauskaite, 2015).

In short, the results from this study suggests that developing higher education students’ collaborative 
skills implicates higher educational settings with rich opportunities to practice. Combining OCW and 
visualization in teaching practices in such settings might be a fruitful strategy to develop students’ col-
laborative skills. 

Ethical considerations
The use of Google Docs in general, and teacher access to visualizations of student revision history in par-
ticular, raises the issue of ethical considerations in regard to DocuViz. It is inconsiderate to assume that 
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students will or should accept to volunteer such information by default. Research on ethics in the con-
text of learning analytics has pointed out the importance of addressing ethical issues for some time (e.g. 
Ferguson, 2012), but a minority of studies (18 % of 252 papers published 2012–2018) considers or even 
mentions ethical issues, although there seemed to be a rising trend in the last year (Viberg et al., 2018). 

An issue in need of examination is that of surveillance, or dataveillance (Haythornthwaite, 2017), both 
in student-student interplay and in student-teacher interplay. At the core lies the transfer of private and 
personal information to third parties. This is only partly applicable to the particulars of the use of Data-
Viz, but to a somewhat larger extent with the general case of Google. DataViz by itself does not process 
any other private data than the Google account name, and revision data is not aggregated or transferred to 
third parties. The remaining issue is the exposure of the revision history itself to the teacher. As pointed 
out by Kiliñska et al. (2019), there can be concerns that the teacher might interpret the data incorrectly 
due to lack of contextual knowledge on the way the group works. However, whether visualizations are 
used for formative purposes – or for summative assessment – could have an impact on students’ attitudes 
towards the sharing of their revision history. 

A potential positive implication of higher education students sharing revision history data with their 
teachers and each other that could outweigh some of the negative consequences are – according to some 
researchers – the benefits of meta-reflection on students’ learning processes (Fontaine, 2002; Gerdes, 
2010). But, without student acceptance for sharing, the positive implications would become degraded or 
nonexistent. The most crucial issue for achieving acceptance of such implementations of learning analytics 
systems is transparency on behalf of the teacher (Ifenthaler and Schumacher, 2016; Pardo and Siemens, 
2014). It is therefore considered very important that the teacher clearly discloses information about ”the 
collected data, its purpose, the underlying algorithms, the people who receive access to the data, and the 
analyses derived from them, as well as the amount of time the data will be stored and its degree of de-
identification” (Ifenthaler and Schumacher, 2016, p. 934). Further work is needed in the formulation of a 
policy that can accommodate both the student’s right to privacy and the potential benefits for formative 
assessment and learning process development.

Further research
An implication for research practices of the results of the current study is that the application of a visua-
lization tool such as DocuViz might be a shortcut for scholars that aims at analyzing and understanding 
OCW practices. Such a shortcut might save time in the analytic process and provide opportunities for 
higher level of data analysis. Several further studies can be suggested from this implication. First, a larger 
sample of documents could be analyzed to test the validity of the suggested categories to see if they are 
generally applicable, and possibly determine generally applicable demarcating values for the suggested 
categories. Second, both higher education teachers’ and students’ perceptions of the use of DocuViz vi-
sualizations during OCW tasks could be evaluated. Do teachers perceive that it adds value to their teach-
ing? Do students perceive the use of such a tool as beneficial for their epistemological awareness and/or 
the accountability of individual group members? Third, researchers could determine whether the use of 
DocuViz visualizations within OCW groups in higher education leads to better outcomes in terms of the 
quality of the produced documents through a quasi-experimental study.
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