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Essay writing is a fundamental part of higher education. Students’ use of self-regulatory skills, such as 
time management and planning and writing strategies, while writing essays predicts better writing 
quality. Current characterisations of the relationship between self-regulation and essay writing are 
limited by the difficulty of assessing self-regulation in real-life essay writing contexts. This paper reports 
on a novel approach to examine students’ use of self-regulation strategies in a real-life setting, using 
learning analytics. Four case studies are presented to illustrate similarities and differences in students’ 
use of time management, planning and writing strategies. Participants managed their time in very 
different ways to complete the assignment. They were active over a different number of days, engaged 
in sessions of different durations, and at different times of the day. The participants used variety of 
approaches to their writing: one participant started early and allowed editing time, another typed 
gradually over a number of days, and two participants waited until the due date to complete the essay, 
with varying amounts of editing. Findings from this research contribute to a novel detailed empirical 
evidence of different essay preparation behaviour in real-life settings. After further studies with a 
variety of essay types and student samples, there may be significant value in using the approached 
outlined in this paper as the basis of tools they provide students with advice and support in their essay 
preparation. 
 

Introduction and background 
Essay writing is a widely used type of assessment in 
higher education. Essay writing requires students to use 
high levels of self-regulation; students’ use of self-
regulatory skills while essay writing predicts better writing 
quality (Santangelo, Harris, & Graham, 2015; Zimmerman 
& Risemberg, 1997). However, current characterisations 
of the relationship between self-regulation and essay 
writing are limited by the difficulty of assessing self-
regulation in real-life essay writing contexts. Research on 
essay writing processes has heavily relied on self-report 
methods, either after essay writing in a real-life 
assessment context (e.g., questionnaires, Torrance, 
Thomas, & Robinson, 2000), or during essay writing in a 
lab study (e.g., think aloud protocols, Stratman & Hamp-
Lyons, 1994). Learning analytics provides a way to more 
precisely characterise essay writing and the use of self-
regulatory processes (e.g., Azevedo, 2014; van den Bergh 
& Rijlaarsdam, 2013). The use of learning analytics allows 
examining the writing process in a less intrusive manner, 
and, most importantly, moves investigations from the 

laboratory to real-life settings. In this paper we outline a 
study that used learning analytics tools to examine 
students’ self-regulatory skills while essay writing in a 
real-life setting. 

Models of self-regulation in writing argue students’ 
personal processes are a key factor to their writing 
process (e.g., Flower & Hayes, 1981; Zimmerman & 
Risemberg, 1997). Zimmerman and Risemberg (1997) 
propose personal processes involve time planning and 
management, setting goals, setting self-evaluative 
standards to assist in monitoring performance, using 
cognitive strategies, and using mental imagery. This study 
focuses on two of the personal processes: time planning 
and management, and use of cognitive strategies. Time 
planning and management requires students to estimate 
and manage their time for essay writing. For example, 
estimating the total amount of time they will need to 
dedicate to essay writing, and how they will break that 
time into smaller blocks of time (Zimmerman & 
Risemberg, 1997). Cognitive strategies used in writing are 
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related to planning the structure of the essay, producing 
the piece of writing itself, and revising it through iterative 
editing (Zimmerman & Risemberg, 1997). Both processes 
are considered important for improving writing (e.g., 
Hayes & Nash, 2013; Santangelo, Harris, & Graham, 
2015). However, we are yet to develop a precise 
characterisation of the essay writing process itself and its 
relation to the use of self-regulatory skills. 

Although well-described, personal processes involved in 
essay writing (e.g., time planning and management and 
cognitive strategies) are rarely examined in the context of 
real-life essay writing. Students’ writing processes are 
largely unobservable. Educators have access to the final 
version of an essay, written using paper-and-pencil or 
commonly used word-processing software. While 
teaching staff can review essays by asking students to 
hand in outlines or preliminary drafts, this can be 
unfeasible when teaching courses with large student 
numbers. Together, the inability to measure writing 
processes, combined with the time burden of reviewing 
drafts effectively limits educators’ ability to provide 
students with feedback during the writing process. Recent 
advances in word-processing technology may present a 
solution to this problem for both educators and 
researchers. An advantage of these technological 
developments is that large cohorts of students’ essay 
planning and writing strategies (e.g., self-regulation) can 
be analysed through learning analytics. 

Learning analytics is the “measurement, collection, 
analysis and reporting of data about learners and their 
contexts, for purposes of understanding and optimising 
learning and the environments in which it occurs” 
;^ŝĞŵĞŶƐ�Θ�'ĂƓĞǀŝđ͕�ϮϬϭϮ͕�Ɖ͘ϭͿ͘�>ĞĂƌŶŝŶŐ�ĂŶĂůǇƚŝĐƐ�ĐĂŶ�
provide educators with the opportunity to better 
understand and act upon students’ writing process 
;'ĂƓĞǀŝđ͕��ĂǁƐŽŶ͕�Θ�^ŝĞŵĞŶƐ͕�ϮϬϭϱͿ͘�KǀĞƌ�ƚŚĞ�ůĂƐƚ�
decade, the use of learning analytics to measure students’ 
self-regulated learning skills has taken a central role in the 
field (Winne, 2010). Recent research has used learning 
analytics to examine time students took to write 
characters and words during an in-class essay assessment 
task. For example, Deane (2014) examined writing bursts 
in number of characters, duration of pauses between 
words, and between sentences, and time spend copying 
and pasting text. And Eklundh and Kollberg (2013) 
captured students’ audit logs when revising their essays 
using a specific software. One limitation of these studies 
is that they have only examined students’ essay writing 
over a brief writing period (e.g., one hour of class, Deane, 
2014). In real-life contexts, students may be given several 
weeks to write the essay, and will need to use time 
planning and management skills to write the essay. Given 
students’ use of writing processes varies with context 
(Biggs, 1988; Kellogg, 1988), it is likely that writing 
processes required for a one-hour essay-writing 

assignment will differ to those required for a multi-week 
assignment. 

In the current study, students’ use of self-regulation 
strategies for essay writing is examined in real-time and in 
a real-life context, using descriptive learning analytics. 
The focus of the investigation was on students’ self-
regulation strategies; specifically, their skills in managing 
time dedicated to their essay, planning essay structure, 
and writing their essay over a three-week period. As such, 
two questions underpinned the investigation. How do 
students manage their time to work on the essay across 
the assignment period? And how do students use 
different planning and writing strategies to complete their 
assignments? We use a combination of cohort data and 
case studies to describe and compare tertiary students’ 
use of time management and cognitive strategies while 
writing an essay using an online writing platform. 

Method  
Participants and context 
Participants were 107 students from a Business 
undergraduate course at the University of Melbourne. 
Ethics committee approval was obtained from the 
University and all participants provided informed consent. 
Participants were asked to complete a 1,000-word essay 
as part of their course, worth 10% of their final mark. 
Teaching staff marked participants’ performance in this 
assignment using a score from 0 to 100. Participants could 
choose between two topics: (1) “The business of business 
is to make profits”, and (2) “What is the business case for 
Corporate Social Responsibility?”. Participants were 
instructed to include personal opinions about the material 
covered in the course. The aim of the essay was to assess 
participants’ understanding of course material. Essay 
guidelines were released to participants on 8th of March 
and the due date for the essay was 27th of March. In total, 
participants had 19 days to work on the assignment. 

Participants were instructed to complete their essay using 
Cadmus, an online word-processing software tool. 
Cadmus has most features of other word-processing 
software tools, such as main body section for writing with 
style editing, inserting tables and images, bolding, 
highlighting, among others. Some of the additional 
features of Cadmus include a section for dedicated note 
taking (referred to as “notes”), and a restriction of pasting 
at a limit of 90 words from external sources in a single 
paste. Cadmus is designed as a tool to support the 
development of participants understanding of issues 
associated with academic integrity. As such, a design 
feature is the display of automated warnings to 
participants related to academic integrity. For example, a 
warning appears if participants are close to reaching the 
paste limit. Participants were encouraged to use the 
Cadmus software for the whole essay construction: 
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through planning the structure of the essay, to producing 
the text, revising, and adding references.  

Measures 
Cadmus records the actions of participants via learning 
analytics while they work on their essay. Cadmus 
continuously records the user’s actions via the keyboard 
and takes a snapshot of the document every two minutes, 
creating a temporal log of participants’ writing activities. 
Learning analytics used in the current study include: 
number of sessions by student during the assignment 
period, duration of these sessions, number of words 
added and deleted, number of words copied and pasted, 
and which sections of the document they used (main 
body and notes). These measures were then organised 
and processed to represent participants’ use of time 
management and cognitive strategies, such as planning 
and revising the essay. 

Time management was represented by three variables. 
Number of days participants spent working on the essay, 
a count of days active in the Cadmus system. Number of 
sessions participants spent working on the essay. A 
session consists of a period of time greater than 30 
minutes working in the Cadmus system, without 
interruption (Mao, Kamar, & Horvitz, 2013). Active 
duration was the amount of time a student presented any 
activity within a session (e.g., typing or deleting words).  

Cognitive strategies for writing were divided in two 
categories: planning and working on the essay. Planning 
relates to how participants used the notes section, and 
was represented by four variables: use of notes section 
during the assignment, number of added words to notes, 
deleted words from notes, and pasted words to notes. The 
use of notes is a binary measure, and remaining measures 
are count data. Working on the essay relates to how 
participants used the main body section, represented by 
three variables: number of typed words to main body, 
deleted words from main body, and pasted words to the 
main body. For the class assessment, participants were 
marked on the contents of their main body section at 
time of submission. 

Research design, data processing and 
data analysis 
We used a multiple case studies design to examine 
similarities and differences between the cases (Baxter & 
Jack, 2008). Descriptive statistics were used to 
characterise the whole cohort, while descriptive temporal 
analysis was used for four case studies chosen to illustrate 
the different time management and writing strategies 
participants used. 

Raw data was extracted from the Cadmus platform in CSV 
format for all 111 participants in the class. After initial 
inspection, four participants were found to have not 

completed their assignment, presenting a very low final 
word count to their essay (below 600 words); these 
participants were removed from further analyses. For the 
descriptive temporal analysis, closer inspection revealed 
that 5% of the learning analytics were recorded in 
intervals longer than two minutes (ranging from just over 
2 minutes to 17 days). This was due to technical 
challenges, such as interrupted internet connection. 
These records were substituted for the median: two 
minutes. Statistical softwares R and IBM SPSS were used 
for data analysis. 

Results 
The results section is presented in two parts. First, we use 
descriptive statistics to examine how all participants 
managed their time and used planning and revising 
cognitive strategies when working on the essay. Second, 
four case studies are presented to illustrate the different 
writing strategies participants used to work on their 
essay. 

Descriptive statistics 
Length of time that participants spent completing their 
essay in the Cadmus system ranged from four hours to 14 
days. Participants completed their essay in an average of 
four and a half days (SD=2.21). Figure 1 displays a 
histogram of the number of days and sessions 
participants spent writing their essay. One participant 
completed their essay in one single session, while five 
participants took 20 or more sessions to complete their 
essay. Of the 107 participants, 23 participants did not use 
the notes section. Participants added an average of 2425 
words to the main body of their essay (SD=1334), and 
deleted an average of 1370 words (SD=1318). 

 
Figure 1: (A) number of days, and (B) number of sessions 
participants spent on the essay. Each case study is also 
identified 

Case studies 
The descriptive statistics analysis showed that 
participants used different strategies to complete their 
essay related to total of days, session duration and 
distribution, and writing strategies used. In this section, 
four case studies are presented to illustrate distinct 
applications of these strategies, using a descriptive 
temporal analysis (Figures 2 to 5). The four cases were 
chosen as they showed significant variation in the time 
management and writing strategies of interest in this 
investigation. The representativeness of each of these 
case studies is shown in Figure 1. Case 1 reflects the mode 
number of days. Case 2 represents the largest number of 
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days and number of sessions. Case 3 and 4 both reflect 
the smallest number of days, with Case 4 also showing 
the mode number of sessions. Together, these case 
studies represent typical and atypical examples of time 
management strategies. 

Case study 1 – AB (Figure 2)  
AB completed the essay over four days, in 9 sessions. 
Sessions varied from 12 minutes to 3 hours and 9 
minutes, and active duration varied between 12 minutes 
and 1 hour and 50 minutes, with a median of 32 minutes. 
AB worked on the essay from 12am to 12pm across the 
assignment period, on the days leading up to submission 
day. AB did not use the notes section, and started to work 
on the essay directly on the main body section. The first 
day working on the assignment (day 16) was AB’s most 
productive day in terms of added words. Over four 
sessions, AB added the highest number of words in a day, 
including typed and pasted words, and deleted the 
highest number of words in a day. On the second day 
working on the assignment (day 17), AB started with a 
large deletion, followed in the next session with a paste of 
similar number of words. This suggests that AB cut and 
pasted a large amount of text, indicating the student was 
restructuring their writing. On the third day working on 
the assignment (day 18), AB spent little time in Cadmus, 
with few words typed, pasted, and deleted. Moreover, 
the student reached the word limit for the essay. On 
submission day, there was a similar number of words 
typed and deleted, indicating revision and editing. AB’s 
final grade was 85%. 

Case study 2 – CD (Figure 3)  
CD completed the essay over 14 days, in 31 sessions. 
Sessions varied from 2 minutes to 2 hours and 47 
minutes. Active duration ranged between 2 minutes to 1 
hour and 22 minutes, with a median of 6.2 minutes. CD 
consistently worked on the essay from 12am to 12pm 
across the assignment period, and mainly on weekdays 
(days 10 and 11 were weekend). CD made use of the 
notes section, but did not use the paste function while 
writing the essay. On the first three days working on the 
assignment, CD focused on the notes section. On the third 
day working on the essay, CD worked on the main body 
section, while still making a small contribution to the 

notes section. For the following three days, CD made 
small contributions to the main body. Days 10 and 11 
were the weekend, with CD working on this assignment 
Saturday but not on Sunday. At day 13, CD returns to 
adding words to the notes section. After this day, CD does 
not make any further contributions to the notes section. 
On days 14 and 15, CD showed a high level of activity in 
the main body, with high number of typed and deleted 
words, indicating some revision behaviour. After two days 
of rest (days 16 and 18), and a day with some contribution 
in a short session (day 17), the submission day arrives. CD 
engages in the longest session of this assignment with 
active duration of 1 hour and 20 minutes), and has the 
highest number of words typed and deleted in a day 
indicating both writing and revision behaviour. CD started 
work on the essay early, and worked on the essay over 
many days. For many days, CD spent little time in Cadmus 
(between 2 and 20 minutes). CD made use of notes, and 
had a high number of deleted words, indicating the 
student used notes to plan the essay before starting to 
write, and spent time revising the essay during the writing 
process.  CD’s final grade was 81%.  

Case study 3 – EF (Figure 4)  
EF completed the essay in one day (day 19), over four 
sessions. EF worked on the essay from 4am to 2pm on 
submission day. Sessions ranged from 2 minutes to 3 
hours and 53 minutes. Active duration ranged between 2 
minutes and 1 hour and 42 minutes, with a median of 8 
minutes. EF started working on the notes section at 4am, 
typing and deleting a moderate number of words, 
suggesting some revision process during that writing 
process. Up until 10am EF made sparse contributions to 
the notes section. These short frequent sessions could 
indicate some sort of task switching between writing and 
reading materials, for example. From 10 am until 12pm, 
onwards, EF typed in the whole assignment in one long 
session, with active duration of 1h 42min. This session 
was mostly characterised by the constant addition of 
typed words, with some deletion of words throughout the 
session. At this point, EF was mainly writing down ideas, 
and probably revising small sections. EF did not paste any 
words when working on the assignment. EF’s final grade 
was 70%.
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Figure 2: Case study 1: AB. Figure shows Session Duration (top) as a function of assignment day, and time of day throughout 
the assignment period (different colours indicates different sessions); Cumulative View (2nd from top) as a function of 
assignment day and number of words in the notes and main body; Main Body Activity (bottom) as a function of words typed 
and deleted each day. 
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Figure 3: Case study 2: CD. Figure shows Session Duration (top) as a function of assignment day, and time of day throughout 
the assignment period (different colours indicates different sessions); Cumulative View (2nd from top) as a function of 
assignment day and number of words in the notes and main body; Main Body Activity (3rd from top) as a function of words 
typed and deleted each day; Notes Activity (bottom) as a function of words typed and deleted each day. 
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Figure 4: Case study 3: EF. Figure shows Session Duration (top) as a function of assignment day, and time of day throughout 
the assignment period (different colours indicates different sessions); Cumulative View (2nd from top) as a function of 
assignment day and number of words in the notes and main body; Main Body Activity (3rd from top) as a function of words 
typed and deleted over a single day; Notes Activity (bottom) as a function of words typed and deleted over a single day.  
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Figure 5: Case study 4: GH. Figure shows Session Duration (top) as a function of assignment day, and time of day throughout 
the assignment period (different colours indicates different sessions); Cumulative View (2nd from top) as a function of 
assignment day and number of words in the notes and main body; Main Body Activity (3rd from top) as a function of words 
typed and deleted over a single day; Notes Activity (bottom) as a function of words typed and deleted over a single day. 
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Case study 4 – GH (Figure 5) 
GH completed the essay in one day (day 19), over five 
sessions. GH worked on the essay from 11am to 9pm on 
submission day, taking a break from 2 to 5pm. Sessions 
ranged from 4 minutes to 2 hours and 21 minutes. Active 
duration ranged between 4 minutes and 1 hour and 20 
minutes, with a median of 11 minutes. GH first used the 
notes section, typing about 350 words. No deletion of 
words was recorded in the notes. This suggests GH was 
either writing down ideas or copying text from another 
source, and not revising. From 11am until 1pm, GH made 
small contributions to the main body section: typing 95, 
pasting 13, and deleting 14 words over three sessions, 
indicating GH was possibly switching between writing the 
essay and other activities. When returning to work on the 
essay at 5pm, GH had two consecutive sessions: between 
5:40pm and 6:15pm (16 minutes active duration), and a 
second between 7pm and 9:15pm (1 hour and 10 minutes 
active duration). During those sessions, GH added 929 
words, with few deleted and pasted words. The low 
deletion behaviour possibly suggests GH completed the 
essay in another platform and then typed it in Cadmus. 
GH’s final grade was 78%. 

Discussion 
The case studies each managed their time across the 
assignment in different ways. AB and CD were more 
successful in managing their time to work on the 
assignment, dedicating more time overall to the 
assignment. On the other hand, EF and GH worked on the 
assignment only on the last day, suggesting poor planning 
and time management. Participants who started on the 
essay earlier deleted a far greater number of words, 
compared to the participants who began working on the 
assignment the day it was due, indicating these 
participants spent a greater amount of time revising their 
essay. The data from the cases also suggests that 
participants who were better at managing their time - 
indicated by them dedicating a greater number of days to 
work on their assignment – have more flexibility in their 
allocation of time to the assignment. Participants with 
fewer days to work on the assignment appear pressured 
by time to complete the essay in fewer, but longer 
sessions. Regardless of prior time spent on the essay, all 
case studies spent a long time working on the assignment 
on submission day. These findings suggest students who 
dedicate more time to their written assignments are able 
to spend more time revising their essays, which has been 
associated with improved writing quality (e.g., Hayes & 
Nash, 2013, Santangelo, Harris, & Graham, 2015). 
However, it is not clear the reasons that led students to 
use such different strategies to manage their time. It 
could be due to differences in time management skills, 
strategic approach, or perceived value of the assignment. 
Further research is needed to examine influences of these 
different time management patterns. 

For the three cases who made use of the notes section, 
only two (CD and EF) made use of the notes section 
including adding and deleting words, indicating planning 
behaviour. It is possible that the other participants were 
also planning, but did so in the main text area of the 
Cadmus system, or indeed offline. Previous research has 
found that planning before writing an essay can reduce 
revising time (Kellogg, 1988), and guided planning 
activities may improve writing quality (Santangelo, Harris, 
& Graham, 2015). The current findings suggest that 
providing a notes section and instructing students to use 
them may be a good idea to promote the use of planning. 
It is important to note that researchers have been 
cautious to suggest for students to simply plan more: “If 
people who write well plan a lot, that does not imply that 
teaching people to plan a lot will help them to write well” 
(Hayes & Nash, 2013, p. 49). Therefore, it is advised for 
educators (and/or word-processing software) to provide 
guidance to students when promoting planning activities, 
such as generation and organisation of ideas, to see an 
impact on their writing quality (Santangelo, Harris, & 
Graham, 2015). 

While the current study did not focus on investigating the 
relationship between students’ writing strategies and 
performance, the selected case studies suggest a possible 
association between patterns in time management and 
writing strategies (e.g., revision) and grades. The first two 
case studies achieved a grade of 85 and 81, respectively, 
and the last two cases studies achieved a grade of 70 and 
78, respectively. For these case studies, dedicating more 
days to work on the essay suggested to be related to the 
quality of their essay. Future studies may further examine 
the relationship between students’ use of writing 
strategies and their performance. 

Conclusion 
This paper provides a novel approach into examining 
students’ use of essay writing strategies in real-time and 
in a real-life setting. The four case studies illustrate 
students’ similarities and differences on the use of self-
regulation strategies when writing an essay in a real-life 
setting through the use of learning analytics. More 
specifically, we examined how participants manage their 
time and use planning and writing strategies while 
working on an essay over a 19-day period as part of their 
undergraduate course. Participants completed the essay 
over a different number of days, engaged in sessions of 
different durations, and at different times of the day. The 
participants used a variety of approaches to their writing. 
One participant typed many words within a single day and 
allowed significant time for editing. Another typed 
gradually, with many sessions over a number of days, and 
made a major contribution at the last minute. Two 
participants waited until the due date to complete the 
essay over a very long session. Overall, this study 
demonstrates the potential value of examining students’ 
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writing process over long periods of time in real-life 
settings. While very preliminary, the findings suggest that 
these patterns may be related to students’ performance. 
Most importantly, this study demonstrated that the word-
processing software used was a useful tool for research 
purposes in essay writing. Further studies as part of this 
project will focus on examining students’ use of specific 
features of Cadmus using a more in-depth temporal 
analysis to better understand students’ writing processes 
and their relationship to the use of self-regulate learning 
strategies. 
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