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ABSTRACT
7KHāHOGRIOHDUQLQJDQDO\WLFVUHFHQWO\DWWUDFWHGDWWHQWLRQIURPHGXFDWLRQDOSUDFWLWLRQHUV
and researchers interested in the use of large amounts of learning data for understanding
learning processes and improving learning and teaching practices. In this chapter, we introduce content analytics — a particular form of learning analytics focused on the analysis
RIGLIIHUHQWIRUPVRIHGXFDWLRQDOFRQWHQW:HSURYLGHWKHGHāQLWLRQDQGVFRSHRIFRQWHQW
DQDO\WLFVDQGDFRPSUHKHQVLYHVXPPDU\RIWKHVLJQLāFDQWFRQWHQWDQDO\WLFVVWXGLHVLQWKH
SXEOLVKHGOLWHUDWXUHWRGDWH*LYHQWKHHDUO\VWDJHRIWKHOHDUQLQJDQDO\WLFVāHOGWKHIRFXV
RIWKLVFKDSWHULVRQWKHNH\SUREOHPVDQGFKDOOHQJHVIRUZKLFKH[LVWLQJFRQWHQWDQDO\WLFVDSSURDFKHVDUHVXLWDEOHDQGKDYHEHHQVXFFHVVIXOO\XVHGLQWKHSDVW:HDOVRUHĂHFW
on the current trends in content analytics and their position within a broader domain of
educational research.
Keywords: Content analytics, learning content

With the large amounts of data related to student
learning being collected by digital systems, the potential
for using this data for improving learning processes
DQGWHDFKLQJSUDFWLFHVLVZLGHO\UHFRJQL]HG *DÇHYLİ
'DZVRQ 6LHPHQV 7KHHPHUJLQJāHOGRIOHDUQLQJ
DQDO\WLFVUHFHQWO\JDLQHGVLJQLāFDQWDWWHQWLRQIURP
educational researchers, practitioners, administrators,
and others interested in the intersection of technology
and education and the use of this vast amount of data
for improving learning and teaching (Buckingham
Shum & Ferguson, 2012). Among the different types
of data, the analysis of learning content is commonly
used for the development of learning analytics systems (Buckingham Shum & Ferguson, 2012; Chatti,
'\FNKRII6FKURHGHU 7K½V)HUJXVRQ
Ferguson & Buckingham Shum, 2012). These include
various forms of data produced by instructors (course
syllabi, documents, lecture recordings), publishers
WH[WERRNV RUVWXGHQWV HVVD\VGLVFXVVLRQPHVVDJHV
social media postings). In this chapter, we introduce
content analytics, an umbrella term used to refer to

different types of learning analytics focusing on the
analysis of various forms of learning content. We
IXUWKHUSURYLGHDFULWLFDOUHĂHFWLRQRQWKHVWDWHRI
the content analytics domain, identifying potential
shortcomings and directions for future studies. We
begin by discussing different forms of learning conWHQWDQGFRPPRQO\DGRSWHGGHāQLWLRQVRIFRQWHQW
analytics. Special attention is given to the range of
problems commonly addressed by content analytics,
as well as to various methodological approaches, tools,
and techniques.

Learning Content and Content Analytics
$FFRUGLQJWR0RRUH  WKHGHāQLQJFKDUDFWHULVWLF
of any form of education is the interaction between
learners and learning content. Without content
ÜWKHUHFDQQRWEHHGXFDWLRQVLQFHLWLVWKHSURFHVVRI
intellectually interacting with the content that results in changes in the learner’s understanding, the
learner’s perspective, or the cognitive structures of
WKHOHDUQHUÚVPLQGÝ S :KLOHWKHPRVWFRPPRQO\
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used forms of educational content are written maWHULDOV &RRN*DUVLGH/HYLQVRQ'XSUDV 0RQWRUL
2010), the ubiquitous access to personal computers
and the Internet resulted in both a broad availability
of learning resources and increased use of interactive
and multimedia educational resources. Likewise, the
emergence of web-based systems such as blogs and
online discussion forums, and popular social media
platforms (Twitter, Facebook) introduced a new dimension and provided access to a relatively new set
RIOHDUQHUJHQHUDWHGUHVRXUFHV 'H)UHLWDVS
 7KHRYHUDOOUHVXOWLVWKDWODQGVFDSHRIHGXFDWLRQDO
FRQWHQWLVH[SDQGLQJDQGGLYHUVLI\LQJEULQJLQJDORQJ
DQHZVHWRISRWHQWLDODGYDQWDJHVEHQHāWVFKDOOHQJHV
DQGULVNV 'H)UHLWDV 7KLVJOREDOWUHQGDOVR
creates fertile ground for the development of novel
learning analytics approaches.
To provide an overview of content analytics literaWXUHZHVKRXOGāUVWGHāQHZKDWLVPHDQWE\FRQWHQW
DQDO\WLFV:HGHāQHFRQWHQWDQDO\WLFVDV
$XWRPDWHGPHWKRGVIRUH[DPLQLQJHYDOXDWLQJ
LQGH[LQJāOWHULQJUHFRPPHQGLQJDQGYLVXDOL]LQJGLIIHUHQWIRUPVRIGLJLWDOOHDUQLQJFRQWHQW
regardless of its producer (e.g., instructor, student) with the goal of understanding learning
activities and improving educational practice
and research.
7KLVGHāQLWLRQUHYHDOVWKDWFRQWHQWDQDO\WLFVIRFXVHV
RQWKHDXWRPDWHGDQDO\VLVRIWKHGLIIHUHQWÜUHVRXUFHVÝ
WH[WERRNVZHEUHVRXUFHV DQGÜSURGXFWVÝ DVVLJQments, discussion messages) of learning. This is in
clear contrast to analytics focused on the analysis of
student behavioural data, such as the analysis of trace
data from learning management systems. Although
in general students can produce learning content of
GLIIHUHQWW\SHV WH[WYLGHRDXGLR JLYHQWKHSUHVHQW
state of educational technologies, and online/blended
learning pedagogies, the content produced by the
OHDUQHUVLVSUHGRPLQDQWO\WH[WEDVHG DVVLJQPHQW
responses, discussion messages, essays). While there
DUHFDVHVZKHUHVWXGHQWVSURGXFHQRQWH[WXDOFRQWHQW
(video recordings of their presentations), they still
represent a relative minority; consequently, very few
analytical systems have been developed. Thus, the
IRFXVRIWKLVFKDSWHULVSUHGRPLQDQWO\RQWH[WEDVHG
OHDUQLQJFRQWHQWGHVSLWHWKHEURDGHUGHāQLWLRQRI
content analytics, which also encompasses multimedia
learning content.
We should point out that content analytics is primarily
GHāQHGLQWHUPVRIWKHDSSOLFDWLRQGRPDLQDVPDQ\
of the tools and techniques used are also employed
in other types of learning analytics. As such, content
DQDO\WLFVHQFRPSDVVHVVHYHUDOPRUHVSHFLāFIRUPV
of analytics, including discourse analytics (Knight &
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Littleton, 2015), writing analytics (Buckingham Shum
HWDO DVVHVVPHQWDQDO\WLFV (OOLV DQG
social learning analytics (Buckingham Shum & FerJXVRQ 7KHVHSDUWLFXODUDQDO\WLFVGHāQHWKHLU
IRFLPRUHVSHFLāFDOO\WRH[DPLQHOHDUQLQJFRQWHQW
produced in particular learning products, processes,
RUFRQWH[WV$VDFRQVHTXHQFHRXUGHāQLWLRQLVEURDGHUWKDQIRUH[DPSOHWKHGHāQLWLRQRIVRFLDOFRQWHQW
analytics by Buckingham Shum and Ferguson (2012),
DVDÜYDULHW\RIDXWRPDWHGPHWKRGVWKDWFDQEHXVHG
WRH[DPLQHLQGH[DQGāOWHURQOLQHPHGLDDVVHWVZLWK
the intention of guiding learners through the ocean
RISRWHQWLDOUHVRXUFHVDYDLODEOHWRWKHPÝ S :H
DUJXHWKDWWKHGHāQLWLRQRIFRQWHQWDQDO\WLFVXVHG
in this report — which does not focus on a particular
learning setting or process — enables the development of standard analytical approaches applicable to
PDQ\VLPLODUOHDUQLQJGRPDLQV*LYHQWKHHDUO\VWDJH
of learning analytics development, the focus on the
type of learning materials and the methodologies,
techniques, and tools for their analysis promotes the
establishment of community-wide standards of conducting content analytics research, which is critical
IRUWKHDGYDQFHPHQWRIWKHOHDUQLQJDQDO\WLFVāHOG
,WLVLPSRUWDQWWRHPSKDVL]HWKHGLIIHUHQFHEHWZHHQ
content analysis (Krippendorff, 2003) and content analytics, which are both commonly used techniques in
educational research (Ferguson & Buckingham Shum,
 'HVSLWHVLPLODUQDPHVFRQWHQWDQDO\VLVLVD
much older and well-established research technique
widely used across social sciences, including research
in education, educational technology, and distance/
RQOLQHHGXFDWLRQ 'H:HYHU6FKHOOHQV9DOFNH 9DQ
.HHU'RQQHOO\ *DUGQHU6WULMERV0DUWHQV
3ULQV -RFKHPV WRDVVHVVODWHQWYDULDEOHVRI
ZULWWHQWH[W*LYHQWKDWPDQ\RIWKHOHDUQLQJDQDO\WLFV
V\VWHPVDUHDOVRIRFXVHGRQWKHH[DPLQDWLRQRIODWHQW
constructs, a large part of content analytics is an application of computational techniques for the purpose
RIFRQWHQWDQDO\VLV .RYDQRYLİ-RNVLPRYLİ*DÇHYLİ
& Hatala, 2014). However, content analytics includes
different additional forms of analysis, which are not
the focus of content analysis, such as assessment of
student writings, automated student grading, or topic
discovery in the document corpora.

CONTENT ANALYTICS TASKS
AND TECHNIQUES
To provide an overview of content analytics, we conducted a review of the published literature on learning
analytics and educational technology to identify research studies that made use of content analytics. We
looked at the proceedings of the Learning Analytics
and Knowledge Conference, the Journal of Learning

Analytics, the Journal of Educational Data Mining,
the -RXUQDORI$UWLāFLDO,QWHOOLJHQFHLQ(GXFDWLRQ, and
*RRJOH6FKRODU$IWHUREWDLQLQJWKHUHOHYDQWVWXGLHV
we grouped them based on the research problems
EHLQJDGGUHVVHG:HLGHQWLāHGWKUHHJURXSVRIVWXGies roughly focused on the three main types of data
used for content analytics (i.e., learning resources,
students’ learning products, and students’ social interactions). The remainder of this section provides a
GHWDLOHGRYHUYLHZRIWKHLGHQWLāHGJURXSVRIVWXGLHV
and associated tools and techniques.

Content Analytics of Learning Resources
One of the earliest uses of content analytics was for
the analysis of educational resources and materials,
DQGUHFRPPHQGDWLRQRUJDQL]DWLRQDQGHYDOXDWLRQRI
WKRVHUHVRXUFHV*LYHQWKHYDVWDPRXQWVRIOHDUQLQJ
materials available to students, one domain of particular interest is the recommendation of relevant
learning-related content, based on various criteria such
as student interest or course progress (Manouselis,
'UDFKVOHU9XRULNDUL+XPPHO .RSHU5RPHUR 
9HQWXUD 7KHGHYHORSPHQWRIFRQWHQWDQDO\WLFV
systems is typically based on recommender systems
technologies, which can be split into two broad catHJRULHV 'UDFKVOHU+XPPHO .RSHU 
1.

2.

&ROODERUDWLYHāOWHULQJ (CF) techniques, in which
resources being recommended to a student were
found by looking for either 1) related students
(i.e., user-based CF), or 2) related resources (i.e.,
item-based CF). In the former case, students with
a substantial overlap in their use of resources
probably share common interests; in the latter
case, resources used together by a large number
of users are likely to be similar.
Content-based techniques, in which recommendations are discovered by directly comparing the
content of resources to be recommended and by
looking for most similar resources to the ones
a student is currently using or that match the
VWXGHQWÚVSURāOHGDWD

%RWKDSSURDFKHVKDYHEHHQH[WHQVLYHO\XVHGLQHGXFDWLRQDOWHFKQRORJ\ IRUDQRYHUYLHZVHH'UDFKVOHUHW
DO0DQRXVHOLVHWDO )RUH[DPSOH:DONHU
5HFNHU/DZOHVVDQG:LOH\  EXLOW$OWHUHG9LVWD
a collaborative system for discovering useful educaWLRQDOUHVRXUFHVZKLOH=DOGLYDU*DUF®D%XUJRV.ORRV
DQG3DUGR  XVHGFRQWHQWEDVHGWHFKQLTXHVWR
recommend course notes to students, based on their
document browsing patterns. Content-based methods
have also been used to recommend solutions (Hosseini
%UXVLORYVN\ DQGUHOHYDQWH[DPSOHV 0XOGQHU
& Conati, 2010) to programming tasks, and even to
recommend suitable academic courses (Bramucci &
*DVWRQ ,WVKRXOGDOVREHQRWHGWKDWWKHTXDOLW\RI

recommendations is often dependent on the selection
RISDUWLFXODUGRFXPHQWVLPLODULW\PHDVXUHV 9HUEHUW
et al., 2012), which must be chosen to match the given
OHDUQLQJFRQWH[WRUDFWLYLW\
Another important domain represents the automatic
RUJDQL]DWLRQDQGFODVVLāFDWLRQRIGLIIHUHQWLQVWUXFtional materials (often different learning objects),
XVLQJDXWRPDWHGWHFKQLTXHVIRUNH\ZRUGH[WUDFWLRQ
WDJJLQJDQGFOXVWHULQJ)RUH[DPSOH%RVQLİ9HUEHUW
DQG'XYDO  FRPSDUHGGLIIHUHQWWHFKQLTXHVIRU
NH\ZRUGH[WUDFWLRQIURPOHDUQLQJREMHFWVZKLOH
&DUGLQDHOV0HLUHDQG'XYDO  VKRZHGWKDWDQ
DQDO\VLVRIGRFXPHQWFRQWHQWXVDJHDQGFRQWH[WFRXOG
be used to automatically create relevant metadata
information for a given learning object. Techniques
VXFKDVWH[WFOXVWHULQJ 1LHPDQQHWDO QHXUDO
QHWZRUNFODVVLāHUV 5R\6DUNDU *KRVH DQG
collaborative tagging (Bateman, Brooks, McCalla, &
Brusilovsky, 2007) have been used successfully to group,
RUJDQL]HDQGDQQRWDWHGLIIHUHQWOHDUQLQJREMHFWV
More recently, with increased use of multimedia in
education, different content analytics techniques have
EHHQXVHGWRDXWRPDWLFDOO\āQGLPSRUWDQWPRPHQWV
in lecture recordings to enhance navigation and use
RIYLGHRUHVRXUFHV %URRNV$PXQGVRQ *UHHU
%URRNV-RKQVWRQ7KRPSVRQ *UHHU 
,QDGGLWLRQWRRUJDQL]DWLRQDQGUHFRPPHQGDWLRQRI
learning resources, content analytics has been used
to assess the quality of available instructional mateULDOVDQGKRZWKH\LPSDFWOHDUQLQJRXWFRPHV'XIW\
*UDHVVHU/RXZHUVHDQG0F1DPDUD  VKRZHGWKDW
FRKHVLYHQHVVRIWKHZULWWHQWH[WDVFDOFXODWHGE\WKH
&RKPHWUL[WRRO *UDHVVHU0F1DPDUD .XOLNRZLFK
0F1DPDUD*UDHVVHU0F&DUWK\ &DL 
can successfully be used to evaluate the grade-level
RIWH[WERRNVJLYLQJVLJQLāFDQWO\EHWWHUUHVXOWVWKDQ
WKHVLPSOHWH[WUHDGDELOLW\PHDVXUHV HJ)OHVFK
5HDGLQJ(DVH)OHVFK×.LQFDLG*UDGH/HYHO'HJUHHVRI
5HDGLQJ3RZHU 5HVHDUFKKDVDOVRUHYHDOHGWKHGLUHFW
link between the coherence of the provided learning
materials and student comprehension of the subject
GRPDLQ 0F1DPDUD.LQWVFK6RQJHU .LQWVFK
9DUQHU-DFNVRQ6QRZ 0F1DPDUD 7KHUHODtionship between coherence and comprehension is
also moderated by the students’ level of background
knowledge (Wolfe et al., 1998), which should be taken
into account for recommending learning materials.

Content Analytics of Students’ Products
of Learning
One of the core goals of learning analytics is to enable
provision of timely and relevant feedback to learners
while studying (Siemens et al., 2011). One of the earliest
domains where content analytics has been applied is
the analysis of student essays, also known as automated
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essay scoring (AES). The most widely applied technique
for automated essay scoring is Latent Semantic Analysis
/6$  /DQGDXHU)ROW] /DKDP XVHGWRPHDVXUH
WKHVHPDQWLFVLPLODULW\EHWZHHQWZRERGLHVRIWH[W
through the analysis of their word co-occurrences.
In the case of AES, LSA similarity is used to calculate
WKHUHVHPEODQFHRIDQHVVD\WRDSUHGHāQHGVHWRI
essays and, based on those similarities, calculate a
single, numeric measure of essay quality. In addition
to LSA-based measures of essay quality, more recent
V\VWHPVVXFKDV:ULWH7R/HDUQ )ROW] 5RVHQVWHLQ
 LQFOXGHDQH[WHQVLYHVHWRIYLVXDOL]DWLRQVWR
provide students with feedback designed to help them
acquire essay writing skills. While AES systems have
been primarily used for the provision of real-time feedEDFN &URVVOH\$OOHQ6QRZ 0F1DPDUD)ROW]
HWDO)ROW] 5RVHQVWHLQ WKH\FRXOGDOVR
be used for the (partial) automation of essay grading
)ROW]HWDO DVWKH\KDYHVKRZQWREHDVUHOLDEOH
and consistent as human graders.
%HVLGHVFDOFXODWLQJWKHVLPLODULW\RIDWH[WWRDSUHGHāQHGFROOHFWLRQRIGRFXPHQWV/6$FDQDOVREHXVHG
for calculating internal document similarity, often
referred to as document coherence (the more coherent
the document, the more semantically similar are its
sentences). LSA is the underlying principle behind the
&RKPHWUL[WRRO *UDHVVHUHWDO0F1DPDUDHWDO
2014), often used to measure the quality of document
ZULWLQJ&RKPHWUL[KDVEHHQH[WHQVLYHO\XWLOL]HGIRU
the analysis of different forms of written materials,
LQFOXGLQJHVVD\VGLVFXVVLRQPHVVDJHVDQGWH[WERRNV
0F1DPDUDHWDO )RUH[DPSOHLWZDVDGRSWHG
LQ:ULWLQJ3DO 0F1DPDUDHWDO ZKLFKLVDQ
intelligent tutoring system that provides students
ZLWKIHHGEDFNGXULQJHVVD\ZULWLQJH[HUFLVHVORRNLQJ
DWWKHHVVD\ÚVFRKHVLYHQHVV FDOFXODWHGE\&RKPHWUL[ 
as the indicator of its quality.
Another commonly adopted technique for the assessPHQWRIVWXGHQWHVVD\VDUHJUDSKEDVHGYLVXDOL]DWLRQ
PHWKRGVDOVREDVHGRQDWH[WÚVZRUGFRRFFXUUHQFHV
In addition to assessing the quality of writing, these
WRROVDUHDOVRXVHGIRUVXPPDUL]LQJHVVD\FRQWHQW)RU
H[DPSOHWKH2SHQ(VVD\LVWV\VWHP :KLWHORFN)LHOG
3XOPDQ5LFKDUGVRQ 9DQ/DEHNH:KLWHORFN
7ZLQHU5LFKDUGVRQ)LHOG 3XOPDQ SURYLGHV
a graph-based overview of a student’s essay in order
WRKHOSWKHVWXGHQWYLVXDOL]HWKHUHODWLRQVKLSEHWZHHQ
different parts of the essay with the goal of teaching
students how to write high-quality essays with a solLGVWUXFWXUHDQGDFRKHUHQWQDUUDWLYH*UDSKEDVHG
PHWKRGVDUHDOVRDGRSWHGIRUDXWRPDWHGH[WUDFWLRQRI
concept maps from students’ collaborative writings.
Such concept maps are then used to provide visual
feedback to learners (Hecking & Hoppe, 2015) as a
means of helping them review and revise their essays.
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Besides approaches based on word co-occurrences,
natural language processing techniques have also been
used, in particular for the linguistic and rhetorical
DQDO\VLVRIVWXGHQWHVVD\V)RULQVWDQFH;,3'DVKERDUG
6LPVHN%XFNLQJKDP6KXP'H/LGGR)HUJXVRQ 
6¢QGRU6LPVHN%XFNLQJKDP6KXP6DQGRU'H
/LGGR )HUJXVRQ YLVXDOL]HVPHWDGLVFRXUVHRI
essays and highlights rhetorical moves and functions
that help assess the quality of an argument in the essay (Simsek et al., 2014). These approaches to content
analytics are also very similar to discourse-centric
learning analytics (Buckingham Shum et al., 2013; Knight
& Littleton, 2015) given that they use the same set of
techniques for understanding the linguistic functions
RIWKHGLIIHUHQWSDUWVRIZULWWHQWH[W
,QDGGLWLRQWRDQDO\]LQJVWXGHQWHVVD\VVLPLODUFRQWHQW
analytics methods have been used for other types of
student writing, most notably short answers (Burrows,
*XUHY\FK 6WHLQ ,QWKHFRQWH[WRIWHDFKLQJ
SK\VLFV']LNRYVND6WHLQKDXVHU)DUURZ0RRUHDQG
Campbell (2014) built a novel adaptive feedback system
that takes into account the content of students’ short
DQVZHUVWKXVSURYLGLQJFRQWH[WXDOO\UHOHYDQWIHHGEDFN
Likewise, the WriteEval system (Leeman-Munk, Wiebe,
& Lester, 2014) evaluates students’ short answers and
provides feedback with follow-up instructions and
tasks. As with essay grading, a set of reference answers
facilitates the work of this group of systems. Similar
approaches are also used for teaching troubleshooting
VNLOOV 'L(XJHQLR)RVVDWL+DOOHU<X *ODVV 
ORJLF 6WDPSHU%DUQHV &UR\ DQG3+3SURgramming (Weragama & Reye, 2014). There have also
EHHQVWXGLHV 5DPDFKDQGUDQ&KHQJ )ROW]
5DPDFKDQGUDQ )ROW] VKRZLQJWKHSRWHQWLDORI
using graph-based techniques for automated discovery
of reference answers.
We should also note that many of the content analytLFVIHHGEDFNV\VWHPVKDYHVSHFLāFDOO\EHHQGHVLJQHG
to provide instructors with feedback on student
OHDUQLQJDFWLYLWLHV)RUH[DPSOH/¢UXVVRQDQG:KLWH
 XVHGYLVXDOL]DWLRQVRIVWXGHQWHVVD\VWRLQIRUP
instructors about the originality in student writings
and particular points in time when students start to
develop critical thinking. Besides providing feedback to
VWXGHQWVDXWRPDWLFH[WUDFWLRQRIFRQFHSWPDSVIURP
student essays was also used to provide instructors
with a broad overview of student learning activities
3ªUH]0DU®Q 3DVFXDO1LHWR ([WUDFWLRQRI
concept maps was also used for analysis of student
chat logs (Rosen, Miagkikh, & Suthers, 2011), which are
then used to provide instructors with an overview of
social interactions and knowledge building among
groups of students. Similarly, types of feedback and
their effects on student engagement have also been
H[SORUHG)RULQVWDQFH&URVVOH\9DUQHU5RVFRHDQG

McNamara (2013) investigated which types of feedback
result in the biggest improvement in quality of student
ZULWLQJ EDVHGRQWKH&RKPHWUL[DQDO\VLVRIVWXGHQW
essays) while Calvo, Aditomo, Southavilay, and Yacef
(2012) investigated how different types of feedback
LHGLUHFWLYHUHĂHFWLYH DIIHFWVWXGHQWHVVD\HGLWLQJ
behaviour. The ways in which students view and annotate video recordings has also been investigated
*DÇHYLİ0LUULDKL 'DZVRQ0LUULDKL 'DZVRQ
2013) showing the potential for combining the analysis
of different types of learning content.
$ODUJHERG\RIZRUNKDVDOVRH[DPLQHGWKHDVVRFLDtion between different qualities of student essays and
performance. The primary goal of these studies is to
understand what encompasses successful writing (Allen,
Snow, & McNamara, 2014; Crossley, Roscoe, & McNamara,
2014; McNamara, Crossley, & McCarthy, 2009; Snow,
$OOHQ-DFRYLQD3HUUHW 0F1DPDUD DQGKRZ
it relates to course performance (Robinson, Navea, &
Ickes, 2013; Simsek et al., 2015). Current research has
also revealed direct links between the coherence of the
provided learning materials and the quality of students’
reading summaries (Allen, Snow, & McNamara, 2015).
Studies have also shown that insights into student
comprehension of reading materials can be obtained
through the analysis of their reading summaries using
&RKPHWUL[FRKHVLYHQHVVPHDVXUHVDQG,QIRUPDWLRQ
&RQWHQWØDPHDVXUHRIWH[WLQIRUPDWLYHQHVV 0LQW]
6WHIDQHVFX)HQJ'Ú0HOOR *UDHVVHU &RQtent analytics has also been used for understanding
collaborative writing processes by using techniques
such as Hidden Markov Models (Southavilay, Yacef, &
Calvo, 2009, 2010) and probabilistic topic modelling
HJ/'$6RXWKDYLOD\<DFHI5HLPDQQ &DOYR 
The same techniques are applied to understand how
students learn to program (Blikstein, 2011), and even
WRDQDO\]HWUDQVFULSWVRIVWXGHQWLQWHUYLHZVWRDVVHVV
WKHLUH[SHUWLVH :RUVOH\ %OLNVWHLQ DQGNQRZOedge of a given domain (Sherin, 2012).

Content Analytics of Students’ Social Interactions
In online and distance education, asynchronous online
discussions represent one of the primary means of
interaction among students, and between students and
LQVWUXFWRUV $QGHUVRQ 'URQ $VVXFKLQVLJKWV
into the overall discussion activity and contributions
of different students are two areas where content
analytics have been successfully applied, often using
PHWKRGVVLPLODUWRWKRVHXVHGIRUDQDO\]LQJOHDUQLQJ
PDWHULDOV HJ/6$&RKPHWUL[ 8VLQJ/6$DQG6RFLDO
1HWZRUN$QDO\VLV 61$ 7HSORYV)XMLWDDQG9DWUDSX
(2011) developed a visual analytics system that provides
students with an overview of student contributions
to online discourse. In addition to SNA, Hever et al.
(2007) have also used process mining in combination

with content analytics to raise awareness and enable
better moderation of online discussions. Through the
FODVVLāFDWLRQRIVWXGHQWGLVFXVVLRQPHVVDJHVEDVHG
RQWKHLUFRQWULEXWLRQW\SHWH[WXDOFRQWHQWDQGUHlationships (i.e., links) Hever et al. (2007) developed
a message classification system that can be used
WRODEHOGLVFXVVLRQPHVVDJHVEDVHGRQSUHGHāQHG
theoretical or pedagogical categories. In addition to
online discussions, raising instructor awareness of
VWXGHQWDFWLYLWLHVLQVRFLDOPHGLDLVH[SORUHGE\WKH
/$5$HV\VWHP &KDUOHHU6DQWRV.OHUN[ 'XYDO
2014) showing the huge potential of social media for
understanding student activities and learning progress.
LARAe can automatically gather student social media
SRVWLQJV XVLQJ566DQG7ZLWWHU$3,WHFKQRORJLHV DQG
then automatically assign one of 51 different badges to
students, based on the observed social media activity.
Instructors are then shown the collected information
in the form of a dashboard for an easy overview of
student activity and its change over time.
Online discussions have also been the focus of education researchers, who typically have used manual
content analysis methods for parsing student discussion messages. Over the years, several content
analytics systems have been developed to automate
this process, in particular, analysis using the popular
&RPPXQLW\RI,QTXLU\ &R, IUDPHZRUN *DUULVRQ$QGHUVRQ $UFKHU )RUH[DPSOH0F.OLQ+DUPRQ
(YDQVDQG-RQHV  DQG0F.OLQ  GHYHORSHG
DQHXUDOQHWZRUNFODVVLāFDWLRQV\VWHPWRDXWRPDWH
coding of discussion messages for level of cognitive
presence, the central construct of the CoI framework,
focused on the development of students’ critical and
deep thinking skills. Building on results by McKlin
 D%D\HVLDQQHWZRUNFODVVLāFDWLRQLVXVHGE\
the Automated Content Analysis Tool (Corich, Hunt,
+XQW WRSURYLGHDPRUHJHQHUDOL]DEOHPRGHO
RIFODVVLāFDWLRQWKDWFDQEHDGRSWHGIRUDZLGHUUDQJH
of coding schemes besides cognitive presence. More
UHFHQWO\VHYHUDOVWXGLHV .RYDQRYLİHWDO
:DWHUV H[DPLQHGWKHXVHRIGLIIHUHQWWH[WPLQLQJ
techniques for coding messages for level of cognitive
SUHVHQFH.RYDQRYLİHWDO  GHYHORSHGDVXSSRUW
YHFWRUPDFKLQHFODVVLāHUXVLQJGLIIHUHQWVXUIDFHOHYHO
FODVVLāFDWLRQIHDWXUHV LHQJUDPVSDUWRIVSHHFK
n-grams, linguistic dependency triplets, the number of
mentioned concepts, and discussion position metrics),
ZKLFKDFKLHYHGKLJKHUFODVVLāFDWLRQDFFXUDF\WKDQ
previous reports (McKlin, 2004; McKlin et al., 2002).
7KHVWXG\E\:DWHUV  DOVRVKRZHGWKHEHQHāWVRI
XVLQJWKHVWUXFWXUHRIRQOLQHGLVFXVVLRQVIRUWH[WFODVVLāFDWLRQXVLQJFRQGLWLRQDOUDQGRPāHOGVDVWUXFWXUHG
FODVVLāFDWLRQWHFKQLTXHWKDWWDNHVLQWRWKHDFFRXQW
relationships (i.e., reply-to structure) among individual
FODVVLāFDWLRQLQVWDQFHV LHGLVFXVVLRQPHVVDJHV 
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)LQDOO\DVWXG\E\.RYDQRYLİHWDO  VKRZHGWKDW
PHWULFVSURYLGHGE\WKH&RKPHWUL[ *UDHVVHUHWDO
2011) and Linguistic Inquiry and Word Count (LIWC)
WRROV 7DXVF]LN 3HQQHEDNHU ØLQFRPELQDWLRQ
ZLWKVRPHRIWKH1/3DQGGLVFXVVLRQSRVLWLRQIHDWXUHV
ØFDQEHVXFFHVVIXOO\XVHGWRGHYHORSDFODVVLāFDWLRQ
system almost as accurate as human coders. While
further improvements are needed before this system
can be widely adopted by educational researchers, the
progress is promising and has the potential to advance
research practices in content analysis.
With the social-constructivist view of learning and
knowledge creation, a large body of work has utiOL]HGFRQWHQWDQDO\WLFVIRUXQGHUVWDQGLQJWKHUROH
of social interactions on knowledge construction.
)RUH[DPSOHWKHUHKDVEHHQVLJQLāFDQWUHVHDUFKRQ
linguistic differences — as captured by LIWC metrics
ØLQGLVFXVVLRQFRQWULEXWLRQV -RNVLPRYLİ*DÇHYLİ
.RYDQRYLİ$GHVRSH +DWDOD;X0XUUD\3DUN
Woolf, & Smith, 2013) and how those differences relate
to student grades (Yoo & Kim, 2012). Similarly, Chiu and
Fujita (2014a, 2014b), investigated interdependencies
between different types of discussion contributions
ZLWKVWDWLVWLFDOGLVFRXUVHDQDO\VLV 6'$ DJURXSRI
statistical methods used to provide realistic modelling
of student discourse interactions, while Yang, Wen,
DQG5RVª  XVHG/'$DQGPL[HGPHPEHUVKLS
VWRFKDVWLFEORFNPRGHOV 006% WRH[DPLQHZKDW
types of student discussion contributions are likely to
receive response. Finally, using simple word frequency
DQDO\VLV&XLDQG:LVH  H[DPLQHGZKDWNLQGVRI
contributions are most likely to be acknowledged and
answered by instructors. These and similar studies
have the goal of understanding how interactions in
online discourse eventually shape the learning outcomes and knowledge building. Similarly, different
FRQWHQWDQDO\WLFVPHWKRGV WH[WFODVVLāFDWLRQWRSLF
PRGHOOLQJPL[HGPHPEHUVKLSVWRFKDVWLFEORFNPRGHOV 
DQGWRROV &RKPHWUL[/,:& KDYHEHHQDSSOLHGWR
the products of student social interactions to gain a
better understanding of students’ (co-)construction of
knowledge. These include research on the formation
of student sub-communities (Yang, Wen, Kumar, Xing,
& Rosé, 2014), development of self-regulation skills
3HWUXVK\QD.UDYFLN .ODPPD VPDOOJURXS
communication (Yoo & Kim, 2013), and collaboration
RQFRPSXWHUSURJUDPPLQJSURMHFWV 9HODVTXH]HW
al., 2014). Further studies also investigated the link
between accumulation of students’ social capital in
022&V 'RZHOOHWDO-RNVLPRYLİ'RZHOOHWDO
-RNVLPRYLİ.RYDQRYLİHWDO VKRZLQJWKDW
SRVLWLRQZLWKLQWKHVRFLDOQHWZRUNH[WUDFWHGIURP
learner interaction within various learning platforms,
is associated with higher levels of cohesiveness of
social media postings.
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&RQWHQWDQDO\WLFVKDVDOVREHHQXVHGH[WHQVLYHO\WR
assess the level of student engagement and instructional
approaches that can contribute to its development.
With this in mind, the analysis of student discussion
messages — using a variety of content analytics methods
— has commonly been used to assess the level of course
HQJDJHPHQW 5DPHVK*ROGZDVVHU+XDQJ'DXPª 
*HWRRU9HJD)HQJ/HKPDQ*UDHVVHU 'Ú0HOOR
2013; Wen, Yang, & Rosé, 2014b). Using probabilistic
soft logic on both discussion content data and trace
ORJGDWD5DPHVKHWDO  H[DPLQHGVWXGHQWHQJDJHPHQWLQWKH022&FRQWH[WIRFXVLQJRQWKHW\SHV
of learners based on their level of discussion activity
and course performance. Similarly, Wen, Yang, and
Rosé (2014a) conducted a student sentiment analysis
of MOOC online discussions, which revealed a strong
DVVRFLDWLRQEHWZHHQH[SUHVVHGQHJDWLYHVHQWLPHQWDQG
the likelihood of dropping out of the course. Similar
results are presented by Wen et al. (2014b) who also
showed that LIWC word categories (most directly,
FRJQLWLYHZRUGVāUVWSHUVRQSURQRXQVDQGSRVLWLYH
words) could be used to measure the level of student
motivation and cognitive engagement. Finally, by
looking at the discrepancy between student reading
WLPHDQGWH[WFRPSOH[LW\9HJDHWDO  GHYHORSHG
a content analytics system that can detect disengaged
VWXGHQWV7KHJHQHUDOLGHDRIXVLQJWH[WFRPSOH[LW\
WRPHDVXUHHQJDJHPHQWLVWKDWWKHHDVLHUWKHWH[W
the shorter the reading time, unless the student is
disengaged. This and similar types of analysis that
FRPELQHWUDFHGDWD HJWH[WUHDGLQJWLPH ZLWKWKH
DQDO\VLVRIOHDUQLQJPDWHULDOV HJDQDO\VLVRIWH[W
UHVRXUFHUHDGLQJFRPSOH[LW\ FDQEHVXFFHVVIXOO\XVHG
to monitor student motivation and engagement in real
time, which is especially important for courses with
large numbers of students, such as MOOCs.

Topic discovery in learning content
With huge amounts of web and other forms of learning
data being available, one of the principal uses of content
DQDO\VLVLVWKHRUJDQL]DWLRQDQGVXPPDUL]DWLRQRIYDVW
quantities of available information. In this regard, the
most popular content analytics technique is probabilistic
topic modelling, a group of methods used to identify
key topics and themes in the collection of documents
(e.g., discussion messages or social media posts). The
most widely used topic modelling technique is latent
'LULFKOHWDOORFDWLRQ /'$%OHL%OHL1J -RUGDQ
2003), which is often adopted in social sciences (Ramage, Rosen, Chuang, Manning, & McFarland, 2009)
and digital humanities (Cohen et al., 2012). The general
JRDORI/'$DQGRWKHUWRSLFPRGHOOLQJWHFKQLTXHVLVWR
identify groups of words that are often used together,
and which denote popular topics and themes in the
GRFXPHQWFROOHFWLRQ$ORQJVLGH/'$WHFKQLTXHVEDVHG
RQORJLFSURJUDPPLQJWH[WFOXVWHULQJDQG/6$KDYH

DOVREHHQXVHGWRH[WUDFWPDLQWKHPHVIURPVWXGHQW
online discussions and social media postings.
,GHQWLāFDWLRQRIPDLQWKHPHVDQGWRSLFVKDVEHHQH[tensively conducted in asynchronous online discussions.
The primary goal is to raise instructors’ awareness of
the quality of student discourse by identifying the main
themes and their magnitude in online discussions.
)RUH[DPSOH$QWRQHOOLDQG6DSLQR  DGRSWHGD
rule-based approach to modelling online discussions
ZKLOHWKHXVHRI/'$KDVEHHQH[SORUHGE\&KHQ  
and Hsiao and Awasthi (2015). In addition to topic
modelling in online courses, given the large volume of
discussions in massive open online courses (MOOCs),
WKHUHKDVEHHQSDUWLFXODULQWHUHVWLQWRSLFH[WUDFWLRQ
from MOOC discussions using various approaches.
Reich, Tingley, Leder-Luis, Roberts, and Stewart (2014)
XVHGVWUXFWXUDOWRSLFPRGHOVØDQH[WHQVLRQRIWKH
/'$WHFKQLTXHWKDWHQDEOHVH[DPLQLQJWKHGLIIHUHQFHV
in topics across different covariates — to investigate
topics in MOOC online discussions and how different
student (e.g., age, gender) and post characteristics (e.g.,
UHFHLYLQJDQXSYRWH UHODWHWRWKHLGHQWLāHGWRSLFV
/LNHZLVH(]HQ&DQ%R\HU.HOORJJDQG%RRWK  
LGHQWLāHGPDLQWKHPHVLQ022&GLVFXVVLRQVWKURXJK
FOXVWHULQJÜEDJRIZRUGVÝUHSUHVHQWDWLRQVRIVWXGHQW
online discussions.
While the discovery of topics in online discussions
has been largely investigated, the analysis of main
themes across different social media has received
PXFKOHVVDWWHQWLRQ2QHH[DPSOHLVDVWXG\E\3KDP
'HUQWO&DRDQG.ODPPD  ZKRXVHG61$DQG
word frequency analysis to investigate learning as
it is occurring on popular blogging platforms and
most important topics of discussion. In most of the
studies, the focus of topic modelling analysis was
primarily on traditional blogging platforms, while the
analysis of micro-blogging platforms (e.g., Twitter)
has received much less attention. In most cases, the
reason for focusing on traditional blogging platforms
is that most of the methods for topic modelling (e.g.,
/'$ DUHGHVLJQHGWRZRUNRQORQJHUWH[WGRFXPHQWV
IURPZKLFKDFRUUHFWWRSLFDOGLVWULEXWLRQFDQEHH[WUDFWHG =KDRHWDO $OWKRXJKVHYHUDOYDULDWLRQV
RI/'$IRUVKRUWWH[WVKDYHEHHQSURSRVHG +RQJ 
'DYLVRQ0HKURWUD6DQQHU%XQWLQH ;LH
5DPDJH'XPDLV /LHEOLQJ<DQ*XR/DQ 
Cheng, 2013), they are not currently widely used in
WKHOHDUQLQJDQDO\WLFVāHOGDQGWKHLUYDOXHLV\HWWREH
HYDOXDWHG2QHQRWDEOHH[FHSWLRQLVWKHVWXG\E\&KHQ
&KHQDQG;LQJ  ZKRØXVLQJRUGLQDU\/'$DQG
61$ØDQDO\]HGWZHHWVIURPWKHāUVWIRXU/HDUQLQJ
$QDO\WLFVDQG.QRZOHGJHFRQIHUHQFHV /$.Ú×/$.Ú 
DQGH[DPLQHGSRSXODUWRSLFVDVZHOODVWKHVWUXFWXUH
and evolution of the learning analytics community over
WLPH6LPLODUO\DVWXG\E\-RNVLPRYLİ.RYDQRYLİHW

al. (2015) investigated the alignment between course
materials and student postings in different social
media (i.e., Facebook, Twitter, blogs). This study did
QRWXWLOL]HWUDGLWLRQDOWRSLFPRGHOOLQJWHFKQLTXHVEXW
rather used a novel document clustering technique for
topic discovery. Finally, topic modelling use has also
EHHQH[SORUHGRXWVLGHRIVRFLDOPHGLD)RUH[DPSOH
DVWXG\E\5HLFKHWDO  XVHG/'$WRH[DPLQH
major themes of student course evaluations, potenWLDOO\SURYLGLQJDQHIāFLHQWEURDGRYHUYLHZRIFRXUVH
evaluation comments.

CONCLUSIONS AND FUTURE
DIRECTIONS
In this chapter, we presented an overview of content
analytics, a set of analytical methods and techniques
IRUDQDO\]LQJGLIIHUHQWIRUPVRIOHDUQLQJFRQWHQWLQ
order to understand or improve learning activities.
The wide range of research studies illustrates the great
potential for applying content analytics techniques in
addressing open problems in contemporary educational
research and practice. In general, content analytics
has been used for the analysis of 1) course resources,
2) student products of learning, and 3) student social
LQWHUDFWLRQV&RQWHQWDQDO\WLFVKDVEHHQXWLOL]HGWR
address a broad range of problems, such as recomPHQGDWLRQDQGFDWHJRUL]DWLRQRIGLIIHUHQWOHDUQLQJ
PDWHULDOV HJ'UDFKVOHUHWDO SURYLVLRQRI
feedback during student writing (e.g., Crossley et al.,
2015), analysis of learning outcomes (e.g., Robinson et
al., 2013), analysis of student engagement (e.g., Wen et
al., 2014b), and topic discovery in online discussions
HJ5HLFKHWDO *LYHQWKDWOHDUQLQJDQDO\WLFV
DVDUHVHDUFKāHOGLVVWLOOLQLWVLQIDQF\WKHOLVWRI
problems being addressed by content analytics will
OLNHO\H[SDQGLQIXWXUH/LNHZLVHDVWKHāHOGRIFRQtent analytics matures, an important set of research
practices and traditions will be established. Therefore,
it is necessary to look toward future directions to provide the highest impact on educational research and
practice. As such, we argue that current research in
content analytics would be improved by 1) combining
content analytics with other forms of analytics, and 2)
GHYHORSLQJFRQWHQWDQDO\WLFVV\VWHPVEDVHGRQH[LVWLQJ
educational theories. The early steps regarding the
synergy between content analytics and other forms of
analytics have already been observed. Several studies
showed how content analytics could be successfully
combined with
•

Discourse analytics (Simsek et al., 2015, 2014, 2013),

•

Process mining (Hever et al., 2007; Southavilay
et al., 2009, 2010, 2013),

•

Social network analysis 'UDFKVOHUHWDO
-RNVLPRYLİ.RYDQRYLİHWDO-RNVLPRYLİHW
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DO3KDPHWDO5DPDFKDQGUDQ )ROW]
2015; Rosen et al., 2011; Teplovs et al., 2011),
•

Visual learning analytics (Hecking & Hoppe,
/¢UXVVRQ :KLWH3ªUH]0DU®Q 
3DVFXDO1LHWR6LPVHNHWDO:KLWHORFN
et al., 2014, 2015), and

•

Multimodal learning analytics (Blikstein, 2011;
Worsley & Blikstein, 2011).

Likewise, it is important that additional forms of data
— such as student demographics, prior knowledge,
RUVWDQGDUGL]HGVFRUHVØDUHFRPELQHGZLWKFRQWHQW
DQDO\WLFVDQGLQWKLVUHJDUGZHDOVRVHHVRPHāUVW
steps (Crossley et al., 2015). Similar combined uses
of traditional content analysis and other methods
have been observed in mainstream online education
UHVHDUFKPRUHVSHFLāFDOO\WKHXVHRIVRFLDOQHWZRUN
DQDO\VLV 'H/DDW/DOO\/LSSRQHQ 6LPRQV
Shea et al., 2010).
Finally, the development of content analytics should be

based on well-established instructional theories. Many
current approaches do not make use of the large body
of educational research, which can limit the usefulness
of the developed analytics systems and potentially
even promote some detrimental learning practices
*DÇHYLİHWDO 3HGDJRJLFDOFRQVLGHUDWLRQVDUH
particularly important for the provision of feedback,
where the large body of previous research (Hattie &
Timperley, 2007) demonstrates substantial differences
in effectiveness between types of feedback provided.
)RUH[DPSOHWKHPDMRULW\RIIHHGEDFNJLYHQE\WKH
current automated grading systems is summative in
nature, although the most valuable feedback is on the
SURFHVVOHYHOJLYLQJGHWDLOHGLQVWUXFWLRQVRQLGHQWLāHG
weaknesses and suggestions for overcoming them. By
EXLOGLQJRQH[LVWLQJHGXFDWLRQDONQRZOHGJHFRQWHQW
analytics systems would not only increase in usefulness, but could also provide valuable opportunities for
YDOLGDWLRQDQGUHāQHPHQWRIWKHFXUUHQWXQGHUVWDQGLQJ
of learning processes.
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18  ×
'RQQHOO\5 *DUGQHU-  &RQWHQWDQDO\VLVRIFRPSXWHUFRQIHUHQFLQJWUDQVFULSWVInteractive Learning
Environments, 19  ×
'RZHOO16NU\SQ\N2-RNVLPRYLİ6*UDHVVHU$&'DZVRQ6*DÇHYLİ'â.RYDQRYLİ9  0RGHOLQJOHDUQHUVÚVRFLDOFHQWUDOLW\DQGSHUIRUPDQFHWKURXJKODQJXDJHDQGGLVFRXUVH,Q2&6DQWRV-*
%RWLFDULR&5RPHUR03HFKHQL]NL\$0HUFHURQ30LWURV-0/XQD&0LKDHVFX30RUHQR$+HUVKNRYLW]69HQWXUD 0'HVPDUDLV (GV Proceedings of the 8th International Conference on Education Data
Mining ('0 ×-XQH0DGULG6SDLQ SS× ,QWHUQDWLRQDO(GXFDWLRQDO'DWD0LQLQJ
6RFLHW\KWWSZZZHGXFDWLRQDOGDWDPLQLQJRUJ('0XSORDGVSDSHUVSDSHUBSGI
'UDFKVOHU++XPPHO+*. .RSHU5  3HUVRQDOUHFRPPHQGHUV\VWHPVIRUOHDUQHUVLQOLIHORQJ
learning networks: The requirements, techniques and model. International Journal of Learning Technology,
3  ×GRL,-/7
'XIW\')*UDHVVHU$&/RXZHUVH0 0F1DPDUD'6  $VVLJQLQJJUDGHOHYHOVWRWH[WERRNV,VLW
MXVWUHDGDELOLW\",Q56XQ 10L\DNH (GV Proceedings of the 28th Annual Conference of the Cognitive Science Society &RJ6FL ×-XO\9DQFRXYHU%ULWLVK&ROXPELD&DQDGD SS× $XVWLQ
TX: Cognitive Science Society.
']LNRYVND06WHLQKDXVHU1)DUURZ(0RRUH- &DPSEHOO*  %((7/(,,'HHSQDWXUDOODQJXDJH
understanding and automatic feedback generation for intelligent tutoring in basic electricity and electronics. ,QWHUQDWLRQDO-RXUQDORI$UWLāFLDO,QWHOOLJHQFHLQ(GXFDWLRQ  ×GRLV
0017-9
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Ellis, C. (2013). Broadening the scope and increasing the usefulness of learning analytics: The case for assessment analytics. British Journal of Educational Technology, 44  ×GRLEMHW
(]HQ&DQ$%R\HU.(.HOORJJ6 %RRWK6  8QVXSHUYLVHGPRGHOLQJIRUXQGHUVWDQGLQJ022&GLVcussion forums: A learning analytics approach. Proceedings of the 5th International Conference on Learning
Analytics and Knowledge /$.Ú ×0DUFK3RXJKNHHSVLH1<86$ SS× 1HZ<RUN$&0
GRL
)HUJXVRQ5  /HDUQLQJDQDO\WLFV'ULYHUVGHYHORSPHQWVDQGFKDOOHQJHVInternational Journal of Technology Enhanced Learning, 4  GRL,-7(/
Ferguson, R., & Buckingham Shum, S. (2012). Social learning analytics: Five approaches. Proceedings of the 2nd
International Conference on Learning Analytics and Knowledge /$.Ú $SULO×0D\9DQFRXYHU
%&&DQDGD SS× 1HZ<RUN$&0GRL
)ROW]3:/DKDP'/DQGDXHU7.)ROW]3:/DKDP' /DQGDXHU7.  $XWRPDWHGHVVD\VFRUing: Applications to educational technology. In B. Collis & R. Oliver (Eds.), Proceedings of EdMedia: World
Conference on Educational Media and Technology 1999×-XQH6HDWWOH:$86$ SS× $VVRFLDWLRQIRUWKH$GYDQFHPHQWRI&RPSXWLQJLQ(GXFDWLRQ $$&( KWWSVZZZOHDUQWHFKOLERUJS
)ROW]3: 5RVHQVWHLQ0  $QDO\VLVRIDODUJHVFDOHIRUPDWLYHZULWLQJDVVHVVPHQWV\VWHPZLWKDXWRmated feedback. Proceedings of the 2nd ACM Conference on Learning @ Scale /#6 ×0DUFK
9DQFRXYHU%&&DQDGD SS× 1HZ<RUN$&0GRL
*DUULVRQ'5$QGHUVRQ7 $UFKHU:  &ULWLFDOWKLQNLQJFRJQLWLYHSUHVHQFHDQGFRPSXWHUFRQIHUencing in distance education. American Journal of Distance Education, 15  ×
*DÇHYLİ''DZVRQ6 6LHPHQV*  /HWÚVQRWIRUJHW/HDUQLQJDQDO\WLFVDUHDERXWOHDUQLQJ
TechTrends, 59  ×GRLV[
*DÇHYLİ'0LUULDKL1 'DZVRQ6  $QDO\WLFVRIWKHHIIHFWVRIYLGHRXVHDQGLQVWUXFWLRQWR
VXSSRUWUHĂHFWLYHOHDUQLQJProceedings of the 4th International Conference on Learning Analytics and Knowledge /$.Ú ×0DUFK,QGLDQDSROLV,186$ SS× 1HZ<RUN$&0
GRL
*UDHVVHU$&0F1DPDUD'6 .XOLNRZLFK-0  &RK0HWUL[3URYLGLQJPXOWLOHYHODQDO\VHVRIWH[W
characteristics. Educational Researcher, 40  ×GRL;
+DWWLH- 7LPSHUOH\+  7KHSRZHURIIHHGEDFNReview of Educational Research, 77  ×
GRL
+HFNLQJ7 +RSSH+8  $QHWZRUNEDVHGDSSURDFKIRUWKHYLVXDOL]DWLRQDQGDQDO\VLVRIFROODERUDWLYHO\HGLWHGWH[WVProceedings of the Workshop on Visual Aspects of Learning Analytics 9,6/$Ú ×
0DUFK3RXJKNHHSVLH1<86$ SS;;;×;;; KWWSFHXUZVRUJ9ROSDSHUSGI
+HYHU5'H*URRW5'H/DDW0+DUUHU$+RSSH80F/DUHQ%0 6FKHXHU2  &RPELQLQJVWUXFWXUDOSURFHVVRULHQWHGDQGWH[WXDOHOHPHQWVWRJHQHUDWHDZDUHQHVVLQGLFDWRUVIRUJUDSKLFDOHGLVFXVVLRQV,Q&&KLQQ*(UNHQV 63XQWDPEHNDU (GV Proceedings of the 7th International
Conference on Computer-Supported Collaborative Learning &6&/ ×-XO\1HZ%UXQVZLFN1-86$ SS× ,QWHUQDWLRQDO6RFLHW\RIWKH/HDUQLQJ6FLHQFHVKWWSGODFPRUJFLWDWLRQ
FIP"LG 
+RQJ/ 'DYLVRQ%'  (PSLULFDOVWXG\RIWRSLFPRGHOLQJLQ7ZLWWHUProceedings of the 1st Workshop
on Social Media Analytics 620$Ú ×-XO\:DVKLQJWRQ'&86$ SS× 1HZ<RUN$&0
GRL
+RVVHLQL5 %UXVLORYVN\3  ([DPSOHEDVHGSUREOHPVROYLQJVXSSRUWXVLQJFRQFHSWDQDO\VLVRISURJUDPPLQJFRQWHQW,Q67UDXVDQ0DWX.(%R\HU0&URVE\ .3DQRXUJLD (GV Intelligent Tutoring
Systems SS× 6SULQJHUKWWSOLQNVSULQJHUFRPFKDSWHUB
+VLDR,+ $ZDVWKL3  7RSLFIDFHWPRGHOLQJ6HPDQWLFYLVXDODQDO\WLFVIRURQOLQHGLVFXVVLRQIRUXPV
Proceedings of the 5th International Conference on Learning Analytics and Knowledge /$.Ú ×0DUFK
3RXJKNHHSVLH1<86$ SS× 1HZ<RUN$&0GRL
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-RNVLPRYLİ6'RZHOO16NU\SQ\N2.RYDQRYLİ9*DÇHYLİ''DZVRQ6 *UDHVVHU$&  ([SORUing the accumulation of social capital in cMOOC through language and discourse. Under Review.
-RNVLPRYLİ6*DÇHYLİ'.RYDQRYLİ9$GHVRSH2 +DWDOD0  3V\FKRORJLFDOFKDUDFWHULVWLFVLQ
cognitive presence of communities of inquiry: A linguistic analysis of online discussions. The Internet and
Higher Education, 22×
-RNVLPRYLİ6.RYDQRYLİ9-RYDQRYLİ-=RXDT$*DÇHYLİ' +DWDOD0  :KDWGRF022&SDUWLFLSDQWVWDONDERXWLQVRFLDOPHGLD"$WRSLFDQDO\VLVRIGLVFRXUVHLQDF022&Proceedings of the 5th International Conference on Learning Analytics and Knowledge /$.Ú ×0DUFK3RXJKNHHSVLH1<86$
SS× 1HZ<RUN$&0
.QLJKW6 /LWWOHWRQ.  'LVFRXUVHFHQWULFOHDUQLQJDQDO\WLFV0DSSLQJWKHWHUUDLQJournal of Learning
Analytics, 2  ×
.RYDQRYLİ9-RNVLPRYLİ6*DÇHYLİ' +DWDOD0  $XWRPDWHGFRQWHQWDQDO\VLVRIRQOLQHGLVFXVVLRQWUDQVFULSWV,Q.<DFHI +'UDFKVOHU (GV Proceedings of the Workshops at the LAK 2014 Conference
/$.:6 ×0DUFK,1,QGLDQD86$KWWSFHXUZVRUJ9RO/$BPDFKLQHOHDUQLQJB
VXEPLVVLRQBSGI
.RYDQRYLİ9-RNVLPRYLİ6:DWHUV=*DÇHYLİ'.LWWR.+DWDOD0 6LHPHQV*  7RZDUGVDXWRmated content analysis of discussion transcripts: A cognitive presence case. Proceedings of the 6th International Conference on Learning Analytics & Knowledge /$.Ú ×$SULO(GLQEXUJK8. SS× 
New York: ACM. doi:10.1145/2883851.2883950
Krippendorff, K. H. (2003). Content analysis: An introduction to its methodology. Thousand Oaks, CA: Sage
3XEOLFDWLRQV
/DQGDXHU7.)ROW]3: /DKDP'  $QLQWURGXFWLRQWRODWHQWVHPDQWLFDQDO\VLVDiscourse Processes, 25 × ×GRL
/¢UXVVRQ-$ :KLWH%  0RQLWRULQJVWXGHQWSURJUHVVWKURXJKWKHLUZULWWHQÜSRLQWRIRULJLQDOLW\Ý
Proceedings of the 2nd International Conference on Learning Analytics and Knowledge /$.Ú $SULO×
0D\9DQFRXYHU%&&DQDGD SS× 1HZ<RUN$&0GRL
/HHPDQ0XQN63:LHEH(1 /HVWHU-&  $VVHVVLQJHOHPHQWDU\VWXGHQWVÚVFLHQFHFRPSHWHQF\ZLWKWH[WDQDO\WLFVProceedings of the 4th International Conference on Learning Analytics and Knowledge /$.Ú ×0DUFK,QGLDQDSROLV,186$ SS× 1HZ<RUN$&0
GRL
0DQRXVHOLV1'UDFKVOHU+9XRULNDUL5+XPPHO+ .RSHU5  5HFRPPHQGHUV\VWHPVLQWHFKQRORJ\HQKDQFHGOHDUQLQJ,Q)5LFFL/5RNDFK%6KDSLUD 3%.DQWRU (GV Recommender systems handbook SS× 6SULQJHUKWWSOLQNVSULQJHUFRPFKDSWHUB
McKlin, T. (2004). $QDO\]LQJFRJQLWLYHSUHVHQFHLQRQOLQHFRXUVHVXVLQJDQDUWLāFLDOQHXUDOQHWZRUN*HRUJLD
6WDWH8QLYHUVLW\&ROOHJHRI(GXFDWLRQ$WODQWD*$8QLWHG6WDWHVKWWSVSGIVVHPDQWLFVFKRODURUJGDI
FIHIFEEHDGGDEFGSGI
0F.OLQ7+DUPRQ6(YDQV: -RQHV0 0DUFK &RJQLWLYHSUHVHQFHLQZHEEDVHGOHDUQLQJ$
content analysis of students’ online discussions. IT Forum, 60. https://pdfs.semanticscholar.org/037b/
IFFHEDHHFFEHSGI
0F1DPDUD'6&URVVOH\6 0F&DUWK\30  /LQJXLVWLFIHDWXUHVRIZULWLQJTXDOLW\Written Communication, 27  ×GRL
0F1DPDUD'6*UDHVVHU$&0F&DUWK\30 &DL=  Automated evaluation of text and discourse
with Coh-Metrix&DPEULGJH8.&DPEULGJH8QLYHUVLW\3UHVV
0F1DPDUD'6.LQWVFK(6RQJHU1% .LQWVFK:  $UHJRRGWH[WVDOZD\VEHWWHU",QWHUDFWLRQVRI
WH[WFRKHUHQFHEDFNJURXQGNQRZOHGJHDQGOHYHOVRIXQGHUVWDQGLQJLQOHDUQLQJIURPWH[WCognition and
Instruction, 14  ×GRLV[FLB
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0F1DPDUD'65DLQH55RVFRH5&URVVOH\6-DFNVRQ*7'DL-âRWKHUV  7KH:ULWLQJ3DO
1DWXUDOODQJXDJHDOJRULWKPVWRVXSSRUWLQWHOOLJHQWWXWRULQJRQZULWLQJVWUDWHJLHV,Q300F&DUWK\ &
%RRQWKXP'HQHFNH (GV $SSOLHGQDWXUDOODQJXDJHSURFHVVLQJ,GHQWLāFDWLRQLQYHVWLJDWLRQDQGUHVROXWLRQ
SS× +HUVKH\3$,*,*OREDO
0HKURWUD56DQQHU6%XQWLQH: ;LH/  ,PSURYLQJ/'$WRSLFPRGHOVIRUPLFUREORJVYLDWZHHW
pooling and automatic labeling. Proceedings of the 36th International ACM SIGIR Conference on Research and
Development in Information Retrieval 6,*,5Ú -XO\×$XJXVW'XEOLQ,UHODQG SS× 1HZ
<RUN$&0GRL
0LQW]/6WHIDQHVFX')HQJ6'Ú0HOOR6 *UDHVVHU$  $XWRPDWLFDVVHVVPHQWRIVWXGHQWUHDGLQJFRPSUHKHQVLRQIURPVKRUWVXPPDULHV,Q-6WDPSHU=3DUGRV00DYULNLV %00F/DUHQ (GV 
Proceedings of the 7th International Conference on Educational Data Mining ('0 ×-XO\/RQGRQ
8.,QWHUQDWLRQDO(GXFDWLRQDO'DWD0LQLQJ6RFLHW\KWWSZZZHGXFDWLRQDOGDWDPLQLQJRUJFRQIHUHQFHV
LQGH[SKS('0SDSHUYLHZ
0LUULDKL1 'DZVRQ6  7KHSDLULQJRIOHFWXUHUHFRUGLQJGDWDZLWKDVVHVVPHQWVFRUHV$PHWKod of discovering pedagogical impact. Proceedings of the 3rd International Conference on Learning
Analytics and Knowledge /$.Ú ×$SULO/HXYHQ%HOJLXP SS× 1HZ<RUN$&0
GRL
0RRUH0*  (GLWRULDO7KUHHW\SHVRILQWHUDFWLRQAmerican Journal of Distance Education, 3  ×
GRL
Muldner, K., & Conati, C. (2010). Scaffolding meta-cognitive skills for effective analogical problem solving via
WDLORUHGH[DPSOHVHOHFWLRQ,QWHUQDWLRQDO-RXUQDORI$UWLāFLDO,QWHOOLJHQFHLQ(GXFDWLRQ  ×
1LHPDQQ.6FKPLW]+&.LUVFKHQPDQQ8:ROSHUV06FKPLGW$ .URQHV7  &OXVWHULQJE\
usage: Higher order co-occurrences of learning objects. Proceedings of the 2nd International Conference on
Learning Analytics and Knowledge /$.Ú $SULO×0D\9DQFRXYHU%&&DQDGD SS× 1HZ
<RUN$&0GRL
3ªUH]0DU®Q' 3DVFXDO1LHWR,  6KRZLQJDXWRPDWLFDOO\JHQHUDWHGVWXGHQWVÚFRQFHSWXDOPRGHOVWR
students and teachers. ,QWHUQDWLRQDO-RXUQDORI$UWLāFLDO,QWHOOLJHQFHLQ(GXFDWLRQ  ×
3HWUXVK\QD=.UDYFLN0 .ODPPD5  /HDUQLQJDQDO\WLFVIRUFRPPXQLWLHVRIOLIHORQJOHDUQHUV$
forum case. Proceedings of the 11th IEEE International Conference on Advanced Learning Technologies (ICALT
Ú ×-XO\$WKHQV*$86$ SS× ,(((GRL,&$/7
3KDP0&'HUQWO0&DR< .ODPPD5  /HDUQLQJDQDO\WLFVIRUOHDUQLQJEORJRVSKHUHV,Q(
3RSHVFX4/L5.ODPPD+/HXQJ 06SHFKW (GV Advances in Web-Based Learning: ICWL 2012 (pp.
× 6SULQJHUKWWSOLQNVSULQJHUFRPFKDSWHUB
5DPDFKDQGUDQ/&KHQJ- )ROW]3  ,GHQWLI\LQJSDWWHUQVIRUVKRUWDQVZHUVFRULQJXVLQJJUDSK
EDVHGOH[LFRVHPDQWLFWH[WPDWFKLQJProceedings of the 10th Workshop on Innovative Use of NLP for Building Educational Applications 1$$&/+/7 -XQH'HQYHU&286$ SS× KWWSZZZ
DFOZHERUJDQWKRORJ\:
5DPDFKDQGUDQ/ )ROW]3  *HQHUDWLQJUHIHUHQFHWH[WVIRUVKRUWDQVZHUVFRULQJXVLQJJUDSKEDVHG
VXPPDUL]DWLRQProceedings of the 10th Workshop on Innovative Use of NLP for Building Educational Applications 1$$&/+/7 -XQH'HQYHU&286$ SS× KWWSZZZDFOZHERUJDQWKRORJ\
:
5DPDJH''XPDLV67 /LHEOLQJ'-  &KDUDFWHUL]LQJPLFUREORJVZLWKWRSLFPRGHOV,Q::&RKHQ 6*RVOLQJ (GV Proceedings of the 4th International AAAI Conference on Weblogs and Social Media
,&:60Ú ×0D\:DVKLQJWRQ'&86$ SS;;;×;;; 3DOR$OWR&$$$$,3UHVVKWWSZZZ
DDDLRUJRFVLQGH[SKS,&:60,&:60SDSHUYLHZ
5DPDJH'5RVHQ(&KXDQJ-0DQQLQJ&' 0F)DUODQG'$  7RSLFPRGHOLQJIRUWKHVRFLDOVFLences. Workshop on Applications for Topic Models: Text and Beyond 1,36 'HFHPEHU:KLVWOHU%&&DQDGDKWWSVHGVWDQIRUGHGXVLWHVGHIDXOWāOHVPFIDUODQGWPWQLSV
pdf
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5DPHVK$*ROGZDVVHU'+XDQJ%'DXPª,,,+ *HWRRU/  0RGHOLQJOHDUQHUHQJDJHPHQWLQ
MOOCs using probabilistic soft logic. NIPS Workshop on Data Driven Education 1,36''( 'HFHPEHU/DNH7DKRH1986$KWWSVZZZXPLDFVXPGHGXaKDOGRFVGDXPHHQJDJHPHQWPRRF
pdf
5HLFK-7LQJOH\'/HGHU/XLV-5REHUWV0( 6WHZDUW%  &RPSXWHUDVVLVWHGUHDGLQJDQGGLVFRYHU\IRUVWXGHQWJHQHUDWHGWH[WLQPDVVLYHRSHQRQOLQHFRXUVHVJournal of Learning Analytics, 2  ×
5RELQVRQ5/1DYHD5 ,FNHV:  3UHGLFWLQJāQDOFRXUVHSHUIRUPDQFHIURPVWXGHQWVÚ
written self-introductions: A LIWC analysis. Journal of Language and Social Psychology, 32(4).
GRL;
5RPHUR& 9HQWXUD6  (GXFDWLRQDOGDWDPLQLQJ$UHYLHZRIWKHVWDWHRIWKHDUWIEEE Transactions
on Systems, Man, and Cybernetics, Part C, 40  ×GRL760&&
5RVHQ'0LDJNLNK9 6XWKHUV'  6RFLDODQGVHPDQWLFQHWZRUNDQDO\VLVRIFKDWORJVProceedings of
the 1st International Conference on Learning Analytics and Knowledge /$.Ú )HEUXDU\×0DUFK
%DQII$%&DQDGD SS× 1HZ<RUN$&0GRL
5R\'6DUNDU6 *KRVH6  $XWRPDWLFH[WUDFWLRQRISHGDJRJLFPHWDGDWDIURPOHDUQLQJFRQWHQW
,QWHUQDWLRQDO-RXUQDORI$UWLāFLDO,QWHOOLJHQFHLQ(GXFDWLRQ  ×
6KHD3+D\HV69LFNHUV-*R]]D&RKHQ08]XQHU60HKWD5â5DQJDQ3  $UHH[DPLQDWLRQRI
the community of inquiry framework: Social network and content analysis. The Internet and Higher Education, 13 × ×GRLMLKHGXF
Sherin, B. (2012). Using computational methods to discover student science conceptions in interview data.
Proceedings of the 2nd International Conference on Learning Analytics and Knowledge /$.Ú $SULO×
0D\9DQFRXYHU%&&DQDGD SS× 1HZ<RUN$&0GRL
6LHPHQV**DÇHYLİ'+D\WKRUQWKZDLWH&'DZVRQ6%XFNLQJKDP6KXP6)HUJXVRQ5â%DNHU56
-G -XO\ Open learning analytics: An integrated & modularized platform6R/$5&RQFHSW3DSHU
KWWSZZZHOHDUQVSDFHRUJEORJZSFRQWHQWXSORDGV3URSRVDO/HDUQLQJ$QDO\WLFV0RGHOB6RLAR.pdf
6LPVHN'%XFNLQJKDP6KXP6'H/LGGR$)HUJXVRQ5 6¢QGRU  9LVXDODQDO\WLFVRIDFDdemic writing. Proceedings of the 4th International Conference on Learning Analytics and Knowledge (LAK
Ú ×0DUFK,QGLDQDSROLV,186$ SS× 1HZ<RUN$&0KWWSGODFPRUJFLWDWLRQ
FIP"LG 
6LPVHN'%XFNLQJKDP6KXP66DQGRU$'H/LGGR$ )HUJXVRQ5  ;,3'DVKERDUG9LVXDO
DQDO\WLFVIURPDXWRPDWHGUKHWRULFDOSDUVLQJRIVFLHQWLāFPHWDGLVFRXUVH3UHVHQWHGDWWKHst InternationDO:RUNVKRSRQ'LVFRXUVH&HQWULF/HDUQLQJ$QDO\WLFV$SULO/HXYHQ%HOJLXPKWWSRURRSHQ
DFXN/$.'&/$6LPVHNSGI
6LPVHN'6DQGRU$%XFNLQJKDP6KXP6)HUJXVRQ5'H/LGGR$ :KLWHORFN'  &RUUHODWLRQV
between automated rhetorical analysis and tutors’ grades on student essays. Proceedings of the 5th International Conference on Learning Analytics and Knowledge /$.Ú ×0DUFK3RXJKNHHSVLH1<86$
SS× 1HZ<RUN$&0KWWSGODFPRUJFLWDWLRQFIP"LG 
6QRZ(/$OOHQ/.-DFRYLQD0(3HUUHW&$ 0F1DPDUD'6  <RXÚYHJRWVW\OH'HWHFWLQJZULWLQJĂH[LELOLW\DFURVVWLPHProceedings of the 5th International Conference on Learning Analytics and Knowledge /$.Ú ×0DUFK3RXJKNHHSVLH1<86$ SS× 1HZ<RUN$&0
GRL
6RXWKDYLOD\9<DFHI. &DOYR5$  :ULWH3URF$IUDPHZRUNIRUH[SORULQJFROODERUDWLYHZULWLQJ
processes. Proceedings of the 14th Australasian Document Computing Symposium $'&6 'HFHPEHU
6\GQH\16:$XVWUDOLD SS× 1HZ<RUN$&0KWWSHVFVLURDXDGFVSURFHHGLQJV
poster-presentation/09-southavilay.pdf
6RXWKDYLOD\9<DFHI. &DOYR5$  $QDO\VLVRIFROODERUDWLYHZULWLQJSURFHVVHVXVLQJKLGGHQ0DUNRYPRGHOVDQGVHPDQWLFKHXULVWLFV,Q:)DQ:+VX*,:HEE%/LX&=KDQJ'*XQRSXORV ;:X
(Eds.), Proceedings of the 2010 IEEE International Conference on Data Mining Workshops ,&'0: 
'HFHPEHU6\GQH\$XVWUDOLD SS× GRL,&'0:
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6RXWKDYLOD\9<DFHI.5HLPDQQ3 &DOYR5$  $QDO\VLVRIFROODERUDWLYHZULWLQJSURFHVVHVXVLQJ
revision maps and probabilistic topic models. Proceedings of the 3rd International Conference on Learning Analytics and Knowledge /$.Ú ×$SULO/HXYHQ%HOJLXP SS× 1HZ<RUN$&0
GRL
6WDPSHU-%DUQHV7 &UR\0  (QKDQFLQJWKHDXWRPDWLFJHQHUDWLRQRIKLQWVZLWKH[SHUWVHHGLQJ,Q
9$OHYHQ-.D\ -0RVWRZ (GV Intelligent tutoring systems SS× 6SULQJHUKWWSOLQNVSULQJHU
FRPFKDSWHUB
6WULMERV-:0DUWHQV5/3ULQV)- -RFKHPV:0*  &RQWHQWDQDO\VLV:KDWDUHWKH\WDONLQJ
DERXW"Computers & Education, 46  ×
7DXVF]LN<5 3HQQHEDNHU-:  7KHSV\FKRORJLFDOPHDQLQJRIZRUGV/,:&DQGFRPSXWHUL]HGWH[W
analysis methods. Journal of Language and Social Psychology, 29GRL;
7HSORYV&)XMLWD1 9DWUDSX5  *HQHUDWLQJSUHGLFWLYHPRGHOVRIOHDUQHUFRPPXQLW\G\QDPLFV
Proceedings of the 1st International Conference on Learning Analytics and Knowledge /$.Ú )HEUXDU\×
0DUFK%DQII$%&DQDGD SS× 1HZ<RUN$&0GRL
9DUQHU/.-DFNVRQ*76QRZ(/ 0F1DPDUD'6  /LQJXLVWLFFRQWHQWDQDO\VLVDVDWRROIRU
LPSURYLQJDGDSWLYHLQVWUXFWLRQ,Q+&/DQH.<DFHI-0RVWRZ 33DYOLN (GV $UWLāFLDO,QWHOOLJHQFHLQ
Education SS× 6SULQJHU%HUOLQ+HLGHOEHUJGRLB
9HJD%)HQJ6/HKPDQ%*UDHVVHU$ 'Ú0HOOR6  5HDGLQJLQWRWKHWH[W,QYHVWLJDWLQJWKHLQĂXHQFHRIWH[WFRPSOH[LW\RQFRJQLWLYHHQJDJHPHQW,Q6.'Ú0HOOR5$&DOYR $2OQH\ (GV Proceedings of the 6th International Conference on Educational Data Mining ('0 ×-XO\0HPSKLV7186$
SS× ,QWHUQDWLRQDO(GXFDWLRQDO'DWD0LQLQJ6RFLHW\6SULQJHU
9HODVTXH]1))LHOGV'$2OVHQ'0DUWLQ76KHSKHUG0&6WURPPHU$ .DIDL<%  1RYLFH
SURJUDPPHUVWDONLQJDERXWSURMHFWV:KDWDXWRPDWHGWH[WDQDO\VLVUHYHDOVDERXWRQOLQHVFUDWFKXVHUVÚ
comments. Proceedings of the 47th Hawaii International Conference on System Sciences +,&66 ×-DQXDU\:DLNRORD+,86$ SS× ,(((&RPSXWHU6RFLHW\GRL+,&66
9HUEHUW.0DQRXVHOLV12FKRD;:ROSHUV0'UDFKVOHU+%RVQLF, 'XYDO(  &RQWH[WDZDUH
recommender systems for learning: A survey and future challenges. IEEE Transactions on Learning Technologies, 5  ×GRL7/7
:DONHU$5HFNHU00/DZOHVV. :LOH\'  &ROODERUDWLYHLQIRUPDWLRQāOWHULQJ$UHYLHZDQGDQ
educational application. ,QWHUQDWLRQDO-RXUQDORI$UWLāFLDO,QWHOOLJHQFHLQ(GXFDWLRQ  ×
:DWHUV=  Using structural features to improve the automated detection of cognitive presence in online
learning discussions %6F7KHVLV 4XHHQVODQG8QLYHUVLW\RI7HFKQRORJ\
:HQ0<DQJ' 5RVª& D 6HQWLPHQWDQDO\VLVLQ022&GLVFXVVLRQIRUXPV:KDWGRHVLWWHOOXV",Q
-6WDPSHU=3DUGRV00DYULNLV %00F/DUHQ (GV Proceedings of the 7th International Conference on
Educational Data Mining ('0 ×-XO\/RQGRQ8.,QWHUQDWLRQDO(GXFDWLRQDO'DWD0LQLQJ6RFLHW\
KWWSZZZFVFPXHGXaPZHQSDSHUVHGPFDPHUDUHDG\SGI
:HQ0<DQJ' 5RVª&3 E /LQJXLVWLFUHĂHFWLRQVRIVWXGHQWHQJDJHPHQWLQPDVVLYHRSHQRQOLQH
courses. Proceedings of the 8th International AAAI Conference on Weblogs and Social Media ,&:60Ú ×
-XQH$QQ$UERU0LFKLJDQ86$ SS× 3DOR$OWR&$$$$,3UHVVKWWSZZZDDDLRUJRFV
LQGH[SKS,&:60,&:60SDSHUYLHZ
:HUDJDPD' 5H\H-  $QDO\VLQJVWXGHQWSURJUDPVLQWKH3+3LQWHOOLJHQWWXWRULQJV\VWHPInternaWLRQDO-RXUQDORI$UWLāFLDO,QWHOOLJHQFHLQ(GXFDWLRQ  ×GRLV]
:KLWHORFN')LHOG'3XOPDQ65LFKDUGVRQ-7( 9DQ/DEHNH1  'HVLJQLQJDQGWHVWLQJYLsual representations of draft essays for higher education students. 2nd,QWHUQDWLRQDO:RUNVKRSRQ'LVFRXUVH&HQWULF/HDUQLQJ$QDO\WLFV '&/$ 0DUFK,QGLDQDSROLV,186$KWWSRURRSHQ
ac.uk/41845/
:KLWHORFN'7ZLQHU$5LFKDUGVRQ-7()LHOG' 3XOPDQ6  2SHQ(VVD\LVW$6XSSO\DQGGHmand learning analytics tool for drafting academic essays. Proceedings of the 5th International Conference
on Learning Analytics and Knowledge /$.Ú ×0DUFK3RXJKNHHSVLH1<86$ SS× 
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1HZ<RUN$&0GRL
:ROIH0%:6FKUHLQHU0(5HKGHU%/DKDP')ROW]3:.LQWVFK: /DQGDXHU7.  
/HDUQLQJIURPWH[W0DWFKLQJUHDGHUVDQGWH[WVE\ODWHQWVHPDQWLFDQDO\VLVDiscourse Processes, 25 × 
×GRL
:RUVOH\0 %OLNVWHLQ3  :KDWÚVDQH[SHUW"8VLQJOHDUQLQJDQDO\WLFVWRLGHQWLI\HPHUJHQWPDUNHUV
RIH[SHUWLVHWKURXJKDXWRPDWHGVSHHFKVHQWLPHQWDQGVNHWFKDQDO\VLV,Q03HFKHQL]NL\7&DOGHUV&
&RQDWL69HQWXUD&5RPHUR -6WDPSHU (GV Proceedings of the 4th Annual Conference on Educational
Data Mining ('0 ×-XO\(LQGKRYHQ7KH1HWKHUODQGV SS× ,QWHUQDWLRQDO(GXFDWLRQDO
'DWD0LQLQJ6RFLHW\
;X;0XUUD\73DUN:RROI% 6PLWK'  ,I\RXZHUHPHDQG,ZHUH\RX0LQLQJVRFLDOGHOLEHUDWLRQ
LQRQOLQHFRPPXQLFDWLRQ,Q6.'Ú0HOOR5$&DOYR $2OQH\ (GV Proceedings of the 6th International
Conference on Educational Data Mining ('0 ×-XO\0HPSKLV7186$ SS× ,QWHUQDWLRQDO(GXFDWLRQDO'DWD0LQLQJ6RFLHW\6SULQJHU
<DQ;*XR-/DQ< &KHQJ;  $ELWHUPWRSLFPRGHOIRUVKRUWWH[WVProceedings of the 22nd International Conference on World Wide Web :::Ú ×0D\5LRGH-DQHLUR%UD]LO SS× 
New York: ACM.
<DQJ':HQ0.XPDU$;LQJ(3 5RVª&3  7RZDUGVDQLQWHJUDWLRQRIWH[WDQGJUDSKFOXVWHUing methods as a lens for studying social interaction in MOOCs. The International Review of Research in
Open and Distributed Learning, 15  ×
<DQJ':HQ0 5RVª&  7RZDUGVLGHQWLI\LQJWKHUHVROYDELOLW\RIWKUHDGVLQ022&VProceedings of
the Workshop on Modeling Large Scale Social Interaction in Massively Open Online Courses at the 2014 Conference on Empirical Methods in Natural Language Processing (01/3 2FWREHU'RKD4DWDU
SS× KWWSZZZDFOZHERUJDQWKRORJ\:::SGISDJH 
<RR- .LP-  3UHGLFWLQJOHDUQHUÚVSURMHFWSHUIRUPDQFHZLWKGLDORJXHIHDWXUHVLQRQOLQH4 $GLVFXVVLRQV,Q6$&HUUL:-&ODQFH\*3DSDGRXUDNLV .3DQRXUJLD (GV Intelligent tutoring systems (pp.
× 6SULQJHUKWWSOLQNVSULQJHUFRPFKDSWHUB
<RR- .LP-  &DQRQOLQHGLVFXVVLRQSDUWLFLSDWLRQSUHGLFWJURXSSURMHFWSHUIRUPDQFH",QYHVWLJDWLQJ
the roles of linguistic features and participation patterns. ,QWHUQDWLRQDO-RXUQDORI$UWLāFLDO,QWHOOLJHQFHLQ
Education, 24  ×GRLV
=DOGLYDU9$5*DUF®D50&%XUJRV'.ORRV&' 3DUGR$  $XWRPDWLFGLVFRYHU\RI
FRPSOHPHQWDU\OHDUQLQJUHVRXUFHV,Q&'.ORRV'*LOOHW50&*DUF®D):LOG 0:ROSers (Eds.), Towards ubiquitous learning SS× 6SULQJHUKWWSOLQNVSULQJHUFRPFKDSWHUB
=KDR:;-LDQJ-:HQJ-+H-/LP(3<DQ+ /L;  &RPSDULQJ7ZLWWHUDQGWUDGLWLRQDOPHGLD
XVLQJWRSLFPRGHOV,Q3&ORXJK&)ROH\&*XUULQ*-RQHV:.UDDLM+/HH 90XUGRFN (GV Proceedings of the 33rd European Conference on Advances in Information Retrieval (&,5 ×$SULO
'XEOLQ,UHODQG SS× 6SULQJHUKWWSGODFPRUJFLWDWLRQFIP"LG 
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