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ABSTRACT
/DQJXDJHLVRIFHQWUDOLPSRUWDQFHWRWKHāHOGRIHGXFDWLRQEHFDXVHLWLVDFRQGXLWIRUFRPPXQLFDWLQJDQGXQGHUVWDQGLQJLQIRUPDWLRQ7KHUHIRUHUHVHDUFKHUVLQWKHāHOGRIOHDUQLQJ
DQDO\WLFVFDQEHQHāWIURPPHWKRGVGHYHORSHGWRDQDO\]HODQJXDJHERWKDFFXUDWHO\DQG
HIāFLHQWO\1DWXUDOODQJXDJHSURFHVVLQJ 1/3 WHFKQLTXHVFDQSURYLGHVXFKDQDYHQXH1/3
techniques are used to provide computational analyses of different aspects of language
as they relate to particular tasks. In this chapter, the authors discuss multiple, available
1/3WRROVWKDWFDQEHKDUQHVVHGWRXQGHUVWDQGGLVFRXUVHDVZHOODVVRPHDSSOLFDWLRQVRI
these tools for education. A primary focus of these tools is the automated interpretation
of human language input in order to drive interactions between humans and computers,
RUKXPDQ×FRPSXWHULQWHUDFWLRQ7KXVWKHWRROVPHDVXUHDYDULHW\RIOLQJXLVWLFIHDWXUHV
LPSRUWDQWIRUXQGHUVWDQGLQJWH[WLQFOXGLQJFRKHUHQFHV\QWDFWLFFRPSOH[LW\OH[LFDOGLversity, and semantic similarity. The authors conclude the chapter with a discussion of
FRPSXWHUEDVHGOHDUQLQJHQYLURQPHQWVWKDWKDYHHPSOR\HG1/3WRROV LH,76022&V
and CSCL) and how such tools can be employed in future research.
Keywords:1DWXUDOODQJXDJHSURFHVVLQJ 1/3 ODQJXDJHFRPSXWDWLRQDOOLQJXLVWLFVOLQguistic features, automated writing evaluation, intelligent tutoring systems, CSCL, MOOCs

/DQJXDJHLVRQHPHDQVWRH[WHUQDOL]HRXUWKRXJKWV
,WDOORZVXVWRH[SUHVVRXUVHOYHVWRRWKHUVWRPDnipulate our world, and to label objects in the environment. Language allows us to internally construct
and reconstruct our thoughts; it can represent our
thoughts, and allow us to transform them. It allows us
WRFRQVWUXFWDQGVKDSHVRFLDOH[SHULHQFHV/DQJXDJH
provides a conduit to understanding and interacting
with the world.
Language is omnipresent in our lives — in our thoughts,
our communications, what we read and write, and our
interactions with others. Language is equally central
to education. Our goal as instructors is to communicate information to students so that they have the
opportunity to learn new information, to absorb it,
and to integrate it. Students are tasked with under-

standing language used to communicate information,
and then to connect that information with what they
already know — to construct their understanding as
individuals, in groups, and in coordination with each
other and instructors.
Language plays important roles in our lives, and in
HGXFDWLRQDQGWKXVLWLVLPSRUWDQWWRUHFRJQL]H
DQGXQGHUVWDQGWKRVHUROHVDQGRXWFRPHV7H[WDQG
discourse analysis provides one means to understand
FRPSOH[SURFHVVHVDVVRFLDWHGZLWKWKHXVHRIODQJXDJH
'LVFRXUVHDQDO\VWVV\VWHPDWLFDOO\H[DPLQHVWUXFWXUHV
DQGSDWWHUQVZLWKLQZULWWHQWH[WDQGVSRNHQGLVFRXUVH
and their relations to behaviours, psychological processes, cognition, and social interactions. Indeed,
WH[WDQGGLVFRXUVHDQDO\VLVKDVSURYLGHGDZHDOWKRI
information about language.

CHAPTER 8 NATURAL LANGUAGE PROCESSING & LEARNING ANALYTICS

PG 93

Traditionally, however, discourse analysis is laborious.
)LUVWIRUH[DPSOHWKHPHDQLQJIXOXQLWVRIODQJXDJHDUH
LGHQWLāHGDQGVHJPHQWHG HJFODXVHVXWWHUDQFHV DQG
WKHQH[SHUWVFRGHWKRVHXQLWV LHZLWKUHVSHFWWRWKH
particular analysis). The potential relations between
the nature of those language units and outcomes are
then assessed. In a world of big data, where there are
WKRXVDQGVRIXWWHUDQFHVDQGH[FKDQJHVEHWZHHQLQdividuals, hand-coding language is nearly impossible.
Large corpora of data open the doors to understanding
language on a wider and even more meaningful scale,
but traditional approaches to discourse analysis are
simply not feasible. One solution derives from natural
language processing 1/3 

move beyond these surface-level tasks and provide
information that may be more important within edXFDWLRQDOFRQWH[WV1RWDEO\ZHGHVFULEHDVXEVHWRI
1/3WHFKQLTXHVWKDWSURYLGHLQIRUPDWLRQDERXWPXOWLSOHOHYHOVRIWH[W7KHVHWRROVEHJLQIURPWKHZRUGV
LQWKHGLVFRXUVHH[WUDFWVSHFLāFZRUGIHDWXUHVDQG
WKHQJREH\RQGWKHOH[LFRQE\FRQVLGHULQJVHPDQWLFV
as well as discourse structure. Our goal is to provide
H[DPSOHVRIDIHZFRPPRQWHFKQLTXHVUDWKHUWKDQ
an overview of all available methods. We group these
methods into those that focus on the words directly as
the units of analysis, and those that focus on features
of the words.

1/3LVWKHDQDO\VLVRIKXPDQODQJXDJHXVLQJFRPSXWers, providing the means to automate discourse
DQDO\VLV7KHWHUP1/3ZDVFRLQHGEHFDXVHLWLVWKH
analysis of natural human language, in contrast to the
use and analysis of computer languages. A variety of
automated tools can be used to process natural lanJXDJH,QGHHGWKHQXPEHUDQGSRZHURI1/3WRROV
KDYHVWHDGLO\LQFUHDVHGVLQFHWKHPLGV -XUDIVN\
& Martin, 2000, 2008). As such, their impact and use
within the realm of learning analytics and data minLQJLVVWHDGLO\LIQRWH[SRQHQWLDOO\LQFUHDVLQJ7KLV
chapter describes several tools currently available to
UHVHDUFKHUVDQGHGXFDWRUVWRDQDO\]HODQJXDJHFRPputationally, focusing in particular on their uses in
the realm of education.

2QHDSSURDFKWR1/3LVWRDQDO\]HWKHZRUGVXVHGLQ
WKHODQJXDJHGLUHFWO\)RUH[DPSOHFDOFXODWLQJWKH
LQFLGHQFHRIVSHFLāFW\SHVRIZRUGVZLWKLQDWH[WFDQ
reveal a good deal about the nature and purpose of
WKHODQJXDJHXVHGLQYDULRXVFRQWH[WV7KLVLVRIWHQ
referred to as a "bag-of-words" approach. One tool
that employs this approach is the Linguistic Inquiry
Word Count /,:& V\VWHPGHYHORSHGE\3HQQHEDNHU
DQGFROOHDJXHV 3HQQHEDNHU%RRWK )UDQFLV
3HQQHEDNHU%R\G-RUGDQ %ODFNEXUQVHH
http://liwc.wpengine.com/). The 2007 version of LIWC
provides roughly 80 word categories, but also groups
WKHVHZRUGFDWHJRULHVLQWREURDGHUGLPHQVLRQV([amples of the broader dimensions are linguistic forms
(e.g., pronouns, words in past tense, negations), social
processes, affective processes, and cognitive processes.
)RUH[DPSOHFRJQLWLYHSURFHVVHVLQFOXGHVXEFDWHJRULHV
such as insight (e.g., think, know, consider), causation
(e.g., because, effect, hence), and certainty (e.g., always,
never). LIWC counts the number of words that belong
to each word category and provides a proportion score
that divides the number of words in the category by
WKHWRWDOQXPEHURIZRUGVLQWKHWH[W

NATURAL LANGUAGE PROCESSING
Computational linguistics is a discipline that focuses on the development of computational models of
ODQJXDJH1/3WRROVDQGWHFKQLTXHVDUHRIWHQJXLGHG
by theories, models, and algorithms developed in the
āHOGRIFRPSXWDWLRQDOOLQJXLVWLFVEXWWKHSULPDU\
SXUSRVHRI1/3WRROVLVWKHDXWRPDWHGLQWHUSUHWDWLRQ
of human language input. Such an endeavor calls upon
interdisciplinary perspectives integrating disciplines
such as linguistics, computer science, psychology, and
HGXFDWLRQ:KLOH1/3KDVDKLVWRU\GDWLQJEDFNWR
7XULQJ  WKHPDMRULW\RIFXUUHQW1/3DOJRULWKPV
KDYHEHHQGHYHORSHGXVLQJDFRPELQDWLRQRI1/3WRROV
and data mining. A clear distinction must be made
IURPWKHEHJLQQLQJEHWZHHQWKH1/3VRIWZDUHRIWHQ
used by computer or data scientists and the tools
SUHVHQWHGLQWKLVFKDSWHU$ODUJHPDMRULW\RI1/3
UHVHDUFKKDVIRFXVHGRQVXUIDFHOHYHOWH[WSURFHVVing (e.g., machine translation), and the available tools
FRQVHTXHQWO\HPSKDVL]HWKHFHQWUDOUROHRIDFFXUDWH
ZRUGDQGVHQWHQFHOHYHOWH[WSURFHVVLQJ2XUDLP
LQWKLVFKDSWHULVVSHFLāFDOO\WRIRFXVRQ1/3ZLWKLQ
WKHFRQWH[WRIlearning analytics. Thus, we focus on
tools developed to calculate linguistic indices that
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The Words

A similar approach is to identify n-grams, such as
groups of characters or words, where n refers to the
number of grams included in the group (e.g., bi-grams
refer to groups of two words). N-gram analyses calculate probability distributions of word sequences
LQWH[WDQGFDQSURYLGHLQIRUPDWLRQDERXWWKHZRUGV
FRPPRQWRDJURXSRIWH[WVRUGLVWLQFWLYHIRUDVSHFLāF
WH[WRUVHWVRIWH[WV HJ-DUYLVHWDO 6HYHUDO
advantages of n-gram analyses include their simplicity
and the potential for providing information about the
VSHFLāFFRQWHQWRIDWH[WWKHOLQJXLVWLFDQGV\QWDFWLF
IHDWXUHVRIDWH[WDQGUHODWLRQVKLSVEHWZHHQWKRVH
features (Crossley & Louwerse, 2007).

The Features of the Words
Calculating the occurrence of words and groups of
ZRUGVFRQVLGHUVWKHH[SOLFLWFRQWHQWRIWKHWH[W$Q
alternative approach involves the calculation of the

IHDWXUHVRIWKHZRUGVDQGVHQWHQFHVLQDWH[W2QHVXFK
technique is to derive the latent meaning behind the
words (McNamara, 2011). There are numerous algorithms
for doing so, but the most well known and perhaps the
āUVWZDV/DWHQW6HPDQWLF$QDO\VLV /6$/DQGDXHU 
'XPDLV/DQGDXHU0F1DPDUD'HQQLV .LQWVFK
2007; see lsa.colorado.edu). LSA emerged in the midVSURYLGLQJDPHDQVWRH[WUDFWVHPDQWLFPHDQLQJ
IURPODUJHERGLHVRIWH[WDQGWRFRPSDUHODUJHDQG
VPDOOWH[WVDPSOHVIRUVHPDQWLFVLPLODULWLHV6XFKDQ
approach provided a unique potential to revolutionL]H1/3/6$LVDPDWKHPDWLFDOVWDWLVWLFDOWHFKQLTXH
that uses singular value decomposition to compress
LHIDFWRUL]H DPDWUL[UHSUHVHQWLQJWKHRFFXUUHQFH
of words across a large set of documents. A principal
assumption driving LSA is that the meanings of words
DUHFDSWXUHGE\WKHFRPSDQ\WKH\NHHS)RUH[DPSOH
the word "data" will be highly associated with words of
WKHVDPHIXQFWLRQDOFRQWH[WVXFKDVFRPSXWDWLRQV
"mining", "computer", and "mathematics". These words
do not mean the same thing as data. Rather, these
words are related to data because they typically occur
LQVLPLODUFRQWH[WV%\DIIRUGLQJWKHFRPSXWDWLRQRI
the semantic similarities between words, sentences,
and paragraphs, LSA opened the doors to the simuODWLRQRIPHDQLQJLQWH[W 0F1DPDUD /6$FDQ
EHFRQVLGHUHGWKHāUVWZRUGEDVHGDSSURDFKWRVXFcessfully address the question of relevance (i.e., the
GHJUHHWRZKLFKDWH[WLVUHOHYDQWWRDQRWKHUWH[WRU
to a core concept), a problem for which simple meaVXUHVRIZRUGRYHUODSDUHQRWVXIāFLHQW:KLOHWKHUH
are multiple approaches that have gone beyond LSA
(see McNamara, 2011, for an overview), LSA remains
DFRPPRQDSSURDFKXVHGDFURVVPXOWLSOHFRQWH[WVWR
model word meaning and to provide insights in terms
RIVHPDQWLFVDQGWH[WFRKHVLRQ HJ/DQGDXHUHWDO
0F1DPDUD*UDHVVHU0F&DUWK\ &DL 
One obvious feature of language is the meaning, but
many other features can be derived from linguistic
analyses, such as the parts of speech (e.g., verb, noun),
V\QWD[SV\FKRORJLFDODVSHFWV HJFRQFUHWHQHVV
meaningfulness), and the relations between ideas in
WKHWH[W HJFRKHVLRQ &RK0HWUL[LVDQH[DPSOHRI
DQDXWRPDWHGODQJXDJHDQDO\VLVWRROāUVWODXQFKHG
in 2003, that uses multiple sources of information
DERXWODQJXDJHWRH[WUDFWOLQJXLVWLFSV\FKRORJLFDO
DQGVHPDQWLFIHDWXUHVRIWH[W 0F1DPDUDHWDO
FRKPHWUL[FRP &RK0HWUL[DGDSWVDQGLQWHJUDWHV
information about the English language from a variety
of sources including LSA, the MRC Psycholinguistic
Database, WordNet, and word frequency indices such
as CELEXDVZHOODVV\QWDFWLFSDUVHUV)RUH[DPSOH
WKH05&3V\FKROLQJXLVWLF'DWDEDVHSURYLGHVSV\FKRlinguistic information about words (Wilson, 1988) and
WordNet provides linguistic and semantic features of

words, as well as semantic relations between words
0LOOHU%HFNZLWK)HOOEDXP*URVV 0LOOHU 
&RK0HWUL[DOVRFDOFXODWHVOLQJXLVWLFLQGLFHVUHODWHG
to various aspects of language through simple features
RIWH[WTXDOLW\VXFKDVZRUGIUHTXHQF\DQGVHQWHQFH
OHQJWKDVZHOODVPRUHFRPSOH[IHDWXUHVVXFKDVFRKHUHQFHDQGV\QWDFWLFFRPSOH[LW\LQRUGHUWRSURGXFH
DPXOWLGLPHQVLRQDODQDO\VLVRIZULWWHQRUVSRNHQWH[W
0F1DPDUD2]XUX*UDHVVHU /RXZHUVH 
&RK0HWUL[FDQSURYLGHDUHODWLYHO\VLPSOHFKDUDFWHUL]DWLRQRIDWH[WWKURXJKGHVFULSWLYHLQGLFHV LH
length of words, sentences, paragraphs). In addition,
LWRIIHUVYDULRXVFRPSOH[LQGLFHVWKDWGHVFULEHDWH[W V
quality and readability. Among these indices are the
āYH&RK0HWUL[7H[W(DVDELOLW\&RPSRQHQWVLQFOXGLQJ
narrativity, referential cohesion, syntactic simplicity,
ZRUGFRQFUHWHQHVVDQGGHHSFRKHVLRQ *UDHVVHU
0F1DPDUD .XOLNRZLFK-DFNVRQ$OOHQ 0F1DPDUDVHHFRKPHWUL[FRPPRQFRUHWHUDFRP 
&RK0HWUL[KDVKDGDODUJHLPSDFWRQRXUXQGHUVWDQGing of language and discourse by making automated
ODQJXDJHDQDO\VLVSXEOLFO\DYDLODEOH:KLOH&RK0HWUL[
provides multiple measures of language, the primary,
XQLTXHIRFXVRI&RK0HWUL[KDVEHHQRQSURYLGLQJ
PHDVXUHVRIFRKHVLRQLQWH[W&RKHVLRQLVWKHRYHUODS
in features, words, and meaning between sentences
LHORFDOFRKHVLRQ DQGODUJHUVHFWLRQVRIWKHWH[W
VXFKDVSDUDJUDSKV LHJOREDOFRKHVLRQ DQGWKHWH[W
RYHUDOO HJOH[LFDOGLYHUVLW\ :KLOHH[WUHPHO\XVHIXO
&RK0HWUL[KDVKDGVHYHUDOVKRUWFRPLQJVUHJDUGLQJ
facile and broad measurement of cohesion indices.
First, it does not allow for the batch processing of
WH[WDQGLWLVQRWKRXVHGRQDXVHU VKDUGGULYH DQG
thus it depends on an internet connection and an
H[WHUQDOVHUYHU 6HFRQG&RK0HWUL[FRKHVLRQLQGLFHV
JHQHUDOO\IRFXVRQORFDODQGRYHUDOOWH[WFRKHVLRQ LH
DYHUDJHVHQWHQFHRYHUODSOH[LFDOGLYHUVLW\ UDWKHU
than global cohesion (e.g., semantic overlap between
YDULRXVVHFWLRQVRIDWH[W +HQFHWKH7RROIRUWKH
$XWRPDWLF$QDO\VLVRI7H[W&RKHVLRQ 7$$&2 DQG
WKH6LPSOH1DWXUDO/DQJXDJH3URFHVVLQJ7RRO 6L1/3 
were developed to address these gaps (Crossley, Allen,
Kyle, & McNamara, 2014; Crossley, Kyle, & McNamara,
in press; http://www.kristopherkyle.com/taaco.
html). TAACO is locally installed (as compared to an
LQWHUQHWLQWHUIDFH DOORZVIRUEDWFKSURFHVVLQJRIWH[W
āOHVDQGLQFOXGHVRYHULQGLFHVUHODWHGWRORFDO
JOREDODQGRYHUDOOWH[WFRKHVLRQ6LPLODUO\6L1/3LV
ORFDOO\LQVWDOOHGDQGDOORZVIRUEDWFKWH[WSURFHVVLQJ
+RZHYHU6L1/3GLIIHUVIURP7$$&2LQWKDWLWWDNHV
the "bag-of-words" approach to calculate information
DERXWPXOWLSOHDVSHFWVRIWH[WV$GGLWLRQDOO\WKHWRRO
LVĂH[LEOHDQGDOORZVUHVHDUFKHUVWRDGGWKHLURZQ
categories of words to inform additional analyses.
$QRWKHUH[DPSOHRIDIUHHO\DYDLODEOH1/3WRROLVWKH
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7RROIRUWKH$XWRPDWLF$QDO\VLVRI/([LFDO6RSKLVWLcation (TAALES; Kyle & Crossley, 2015; http://www.
kristopherkyle.com/taales.html). TAALES focuses on
SURYLGLQJH[WHQVLYHLQIRUPDWLRQDERXWWKHOHYHORI
OH[LFDOVRSKLVWLFDWLRQSUHVHQWLQDWH[W7KLVW\SHRI
analysis is important because it provides information
RQWKHOH[LFDOGHPDQGVRIDWH[WDVZHOODVSRWHQWLDO
LQIRUPDWLRQUHODWHGWRWKHOH[LFDONQRZOHGJHRIWKH
DXWKRURIWKHWH[W .\OH &URVVOH\ 7$$/(6
FDOFXODWHVRYHUFODVVLFDQGQHZO\GHYHORSHGOH[LFDOLQGLFHVWRDVVHVVWKHEUHDGWKDQGGHSWKRIOH[LFDO
NQRZOHGJHXVHGLQDWH[W7KLVWRROLVIDVWUHOLDEOH
and freely available for download. The measures for
TAALES include word frequency, word and word family
range, n-grams, academic lists, and word information
indices that consider psycholinguistic components
(Kyle & Crossley, 2015). These indices collectively
SURYLGHH[WHQVLYHLQIRUPDWLRQRQWKHFRPSOH[LW\RI
ZRUGFKRLFHVLQWH[W
'DVFDOX0F1DPDUD&URVVOH\DQG7UDXVDQ0DWX
 DOVRLQWURGXFHGAge of Exposure (AoE), a compuWDWLRQDOPRGHOWRHVWLPDWHZRUGFRPSOH[LW\LQZKLFK
the learning rate of individual words is calculated as
DIXQFWLRQRIDOHDUQHU VH[SHULHQFHZLWKODQJXDJH
,QFRQWUDVWWR3HDUVRQ VFDOFXODWLRQRIZRUGPDWXULW\ /DQGDXHU.LUH\HY 3DQDFFLRQH $R(LVD
reproducible and scalable model that simulates word
learning in terms of potential associations that can
EHFUHDWHGZLWKLWDFURVVWLPHRUPRUHVSHFLāFDOO\
DFURVVLQFUHPHQWDOODWHQW'LULFKOHWDOORFDWLRQ %OHL1J
-RUGDQ WRSLFPRGHOV$R(LQGLFHV\LHOGVWURQJ
DVVRFLDWLRQV H[FHHGLQJWKHUHSRUWHGSHUIRUPDQFHRI
word maturity) with estimates of word frequency and

entropy, as well as human ratings of age of acquisition
DQGOH[LFDOUHVSRQVHODWHQFLHV

Natural Language Processing and Learning Algorithms
1/3FDQEHXVHGWRGHVFULEHPXOWLSOHIDFHWVRIODQJXDJH
from simple descriptive statistics, such as the number
of words, n-grams, and paragraphs, to the features of
ZRUGVVHQWHQFHVDQGWH[W &URVVOH\$OOHQ.\OH 
McNamara, 2014). As depicted in Figure 8.1, multiple
characteristics of language can be gleaned from the
words (including n-grams and bags of words) and
FDSWXUHGXVLQJERWKWHFKQLTXHVIRUDQDO\]LQJREVHUYable features (e.g., word frequencies, word-document
GLVWULEXWLRQV DQGODWHQWPHDQLQJIURPWKHWH[W 0FNamara, 2011). Information is provided by the features
RIWKHZRUGVWKHVHQWHQFHVDQGWKHWH[WDVDZKROH
7KLVLQIRUPDWLRQFDQEHDQDO\]HGXVLQJPDFKLQH
learning techniques such as linear regression, disFULPLQDQWIXQFWLRQFODVVLāHUV1D°YH%D\HVFODVVLāHUV
support vector machines, logistic regression classiāHUVDQGGHFLVLRQWUHHFODVVLāHUV:KHQWKHVHWHFKniques are used to predict learning outcomes, algorithms
can be derived that can then be used within educational technologies or applications. We discuss a
number of these applications in the following sections.

WRITING ASSESSMENT
7KHPRVWFRPPRQH[DPSOHRIWKHXVHRI1/3LQWKH
realm of education is for the development of automated
HVVD\VFRULQJ $(6 DOJRULWKPV $OOHQ-DFRYLQD 0F1DPDUD'LNOL:HLJOH;L $(6

Figure 8.1.'HYHORSLQJDOJRULWKPVXVLQJ1/3UHTXLUHVPDFKLQHOHDUQLQJWHFKQLTXHVDSSOLHGWRYDULRXVVRXUFHV
RILQIRUPDWLRQRQWKHWH[WLQFOXGLQJLQIRUPDWLRQIURPWKHZRUGVVHQWHQFHVDQGWKHHQWLUHWH[W
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systems assess essays using a variety of approaches.
)RUH[DPSOHWKH,QWHOOLJHQW(VVD\$VVHVVRU /DQGDXHU
/DKDP )ROW] SULPDULO\UHOLHVRQ/6$WRDVVHVV
the similarity of an essay to benchmark essays. By
contrast, systems such as the e-rater developed at
Educational Testing Service (Burstein, Chodorow, &
Leacock, 2004), IntelliMetric Essay Scoring System
GHYHORSHGE\9DQWDJH/HDUQLQJ 5XGQHU*DUFLD 
:HOFK DQGWKH:ULWLQJ3DO 0F1DPDUD&URVVOH\
5RVFRH UHO\RQFRPELQDWLRQVRI1/3WHFKQLTXHVDQGDUWLāFLDOLQWHOOLJHQFH$(6V\VWHPVSURFHVV
writing samples such as essays, and assess the degree
to which the writer has met the demands of the task
by assessing the quality of essays and their accuracy
relative to the content. AES technologies are highly
successful, reporting levels of accuracy generally as
DFFXUDWHDVH[SHUWKXPDQUDWHUV $WWDOL %XUVWHLQ
6KHUPLV%XUVWHLQ+LJJLQV =HFKQHU
9DOHQWL1HUL &XFFKLDUHOOL&URVVOH\.\OH 
McNamara, 2015).

Tutoring Systems
$QRWKHUXVHRI1/3KDVEHHQLQWKHFRQWH[WRIDXWRPDWHGLQWHOOLJHQWWXWRULQJWHFKQRORJLHV1/3KDVEHHQ
incorporated into a number of intelligent tutoring
systems (ITSs), particularly those that interact with
WKHVWXGHQWYLDGLDORJXH HJ$XWR7XWRU*UDHVVHU
et al., 2004) and those that prompt the student to
generate verbal responses (e.g., iSTART: McNamara,
/HYLQVWHLQ %RRQWKXP:ULWLQJ3DO0F1DPDUD
et al., 2012; Roscoe & McNamara, 2013). When a student
HQWHUVQDWXUDOODQJXDJHLQWRDV\VWHPDQGH[SHFWV
XVHIXOIHHGEDFNRUDUHDVRQDEOHUHVSRQVH1/3FDQEH
used to interpret that input and provide appropriate
feedback (McNamara et al., 2013). For tutoring systems
WKDWDFFHSWQDWXUDOODQJXDJHDVLQSXW HJYHUEDOH[SODQDWLRQVRIWH[WSUREOHPVRUVFLHQWLāFSURFHVVHV 
student responses can be open-ended and potentially
DPELJXRXV)RUH[DPSOHWKHVWXGHQWPLJKWEHDVNHG
which phase of cell mitosis involves the lengthening of
the microtubules. This type of question (e.g., what or
when questions) can be answered using short answers
or multiple-choice responses, requiring little to no
1/3%\FRQWUDVWDTXHVWLRQWRGHVFULEHWKHSURFHVV
of Anaphase would elicit answers likely to differ widely
between students. Thus, automatically detecting the
DFFXUDF\DQGTXDOLW\RIWKHVWXGHQW VDQVZHUUHTXLUHV
WKHXVHRI1/3
:K\QRWMXVWXVHPXOWLSOHFKRLFH"0DQ\WXWRULDO
systems do just that. However, students are more
likely to construct a deep understanding of a construct or phenomenon by answering how and why
TXHVWLRQV HJ-RKQVRQ*OHQEHUJ0F.HRZQ
%HFN %ODNH:RQJ 0RUHRYHUVWXGHQWV 
answers to these types of questions are more likely

WRXQYHLOWKHGHSWKRIWKHLUXQGHUVWDQGLQJ *UDHVVHU
3HUVRQ*UDHVVHU0F1DPDUD 9DQ/HKQ
0F1DPDUD .LQWVFK $XWR7XWRULVDQ,76
that focuses on providing instruction on challenging
topics (e.g., physics, biology, computer programing)
by prompting students to answer deep level how
and why questions. AutoTutor engages the student
via an animated agent in a dialogue that moves the
student toward constructing the correct answers. It
does so by using a variety of dialogue moves, such as
hints, prompts, assertions, corrections, and answers
to student questions. These moves are driven by a
FRPELQDWLRQRI1/3WHFKQLTXHV)RUH[DPSOH$XWR7XWRUXVHVIUR]HQH[SUHVVLRQVWRGHWHFWSKUDVHVWKDW
students are likely to produce in certain situations
(e.g., I don't know; I don't understand) as well as key
parts of the correct answer. AutoTutor also uses LSA
to detect the similarity between the answer provided
by the student and the ideal answer. The combination
RIIUR]HQH[SUHVVLRQVUHJXODUH[SUHVVLRQVRUSDWWHUQV
inverse-frequency weighted word overlaps between
VWXGHQWYHUEDOUHVSRQVHVDQGH[SHFWDWLRQVDQG/6$
allows AutoTutor to simulate the understanding of
WKHVWXGHQW VDQVZHUDQGLQWXUQWKLVVLPXODWHGXQderstanding drives an appropriate response to the
VWXGHQW *UDHVVHULQSUHVV 
iSTART (Interactive Strategy Training for Active Reading
and Thinking) is another ITS that relies on a combiQDWLRQRI1/3WHFKQLTXHVWRUHVSRQGWRRSHQHQGHG
UHVSRQVHVL67$57ZDVDPRQJWKHāUVWDXWRPDWHG
V\VWHPVWRDGGUHVVWKHSDUDSKUDVHSUREOHPLQVWXGHQW V
VHOIH[SODQDWLRQVDGLIāFXOWFKDOOHQJHLQWKHERWK
1/3DQGFRPSXWDWLRQDOOLQJXLVWLFVOLWHUDWXUHL67$57
HQKDQFHVVWXGHQWV FRPSUHKHQVLRQRIFKDOOHQJLQJ
VFLHQFHWH[WVE\SURYLGLQJLQVWUXFWLRQDQGSUDFWLFH
WRXVHVHOIH[SODQDWLRQ LHWKHSURFHVVRIH[SODLQLQJ
WH[WWRRQHVHOI LQFRPELQDWLRQZLWKFRPSUHKHQVLRQ
strategies such as generating bridging and elaboraWLYHLQIHUHQFHV'XULQJWKHSUDFWLFHSKDVHRIL67$57
LQVWUXFWLRQVWXGHQWVJHQHUDWHVHOIH[SODQDWLRQVIRU
FKDOOHQJLQJWH[WV6WXGHQWV VHOIH[SODQDWLRQVLQL6TART are scored using an algorithm that combines
LQIRUPDWLRQIURPWKHZRUGVLQWKHVHOIH[SODQDWLRQ
DQGWKHWH[WXVLQJDFRPELQDWLRQRIREVHUYDEOHDQG
latent semantic information about the words (McNamara, Boonthum, Levinstein, & Millis, 2007). The
algorithm automatically assigns a score between 0 and
WRHDFKVHOIH[SODQDWLRQ+LJKHUVFRUHVDUHDVVLJQHG
WRVHOIH[SODQDWLRQVWKDWLQFOXGHLQIRUPDWLRQUHODWHG
WRWKHWH[WFRQWHQW ERWKWKHWDUJHWVHQWHQFHDQG
previously read sentences), whereas lower scores are
assigned to unrelated or short responses. The scoring
DOJRULWKPLVGHVLJQHGWRUHĂHFWWKHH[WHQWWRZKLFK
students construct connections between the target
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VHQWHQFHSULRUWH[WFRQWHQWDQGZRUOGNQRZOHGJH
The system successfully matches human scores of the
H[SODQDWLRQVDFURVVDZLGHYDULHW\RIWH[WV -DFNVRQ
*XHVV 0F1DPDUD0F1DPDUDHWDO 

Computer Supported Collaborative Learning (CSCL)
1/3WHFKQLTXHVKDYHDOVREHHQDSSOLHGWRGLVFRXUVH
generated in collaborative learning environments,
and in particular Computer Supported Collaborative
/HDUQLQJ &6&/ V\VWHPV 6WDKO $VXEVHWRI
these systems model CSCL conversations based on
dialogism, a concept introduced by Bakhtin (1981) that
later on emerged as a paradigm for CSCL (Koschmann,
 7KHPRVWUHSUHVHQWDWLYHDSSURDFKHVDUH'RQJ V
 GHVLJQRIWHDPFRPPXQLFDWLRQ3RO\SKRQ\
7UDXVDQ0DWX5HEHGHD'UDJDQ $OH[DQGUX 
WKH.QRZOHGJH6SDFH9LVXDOL]HU 7HSORYV DQG
5HDGHU%HQFK 'DVFDOX6WDYDUDFKHHWDO'DVFDOX
7UDXVDQ0DWX0F1DPDUD 'HVVXV 5HDGHU%HQFKOHYHUDJHVWKHSRZHURIWH[WPLQLQJWHFKQLTXHV
DGYDQFHG1/3DQGVRFLDOQHWZRUNDQDO\VLVWRDFKLHYH
multiple objectives related to language comprehenVLRQDVZHOODVFROODERUDWLYHOHDUQLQJ 'DVFDOX 
ReaderBench models participation and collaboration
from a Cohesion Network Analysis perspective in
which the information communicated among parWLFLSDQWVLVFRPSXWHGYLDVHPDQWLFWH[WXDOFRKHVLRQ
'DVFDOX7UDXVDQ0DWX'HVVXV 0F1DPDUDD 
Moreover, ReaderBench has introduced an automated
dialogic model for assessing collaboration based on
the polyphonic model of discourse (Trausan-Matu,
6WDKO 6DUPLHQWR *URXQGHGLQWKHRULHVRI
dialogism (Bakhtin, 1981), the system automatically
LGHQWLāHVvoicesRUSDUWLFLSDQW VSRLQWVRIYLHZDV
semantic chains that include tightly cohesive or semantically related concepts spanning throughout the
HQWLUHFRQYHUVDWLRQ 'DVFDOX7UDXVDQ0DWX'HVVXV 
McNamara, 2015b). Thus, collaboration emerges from
the inter-animation of different participant voices,
which is computationally captured in the co-occurUHQFHSDWWHUQVXVHGWRKLJKOLJKWWKHH[FKDQJHRILGHDV
between different participants.

Massive Open Online Courses (MOOCs)
$QRWKHUXVHRI1/3KDVEHHQLQWKHFRQWH[WRIRQOLQH
courses, particularly massive open online courses
(MOOCs). MOOCs use online platforms to make courses available to thousands of students without cost to
the student. MOOCs are lauded for their potential to
increase accessibility to distance and lifelong learners
.ROOHU1J'R &KHQ 7KHVHSODWIRUPVFDQ
provide a tremendous amount of data via click-stream
logs, assignments, course performance, as well as
language generated by the students within discussion forums and emails. These data can be mined to
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H[DPLQHVWXGHQWDWWLWXGHVFRPSOHWLRQDQGOHDUQLQJ
6HDWRQ%HUJQHU&KXDQJ0LWURV 3ULWFKDUG
Wen, Yang, & Rosé, 2014a, 2014b).
7KHPRVWFRPPRQ1/3DSSURDFKWRDQDO\]LQJVWXGHQW
ODQJXDJHLQ022&6KDVEHHQWKURXJKWRROVWKDWDQDO\]H
HPRWLRQV6HQWLPHQWDQDO\VLVH[DPLQHVODQJXDJHIRU
positive or negative emotion words or words related
to motivation, agreement, cognitive mechanisms, or
HQJDJHPHQW &KDWXUYHGL*ROGZDVVHU 'DXPª
(ORXD]L]L0RRQ3RWGDU 0DUWLQ:HQ
HWDODE )RUH[DPSOH0RRQHWDO  
used emotion terms and semantic similarity among
SDUWLFLSDQWVWRLGHQWLI\VWXGHQWOHDGHUV(ORXD]L]L
(2014) showed that linguistic indices related to point
of view (e.g., think, believe, presumably, probably)
were correlated with low levels of engagement in the
course. Wen and colleagues (2014a, 2014b) found that
VWXGHQWV XVHRISHUVRQDOSURQRXQVDQGZRUGVUHODWHG
to motivation within discussion forums was predictive
of a lower risk of dropping out of the course.
Similarly, Crossley, McNamara et al. (2015) used mulWLSOHOHYHOVRIOLQJXLVWLFIHDWXUHVWRH[DPLQHVWXGHQWV 
language in a MOOC discussion forum within a course
covering the topic of educational data mining (Baker et al., in press). Crossley, McNamara et al. (2015)
successfully predicted the completion rates (with an
accuracy of 70%) of 320 students who participated
within the MOOC discussion forums (i.e., posted >
49 words). Students who were more likely to receive a
FHUWLāFDWHRIFRPSOHWLRQLQWKHFRXUVHJHQHUDOO\XVHG
PRUHVRSKLVWLFDWHGODQJXDJH)RUH[DPSOHWKHLUSRVWV
were more concise and cohesive, used less frequent
DQGVSHFLāFZRUGVDQGKDGJUHDWHURYHUDOOZULWLQJ
quality. Interestingly, indices related to affect were
not predictive of completion rates.
Collectively, this research provides promising evidence
WKDW1/3FDQEHDSRZHUIXOSUHGLFWRURIVXFFHVVLQ
WKHFRQWH[WRI022&V&RPPXQLFDWLRQEHWZHHQWKH
instructor and the students as well as between the
students is crucial, particularly for distance courses.
Further, this communication can then be used as
forms of assessment of student performance. Therefore, it seems apparent that MOOCs should include
discussion forums in order to better monitor student
participation and potential success. The language that
VWXGHQWVXVHFDQDOVREHXWLOL]HGWRLGHQWLI\VWXGHQWV
who are less likely to complete the course, and target those students for interventions such as sending
emails, suggesting content, or recommending tutoring.
Automating language understanding, and thereby
providing information about the language and social
interactions within these courses, will help to enhance
both learning and engagement in MOOCs.

THE POWER OF NLP
1/3LVH[WUHPHO\SRZHUIXOSULPDULO\EHFDXVHODQJXDJHLVXELTXLWRXVDQGDOVREHFDXVHWRROVWRDQDO\]H
language automatically provide indices related to
YLUWXDOO\DQ\DVSHFWRIODQJXDJH &URVVOH\ 1/3
FDQGHWHFWWKHVSHFLāFZRUGVXVHGJURXSVRIZRUGV
and the strength of the relations between words and
EHWZHHQODUJHUERGLHVRIWH[W,WFDQDOVRGHWHFWWKH
IHDWXUHVRIWKHWH[WVXFKDVWKHIUHTXHQF\FRQFUHWHQHVVRUPHDQLQJIXOQHVVRIWKHZRUGVWKHFRPSOH[LW\
RIWKHVHQWHQFHVDQGYDULRXVDVSHFWVRIWKHWH[WVXFK
as cohesion and genre. The words and their features
VHUYHDVSUR[LHVWRYDULRXVFRQVWUXFWV)RUH[DPSOH
WKHIUHTXHQF\RIWKHZRUGVLQDWH[WVHUYHVDVDSUR[\
to estimate the knowledge that might be required to
XQGHUVWDQGWKHWH[W7KHFRKHVLRQRIDWH[WDIIRUGV
DQHVWLPDWHRIWKHNQRZOHGJHQHFHVVDU\WRāOOLQWKH
JDSVLQDWH[W
1/3KDVEHHQXVHGWRLGHQWLI\DZLGHYDULHW\RIRWKHU
FRQVWUXFWV)RUH[DPSOH&URVVOH\DQG0F1DPDUD
(2012) demonstrated that the linguistic features of
VHFRQGODQJXDJH / ZULWHUV HVVD\VFRXOGSUHGLFW
WKHQDWLYHODQJXDJHRIWKRVHZULWHUV9DUQHU5RVFRH
and McNamara (2013) used indices provided by both
&RK0HWUL[DQG/,:&WRH[DPLQHGLIIHUHQFHVLQVWXGHQWV DQGWHDFKHUV UDWLQJVRIHVVD\TXDOLW\/RXZHUVH
0F&DUWK\0F1DPDUDDQG*UDHVVHU  XVHG1/3
techniques to identify differences between spoken
and written samples of English. McCarthy, Briner,
5XVDQG0F1DPDUD  VKRZHGWKDW&RK0HWUL[
FRXOGGLIIHUHQWLDWHVHFWLRQVLQW\SLFDOVFLHQFHWH[WV
such as introductions, methods, results, and discussions. Additionally, Crossley, Louwerse, McCarthy, and
0F1DPDUD V  LQYHVWLJDWLRQVRIVHFRQGODQJXDJH
OHDUQHUWH[WVUHYHDOHGDZLGHYDULHW\RIVWUXFWXUDODQG
OH[LFDOGLIIHUHQFHVEHWZHHQWH[WVWKDWZHUHadopted

(or authentic) versus adapted RUVLPSOLāHG IRUVHFRQG
ODQJXDJHOHDUQLQJSXUSRVHV)LQDOO\1/3KDVDOVREHHQ
XVHGWRGHWHFWGHFHSWLRQ'XUDQ+DOO0F&DUWK\DQG
0F1DPDUD  H[DPLQHGWKHH[WHQWWRZKLFKIHDWXUHV
of language discriminated between conversational
dialogues in which a person was being deceptive and
those in which the person was being truthful.
It is important to note that there are potential drawbacks
WRXVLQJ1/3)RUH[DPSOHFHUWDLQ1/3WHFKQLTXHV
UHO\RQVLPSOLāHGUHSUHVHQWDWLRQVRIGLDORJXHWKDWXVH
word counts or "bag-of-words" approaches. The most
QRWDEOHDQGZLGHO\XVHG1/3ZRUGUHSUHVHQWDWLRQV
LQFOXGLQJ/6$YHFWRUVSDFHVODWHQW'LULFKOHWDOORFDWLRQWRSLFGLVWULEXWLRQV /'$%OHLHWDO DQG
word2vec models based on neural networks (Mikolov,
&KHQ&RUUDGR 'HDQ DUHDOOVXEMHFWWRWKH
"bag-of-words" assumption in which word order is
GLVUHJDUGHG,QDGGLWLRQPDQ\1/3DQDO\VHVLJQRUH
FRQWH[WVXFKDVWKHLQWHQWLRQVRUSUDJPDWLFDVSHFWV
RIWKHVSHDNHU6LPLODUO\1/3DQDO\VHVDUHRIWHQOLPited to particular corpora and situations, and fail to
JHQHUDOL]HWRRWKHUFRQWH[WV(YHQZLWKWKHVH DQG
RWKHU FDYHDWV1/3LVH[WUHPHO\SRZHUIXO%HFDXVH
of the vast sources of information now available from
1/3WRROVDQGEHFDXVHWKHODQJXDJHZHXVHFDQEHDQ
H[WHQVLRQRUH[WHUQDOL]DWLRQWKDWUHSUHVHQWVWKRXJKWV
DQGLQWHQWLRQV1/3FDQSURYLGHLQIRUPDWLRQDERXW
the individuals, their abilities, their emotions, their
LQWHQWLRQVDQGVRFLDOLQWHUDFWLRQV,QWKHFRQWH[WRI
learning analytics, it is a means toward the automated
understanding of learning processes and the learner.

The Big Picture
1/3SURYLGHVWHFKQLTXHVWKDWDXWRPDWHWKHDQDO\VLV
of language, which allows researchers to establish
a better understanding of language and of the roles
that language potentially plays in various aspects of
RXUOLYHV1/3LQIRUPVIHHGEDFNV\VWHPVZLWKLQWX-

Figure 8.2.3UHGLFWLQJHGXFDWLRQDORXWFRPHVZLOOUHTXLUHWKHLQWHJUDWLRQRIPXOWLSOHVRXUFHVRIGDWD
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toring systems that prompt the student to generate
ODQJXDJHZLWKLQDQVZHUVWRTXHVWLRQVH[SODQDWLRQV
DQGHVVD\V1/3SURYLGHVDPHDQVRIVLPXODWLQJLQWHOOLJHQFHZLWKLQODQJXDJHEDVHGWXWRULQJV\VWHPV1/3
LVDOVRLQIRUPDWLYHLQWKHFRQWH[WRIRQOLQHGLVFXVVLRQ
forums. It provides information on student attitudes,
motivation, and the quality of the language, which in
WXUQLVSUHGLFWLYHRIVWXGHQWV OLNHOLKRRGRISHUIRUPLQJ
well or completing the course.
One goal of learning analytics is to model the characteristics and skills of students in order to provide
more effective instruction (Allen & McNamara, 2015).
6SHFLāFDOO\ZHFDQXVHWKLVGDWDIRUYDULRXVSXUSRVHV
provide automated feedback on performance, intervene during learning, provide scaffolding or support,
UHFRPPHQGWXWRULQJSHUVRQDOL]HOHDUQLQJDQGVRRQ
with the assumption that information gleaned from
analytics will ultimately enhance learning. For this
purpose, researchers are increasingly turning to large,
FRPSOH[GDWDVRXUFHV LHELJGDWD DQGXVLQJYDULRXV
combinations of data types and analytic techniques.
1/3LVFUXFLDOWRWKLVHQGHDYRXUEHFDXVHWKHSURSRVHG
techniques help to improve student learning through
the prediction and assessment of comprehension
DFURVVDYDULHW\RIFRQWH[WV+RZHYHU1/3LVRQO\RQH
SLHFHRIWKHSX]]OH
As depicted in Figure 8.2, developing a complete and

highly predictive understanding of student outcomes
requires multiple sources of information and a variety
RIDSSURDFKHVWRGDWDDQDO\VLV/HDUQLQJLVDFRPSOH[
process with multiple layers and multiple time scales.
Relying on any single source or type of data to understand the learning process is myopic, particularly
when so many automated sources of information are
FXUUHQWO\DYDLODEOH1/3LVVLPSO\RQHVRXUFHRIGDWD
LQFUHDVLQJO\UHFRJQL]HGDVDQLQWHJUDOSLHFHRIWKHELJ
SLFWXUHWKDWXOWLPDWHO\ZHVHHN'HYHORSLQJDFRPSOHWH
understanding of learning will require an integration
of multiple sources of data.
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-RKQVRQ*OHQEHUJ0&  :HEEDVHGUHDGLQJFRPSUHKHQVLRQLQVWUXFWLRQ7KUHHVWXGLHVRI'UHDGHUV,Q'0F1DPDUD (G Reading comprehension strategies: Theory, interventions, and technologies (pp.
× 0DKZDK1-/DZUHQFH(UOEDXP3XEOLVKHUV
-XUDIVN\' 0DUWLQ-+  Speech and language processing: An introduction to natural language processing, computational linguistics and speech recognition8SSHU6DGGOH5LYHU1-3UHQWLFH+DOO
-XUDIVN\' 0DUWLQ-+  Speech and language processing: An introduction to natural language processing, computational linguistics and speech recognition, 2ndHG8SSHU6DGGOH5LYHU1-3UHQWLFH+DOO
.ROOHU'1J$'R& &KHQ=  5HWHQWLRQDQGLQWHQWLRQLQPDVVLYHRSHQRQOLQHFRXUVHV,QGHSWK
Educause Review, 48  ×
.RVFKPDQQ7  7RZDUGDGLDORJLFWKHRU\RIOHDUQLQJ%DNKWLQ VFRQWULEXWLRQWRXQGHUVWDQGLQJOHDUQLQJ
LQVHWWLQJVRIFROODERUDWLRQ,Q&0+RDGOH\ -5RVFKHOOH (GV  Proceedings of the 1999 Conference on
Computer Support for Collaborative Learning &6&/  ×'HFHPEHU3DOR$OWR&DOLIRUQLD SS
× ,QWHUQDWLRQDO6RFLHW\RIWKH/HDUQLQJ6FLHQFHV
.\OH. &URVVOH\6$  $XWRPDWLFDOO\DVVHVVLQJOH[LFDOVRSKLVWLFDWLRQ,QGLFHVWRROVāQGLQJVDQG
application. TESOL Quarterly, 49  ×
/DQGDXHU7. 'XPDLV67  $VROXWLRQWR3ODWR VSUREOHP7KHODWHQWVHPDQWLFDQDO\VLVWKHRU\RI
acquisition, induction, and representation of knowledge. Psychological Review, 104  ×
/DQGDXHU7./DKDP' )ROW]3:  $XWRPDWHGVFRULQJDQGDQQRWDWLRQRIHVVD\VZLWKWKH,QWHOOLJHQW(VVD\$VVHVVRU,Q0'6KHUPLV -%XUVWHLQ (GV Automated essay scoring: A cross-disciplinary
perspective SS× 0DKZDK1-/DZUHQFH(UOEDXP$VVRFLDWHV
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language processing and text mining SS× /RQGRQ6SULQJHU9HUODJ8.
0F.HRZQ0*%HFN,/ %ODNH5*.  5HWKLQNLQJUHDGLQJFRPSUHKHQVLRQLQVWUXFWLRQ$FRPSDUison of instruction for strategies and content approaches. Reading Research Quarterly, 44×
0F1DPDUD'6  &RPSXWDWLRQDOPHWKRGVWRH[WUDFWPHDQLQJIURPWH[WDQGDGYDQFHWKHRULHVRIKXPDQ
cognition. Topics in Cognitive Science, 2×
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&RPSDULQJZRUGEDVHGDQG/6$DOJRULWKPV,Q7/DQGDXHU'60F1DPDUD6'HQQLV :.LQWVFK (GV 
Handbook of latent semantic analysis SS× 0DKZDK1-/DZUHQFH(UOEDXP$VVRFLDWHV
0F1DPDUD'6&URVVOH\6$ 5RVFRH5'  1DWXUDOODQJXDJHSURFHVVLQJLQDQLQWHOOLJHQWZULWLQJ
strategy tutoring system. Behavior Research Methods, 45×
0F1DPDUD'6*UDHVVHU$&0F&DUWK\3 &DL=  Automated evaluation of text and discourse with
Coh-Metrix&DPEULGJH8.&DPEULGJH8QLYHUVLW\3UHVV
0F1DPDUD'6 .LQWVFK:  /HDUQLQJIURPWH[W(IIHFWVRISULRUNQRZOHGJHDQGWH[WFRKHUHQFH
Discourse Processes, 22×
0F1DPDUD'6/HYLQVWHLQ,% %RRQWKXP&  L67$57,QWHUDFWLYHVWUDWHJ\WUDLQHUIRUDFWLYHUHDGing and thinking. Behavioral Research Methods, Instruments, & Computers, 36×
0F1DPDUD'62]XUX<*UDHVVHU$& /RXZHUVH0  9DOLGDWLQJ&RK0HWUL[,Q56XQ 10Lyake (Eds.), Proceedings of the 28th Annual Conference of the Cognitive Science Society &RJ6FL ×
-XO\9DQFRXYHU%ULWLVK&ROXPELD&DQDGD SS× $XVWLQ7;&RJQLWLYH6FLHQFH6RFLHW\
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 7KH:ULWLQJ3DO1DWXUDOODQJXDJHDOJRULWKPVWRVXSSRUWLQWHOOLJHQWWXWRULQJRQZULWLQJVWUDWHJLHV
,Q300F&DUWK\ &%RRQWKXP'HQHFNH (GV Applied natural language processing and content analyVLV,GHQWLāFDWLRQLQYHVWLJDWLRQDQGUHVROXWLRQ SS× +HUVKH\3$,*,*OREDO
0LNRORY7&KHQ.&RUUDGR* 'HDQ-  (IāFLHQWHVWLPDWLRQRIZRUGUHSUHVHQWDWLRQLQYHFWRU
space. In Workshop at ICLR6FRWWVGDOH$=KWWSVDU[LYRUJDEV
0LOOHU*$%HFNZLWK5)HOOEDXP&*URVV' 0LOOHU.-  ,QWURGXFWLRQWR:RUG1HW$QRQOLQH
OH[LFDOGDWDEDVHInternational Journal of Lexicography, 3  ×
0RRQ63RWGDU6 0DUWLQ/  ,GHQWLI\LQJVWXGHQWOHDGHUVIURP022&GLVFXVVLRQIRUXPVWKURXJK
ODQJXDJHLQĂXHQFHEMNLP 2014, 15. http://www.aclweb.org/anthology/W14-4103
3HQQHEDNHU-:%RRWK5- )UDQFLV0(  /LQJXLVWLFLQTXLU\DQGZRUGFRXQW/,:&>&RPSXWHU
VRIWZDUH@$XVWLQ7;OLZFQHW
3HQQHEDNHU-:%R\G5/-RUGDQ. %ODFNEXUQ.  7KHGHYHORSPHQWDQGSV\FKRPHWULFSURSHUWLHVRI/,:&87)DFXOW\5HVHDUFKHU:RUNVKWWSVUHSRVLWRULHVOLEXWH[DVHGXELWVWUHDPKDQGOH/,:&B/DQJXDJH0DQXDOSGI"VHTXHQFH 
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-RQNHU3$.LUVFKQHU )3ULQV (GV Proceedings of the International Society of the Learning Sciences
2008: Cre8 a learning world. Utrecht, NL: International Society of the Learning Sciences. http://chris.ikit.
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on Educational Data Mining ('0 ×-XO\/RQGRQ8. SS× ,QWHUQDWLRQDO(GXFDWLRQDO'DWD
Mining Society.
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