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ABSTRACT
7KLVFKDSWHUSUHVHQWVDGLIIHUHQWZD\WRDSSURDFKOHDUQLQJDQDO\WLFV /$ SUD[LVWKURXJKWKH
capture, fusion, and analysis of complementary sources of learning traces to obtain a more
robust and less uncertain understanding of the learning process. The sources or modalities
LQPXOWLPRGDOOHDUQLQJDQDO\WLFV 0/$ LQFOXGHWKHWUDGLWLRQDOORJāOHGDWDFDSWXUHGE\RQline systems, but also learning artifacts and more natural human signals such as gestures,
JD]HVSHHFKRUZULWLQJ7KHFXUUHQWVWDWHRIWKHDUWRI0/$LVGLVFXVVHGDQGFODVVLāHG
according to its modalities and the learning settings where it is usually applied. This chapter
concludes with a discussion of emerging issues for practitioners in multimodal techniques.
Keywords: Audio, video, data fusion, multisensor

,QLWVRULJLQVWKHIRFXVRIWKHāHOGRIOHDUQLQJDQDO\WLFV
(LA) was the study of the actions that students perform
while using some sort of digital tool. These digital tools
being learning management systems (LMSs; Arnold
3LVWLOOL LQWHOOLJHQWWXWRULQJV\VWHPV ,76V
Crossley, Roscoe, & McNamara, 2013), massive open
RQOLQHFRXUVHV 022&V.L]LOFHF3LHFK 6FKQHLGHU
2013), educational video games (Serrano-Laguna &
)HUQ¢QGH]0DQM´Q RURWKHUW\SHVRIV\VWHPV
that use a computer as an active component in the
learning process. On the other hand, comparatively
less LA research or practice has been conducted in
RWKHUOHDUQLQJFRQWH[WVVXFKDVIDFHWRIDFHOHFWXUHV
or study groups, where computers are not present
RUKDYHRQO\DQDX[LOLDU\QRWGHāQHGUROH7KLVELDV
WRZDUGVFRPSXWHUEDVHGOHDUQLQJFRQWH[WVLVZHOO
H[SODLQHGE\WKHEDVLFUHTXLUHPHQWRIDQ\W\SHRI
/$VWXG\RUV\VWHPWKHH[LVWHQFHRIOHDUQLQJWUDFHV
(Siemens, 2013).
Computer-based learning systems, even if not initially designed with analytics in mind, tend to capture
DXWRPDWLFDOO\LQāQHJUDLQHGGHWDLOWKHLQWHUDFWLRQV
with their users. The data describing these interacWLRQVLVVWRUHGLQPDQ\IRUPVIRUH[DPSOHORJāOHVRU
word-processor documents that can be later mined to
H[WUDFWWKHWUDFHVWREHDQDO\]HG7KHUHODWLYHDEXQdance of readily available data and the low technical
barriers to process it make computer-based learning
V\VWHPVWKHLGHDOSODFHWRFRQGXFW5 'IRU/$2QWKH
FRQWUDU\LQOHDUQLQJFRQWH[WVZKHUHFRPSXWHUVDUH

not used, the actions of learners are not automatically
FDSWXUHG(YHQLIVRPHOHDUQLQJDUWLIDFWVH[LVWVXFKDV
student-produced physical documents, they need to
be converted before they can be processed. Without
WUDFHVWRDQDO\]HFRPSXWDWLRQDOPRGHOVDQGWRROV
used traditionally in LA are not applicable.
7KHH[LVWHQFHRIWKLVELDVWRZDUGVFRPSXWHUEDVHG
OHDUQLQJFRQWH[WVFRXOGSURGXFHDVWUHHWOLJKWHIIHFW
(Freedman, 2010) in LA. This effect takes its name from
a joke in which a man loses his house keys and searches
for them under a streetlight even though he lost them in
WKHSDUN$SROLFHRIāFHUZDWFKLQJWKHVFHQHDVNVZK\
he is searching on the street then, to which the man
UHVSRQGVÜEHFDXVHWKHOLJKWLVEHWWHURYHUKHUHÝ7KH
streetlight effect means looking for solutions where it
is easy to search, not where the real solutions might
be. The case can be made for early LA research trying
WRXQGHUVWDQGDQGRSWLPL]HWKHOHDUQLQJSURFHVVE\
ORRNLQJRQO\DWFRPSXWHUEDVHGFRQWH[WVEXWLJQRULQJ
real-world environments where a large part of the
process still happens. Even learners’ actions that cannot be logged in computer-based systems are usually
LJQRUHG)RUH[DPSOHWKHLQIRUPDWLRQDERXWDVWXGHQW
looking confused when presented with a problem in an
ITS or yawning while watching an online lecture is not
considered in traditional LA research. To diminish the
streetlight effect, researchers are now focusing on how
WRFROOHFWāQHJUDLQHGOHDUQLQJWUDFHVIURPUHDOZRUOG
OHDUQLQJFRQWH[WVDXWRPDWLFDOO\PDNLQJWKHDQDO\VLV
of a face-to-face lecture as feasible as the analysis of
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a MOOC session. More contemporary works on LA
H[SORUHWKHQHZVRXUFHVRIGDWDDSDUWIURPWUDGLWLRQDO
ORJāOHVVWXGHQWJHQHUDWHGWH[WV 6LPVHNHWDO 
H\HWUDFNLQJLQIRUPDWLRQ 9DWUDSX5HLPDQQ%XOO 
-RKQVRQ DQGFODVVURRPFRQāJXUDWLRQ $OPHGD
Scupelli, Baker, Weber, & Fisher, 2014) to name a few.
The combination of these different sources of learning
traces into a single analysis is the main objective of
multimodal learning analytics (MLA).
0/$LVDVXEāHOGWKDWDWWHPSWVWRLQFRUSRUDWHGLIIHUent sources of learning traces into LA research and
SUDFWLFHE\IRFXVLQJRQXQGHUVWDQGLQJDQGRSWLPL]LQJ
learning in digital and real-world scenarios where the
interactions are not necessarily mediated through a
computer or digital device (Blikstein, 2013). In MLA,
OHDUQLQJWUDFHVDUHFRPELQHGIURPQRWRQO\H[WUDFWHG
IURPORJāOHVRUGLJLWDOGRFXPHQWVEXWIURPUHFRUGHG
video and audio, pen strokes, position tracking devices, biosensors, and any other modality that could
be useful to understand or measure the learning
SURFHVV0RUHRYHULQ0/$WKHWUDFHVH[WUDFWHGIURP
different modalities are combined to provide a more
comprehensive view of the actions and the internal
state of the learner.
The idea of using different modalities to study learnLQJZKLOHQHZLQWKHFRQWH[WRI/$LVFRPPRQLQ
WUDGLWLRQDOH[SHULPHQWDOHGXFDWLRQDOUHVHDUFK$GGLQJ
a human observer, which is by nature a multimodal
VHQVRULQWRDUHDOZRUOGOHDUQLQJFRQWH[WLVWKHXVXDO
way in which learning in-the-wild has been studied
*DOO%RUJ *DOO 7HFKQRORJLHVVXFKDVYLGHR
and audio recording and tagging tools have made
WKLVREVHUYDWLRQOHVVLQWUXVLYHDQGPRUHTXDQWLāDEOH
(Cobb et al., 2003; Lund, 2007). The main problem
with the traditional educational research approach
is that the data collection and analysis, due to their
manual nature, are very costly and do not scale. The
GDWDFROOHFWLRQQHHGVWREHOLPLWHGLQERWKVL]HDQG
time and data analysis results are not available fast
enough to be useful for the learners being studied. If
different modalities could be recorded and learning
WUDFHVFRXOGEHDXWRPDWLFDOO\H[WUDFWHGIURPWKHP/$
tools could be used to provide a continuous real-time
feedback loop to improve learning as it is happening.
$VZRXOGEHH[SHFWHGH[WUDFWLQJOHDUQLQJWUDFHVIURP
raw multimodal recordings is not trivial. Techniques
developed in computer vision, speech processing,
VNHWFKUHFRJQLWLRQDQGRWKHUFRPSXWHUVFLHQFHāHOGV
must be guided by the current learning theories provided by learning science, educational research, and
EHKDYLRXUDOVFLHQFH*LYHQLWVFRPSOH[LW\WKH0/$
VXEāHOGLVUHODWLYHO\\RXQJDQGXQH[SORUHG+RZHYHU
initial studies and early interdisciplinary co-operation
between researchers have produced positive results

PG 130 HANDBOOK OF LEARNING ANALYTICS

(Scherer, Worsley, & Morency, 2012; Morency, Oviatt,
Scherer, Weibel, & Worsley, 2013; Ochoa, Worsley,
&KLOXL]D /X]0DUNDNL/XQG 6DQFKH]
2015). This chapter is an initial guide for researchers
DQGSUDFWLWLRQHUVZKRZDQWWRH[SORUHWKLVVXEāHOG
First, the main modalities used in MLA research will
EHSUHVHQWHGDQDO\]HGDQGH[HPSOLāHG6HFRQGWKH
real-world settings where MLA has been applied are
VWXGLHGDQGFODVVLāHGDFFRUGLQJWRWKHLUPDLQPRGDOities. Finally, several unresolved issues important for
MLA research and practice are discussed.

MODALITIES AND MEDIA
,QLWVFRPPXQLFDWLRQWKHRU\GHāQLWLRQPXOWLPRGDOLW\
refers to the use of diverse modes of communication
WH[WXDODXUDOOLQJXLVWLFVSDWLDOYLVXDOHWFHWHUD 
to interchange information and meaning between
LQGLYLGXDOV .UHVV 9DQ/HHXZHQ 7KHPHGLD
— movies, books, web pages, or even air — are the
physical or digital substrate where a communication
PRGHFDQEHHQFRGHG(DFKPRGHFDQEHH[SUHVVHG
WKURXJKRQHRUVHYHUDOPHGLD)RUH[DPSOHVSHHFK
can be encoded as variations of pressure in the air
(in a face-to-face dialog), as variations of magnetic
orientation on a tape (in a cassette recording), or as
YDULDWLRQVRIGLJLWDOQXPEHUV LQDQ03āOH $VZHOO
the same medium can be used to transmit several
PRGHV)RUH[DPSOHDYLGHRUHFRUGLQJFDQFRQWDLQ
information about body language (posture), emotions
IDFHH[SUHVVLRQ DQGWRROVXVHG DFWLRQV 
%\LWVRZQQDWXUHOHDUQLQJLVRIWHQPXOWLPRGDO -HZLWW
 $KXPDQEHLQJFDQOHDUQE\UHDGLQJDERRN
listening to a professor, watching a procedure, using
physical or digital tools, and any other mode of human
FRPPXQLFDWLRQZKHUHUHODWLYHO\FRPSOH[LQIRUPDWLRQ
can be encoded. The learning process also uses several
IHHGEDFNORRSVØIRUH[DPSOHDVWXGHQWQRGGLQJZKHQ
the instructor asks if the lesson was understood, or the
HPSKDVLVRIWKHLQVWUXFWRUÚVYRLFHZKLOHH[SODLQLQJD
topic. These feedback modes usually encode simpler
information but are critical for the process. If learning
LVWREHDQDO\]HGXQGHUVWRRGDQGRSWLPL]HGWUDFHV
of the interactions occurring in each of the relevant
PRGHVVKRXOGEHREWDLQHG0/$IRFXVHVRQH[WUDFWLQJ
these traces from the different modes of communication while being agnostic of the medium where those
modes are encoded or recorded.
The following subsections present the state-of-theDUWRQWKHFDSWXUHDQGWUDFHH[WUDFWLRQIRUWKHPRVW
common modalities used in MLA research. For each
PRGDOLW\DEULHIGHāQLWLRQLVSUHVHQWHGWRJHWKHUZLWK
a discussion of its importance to understanding the
learning process, a list of most common methods of
FDSWXUHDQGUHFRUGLQJDQGH[DPSOHVRIZKHUHWKH\

have been used. This is not a comprehensive list of
all the modes relevant for learning, only those used
successfully in MLA studies.

Gaze
Humans tend to look directly at what draws their
DWWHQWLRQ$VVXFKWKHGLUHFWLRQRIWKHJD]HRIDQ
LQGLYLGXDOLVDSUR[\LQGLFDWRURIWKHGLUHFWLRQRIKLV
or her attention (Frischen, Bayliss, & Tipper, 2007).
Attention is an indispensable requirement for learning
.UXVFKNH 3D\LQJDWWHQWLRQWRDVLJQDOKHOSV
the individual to capture its information and store
WKHUHOHYDQWSDUWVLQORQJWHUPPHPRU\:KLOHJD]H
LVQRWWKHRQO\SUR[\WRHVWLPDWHDWWHQWLRQDQGLVQRW
error-free, it is commonly used in educational pracWLFH)RUH[DPSOHDWUDLQHGLQVWUXFWRUFDQDVVHVVWKH
level of attention of a whole classroom by surveying
WKHJD]HRIWKHVWXGHQWVDQREVHUYHUFDQGHWHUPLQH
a participant’s level of attention in a discussion by
WUDFNLQJWKHUHGLUHFWLRQRIWKHJD]HIURPVSHDNHU
to speaker.
7KHLPSRUWDQFHRIJD]HKDVEHHQORQJLGHQWLāHGE\
PDUNHWHUVEHKDYLRXUDODQGKXPDQ×FRPSXWHULQWHUaction researchers. Eye-tracking studies are common
to determine the effectiveness of advertising (KrugPDQ)R[)OHWFKHU)LVFKHU 5RMDV KHOSZLWK
the early diagnosis of autism (Boraston & Blakemore,
2007), and the effectiveness of computer interfaces
3RROH %DOO +RZHYHUWKHPDLQPHWKRGVIRU
UHFRUGLQJJD]HLQWKHVHVWXGLHVXVLQJPRQLWRUā[HG
eye-trackers or special eye-tracking glasses, are too
intrusive and costly to be widely deployed in learning
VHWWLQJV7KHFXUUHQWPHGLXPRIFKRLFHIRUJD]HFDSWXULQJLQ0/$LVYLGHRUHFRUGLQJV 5DFD 'LOOHQERXUJ
2013). A camera, or an array of cameras, is positioned
to record the head and eyes of the subject(s). Then,
computer vision techniques, such as those presented
LQ/LQ/LQ/LQDQG/HH  DUHXVHGWRH[WUDFWWKH
JD]HGLUHFWLRQLQIRUPDWLRQIURPWKHYLGHRUHFRUGLQJ
The main aspects that need to be controlled to obtain
WKHUHODWLYHJD]HGLUHFWLRQLQWKHUHFRUGLQJDUHIDFH
resolution and avoiding occlusion from objects or other
LQGLYLGXDOVLQWKHVHWWLQJ 5DFD 'LOOHQERXUJ 
Information about the position of the cameras in the
learning setting must also be recorded to calculate

WKHDEVROXWHJD]HGLUHFWLRQ
0/$KDVVHYHUDOH[DPSOHVRIJD]HWUDFHH[WUDFWLRQ
5DFDDQG'LOOHQERXUJ  HVWLPDWHJD]HGLUHFWLRQ
from head orientation in video recordings of students
sitting in a lecture using a part-based model (Figure
 ,QWKLVāJXUHVWXGHQWIDFHVDUHDXWRPDWLFDOO\
UHFRJQL]HG UHFWDQJOH DQGWKHLUJD]H DUURZ LVHVWLmated based on a human face model. This information
is then used to determine the focus of attention of
individual students and compare it with self-reported
DWWHQWLRQ5DFDDQG'LOOHQERXUJIRXQGWKDWWKHSHUcentage of time students have the instructor in their
āHOGRIYLVLRQLVDQLPSRUWDQWSUHGLFWRURIWKHOHYHO
of attention reported. In a different learning setting,
(FKHYHUU®D$YHQGD²R&KLOXL]D9¢VTXH]DQG2FKRD
 DOVRHVWLPDWHGJD]HGLUHFWLRQPHDVXULQJKHDG
orientation by calculating the distance between eye
centre points to nose tip point. This information was
used to determine if students maintained eye contact
with the audience during academic presentations.

Posture, Gestures, and Motion
(Body Language)
3RVWXUHJHVWXUHVDQGPRWLRQDUHWKUHHLQWHUUHODWHG
modes, jointly referred as body language, although
each one could carry different types of information
%XOO 3RVWXUHUHIHUVWRWKHSRVLWLRQWKDWWKHERG\
or part of the body adopts at a given moment in time.
The posture of a learner could provide information
DERXWWKHLULQWHUQDOVWDWH)RUH[DPSOHLIDVWXGHQWLV
seated with the head resting on the desk, the instructor
could infer that the student is tired or not interested
in the lecture. In special cases, the posture adopted
LVUHODWHGWRWKHDFTXLVLWLRQRIVNLOOV)RUH[DPSOH
VWXGHQWVWUDLQLQJLQRUDOSUHVHQWDWLRQVDUHH[SHFWHG
to use certain postures (hands and arms slightly open)
UDWKHUWKDQRWKHUV KDQGVLQWKHSRFNHWV *HVWXUHV
EHLQJOHDUQHGGRQRWLQGLFDWHDQLQWHUQDOVWDWH*HVtures are coordinated movements from different parts
of the body, especially the head, arms, and hands to
FRPPXQLFDWHDVSHFLāFPHDQLQJ7KLVQRQYHUEDOIRUP
of communication is usually conscious. It is used as a
way to provide short feedback loops and alternative
HPSKDVL]LQJFKDQQHOVLQWKHOHDUQLQJSURFHVV)RU
H[DPSOHWKHLQVWUXFWRUSRLQWLQJWRDVSHFLāFSDUWRI

Figure 11.1.*D]HHVWLPDWLRQLQDFODVVURRPVHWWLQJ 5DFD7RUPH\ 'LOOHQERXUJ 
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the blackboard or a student raising his shoulders when
FRQIURQWHGZLWKDGLIāFXOWTXHVWLRQ)LQDOO\PRWLRQLV
any change in body position not necessary to acquire a
new posture or to perform a given gesture. This motion
is often the result of unconscious body movements
that reveal the inner state of the subject during the
OHDUQLQJSURFHVVIRUH[DPSOHHUUDWLFPRYHPHQWVWKDW
signal nervousness or doubt.
3RVWXUHJHVWXUHVDQGPRWLRQKDYHEHHQWKHPRGHV
most often studied in MLA due the relative ease in
capturing video in real-world environments, together
ZLWKWKHDYDLODELOLW\RIORZFRVW'DQG'VHQVRUV
and high-performing computer vision algorithms
IRUIHDWXUHH[WUDFWLRQ:KLOHERG\ODQJXDJHFDQEH
captured with high precision using accelerometers
attached to different body parts (Mitra & Acharya,
 RUXVLQJVSHFLDOL]HGWRROV IRUH[DPSOHD:LL
5HPRWH6FKO·PHU3RSSLQJD+HQ]H %ROO LQ
practice using them is too invasive or foreign in most
learning activities. The most common solution to
capture motion is recording video of the subject and

estimating posture, gestures, and motion. Any type
of camera can be used as long as it can capture the
relevant motion with enough resolution. The resoluWLRQQHHGHGGHSHQGVRQWKHW\SHRIIHDWXUHH[WUDFWLRQ
FRQGXFWHGZLWKWKHYLGHR)RUDXWRPDWLFH[WUDFWLRQRI
human motion, the most common device used is the
0LFURVRIW.LQHFW =KDQJ 7KURXJKDPL[WXUHRI
video and depth capture, Kinect is able to provide researchers with a reconstructed skeleton of the subject
for each captured frame, which is ideal for capturing
body postures and gestures. Newer versions of the
.LQHFWVHQVRUDUHDOVRDEOHWRH[WUDFWKDQGJHVWXUHV
9DVTXH]9DUJDV 6XFDU 
7KHPRVWVDOLHQWH[DPSOHVRIWKHFDSWXUHDQGSURcessing of body language in MLA are the estimation
of attention through upper-body relative movement
GHOD\LQDFODVVURRPVHWWLQJ 5DFD7RUPH\ 'LOOHQbourg, 2014) and the posture and gesture analysis of
a novice academic presenter towards the creation of
DQDXWRPDWHGSUHVHQWDWLRQWXWRU (FKHYHUU®DHWDO
2014). Figure 11.2 presents the 23 different postures

Figure 11.2.&OXVWHUHGXSSHUERG\SRVWXUHVRIUHDOVWXGHQWSUHVHQWHUV (FKHYHUU®D$YHQGD²R&KLOXL]D
9¢VTXH] 2FKRD 

Figure 11.3.$FWXDOSRVWXUHVFODVVLāHGDFFRUGLQJWRSURWRW\SHSRVWXUHV (FKHYHUU®DHWDO 
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obtained from the analysis of Kinect data of students
SUHVHQWLQJWKHLUZRUN7KHVHSRVWXUHVZHUHFODVVLāHG
LQWRVL[ERG\JHVWXUHV GLIIHUHQWFRORXUV WKDWFRXOG
be considered good or bad for a presentation. Figure
SUHVHQWVUHDOH[DPSOHVRIWKHVHERG\JHVWXUHV
GXULQJDFWXDOSUHVHQWDWLRQV7KHFODVVLāFDWLRQRIWKH
pose (above the Kinect points on the left) corresponds
with what a human observer could interpret from the
photo (on the right).
2WKHULQWHUHVWLQJH[DPSOHVLQXVLQJJHVWXUHVDUH
Boncoddo et al. (2013), Alibali, Nathan, Fujimori, Stein,
DQG5DXGHQEXVK  DQG0D]XU3DODQGUH&ROOHWWD
DQG/XQG  ,QWKHāUVW%RQFRGGRHWDO  
captured the number of relevant gestures performed
GXULQJWKHH[SODQDWLRQRIPDWKHPDWLFDOSURRIVDQG
established the relation with the way students arrive
at their answers. In the second, Alibali et al. (2011)
FODVVLāHGWKHGLIIHUHQWJHVWXUHVPDGHE\WHDFKHUV
during math classes and found relations between them.
)LQDOO\0D]XU3DODQGUHHWDO  SUHVHQWHGDVWXG\
RQWKHXVHRIJHVWXUHVE\FKLOGUHQZKHQH[SODLQLQJ
procedures and instructions.

area of computer vision, trying to identify emotions
DXWRPDWLFDOO\IURPIDFLDOH[SUHVVLRQVUHFRUGHGLQ
video (Mishra et al., 2015).
7KHPDLQH[DPSOHVRIXVLQJIDFLDOH[SUHVVLRQVLQWKH
āHOGRI/$DUHWKHZRUNVRI&UDLJ'Ú0HOOR:LWKHUVSRRQDQG*UDHVVHU  DQG:RUVOH\DQG%OLNVWHLQ
(2015b). Craig et al. (2008) automatically estimated the
emotional states of students while using the AutoTutor
V\VWHP *UDHVVHU&KLSPDQ+D\QHV 2OQH\ 
Worsley and Blikstein (2015b) used similar techniques
to discover emotional changes when students are
FRQIURQWHGZLWKGLIIHUHQWEXLOGLQJH[HUFLVHV%RWK
VWXGLHVGLVFRYHUHGWKDWDFRQIXVHGH[SUHVVLRQLVD
good indicator of the success of the learning process.

Actions
The action mode is very similar to the gesture and
motion modes. Both are body movements usually
captured by video recordings in MLA. However, actions are purposeful movements, usually involving the
manipulation of a tool, that are usually learned. The
type, sequence, or correctness of these actions can
be used as indicators of the level of mastery that the
OHDUQHUKDVDFKLHYHGLQDJLYHQVNLOO)RUH[DPSOHWKH
order and security in which diverse tools are manipXODWHGE\DVWXGHQWLQDODEFDQEHXVHGDVDSUR[\WR
determine the understanding that the student has
about a given procedure.
The main uses of action recording and analysis in
0/$DUHLQH[SHUWLVHHVWLPDWLRQ,QDQHQJLQHHULQJ
EXLOGLQJDFWLYLW\IRUH[DPSOHWKHDQDO\VLVRIKDQG
DQGZULVWPRYHPHQWFDQGHWHUPLQHWKHOHYHORIH[pertise (Worsley & Blikstein, 2014b). In mathematical
problem solving, the percentage of time that a learner
uses a calculator can be measured (Ochoa et al., 2013).
Ochoa et al. (2013) tracked the position and angle of
the calculator in problem-solving sessions (Figure
11.4). This position and angle (line) were then used
to estimate which student was using the calculator
GXULQJWKDWVSHFLāFIUDPHLQWKHYLGHR LQWHUVHFWLRQ
with the border of the image).

Facial Expressions
Also highly related to body language modes is the
LQIRUPDWLRQJDWKHUHGWKURXJKIDFLDOH[SUHVVLRQV7KH
KXPDQIDFHFDQFRPPXQLFDWHYHU\FRPSOH[PHQWDO
VWDWHVWKURXJKUHODWLYHO\VLPSOHH[SUHVVLRQV7KHUH
has been a large body of successful research in the

Figure 11.4.'HWHUPLQDWLRQRIFDOFXODWRUXVHIRU
H[SHUWLVHHVWLPDWLRQ 2FKRDHWDO 

Speech
The most common use of audio recordings in MLA is
to capture traces of what the student is talking about
RUOLVWHQLQJWR$VWKHPDLQDQGPRVWFRPSOH[IRUPRI
communication among humans, speech is especially
important in understanding the learning process. In
the current practice of MLA, two main signals are
H[WUDFWHGIURPDXGLRUHFRUGLQJVZKDWLVEHLQJVDLG
DQGKRZLWLVEHLQJVDLG,QWKHāUVWDSSURDFKXVXDOO\
referred as speech recognition, the actual content
RIVSHHFKLVH[WUDFWHG7KHUHVXOWRIWKLVDQDO\VLV
is a transcript that can be further processed using
QDWXUDOODQJXDJHSURFHVVLQJ 1/3 WRROVWRHVWDEOLVK
what the subject is talking about. In the second approach, prosodic characteristics of the speech, such
DVLQWRQDWLRQWRQHVWUHVVDQGUK\WKPDUHH[WUDFWHG
These characteristics can shed light on the internal
state (security, emotional state, et cetera) or intention
of the speaker (joke, sarcasm, et cetera). Speech recognition is heavily dependent on the language used,
while prosodic characteristics are less sensible to
language variations.
Audio is captured through microphones. While it
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seems easier to capture than video, the recording
of audio of high enough quality to be processed is
actually much more complicated. The type and spaWLDOFRQāJXUDWLRQRIWKHPLFURSKRQHVGHSHQGRQWKH
learning environment and what type of analysis will
EHFRQGXFWHGZLWKWKHUHFRUGHGVLJQDO)RUH[DPSOH
if automatic speech recognition will be attempted,
the microphone should be directional and be close
to the subject’s mouth. On the other hand, if only the
detection of when somebody is talking is needed, an
environmental microphone located in the middle of
the room could be enough. The presence of noise and
multiple signals not only prevents automatic feature
H[WUDFWLRQEXWZLOODOVRGHJUDGHPDQXDODQQRWDWLRQ7KH
most common technique used to improve recordings,
when individual close-recording is not possible, is the
use of microphone arrays that can not only reduce the
noise but also determine the spatial origin of the audio.
'XHWRLWVLPSRUWDQFHDXGLRLVDOVRSUHVHQWLQPRVW
0/$ZRUNVWRGDWH'LIIHUHQWW\SHVRIVSHHFKDQDO\VLVKDYHEHHQXVHGWRHVWDEOLVKWKHOHYHORIDIāQLW\RI
FROODERUDWLYHOHDUQLQJGLDORJXHV /XEROG 3RQ+DUU\
2014), to evaluate the quality of oral presentations
/X]DUGR*XDP¢Q&KLOXL]D&DVWHOOV 2FKRD 
DQGWRGHWHUPLQHH[SHUWLVHLQPDWKHPDWLFVSUREOHP
solving (Thompson, 2013).

the door to using information that human observers
cannot easily detect, such as writing speed, rhythm,
and pressure level. While their value for understanding
learning is still not clear, there are indications that they
FRXOGEHJRRGH[SHUWLVHSUHGLFWRUV 2FKRDHWDO 
The recording instrument most commonly used to
capture writing and sketching is a digital pen (OviDWW &RKHQ 7KHVHSHQVDUHDEOHWRGLJLWL]H
the position, duration, and pressure of the strokes
done on different surfaces. Once in digital form, this
information can be used in LA tools. Alternatively,
the widespread use of tablets in education (Clarke &
Svanaes, 2014) also offers an opportunity to capture
these modes easily, especially sketching.
In the realm of MLA, two works based on the math
GDWDFRUSXV 2YLDWW&RKHQ :HLEHO H[SORUHG
the contribution that writing and sketching modes
FRXOGKDYHLQWKHSUHGLFWLRQRIH[SHUWLVH2FKRDHW
DO  H[WUDFWHGZULWLQJFKDUDFWHULVWLFV VWURNH
speed and length) and performed sketch recognition
WRGHWHUPLQHWKHQXPEHURIVLPSOHJHRPHWULFDOāJXUHV
used. The results determined that speed of writing is
KLJKO\FRUUHODWHGZLWKOHYHORIH[SHUWLVH=KRX+DQJ
2YLDWW<X &KHQ  XVHGFODVVLāFDWLRQV\VWHPV
based on writing and sketching characteristics to
LGHQWLI\WKHH[SHUWLQWKHJURXSZLWKDFFXUDF\

Writing and Sketching
Two closely related modes are writing and sketching. They both use an instrument, most commonly a
SHQWRFRPPXQLFDWHFRPSOH[WKRXJKWV8VLQJDSHQ
LVSHUKDSVRQHRIWKHāUVWVNLOOVWKDWVWXGHQWVOHDUQ
so using it to write and sketch is still a predominant
activity in learning, especially at early stages. The
PRVWFRPPRQLQIRUPDWLRQH[WUDFWHGIURPWKLVPRGH
is the transcript of what the student is saying, in the
case of writing, or a structured representation of the
sketches where information about their content can
be inferred. However, capturing the process of writing
and sketching through technological means opens

CONTEXTS
7KHPDLQJRDORI0/$UHVHDUFKLVWRH[WHQGWKHDSplication of LA tools and methodologies to learning
FRQWH[WVWKDWGRQRWUHDGLO\SURYLGHGLJLWDOWUDFHV2QH
FKDUDFWHULVWLFRIWKHVHFRQWH[WVLVWKDWWKHFDSWXUHRI
more than one mode is necessary to understand the
learning process. Table 11.1 presents a summary of the
FRQWH[WVWXGLHGLQWKHFXUUHQW0/$OLWHUDWXUHZLWKD
detail of the modes used, the main learning aspects
EHLQJH[SORUHGLQWKRVHFRQWH[WVDQGWKHZRUNVZKHUH
those studies are conducted.

Table 11.1./HDUQLQJ&RQWH[WV6WXGLHGE\0/$
Contexts

Modes

Learning Aspects

Works

Lectures

/QXGOGPV)C\G)GUVWTGU(CEKCN
'ZRTGUUKQP5RGGEJ

#VVGPVKQP3WGUVKQP#PUYGT
Interactions

4CEC&KNNGPDQWTI4CECGVCN
&QOKPIWG\GVCN&Ũ/GNNQGVCN
#NKDCNKGVCN

1TCN2TGUGPVCVKQPU

2QUVWTG/QXGOGPV)GUVWTGU)C\G
5RGGEJ&KIKVCN&QEWOGPV

5MKNN&GXGNQROGPV(GGF
DCEM/GPVCN5VCVG

.W\CTFQGVCN'EJGXGTTȐCGVCN
%JGPGVCN.GQPIGVCN
5EJPGKFGTGVCN
$QPEQFFQGVCN

2TQDNGO5QNXKPI

/QXGOGPV#EVKQPU5RGGEJ9TKVKPI
5MGVEJKPI

'ZRGTVKUG'UVKOCVKQP

1EJQCGVCN.W\6JQORUQP

<JQWGVCN

Construction Exer
cises

)GUVWTGU#EVKQPU5RGGEJ(CEKCN
'ZRTGUUKQPU)CNXCPKE5MKP4GURQPUG

0QXKEGXU'ZRGTV2CVVGTPU

9QTUNG[$NKMUVGKPDC

7UGQH+PVGNNKIGPV
6WVQTKPI5[UVGOU

&KIKVCN.QI(KNGU(CEKCN'ZRTGUUKQPU
5RGGEJ

4GNCVKQPDGVYGGP'OQVKQPU
and Learning

%TCKIGVCN&Ũ/GNNQGVCN
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Figure 11.5.'HVLJQRIDPXOWLPRGDOUHFRUGLQJGHYLFH 05' WREHXVHGLQOHFWXUHVHWWLQJV05'LQWKHFODVVURRP OHIW DQG05'IURPVWXGHQW VSRLQWRIYLHZ ULJKW 

Lectures
7UDGLWLRQDOO\OHFWXUHVDUHWKHPRVWFRPPRQFRQWH[W
associated with learning. While several aspects of this
setting deserve study, MLA researchers to date have
focused on automatically assessing the attention of
students during the lecture. The seminal works of
5DFDDQG'LOOHQERXUJ  DQG5DFDHWDO  KDYH
H[SORUHGWKHUHFRUGLQJRIYLGHRLQWKHFODVVURRPDQG
WKHDXWRPDWLFH[WUDFWLRQRIVWXGHQWPRYHPHQWDQG
JD]HIURPWKDWUHFRUGLQJ7KHUHVXOWVRIWKHVHVWXGLHV
suggest that both modes are related to student attenWLRQEXWWKHUHDUHRWKHUVLJQLāFDQWFRQWULEXWRUVVXFK
DVVLWWLQJSRVLWLRQ'RPLQJXH](FKHYHUU®D&KLOXL]D
and Ochoa (2015) presented a novel, distributed way
to capture video-, audio- and pen-based modes using
DPXOWLPRGDOUHFRUGLQJGHYLFH 05' )LJXUHSUHVHQWVWKHGHVLJQRIVXFKDGHYLFH7KHSUR[LPLW\RIWKH
device to the students reduces the risk of occlusion
and increases the video and audio capture quality.
)LQDOO\'Ú0HOORHWDO  SURGXFHGGLYHUVHDXGLR
recordings in a lecture setting in order to evaluate
TXHVWLRQ×DQVZHULQWHUDFWLRQVEHWZHHQLQVWUXFWRU
and students.

Oral Presentations
The skill of presenting an academic topic in front of an
audience is frequently regarded as one of the soft-skills
WKDWKLJKHUHGXFDWLRQVWXGHQWVVKRXOGDFTXLUH 'HEnath et al., 2012). Several independent groups around
the globe have recently started to build MLA systems
able to help novice students correct bad-practices
DQGJDLQPDVWHU\LQRUDOSUHVHQWDWLRQV(FKHYHUU®D
HWDO  DQG/X]DUGRHWDO  SUHVHQWGLIIHUHQW
aspects of the same system that uses gesture, posture,
PRYHPHQWJD]HVSHHFKDQGDQDQDO\VLVRIWKHGLJLWDO
SUHVHQWDWLRQāOHVDQGLVDEOHWRSUHGLFWWKHJUDGHWKDW
a human evaluator will give the student. Chen, Leong,
)HQJDQG/HH  DQDO\]LQJWKHVDPHGDWDZHUH
able to combine the different modalities in composite
variables also used to predict the score. Schneider,

%·UQHUYDQ5RVPDOHQDQG6SHFKW  DOVRFUHDWHG
DYLUWXDOSUHVHQWDWLRQVNLOOWUDLQHUXWLOL]LQJ.LQHFWWR
UHFRJQL]HSRVWXUHVDQGSURYLGHIHHGEDFNLQUHDOWLPH

Problem-Solving
Learning, especially in STEM subjects, frequently occurs at individual and group problem-solving sessions
6LOYHU 7KHH[LVWHQFHRIWKHPDWKGDWDFRUSXV
(Oviatt et al. 2013), a set of multimodal recordings of
groups of three high-school students solving math
DQGJHRPHWU\SUREOHPVFDWDO\]HG0/$UHVHDUFKLQ
this setting. The media provided in the dataset include frontal video recordings of each student, video
recordings of the working table, audio recordings of
each student, and general audio of the room. Additionally, students were equipped with digital pens.
*URXQGWUXWKLVSURYLGHGDERXWWKHOHYHORIH[SHUWLVH
RIWKHVWXGHQWV/X]  7KRPSVRQ  2FKRDHW
DO  DQG=KRXHWDO  KDYHDOODQDO\]HGWKLV
dataset using diverse modes, concluding that all the
modalities contributed to the determination of the
OHYHORIH[SHUWLVHZLWKDKLJKOHYHORIDFFXUDF\ ! 

Construction Exercises
The knowledge and skills required for engineering
design and construction can be tested through small
construction challenges (Householder & Hailey, 2012).
The seminal works of Worsley and Blikstein (2013,
ED H[SORUHWKURXJKPXOWLPRGDODQDO\VLV
WKHSDWWHUQVRIDFWLRQVSHUIRUPHGE\H[SHUWVDQGQRYices in the design and manual assembly of structures.
The main modes used for the analysis were gestures,
DFWLRQVVSHHFKIDFLDOH[SUHVVLRQDQGJDOYDQLFVNLQ
UHVSRQVH7KHFRPELQDWLRQRIWUDFHVH[WUDFWHGIURP
these modes reveals differences in the construction
process that are helpful to identify the level of mastery
in engineering design.

Use of Intelligent Tutoring Systems
ITSs are usually studied by traditional LA using logāOHV+RZHYHUYLGHRDQGDXGLRRIWKHOHDUQHUKDYH
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been captured to add new modes that complement
WKHLQWHUDFWLRQGDWD7KHPDLQPRGHVH[WUDFWHGIURP
WKHYLGHRDUHIDFLDOH[SUHVVLRQ &UDLJHWDO DQG
VSHHFK 'Ú0HOORHWDO ZKLFKDFWDVSUR[LHVIRU
the learner’s internal emotional state. Both are able to
successfully detect emotional states such as boredom,
confusion, and frustration in using the ITS.

SPECIFIC ISSUES
2QFHH[WUDFWHGXVLQJPXOWLPRGDOWUDFHVLQ/$PRGHOV
and applications is similar to using different traces
H[WUDFWHGIURPWKHVDPHPRGH+RZHYHU0/$UHVHDUFK
DQGSUDFWLFHUDLVHVHYHUDOVSHFLāFLVVXHVZKHQFHUWDLQ
PRGDOLWLHVDUHFDSWXUHGSURFHVVHGDQGDQDO\]HG
These issues remain open research areas, parallel to
WKHWHFKQLFDOH[WUDFWLRQRIWUDFHVIURPVHYHUDOPRdalities, but as important for the effective deployment
of MLA solutions in the real-world.

Recording
Capturing interaction information in a digital tool is
DVHDV\DQGLQH[SHQVLYHDVDGGLQJORJVWDWHPHQWVLQ
relevant parts of the code. These statements perform
automatically, without requiring any involvement from
the learner, in a transparent and generally reliable and
error-free way. On the other hand, capturing media in
the real-world requires the acquisition, installation,
and use of recorders (cameras, microphones, digital
pens, et cetera), turning the system on and off and
monitoring it, and avoiding the degradation of the
recording through occlusions, interference, or noise.
'HYHORSLQJUHFRUGLQJV\VWHPVWKDWZRUNDVHIIRUWOHVVO\
DQGHIāFLHQWO\DVGLJLWDOORJJLQJLVRQHRIWKHPDLQ
barriers to the development of MLA. While this is an
engineering problem, researchers should be aware of
the feasibility and scalability of their solutions. One of
WKHPDLQSURSRVDOVLVWRGHFHQWUDOL]HWKHUHFRUGLQJV
XVLQJLQH[SHQVLYHVHQVRUVWKDWDUHDOZD\VOHIWRQ,I
one or more recordings present problems, the general
information could be reconstructed from the remaining
working sensors.

Privacy
Capturing interaction information with digital tools
already raises privacy concerns among students and
LQVWUXFWRUV 3DUGR 6LHPHQV 7KHLQVWDOODWLRQ
DQGXVHRIUHFRUGLQJV\VWHPVWKDWPLPLFÜÝOHYHOV
of surveillance is bound to meet strong resistance.
Informed consent forms could work for early research
stages, but adopting MLA systems in the real-world would
require a different, more creative approach. One of the
most promising solutions in this area is transferring
data ownership to the learner. Even if highly personal
information is captured, privacy concerns are defused
if the decision of what and when to share it remain
in the control of the learner. This approach is similar
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WRVHYHUDOTXDQWLāHGVHOIDSSOLFDWLRQV 6ZDQ 

Integration
One question concerning the availability of large
amounts of raw learning traces is how to combine them
in order to produce useful information to understand
DQGRSWLPL]HWKHOHDUQLQJSURFHVV7UDFHVH[WUDFWHG
from different modes using different processes are
ERXQGWRKDYHYHU\GLIIHUHQWFKDUDFWHULVWLFV)RUH[DPSOHWKHWLPHJUDQXODULW\RIWKHWUDFHVH[WUDFWHGIURP
GLIIHUHQWPRGHVFDQYDU\ZLGHO\7UDFHVH[WUDFWHGIURP
prosodic aspects of speech could change in tenths of a
second while postures change more slowly. The level of
FHUWDLQW\RIWKHH[WUDFWHGWUDFHVFDQDOVREHGLIIHUHQW
Speech recognition with high-quality recordings could
reach 90% accuracy while emotional state detection
from webcam sources could be in the low 70s. These
difference do not prevent successful analysis, however, thoughtful design is required in order to prevent
VSXULRXVUHVXOWV3LRQHHULQJWKLVOLQHRIUHVHDUFKLQ
MLA, Worsley and Blikstein (2014a) propose several
IXVLRQVWUDWHJLHVEDVHGRQWKHÜEDQGVRIFRJQLWLRQÝ
framework proposed by Newell (1994) and Anderson
 DVDQH[SODQDWLRQIRUKXPDQFRJQLWLRQ7KH
GHYHORSPHQWRILQWHJUDWLRQIUDPHZRUNVZLOOEHQHāW
not only MLA but the whole LA community.

Impact on Learning
While the end-user tools and interventions based on
multimodal learning analytics are similar to those
based on monomodal analysis, the required usefulness
of multimodal ones should be higher to justify the
DGGLWLRQDOFRPSOH[LW\RIGDWDDFTXLVLWLRQ)RUH[DPSOH
a dashboard application based on data automatically
captured by the LMS will be easier to accept than a
similar dashboard that requires all classrooms be
equipped with video cameras. The increased comSOH[LW\VKRXOGEHDFFRPSDQLHGE\DODUJHUSRVLWLYH
impact on the learning process. The requirement of
XVLQJPXOWLSOHUHDOZRUOGVLJQDOVWRDQDO\]HOHDUQLQJ
should also come with the promise to provide more
useful insights on the process and more measurable
impacts on learners.

CONCLUSION
/$KDVUHYROXWLRQL]HGWKHDSSURDFKHVXVHGWRXQGHUVWDQGDQGRSWLPL]HWKHOHDUQLQJSURFHVV+RZHYHU
its current bias towards studies and tools involving
RQO\FRPSXWHUEDVHGOHDUQLQJFRQWH[WVMHRSDUGL]HV
its applicability to learning in general. MLA is a subāHOGWKDWVHHNVWRLQWHJUDWHQRQFRPSXWHUPHGLDWHG
OHDUQLQJFRQWH[WVLQWRWKHPDLQVWUHDPUHVHDUFKDQG
practice of LA.
This chapter presented the current-state-of-art in MLA.
Modes as diverse as posture, speech, and sketching,

alongside the more traditional modes of clickstream
LQIRUPDWLRQDQGWH[WXDOFRQWHQWKDVEHHQXVHGWRDQswer research questions and to build feedback systems
LQOHDUQLQJFRQWH[WV$PL[WXUHRIFRPSXWHUVFLHQFH
techniques and insights provided by educational and
behavioural scientists enable the automatic evaluation
RIYHU\GLYHUVHOHDUQLQJFRQWH[WVVXFKDVFODVVURRPV
study groups, and oral presentations.
As can be inferred from the list of research presented
LQWKLVFKDSWHU0/$LVVWLOODQDVFHQWāHOGZLWKDVPDOO
but very active and open community of researchers.
7KHH[LVWHQFHRIUHJXODUFKDOOHQJHVDQGZRUNVKRSV
where multimodal datasets are freely shared and jointly
DQDO\]HGZLWKQHZGHVLJQVLGHDVRSHQO\GLVFXVVHG
creates a research environment where new knowledge
is generated rapidly.

While several issues still prevent MLA from becoming
a mainstream practice, active research projects are
H[SORULQJVROXWLRQVWRWKRVHLVVXHVPDNLQJWKHFDSWXUH
of multimodal learning traces cheaper, less invasive,
and more automatic. Novel solutions born from the
MLA community to handle privacy concerns, such
as providing distributed recording and resting the
ownership of the data with the learner, could one day
be the norm for general LA practices.
Finally, the author wishes to invite LA researchers and
SUDFWLWLRQHUVWRH[SORUHWKHXVHRIPXOWLSOHPRGDOLWLHV
in their own studies and tools. The MLA community will openly share its knowledge, data, code, and
frameworks. Only the embrace of these different
modalities will allow LA to have an impact in all the
FRQWH[WVZKHUHOHDUQLQJWDNHVSODFH
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