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ELAN is a widely used and free (in both senses) annotation software for behavioral or
other events that unfold over time. We report on and release a stand-alone program that
expands on ELAN's capabilities in two ways: 1) it allows the researcher to plot and export
time-course analysis data directly from ELAN's native annotation files, allowing for
hassle-free data extraction in the time domain, e.qg. for visual-world paradigm studies; and
2) it allows the researcher to weight ELAN's built-in annotator reliability rating based on
the duration of the coded events. This software is released under an open license.
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eye-tracking, but also to store and complement the eye-
tracking data when the tracking loss is high and needs
Introduction manual inspection (as we have done in Sandgren,

. Andersson, van de Weijer, Hansson & Sahlén, 2014).
ELAN annotation software

Most importantly, however, is that this software is
agnostic to what data it handles, and allows the user to
X o P¥tore, synchronize, and play back multiple sources of
th__e Max  Planck  Institute fqr Psycholinguistics  in data. This allows a facilitated co-analysis of eye-tracking
Nijmegen .http://tla.mpl.nI/tooIs/tIa-tooIs/eIan/ data together with video-based behavior annotation,
Brugman, 2004; W'“e”,b”fgv 2006). ,It has bgcome the d§uditory speech analysis, or additional biometric source
facto standard for linguists coding their I<"‘ngu"j“-:]edata. Following that, the annotator then creates different

mat(ejrlal, but is also used by researchers r']n etho:;)annotation tiers that represent layers that store the
(Madsen & Persson, 2012), gesture research (Laus €lhnotations pertaining to the different dimensions of

& SIoetjgs, 2009),  human-robot mterac_tlon (LOhseinterest, e.g., “gaze target”, “estimated function of gaze”,
2010), sign language (Crasborn, Sloetjes, Auer

s . gesture type”, et c. After the user has completed the
Wittenburg, 2006), surgery training (Bouarfa, Jonker &annotations, ELAN support various operations such as

Dankelm(_am, 2011)_ and gtheLs_ Who nged to makgxporting all the aligned data, calculating interrater
systematic annotations and subjective ratings over tlmreeliabilities, or calculating simple measures such as the

and on an arbitrary number of analys[s d|-men5|0ns. It harﬁjmber of occurrences of different annotations. Figure 1
also been used to code gaze behavior in the absences%ws the user interface of ELAN.

The annotation program ELANis an open-source
and free multimodal annotation program developed b
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in eye-tracking research, is not supported. Addimgport example, a simple count measure indicates that a
for arranging, visualizing, and exporting data ircts a  particular behavior has taken place, but it is\weblis to
manner would allow for better analyses for thewhether this behavior happened early or late in the
researchers that don't have the skills or resoutoes temporal analysis window, or whether it is drivgndne
programmatically extract and align their multimodata.  large response or several smaller responses. Aafingg
across trials, but not over time, allows us to foam
average response curve of otherwise binary repdesgs
in eye-tracking: whether the participant looked aat
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Figure 1: the user interface of ELAN. The software supports rhultiple synchronized media sources and an arbitrary number of
annotation tiers. Videos are blurred to protect participants.

This paper presents a stand-alone software tool fdbject or not). This curve may show a distinct paathe
expanding the capabilities of ELAN, already withmeo  Onset, e.g., occurring at around t+1200 millisecoimd
success (Sandgreret al., 2014). Two features are the temporal analysis window which may be, say0a0,
implemented: one major one and one minor one. Th&llliseconds. The rise towards this peak may happen
major feature is the use of time-course analysifauor  through a slow or a fast growth, and the declioenfthe
of simpler frequency measures. The minor featuranis Peak may also be slow or fast. Data may also be

important correction to ELAN's interrater reliabili unimodal, bimodal or multimodal. This temporal
calculation. information may provide insights into how synchwed

a particular behavior is, across situations, stiritains
and participants, or reveal whether similar or ediht
Time-course analysis mechanisms control the behavior. See Figure 2 for a

illustration of how clearly different signals appesamilar

form of count data, e.g., how many times a pardidyl
behavior occurred given a particular time span igery
the number of opportunities. Such frequency staistre

Such event-related time-series analyses are today
widely used in eye-tracking (Allopenna et al, 1998;

also supported by ELAN. However, such observatames Holmavist, et al, 2011) and in electro-encephalpgya
often aggregated over time to some mean frequendy a(Luck, 2005, Simola, Holmgqvist & Lindgren, 2009).
as such do not attend to the unfolding of the evser ~ Currently, direct support for plotting and expogtidata
time, hence losing much interesting information.r Fo Préserving the temporal unfolding is not supporbgd
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ELAN. A researcher wanting to take advantage of thiextent (according to the two raters) of the evem (-

information would have to write a custom analysisp
for extracting and aligning this information fronhet
ELAN's XML files, manually computing it, or visugll
inferring regularities of the events in the dataain.
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Figure 2: data viewed as a signal over time and as an
aggregated signal. The top and middle panels shows two
digtinctly different signals, unfolding differently over time.
However, as bar graphs illustrating the aggregated means of
the signals, they are identical.

Reliability calculation using ELAN

A person's annotations are always verified against
or several other annotators, to restrict the pdggihat

the main annotator operates on a set of partigularl

idiosyncratic criteria. This multiple annotationdene for
either all of the data, or just a subset of theadHtthe
annotators are in agreement in their annotatioas,they
label the same events with the same event code,tliege
annotations are said to be homogeneous and relibie
homogeneity is quantified using Cohen's Kappa (G@phe
1960), overlap percentages, or some other meadure
inter-rater or reliability. ELAN's (in version 45.which
prompted our work) built-in functionality o€ompare

annotators uses a simple, but also very understandable, Z O.T
1

reliability measure. It focuses on the proportioh o
overlap of two annotations, i.e., the degree toctvhivo
events are independently rated to occur duringstmae
interval. If annotatora decides that the eveatoccurs
between time pointgog andtspo, and annotatdo decides
that this event occurs between time poiatg andt7go,
then the proportion of overlap is given by the d¢aer
(tsoo — teop = 100) divided by the maximum temporal

t7o0 = 300). The final overlap proportion statistic fbrs
single event, as provided by ELAN, is 100/300 =30.3
This overlap statistic is intuitive, as a valuelofmeans
that both annotators have rated the same typeseuit®
to occur at exactly the same intervals. A valué afieans
that either the annotators have completely disalyore
the time intervals of the events, or they havegdtised on
the type of event that occurs.

The problem with the current implementation in
ELAN is that when a single reliability statistic is
computed for all rated events, ELAN simply takee th
average overlap proportion across all events egugis
has the effect that no distinction is made betwsteort
events (e.g., 10 milliseconds) and long events.,(6.Q
minutes).

To Iillustrate this problem, consider the following
minimal example with just=2 events, indexed hy

E= {31,32}
T ={t, = 100¢, = 10} 1)
0={0,=.9,0,= 0}

where E is a set of two events, each coded by two
different raters,T a set of maximum durations for the

events inE, andO a set of overlap proportions for the

events inE. The overlap ratio for the current ELAN

calculation is:

)
0.9+0
2

=.45

n‘lzn:Oi =

Whereas a temporally weighted overlap ratio would
ﬁ’roduce a reliability rating as follows:

3)

n

1

,~ _.9%100+0%10 _90

= =.82
100+10

110

n

2T,

i

As can be seen from the above example, not takiag t
duration of events into account may produce very
unintuitive (we would even argue false) reliabilégores,
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although this example is extreme to illustrate ploént.
Even if the two raters agree about 90 time unitsobthe
110 time units they rate, they still only get aability of

45 % using ELAN's native method. The underestinmatio
is large if the proportion of non-agreed (i.e., f©ion
overlapping) events are many (compared to agre
events) in number but short (again: compared to th
agreed events) in durations. Applying this coractill
then improve the reliability score. However, it atso
possible to overestimate the reliability score.sTo¢curs
when the number of non-agreed events is relatiledy
but on average longer than the mean duration fer t
agreed events. If an overlap measure is used imatst
the inter-rater reliability, we argue that a tenglor
weighting should also be performed.

It should be noted that this reliability metricrist the
only metric used in research, and perhaps not ¢ven
most common. The most common would likely be
Cohen’s Kappa, which provides a reliability met&sed
on two coders using two different responses (&ygs”
or “no”). One benefit with Cohen’s Kappa is thatakes
into account the chance agreement of events oogurfi
two coders would simply say “yes” or “That is a
fixation!” to almost anything, then they would haee
high agreement, regardless of the underlying dat
Cohen’s Kappa addresses this by calculating a simp
expected average response or base rate from edeh co
which the agreement has to surpass. The drawbatk w
this feature of Cohen’s Kappa, however, is thait ifs
easy to get a high chance agreement, then theatetim
agreement can actually be low, unless the ratees a
clearly better than the chance agreement. We Ileetidg
can appear very unintuitive to a reader who is vesy
familiar to Cohen’s Kappa.

ELAN analysis companion (EAC)

e

h
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Time-course analysis

The time-course analysis tab allows the researher
load a number of ELAN XML files (.eaf files) and
calculate proportions of looks over time on theaddtis
\g'ew is shown in Figure 3. This requires the sébecof a
gredictive tier, which is the ELAN tier that holdke
évent we wish to designate as predictive. Nextselect
a predictive event from the list of events in tiedested
predictive tier. Finally we select whether the dnmethe
offset should be the trigger point of the tempauadlysis
window. As a concrete example, if we are interested
where a participant looks when another person spaak
particular utterance, then the onset of that utiggds the
predictive trigger point. We are not interestedwhat
happens at the time of some other event, but othigtw
happens around this particular type of utterance.

When this predictor point is triggered, we want to
capture the data around this point in an analygislow.
In our case, we are interested in the gaze dat&L(&xN
in nominal form, e.g., name of AOI looked at). The
analysis window is centered on the predictive &igg
point and the size of the window is given by thedadw
size setting. So, a 3000 ms window size meanstkieat
analysis window will extend 1500 ms from eitheresif
he trigger point. Now, we need to select a depende
variable, which is the behavior we are interestad i
observing over time (here: the gaze). First, wet dig
selecting the ELAN tier that holds the relevantréyand
then the event itself. If we are interested in casting the
Pnfolding of the dependent variable over time wtile
unfolding of the same event in another predictive
window, we can select a second predictor to bequoat
the same time.

When all required events and parameters are set, we
can then press the “Analyze!” button to extract thi
data and then plot it in the graph panel. The ecegtaph
is then an average curve for all the captured armaly

The goal of our Python program is to add to ELAN'S\inqows. After having extracted the data, we casgr
functionality by providing solutions for the two 6 «saye results” button to export the data uryiteglthe
limitations of ELAN that have been presented, andyerage curve we have just plotted. The outputdbiga
present it in a GUI to make it easy for everybaolyuse.  j1r._g text file with tab-separated values in a orile

Ideally, had we known Java, this could have beegymat je  each time point is represented oepaste
implemented directly into ELAN. The two solution$ 0 |ine for each participant (c.f. “a person-periodadaet”,
the program are presented in their own tabs irtté Singer & Willett, 2003).
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= ELAN analysis companion v0.98

Timecourse analysis  Inter-rater reliability

— Predictor 1
— Predictor 2
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$SPEC:CONFNEW:confy — Face — Settings.
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$SPEC:CONFOLD:confy —

onset — Clear predictor

Load file(s) Load all files in selected folder? v

Analyze! Clear all

Save results Quit

Figure 3: user interface of the EAC time-course analysis tab.
Predictors are selected to the left and the dependent variable to
the right. The resulting time-course curves are presented in the
top window.

The algorithm behind the calculation of these itssul
can be described by the following high-level pseudo

code:
Pseudocode

. For each predictive event:

°© Create a tenporal analysis w ndow of
specified size, filled with null
val ues and centered on the specified
poi nt of the predictive event-
detection

° Mark all occurrences of the dependent
event for each tinme point using the
specified resolution and store the
anal ysi s wi ndow. Cccurrences are
marked as 1 and non-occurrences are
mar ked as O.

° Handl e potential overlap between
anal ysi s wi ndows based on specified

overl ap handling strategy, i.e.
al | owi ng re-use of val ues or bl ocking
re-use.

. Create a nean anal ysis wi ndow from all
anal ysis wi ndows and plot it.

Anderssog, 8andgren, O. (2016)
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The parameters that can be set here are defined as
follows. Resolution is the minimal temporal resalatof
the data, and data of higher temporal resolutiolh vei
downsampled to this resolution level. A resolutiwinr
milliseconds for data sampled every n milliseconshns
that every (/n):th sample will be used and the rest will be
ignored, saving the computer memory for other saspl
The overlap handling function specifies how the
algorithm should behave if an analysis window exjzan
across a region that has already been used invéopse
analysis window. The alternatives are either tavall
“double-dipping”, with the statistical complexityt i
brings, or to prevent time points to be used mbnt
once by adhering to a "first come—first servedatsgy.
Bin size is simply to what degree the final resshsuld

be aggregated and pooled in bins. Data is alwayedsia
bins (so to say), but these bins can be as smatheas
temporal resolution. This does not affect the pigtt
which is always done at the level of the specified
temporal resolution to produce smooth curves. Binal
the binning function is how the data should be pdol
into the bins. The choices are either to take tleam
which is the average over the binary data in tredysis
window, or to have the bins ceil the data to 1 ii> O.
This latter alternative is good if the later stidil
analysis requires binary (0,1) data.

Inter-rater reliability

The input for the inter-rater reliability correatids are
text files of annotator overlap exported by ELANEEe
are simply placed in a folder and this softwarel tgo
directed to that folder. The tool reads each fild & turn
applies the temporal weighting previously mentianed
the end of each text file it appends a line desugilthe
temporally weighted overlap ratio. Finally, the GUI
reports back the new average reliability ratio. See
Figure 4 for an illustration.

oe ELAN analysis companion v0.98

| Timecourse analysis  Inter-ater reliabiity
Status: New reliability statistic calculated - Save?
File/Folder: 2 txt-files loaded!
Results...
0ld average reliability: 0.750
New average reliability: 0.794

The particular key parameters that are used in thFigure 4: a cropped view of the EAC tab for correcting inter-
calculation are not only using the menus describpd "2 reliabilities
until here, but additional parameters are accessed
clicking the “Settings” button to open the settirdialog.



Journal of Eye Movement Research Anderssog, Fandgren, O. (2016)
9(3):1, 1-8 ELAN Analysis Companion (EAC): AfBweare Tool for Time-course Analysis of ELAN-annizd Data

The user is then free to save the results as dedec experiment leader as he clapped his hands once. Thi
text files with “_corrected” appended to the filenne. event was thus captured on both the scene videoglas
as the audio track.

Real research example Coding scheme

For our purposes, we were interested in knowing how

In the foIIowm_g example, we will go through a paft ._hearing-impaired participant in the experiment clireis
an actual experiment that used ELAN to synchronize o . s
r her gaze at the timing of asking for additional

different data sources and ultimately used the too?

. . . . information. So we needed to code at least the
presented in this article to extract time-courseves that o .
. communicative function of the utterance of each
were later analyzed statistically.

participant, and also the gaze of each particip@he
Background granularity requirements of the gaze coding wetevaoy

) . high, and a simple three-level coding scheme was:us
The experiment reported in Sandgegtral (2014) was a “face” (for the face of the other participant), <k (for

communication task where either hearing-impaired Ofhe game pieces in front of them), and “off’ forything

normal-hear?ng adolesgents gommunicate(_j with 3ise. Each gaze target was given a tier in ELANckvis
normal-hearing peer Wh|le playing a game in frofit 0equivalent to a dimension of analysis. If we hadelthis
them. Thus, each session would produce two (one fc?;{II over again, we would have collected all gane €ach

each_person) streams _of gaze coordinates and OBgrticipant) in a single tier, and let the differegaze
combined stream of audio data. The data was redord@

. bi Kers:  th ¢ argets occur as events within this tier. The mgkévents
using —wearable eye-trackers: the HED-4  fromy; o participants were coded in tier “*HIX” andHIP”
SensoMotoric Ingtfuments GmbH  (Teltow, Gerr_nany)for the hearing-impaired and the normal-hearing
Because the participants were able to move fredijew participant, respectively, as simple audio-to-text

sﬁtmgl in_front of e‘;Ch other, there Iwas no f'xedtranscriptions. The communicative functions of the
coordinate system where one particular gaze VeClQfyorances from the hearing-impaired participantrewe

always correspon_ded to gaze at the same Obje%oded in tier “%spa@HIX” using a number of more
Therefore, the primary desired output from the eye-SpeCifiC events, such as “$SPEC:CONFNEW’ for

trackgrs were a scene video of th? f'?ld ,Of vieveath requests for confirmation of new information, and
participant, with a gaze cursor indicating where th “$NONREQ” for non-requests

participant directed his or her gaze. Already thérevas '

clear that the data needed to be manually extrasted Data extraction with EAC

coded in some way. We then used EAC to create curves of event-relgsee

Alignment hits over time. These average curves were madefup o
several one-dimensional logical arrays, indicatifiay,
every point in time in the analysis window, whethiee
participant gazed at the relevant target or nokintathe
average of these logical arrays produces a smootimee
th?ndicating the proportion of looks to the targetem the
particular point in time to the onset of the triggg event
(the utterance). In the Sandgrem,al (2014) paper, the
communicative function of “requests” were of intdre

purpose. _The two vidgos and the audio s.tre.am hdme to These were made up of three different types ofestyu
synchronized, and this was done from within ELAN byfor information, coded separately. So for this papee
choosing one data stream as a reference streanthemd

adding offsets to the other streams until theyrali@ne
crucial part of this is that all streams shouldteeansome
known reference point to align against. In our cdbes
was achieved by having both participants look a th

The material contained three video streams: twad-hea
mounted scene cameras from the respective partisipa

and a fixed video camera overlooking the two
participants. The fixed camera also captured

combined audio stream of the two participants. duld
have been possible to use all three videos simadiasly
in ELAN, but the two scene videos were enough far o

request data were extracted using the EAC softvames
for each type, and then merged and plotted in a
spreadsheet software. However, if only one typewveint
were of interest, the plot from EAC could have based
straight-away. It should be noted that the primaepefit
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of EAC is not the plotting, but the extraction bétevent-
related data.

For the sake of simplicity of this paper, we will
replicate a subset of the analysis using the ELAN

annotation file distributed with this software (HI3 Currently, to use this software tool the user niaste
HIP3strukt2.eaf), containing real data from thisthree software packages installed: Python 2.7, Mdtilp
experiment. We want to contrast utterances from the 4.3 and NumPy 1.9.2, although other versions may
hearing-impaired participant signaling requests fokyork. Certain Python meta-packages, e.g., Python-xy
confirmation of new information with non-requestgid include all of these dependencies in a single liasi@n.

see how these correlate with the gaze from theifgear The software is tested against ELAN Annotation Fatrm

impaired speaker to the other participant's faae.dd 2.6 and 2.7, and ELAN 4.5.1 for Windows.

this, we select two predicts, both from the “%spad®&@H

tier. The event for predictor 1 is “$SPEC:CONFNEW” The software.tool can be, found, preferably, at GitH
for the request, and the event for predictor 2 is hitps://qithub.com/richardandersson/EAC

“SNONREQ” for non-requests. The trigger point oftbo or alterpa_ltlvely: o )

events is the onset of the event. Now, we seleet thhttp://W|k|.humlab.Iu.§e/dOKUW|k|/doku.php?|d:peepl
dependent variable, which is in the tier “HI Facehd chard-andersson:main

the only event inside which is “Face”. Finally, wet the The software package includes four minimal data. set
other settings. We use a 3000 ms window size, @sat The first set validates the handling of overlapping
fairly slowly unfolding event we are expecting hevée  analysis windows, the second validates the bin lamnd
go inside the Settings dialog and select 10 mdutisn,  the third illustrates a time-course analysis, dvelfourth
which is enough for this purpose, we use a “fisine  the calculation of inter-rater reliability scoreMore
first serve” overlap handling, bin the data in 56 bhins, information on how to work through these exampkes i
and round up any fractions to 1. We press Analym a found in the software manual bundled with the pgeka
get the time-course curve which can be seen inr€igu file.

This figure partially corresponds (as one of theed¢h

request types) to the lower panel of Figure 2 indggen

Software package and dependencies

etal (2014). Acknowledgements
The authors gratefully acknowledge the support from
= ELAN analysis companion V10D il the Linnaeus Centre Thinking in Time: Cognition,
e e Communication, and Learning, financed by the Swedis
030 Research Council, grant no. 349-2007-8695 (RA & OS)
Zzz == and the Swedish strategic research programme eSEENC
0.15 (RA)
0.10
O,OSX:{
2.0 -1500 -750 0 750 References
H/(p;m — Dp:u'm_. Window size (ms) 3000 Allopenna, P. D., Magnuson, J. S., & TanenhausKM.
SSPECCONFNEW —i Pace Settings (1998). Tracking the time course of spoken word
L = = recognition: evidence for continuous mapping madels
predictor 2 Journal of Memory and Language, 38, 419-439.
%spa@HIX =
SNONREQ Bouarfa L., Jonker, P. P., & Dankelman, J. (2011).
onset | (Clear predictor Discovery of high-level tasks in the operating room
T anT—— Journal of Biomedical Informatics, 44(3), 455-462.
Aralyze! Clearal doi:10.1016/j.jbi.2010.01.004.
Save results Quit

Figure 5: a partial replication of the analysisin Sandgren et al
(2014).
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