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1 Introduction

Recent developments in computer technology have led to aailplities of pre-
senting information and to a renewed interest in the effetdifferent presenta-
tion modes. Naturally, this raises questions, such as “Whiesentation modes are
most suitable given a particular communicative goal?” addw should different
presentation modes be combined?” The IMOGEN (InteractiwétiModal Output
GENeration) project addressed these questions. Thisqinapes embedded in the
Dutch national research programme IMIX (Interactive Mulidal Information eX-
traction). Within IMIX a multimodal medical question ansuvey (QA) system was
developed. The purpose of this system is to answer encytlopeedical questions
from non-expert users. Questions can be typed or spokenuichl) and answers
are presented using speech, text and pictures. Questiartsecasked in isolation,
but the system is also capable of engaging in dialogs andarfellow-up ques-
tions.
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Inthe IMOGEN project different aspects of multimodal infaation presentation
were studied in order to improve the output quality of questinswering (QA) sys-
tems. Early research in the field of QA concentrated on arisgiéactoid questions,
i.e. questions that have one word or phrase as their answeras “Amsterdam” in
response to the question “What is the capital of the Nethdg@” The presentation
mode of the answers to these questions was typically teyt Niolwadays, QA sys-
tems are also expected to give answers to more complex gngsivhich might be
more informative and effective if they contained multipfegentation modes, such
as text and a picture. Here, we focus on questions in the rmledtienain, since the
QA system developed as a demonstrator in IMIX aimed at arisgencyclopedic
medical questions from non-expert users.

People can have different medical questions, includintpfdaefinition ques-
tions, such as “What is RSI?” and procedural questions ahowtto take care of
one’s health, such as “How to prevent RSI?” People may alse tdferent infor-
mation needs. In some situations, they are satisfied witl@ ahswer in which, for
example, the abbreviation RSI is clarifiggepetitive Srain Injury). In other cases,
they want a longer answer in which more information is giveaw the causes and
consequences of the disorder. (For examip& stands for Repetitive Strain Injury.
This disorder involves damage to muscles, tendons and nerves caused by overuse
or misuse, and affect the hands, wrists, elbows, arms, shoulders, back, or neck.)
The answers to these medical questions can be presentedjlthtext or through
a combination of presentation modes, such as text and a etatiynamic picture.
For example, the most suitable answer presentation to firétae (what) question
“What does RSI stand for?” would probably be a short textnaler, such as “RSI
stands for Repetitive Strain Injury”. The answer to the phaal fow) question
“How to organize a workspace in order to prevent RSI?” woulabably be more
informative if it contained a picture. This raises the qigest how to determine for
a given question, whether a short or a long answer would Henatde and which
(combinations of) presentation modes are most suitable.

Multimodal information presentation has been studied imous research fields
with various outcomes. Research in cognitive and educaltipsychology focused
on how multimodal presentations affect the users’ undedsta, recall and process-
ing efficiency of the presented material (e.g., [7, 17, 2@])idelines resulting from
this research often relate to specific types of informatiseduin specific domains,
for example cause and effect chains [16] or procedural imé&tion [18]. Yet, these
guidelines do not tell us which modalities are most suitedwbich information
types, as each learning domain has its own characteridtigs [

Research in user interfaces has tried to classify and desize presentation
modes. For example, Bernsen [3] proposed a taxonomy of geneimodalities
consisting of various features. Other scholars studieddhealledmedia allocation
problem (i.e., how to determine which information to allocate to @fhimedium)
and tried to identify which factors play a role in media adtion [1]. They found
out that many factors are relevant: the nature of the inftionathe communicative
situation, goals of the producer, and features of the addees
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In short, attempts have been made to generate optimal noal&ihinformation
presentations resulting in several presentation modeefjnas, frameworks, and
taxonomies. Still needed is information about people’s atibdpreferences in pro-
ducing and evaluating presentations. Therefore, we choig three experiments
following the approach of Heiser, Phan, Agrawala, Tversky Hanrahan [10]. The
experiments investigated multimodal information prea#ah in the context of a
medical QA system. In Experiment 1, people were asked toym®dhformation
presentations, which were then rated by others in Expetielm Experiment 3,
the answer presentations manually produced in Experimeméreé compared to
presentations with automatically retrieved pictures.

In this chapter we present the three experiments. In Exgarirh, we wanted
to know how non-experts design (multimodal) answers to oadjuestions, dis-
tinguishing betweemhat questions andiow questions. In Experiment 2, we con-
centrated on how people evaluate multimodal (text+pigtarswer presentations
on their informativeness and attractiveness. In ExpertrBewe evaluated two ver-
sions of an automatic picture selection method, and cond@arswer presentations
with automatically selected pictures to answer presemtativith manually selected
pictures.

2 Experiment 1. Production of Multimodal Answers

In this section we present an experiment that was carriedoodétermine which
modalities people choose to answer different types of guestin the experiment,
participants had to create (multimodal) presentationmefrs to general medical
questions. More details on the experiment can be found ih [12

2.1 Participants

Participants were 111 students of Tilburg University, wlastigipated for course
credits (65 female and 46 male). Their average age was 22 (300; min = 19,

max = 32). All participants were native speakers of DutcH.wédre second-year
undergraduate students who had received Internet seaiointy in the first year
of their studies. They were all familiar with PowerPoint amgkd it on a regular
basis (daily: 3.6%, weekly: 22.5%, monthly: 51.4%, yeatl8:0%, never: 4.5%).
Finally, participants indicated on one 7-point semantifedéntial that their Power-
Point skills were above average (M =5.01, SD = 1.10).
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2.2 Stimuli

Participants were given one of four sets of eight generaicaéduestions for which
the answers could be found on the Internet. They had to pedwd types of an-
swers per question, a short and a long answer, using whatewdsination of pre-
sentation modes they wanted. They did not get explicit iresions on the number
of words or pictures to be used in their answers. Particgparte specifically asked
to present the answers as they themselves would prefer tohiemd in a QA sys-
tem. Questions and answers had to be presented in a fixedtfiorPawerPointV
with areas for the question (‘vraag’) and the answer (‘amdd. Participants were
given a short introduction about PowerPoint in which theyevacquainted with
inserting different types of objects in PowerPoint. Alswy received a PowerPoint
manual. Of the eight questions in each set, four were ranglchdsen from one
hundred medical questions formulated to test the IMIX syst®f the remaining
four questions, two werehat questions (e.g., “What are thrombolytic drugs?”) and
two werehow questions (e.g., “How to apply a sling to the left arm?”).

2.3 Coding System and Procedure

Each answer was coded on the presence of visual media (o&9lgraphics, and
animations) — pictures, in short — and on the function oféh@stures in relation to
the text, loosely based on Carney and Levin [7], i.e., dda@aepresentational, or
informative.

Decorativefunction A picture has a decorative function if removing it from the
answer presentation does not alter the informativenesedadiswer in any way.
Figure 1 shows an example of an answer with a decorativerpiciine answer
to the question “What are the side effects of a vaccinatiodifththeria, whoop-
ing cough, tetanus, and polio?” consists of a combinatictextfand a graphic.
The text describes the side effects of the vaccination,aenthi¢é graphic shows a
syringe. The answer would not be less informative if the giapas absent.

Representational function A picture has a representational function if removing
it from the answer presentation does not alter the infonreaiss of the answer,
but its presence clarifies the text. Figure 2 shows an exaaff@a answer pre-
sentation with a representational picture. The questioh&Wypes of colitis can
be distinguished?” is answered through text and a graphiet@xt describes the
four types of colitis and where they are located in the imiest This information
is visualized in the graphic.

Informativefunction A picture has an informative function if removing it from
the answer presentation decreases the informativendssanswer. If an answer
only consists of a picture, it automatically has an inforir@atunction. Figure 3
shows an example of an answer with an informative picture. diswer to the
guestion: “How can | strengthen my abdominal muscles?” istmisf text and
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VRAAG INIX

Wat i de bijwearkingen van een DK TP prik?

ANTWOORD

Bijwerkingen van een DETP-vaccihatie!

Plaatselifke reacties

Hangerigheid, onrustig slapen koorts
Langdurig, ontroostbaar hullen
Flauweallen

Een verkleurd arrm of been

K oortsstuipingen

Bijwerkingen van een DTP-vaccinatie zin mider dan van het DKTP-vaccin,
aangezien kinderen ouder zij als 22 het DTP-waccin krijgen. Bovendien heeft
dit vaccin e2n andere samenstelling

Fig. 1 Example of an answer with a decorative picture.

photos. The text describes some general information alimldrainal exercises
(i.e., an exercise program should be well balanced and athabdominal mus-
cles). The last sentence refers to four exercises that calohe do strengthen
the abdominal muscles. These exercises are illustratédd eigiht photos. For
each exercise two photos are given, indicating the firstr{d)last (b) step of the
exercise.

In total 1776 answers were collected (111 participant8 questionsx 2 an-
swers). One of the participants omitted one answer, so lieafinal data set con-
sisted of 1775 answers. Six analysts independently codedaime set of 111 an-
swers. Subsequently, every analyst independently codedtapthe total corpus
(approximately 300 answers). Calculations of Cohenghowed that the analysts
agreed almost perfectly in judging the occurrence of ph¢kos- .81), graphics
(k = .83), and animations(= .92). An almost perfect agreement was also reached
in assigning the function of the picture media= .83).

2.4 Results

Analysis of the complete corpus of coded answer presentasibowed that almost
one in four answers contained one or more pictunes 442), consisting of graphics
(n=232), photographs(= 124), or animationg(= 49). In 37 cases, a combination
of these media was used.
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VRAG M

YWellke vormen van colitis worden onderscheiden?

ANTWOORD

Cdilsuersals sendwor idw ordikebng van abeberde aard, de zkdygeles Beperk] kolde dbke dam. De naan cdils Jaeraa komll el
Latin:cdl I bk kel stnonir kg van o dbke dam, URErorabekkerd e IZweren D dak b kanmib mal Fare i oreme g valgqeen; Wl de
Ines TR Mefe 1 WEFden v dknenpelod rsan genrge Tkl gons vde laenduensd ckoon O, Bnpakenine] ol e osakandu ol
sk A5 pledk p ks Rebber 2ol s el s ge 2R kan 1o I8 LERSeE skl ind® bk damn e rEHn e e O3 of B d# oo,
AN Egerkiirg K de 32kl van Crobndal ne IR g - BTl Eavoatkomen, Zod s e e abeddrg kdaln dne &
worm eny anaol 15 U roranaamg d aw de mak waainde dk ke dam aarge bl (de Sek ke begnl sked s de erdddam.

Erechdls of procl s HertdH s de 2k ke dleenaawed g Inde el ddam

Erreclodigmdds: Habl i de erdeldam en e Lignokl daali ke 20 an vand e dkke dam ) aorge b

Co Bk sidige ool B bie bl gaalde cdil olam de milbaek en b elgend ko de gelele lrke e vande dike dam dek
D parecd s of kokake cdlfzihierbl (3 de gebede dik e dann 2oy e bl door cdils daraa

Fig. 2 Example of an answer with a representational picture.

VRAAG VX

Hoe kan ik mijh buikspieren versterken?

ANTWOORD

Buikspieren kunren worden werstarkt doce het doen van buikspieroefeningan, Mist alle

biks pieroefeningen zorgen woor een optimaal resdtaat, Een oefenprogramma voor de
buikspisren met cpbouwend en goed vitgebalarceerd 2ijn, en alle buikspieren mosten
getraind worden, [e buikspieren moeten op alle mogelijke manieren gestimdesrd waorden om
te wetken, allean 2o bekam je het parfecte resultaat, Hieronder staan een aantal voorbeeldan
van goede buikspieroefeningen:

2a 2a - da
iy

A

Fig. 3 Example of an answer with an informative picture.



Experiments in Multimodal Information Presentation 7

Answer length

Long answers (M = 86, SD = 60) contained significantly moredsahan short
answers (M = 18, SD = 25}(16878) = —10.58, p < .001 (since Levene’s test
was significant, a correction on the degrees of freedom wakenadable 1 shows
that long answers contained significantly more pictures #ert answers?(1) =
17389, p < .001). Moreover, the distribution of the functions of visna¢dia dif-
fered significantly over answer lengty4(2) = 33.79, p < .001). Decorative pic-
tures occurred most often in short answes(() = 4.07, p < .05), whereas rep-
resentational pictures occurred most often in long ans@er&l) = 12578, p <
.001). Informative pictures occurred most often in shortaers (x%(1) = 23.81,

p < .001).

Table 1 Percentages of function of visual media related to shortlamgl answersr(= 442).

Short answersn(= 101) Long answers(= 341)

Decorative picturesn(= 70) 26.7 12.6
Representational pictures £ 201) 20.8 52.8
Informative picturesr{= 171) 52.5 34.6
Question type

Analysis of the twowhat questions and the twbow questions if = 887, of
which 271 contained pictures) showed that pictures ocdusignificantly more
often in how questions x?(1) = 29.23, p < .001). Table 2 also shows that an-
swers towhat questions contained significantly more decorative andesgrta-
tional pictures, while answers lmw questions contained more informative pictures
(x?(2) =22.70,p < .001).

Table 2 Percentages of functions of pictures relatedvt@t questions andiow questions rf =
271).

What questionsif=91) How questionsif = 180)

Decorative picturesn(= 27) 19.8 5.0
Representational pictures £ 129) 53.8 44.4
Informative picturesr{= 115) 26.4 50.6
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2.5 Conclusion

The results showed that people made use of multiple presamtaodes in their
answers and that the design of these presentations wakedffgcanswer length and
guestion type. What is not clear, is how people evaluateimattal (text+picture)
answer presentations. In the next section, an evaluatipergrent is discussed in
which this issue was investigated.

3 Experiment 2: Evaluation of Multimodal Answers

In this section we present Experiment 2, which was condutctédvestigate how
users evaluate different types of multimodal answer ptasens. In this experi-
ment, participants had to assess the informativity andettireness of answer pre-
sentations for different types of medical questions. Matails on the experiment
can be found in [13].

3.1 Participants

Participants were 108 native speakers of Dutch (66 femalet@rmale). Their av-
erage age was 25 (SD =8.24, min = 18, max = 64). None had yeatiéz in Exper-
iment 1.

3.2 Design

The experiment had a 16 (questior)2 (short or long answerx 3 (decorative

picture, informative picture, or no picture) mixed factrilesign, with the question
as a within participants variable and the answer length &tdne type as between
participants variable. The dependent variables were the&jpants’ assessment of:
(a) the clarity of the text, (b) the informativeness of theswaar presentation, (c)
the attractiveness of the answer presentation, (d) infovergess of the text-picture
combination and (e) the attractiveness of the text-piotorabination. The partici-
pants were randomly assigned to an experimental condition.

3.3 Stimuli

We selected 16 medical questions for which the corpus dellein Experiment 1
contained: (i) an informative picture, which added new infation to the answer
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and (ii) a decorative picture, which did not. Although thesuks of Experiment

1 showed that participants used different picture typesnagreducing short and
long answers, only informative and decorative picturesewaken into account in
Experiment 2. It was hypothesized that decorative pictuwesld be evaluated as
most attractive but least informative, as they might maketéxt more vivid but

do not add new information to the textual answer. Inforrmeagiictures on the other
hand would be evaluated as least attractive but most infiveyas they add new
information to the textual answer but do not necessarilyeribk information more
attractive. Representational pictures visually displas tnain topic of the textual
answer, but do not add new information. In this respect, treyquite similar to

decorative pictures, as they might make the textual ansveee mivid but add no

new information to the textual answer. Therefore, repregiEmal and decorative
pictures were combined into decorative pictures.

The set of selected questions consisted of evglat questions and eightow
questions. For each question a short and a long textual angssformulated. The
textual answers were chosen from the set of answers calléctExperiment 1.
Small adjustments were made to these answers in order to tinekemore com-
parable. The short answer gave a direct answer to the gonegtile the long an-
swer also provided some relevant background informatidre. dverage length of
the short answers was 26 words and the average length ofritbalswers was 66
words. We made sure that the type of question did not affecatiswer length for
short answersH[1,14] = 3.59, p = .08), nor for long answers~(< 1).

Answers to the medical questions were presented in sixrdiftepresentation
formats: a short and a long textual answer, each used (i)soown (unimodal),
(i) combined with an informative picture (multimodal) afid) combined with a
decorative picture (multimodal). In the remainder of théstson, we only discuss
the multimodal answer presentations.

Two multimodal answer presentations, a short and a long emsentained a
decorative picture. Figure 4 shows the short and the long/@nto the question
“How to organize a workspace in order to prevent RSI?”, tHated with a dec-
orative photograph showing a workspace. The other two maollial answer pre-
sentations contained an informative picture. Figure 5 shilve short and the long
answer to the same question as in Figure 4, but this timerifites] with an infor-
mative graphic. The graphic depicts an ergonomic worksjracketail. It should
be noted that all answer presentations were designed inssuely that the textual
element by itself already contained enough informatiomieager the question; the
informative pictures only added relevant background imfation.

All answer presentations were presented to the participand random order,
which was the same for all participants.
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VRAAG NAX

ri

Hoe moet ik mijn werkplek inrichten om RSI te voorkomen?

ANTWOORD

Stel de hoogte van het bureaublad in op middelhoogte en stel de
boverkant van het beeldscherm op ooghoogte in. Stel je stoel zo in zodat
je rechtop zit,

VRAAG X

Fi

Hoe moet ik mijn werkplek inrichten om RSI te voorkomen?

ANTWOORD

Zorg bij de instelling van je bureau ervoor dat de hoogte van het
bureaublad op middelhoogte is ingesteld. De werkylakdiepte van je bureau
dient minimaal 80 crm te zijn, Zorg bij de instelling & besldscherm ervoor
dat de bovenkant van je beeldscherm op ooghoogte is ingesteld. Tenslotte
moet je ervocr zorgen dat je bureaustoel zd is ingesteld dat e rechtop zit

en je vaeten plat op de grond rusten.

ji ol

Fig. 4 Examples of a short textual answer (top) and a long textuakan(bottom) with a decora-
tive picture.
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VRAAG NAX

vy

Hoe moet ik mijn werkplek inrichten om RSI te voorkomen?

ANTWOORD

Stel de hoogte van het bureaublad in op middelhoogte en stel de
boverkant van het beeldscherm op ooghoogte in. Stel je stoel zo in zodat
je rechtop zit,

VRAAG INAIX

P
Hoe moet ik mijn werkplek inrichten om RSI te voorkomen?

ANTWOORD

Zorg bij de instelling van j2 bureau ervoor dat de hoogte van het
bureaublad op middelhoogte is ingesteld. De werkylakdiepte van je bureau
dient rminimaal 80 crm te zijn. Zorg bij de instelling & besldscherm ervoor
dat de bovenkant van je beeldscherm op coghoogte is ingesteld. Tenslotte
moet je ervoor zorgen dat je bureaustoel zd is ingesteld dat e rechtop zit

en je vaeben plat op de grond rusten.

Fig. 5 Examples of a short textual answer (top) and a long textuakan(bottom) with an infor-
mative picture.
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3.4 Procedure

The experiment was conducted using WWSTIM [23], a CGl-baszipt that au-
tomatically presents stimuli to the participants and tfarssall data to a database.
This enabled us to run the experiment via the Internet.

The participants received an e-mail inviting them to take pethe experiment.
This e-mail briefly stated the goal of the experiment, the amof time it would
take to participate, the possibility to win a gift certifieatind the URL of the ex-
periment. When accessing the website of the experimerticipants received in-
structions about the procedure. Next, they entered thesopal data (i.e. age, gen-
der, level of education, and optionally their e-mail to wigiti certificate). After a
short practice session, participants studied 16 questisuver combinations, one at
a time. After each combination, they were shown the same twatibn with at the
bottom five seven-point semantic differentials (impleneerés radio buttons) which
they had to use to rate the informativeness of the answear(tbwer presentation is
informative/ not informative), the attractiveness of timswaer (the answer presenta-
tion is attractive/ not attractive), the informativenegthe text-picture combination
(the text-picture combination is informative/ not infortiva), the attractiveness of
the text-picture combination (the text-picture combioatis attractive/ not attrac-
tive), and the clarity of the text (the text is formulated isimple / complex way).

3.5 Reaults

Here we only report on the participants’ assessment of tioermativeness and the
attractiveness of the text-picture combinations. Fort{@@results on the other pre-
sentation aspects evaluated by the participants, se@B8é&ct, where they are com-
pared to the results of automatically illustrated preséonta.

The results were tested for significance using a 4 (answeseptation)x 2
(question type) repeated measures analysis of varianc®WAN As shown in Ta-
ble 3, short answers with an informative picture were evalllas most informative,
and short answers with a decorative picture as least infivenér[3,68 = 9.32,
p< .001,173 =.29). Answers tdow questions were rated as more informative than
answers tavhat questionsf[1,68 = 15.13,p < .001,17% =.18). Finally, an inter-
action was found between answer presentation and quegperf(3,68 = 4.27,

p < .01,n3 = .16): for both shortk[1,17 = 17.12, p < .005,n3 = .50) and long
(F[1,17=7.31,p< .025,173 = .30) answers with an informative picture, answers
to how questions were evaluated as more informative than answavkat ques-
tions. For answers with a decorative picture no significaifé@nces were found
between the two question types.

Long answers with an informative picture were evaluated estattractive, long
answers with a decorative picture were evaluated as ldesttte [3,68 = 4.64,
p<.01, r/g =.17). Answers tdnow questions were evaluated as more attractive than
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answers tovhat questions [f[1,68 = 20.59, p < .001, ’73 =.23). No interaction

was found between answer presentation format and quegper < 1).

Table 3 Mean results for the informativeness and attractivenessigfver presentation types (rat-
ings range from 1 = “very negative” to 7 = “very positive”; stiard deviations in parentheses).

Text with decorative picture Text with informative picture
Factor Question type  Short Long Short Long
Informative ~ What 3.83 (1.13) 4.01 (1.30) 491 (.81) 4.9720).
How 3.70 (1.26) 4.27 (1.18) 5,53 (.70) 5.40 (.84)
Total 3.76 (1.16) 4.14 (1.19) 5.22 (.69) 5.18 (1.00)
Attractive What 3.93 (.87) 3.76 (1.14) 4.43 (.88) 4.69 (.01
How 4.18 (1.12) 4.18 (1.10) 4.95 (.84) 5.08 (.76)
Total 4.06 (.96) 3.97 (1.07) 4.69 (.75) 4.89 (.79)

3.6 Conclusion

The results show that answers with an informative pictureeveyaluated as more
informative than answers with a decorative picture, eslgcfor short answers,
which is consistent with the production experiment (Expent 1). The informa-
tion load of the textual answers could explain these res8hsrt answers contain
less information than long ones. Therefore, an informaticeure adds more infor-
mation to short answers than to long answers, and is thugipettas more infor-
mative in combination with a short answer. Also, answeisoie questions with an
informative picture were evaluated as more informativethaswers tavhat ques-
tions. Arguably, the medical procedures — as they occurréus experiment — lend
themselves better to be visualized than definitions, becthey have a dynamic
and spatial character. Interestingly however, long answith informative pictures
were evaluated as most attractive, suggesting that ugersdimplete information
together with highly informative pictures.

4 Automatic production of multimodal answers

In the previous sections, we discussed how humans produteaiuate multi-
modal answers. However, most existing QA systems preseittahswers in one
presentation mode, i.e. text snippets retrieved from awhecu corpus. Pictures that
occur in the corpus documents are generally ignored, siveceekt-oriented retrieval
methods used in QA systems cannot deal with them. A methagkfending the an-
swers returned by a QA-system with appropriate picturebbas proposed in [4].
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In this section we describe the picture selection method jmithe next section we
present a user evaluation (Experiment 3) in which the restitivo variations of this
method are compared with the manually created multimodslanpresentations
used in Experiment 2.

4.1 Multimedia Summarization

Our approach to generating multimodal answers to questfopssentially auto-
matic multimedia summarization, using established temes from automatic text
summarization. Most text summarization methods (useddrcéimtext of a QA sys-
tem) are based on comparative analyses between the usensand parts of the
source document(s). Multimedia summarization faces tffeulty that different
media have different features and thus cannot be directhpewoed (e.g., the word
“red” cannot be directly compared to the color red). Anahgzand converting me-
dia content to a semantic representation has been propesedalution for this
problem [8, 15, 19, 20]. However, automatic analysis of raextintent is difficult
and often unreliable. Manual annotation is an alternatitéciv answers some of
these objections, but this is very laborious. Another sofytwhich according to de
Jong et al. [14] is often overlooked, is to use related lisgaicontent for analysis,
instead of the media items themselves. If related text aatetyudescribes a media
item, text-based retrieval methods can be used to retrieneextual media.

We automatically generate multimedia presentations asensgo medical ques-
tions by using a query-based summarization framework {{f§,volume) in a mul-
timedia setting. The query-based summarization framewaigs on a combination
of one or more feature graphs representing the source datan#e content unit
can be a unit of any medium, such as a text snippet or a pickheegraphs express
relations between the documents’ content units, and arstieaied using content
(e.g. cosine similarity, see the next section) or context (ayout) to relate content
units. This way, content can be presented for which therelisindirect evidence of
relevance. For instance, a sentence that is adjacent —asddhtextually related —
to a sentence that is similar to the query may be includeddmtiswer, even though
it is only linked to the query indirectly. This concept magabe applied to mul-
timedia. A picture can be related to a piece of text by usiygua information. A
straightforward indication of relatedness of text and &lsontent is when the text
is the picture’s caption, but the paragraph or section irctvitiie picture is located
may also be considered as related to the picture.

4.2 Automatic Picture Selection

In the IMIX system, the approach sketched above is used &rist#ie best pic-
ture to illustrate a given textual answer to a medical qoestio find this picture,
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the illustration system compares the text of the answer pittture-associated text.
The more similar the two text passages, the more likely thip is relevant. The
picture-associated text is interpreted as a textual reptaton of the picture. This
may be either the picture’s caption or the paragraph (oli@edtno single para-
graph could be related to the picture) in which the picture feand. The relevancy
of a picture for the answer is calculated as:

Roicure(i,t) = cosim(t, text(i)) (1)

WhereRpicure(i, t) is the relevancy of pictureto textt; andtext(i) is the text asso-
ciated with picturd. The functioncosim(a, b) calculates the cosine similarity af
andb.

Cosine similarity is a way of determining lexical similgriof text passages. The
idea behind cosine similarity is that a text’s meaning isstibtited by the meaning
of its words. To measure cosine similarity between two pgassave represent both
texts as a vector whose elements represent the contrilaftoword to the meaning
of the passage. Before measuring the cosine similaritydsvare stemmed using
Porter's stemmer [21]. The cosine similarity is calculaasdollows:

: Y18 b
cosim(a, b) al ol 2
Wherecosim(a, b) is the similarity of passagesandb; n is the number of distinct
words in the passages. Both passages are represented dsraoféengthn, with
ay representing the contribution of wokdto passaga. The denominator ensures
that passage vectors are normalized by their lengths. Tlhe ja is the length of

passage vecta, measured ag/ Shoial.

Determining how much a particular word contributes to thenieg of a passage
is calledterm weighting. We usetf - idf term weighting, i.e. the contribution of a
word to a passage is calculated as the word’s occurrencedney in the passage
(term frequency, TF) multiplied by the word’s inverse do@nnfrequency (IDF).
IDF is a measure of how characteristic the word is for a passag measure the
inverse document frequency, we require a large set of passkgr this we use the
passage vectors of picture-associated text for all pistir@ medical corpus (see
Section 5.3), plus the passage vector of the answer text. il wocurring in few
of these passages receives a high IDF value, because thedonwrence rate makes
it descriptive of the few passages it appears in. Converaelyord occurring in
many passages receives a low IDF value. The contributiorood Wwto passaga is
measured as follows:

ag = tfay-idfy )

Wheret 5 is the number of occurrences of wdeth passage; andid fy is the IDF
value of wordk. The IDF value is calculated as follows:
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Dl

df =10 T ae b Ake ay @)

Where|D| is the number of passages in the corpus (i.e. the numberfregplus
one); and the denominator is the number of documents whiotagothe wordk.
The final answer presentation consists of the textual ananeithe most relevant
picture and its caption.

Figure 6 shows an example of an answer presentation camgaém automati-
cally selected picture. In this figure and in Figure 7 the argpvesentation is em-
bedded in the web interface used for Experiments 2 and 3,hwhiés designed to
replicate the ‘look and feel’ of a medical QA system.

Vraag 4/16

Bestudeer de hieronder afgebeelde medische vraag- en antwoord presentatie zorgvuldig.
Wat zijn thrombolytica?

Thrombolytica zijn middelen die een bloedstolsel (trombus)
kunnen oplossen, en zijn het meest effectief als ze worden
toegediend zodra zich symptomen voordoen die op afsluiting
van de bloedvaten wijzen. Thrombolytica worden in de aders
ingespoten en vervolgens door het bloed meegevoerd naar
de plek waar zich het stolsel bevindt. De middelen kunnen
echter ook rechtstresks in het verstopte bloedvat worden
geinjecteerd, Weelgebruikte thrombolytica zijn streptokinase,
alteplase en reteplase.

BLOEDSTOLLING: Gestold bloed ziet
er onder de microscoop ongeveer zo
uit: rode bloedcellen en enkele witte
bloedcellen worden vastgehouden in
een netwerk van fibrinedraden

| Ga verder

Fig. 6 Example of an answer presentation consisting of text andisnmeatically selected picture.
The presentation answers the question “What are thronmbs®tThe text of the answer explains

that thrombolytics are drugs used to dissolve blood clote picture depicts a schematic repre-
sentation of clotted blood.
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5 Experiment 3: Evaluating Automatically Produced
Multimodal Answers

We carried out an experiment to evaluate two variants of teegipusly described
approach for automatically adding pictures to textual arswr he study was largely
identical to Experiment 2, except that we used automayicelrieved pictures in-
stead of manually selected ones. More details on the expatiocan be found in

[6].

5.1 Participants

Seventy five people participated (44 female and 31 male)r @kierage age was 22
(SD =7.11, min = 18, max = 55). Fifty six of them (75%) were st recruited
from Tilburg University. None had participated in the pi@ys two experiments.

5.2 Design

The experiment had a 16 (questior)2 (short or long answerk 2 (retrieval
method: using caption or section) mixed factorial desigithhe question as a
within participants variable and the answer length andenet method as between
participants variables. The dependent variables weredine @s in Experiment 2,
i.e., the participants’ assessment of: (a) the clarity eftéxt, (b) the informative-
ness of the answer presentation, (c) the attractiveneks afitswer presentation, (d)
informativeness of the text-picture combination and (e)atiractiveness of the text-
picture combination. The participants were randomly assigto an experimental
condition.

One of the goals of Experiment 3 was to compare the autontigtitastrated
answer presentations to the manually created answer paéiseis used in Experi-
ment 2; therefore we re-used the same design. ExperimeriPnignually selected
pictures only, and relevance of the pictures was assumezhritrast, some of the
automatically selected pictures used in Experiment 3 westevant, either because
there was no appropriate picture in the database or simglguse the algorithm
failed to find one. However, choosing to use the same desigofth evaluation ex-
periments meant that in Experiment 3, the participantsgddfe informativeness
of the text-picture combinations instead of directly assesthe relevance of the
automatically selected pictures.
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5.3 Stimuli

In our study, we used the same set of 16 general medical quegtiat had been
used in Experiment 2, with the same short and long textuakarss The textual
answers were illustrated with automatically retrieveduypies using the algorithm
described in Section 4. The pictures were retrieved frompasiory of medical
pictures that had been automatically extracted from twoicadources. Each of
the pictures in the repository had two corresponding téxdnaotations: the first
annotation represented the caption of the picture in thgir@ai document, and the
second represented the paragraph (or section) in whichiche@was found.

The pictures and their annotations were extracted from twdioal sources in-
tended for a general audience and written in Dutch, prowgidiiormation about
anatomy, processes, diseases, treatment and diagnastastsource, Merck Man-
ual medisch handboek [2], Merck in short, contains 188 settienilustrations of
anatomy and treatment, process schemas, plots and vayjmessdf diagrams. The
other source, Winkler Prins medische encyclopedie [9], Wéhbrt, contains a vari-
ety of 421 pictures, including photographic pictures, scas and diagrams. These
sources were selected because they cover the popular rihéalicain and they are
relatively structured - paragraph boundaries are markédeinext and all 609 pic-
tures have captions. The pictures have a high informatiositie only few pictures
are decorative. Consequently, the pictures are relatspécific to their context,
which complicates their reuse in a slightly different cotite

For each of the textual answers, two answer presentatiores gemerated. For
one of the presentations, the picture was retrieved usingaiption as associated
text, and for the other the picture was retrieved based omsriadlest unit of sur-
rounding text (paragraph or section) from the original doeuat of the picture. Re-
gardless which text was used for selecting the picture i@aptr surrounding text),
the caption was always presented together with the pictutles answer presenta-
tion. However, in order to prevent excessive caption lesigthptions were truncated
to their first sentence during presentation generationréhmining sentences were
used for retrieval but not in the presentation). If the sunding text (section in
short) was used for picture selection, this text was nouidet! in the answer pre-
sentation. The corpus did not contain an appropriate gdturall answers, which
forced the illustration system to select less approprieteies for some of the pre-
sentations. In some cases the selected picture was plklievant, but in some other
cases, the picture was related to the text but had a diffpe¥apective. For instance,
the picture in Figure 7 addresses the deformation of reddodedls rather than their
generation. In our estimation (not formally validated)ward 30% of the automati-
cally selected pictures used in Experiment 3 were irrelgvarthe sense that they
had absolutely no connection with the answer text. For eXxanappicture of egg
and sperm cells was selected to illustrate an answer abduffR& other pictures
were either fully relevant, such as the picture in Figure es@amewhat relevant,
such as the picture in Figure 7.
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Voorbeeld

Bestudeer de hieronder afgebeelde medische vraag- en antwoord presentatie zorgvuldig.

Waar worden rode bloedcellen aangemaakt?

Bloedcellen worden gemaakt van de stamcellen in  Gezonde  Bolvormige  Ovale cel Sikkelcel
het beenmerg, Deze stamcellen vormen rode cel cel

bloedcellen afhankelijk van de behoefte van het ’ .
lichaam. O

Vormen van rode bloedcellen

| Gaverder

Fig. 7 Example of a picture which is related to, but not fully relev#or, the answer text. The
presentation answers the question “Where are red bloosl geflerated?” The text explains that
red blood cells are generated from stem cells in the boneomaRather than illustrating this,
however, the picture shows various deformations of reddbmdls.

5.4 Procedure

The procedure was identical to the procedure of Experimesg@ Section 3.4.

5.5 Data Processing

The results of the assessments were normalized to be inige f&.. .. 1]. A rating
n between one and seven (inclusive) was normalized asl(. For processing the
results, the following non-standard method was used. Fdr eandition and each
medical question and assessment question, the averagsrasse was calculated.
For pair-wise significance testing of differences between éxperimental condi-
tions for a particular assessment question, the percenfageswer presentations
was measured for which the rating of one condition was highan that of an-
other. A condition that consistently received higher agereatings than the other
for each medical question got a score of 100%; consequémdlpther condition got
a relative score of 0%. Significance was tested by means cfdl@@&pproximate
randomization. A difference is considered significant & ttull hypothesis (that the
sets are not different) can be rejected at a certainty gréfaam 95% p < .05),
unless stated otherwise.

The reasons for using the mutual rank instead of the avetalggrjent were that
the standard deviation of ratings of answers to some medigstions was higher
than the standard deviation for answers to other medicaitiuns. As a result, some
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Fig. 8 Average assessments of (a) textual clarity; (b) infornesitass of the answer presentation;
(c) attractiveness of the answer presentation; (d) inftkeaess of the text-picture combination,
and (e) attractiveness of the text-picture combination.

medical questions affected the average rating more thartithis made it less
likely to find significant differences in the average ratitusing the mutual rank
avoided this problem.

5.6 Results

Caption versus Section

Figure 8(a) shows that the level of clarity of the textual pmment of the answer
was judged similar. No significant differences between thad@tions were found.
Figure 8(b) indicates that for the informativeness of thespntation, long answers
were rated significantly more informative than short answidowever, for long an-
swers, the combination of picture and text (Figure 8(d)) jwdged less informative.
This difference was biggest for section-selected pictuakteough not significant.
Figure 8(c) and (e) show that the presentation as well asitheare-text combina-
tion were rated significantly more attractive if the pictimgere selected by their
captions than when the surrounding section was used fasrgiselection. No dif-
ferences were found between short and long textual answéhne ittractiveness of
the presentation or the picture-text combination.

Automatically versus Manually Selected Pictures

The results of two experiments are comparable only if theigmf participants in
one experiment is similar to the participants of the othgregiment. In both Ex-
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Fig. 9 Average assessments of (a) textual clarity; (b) infornesitass of the answer presentation;
(c) attractiveness of the answer presentation; (d) inftk@aess of the text-picture combination,
and (e) attractiveness of the text-picture combinatiom cemparability, these results include only
registered students from Tilburg University. Thereforeg actual values may differ slightly from
Figure 8.

periments 2 and 3, students and non-students took part aircatiswers to some
of the assessment questions were significantly differémgréfore, to enable com-
paring the results of the two experiments, the group of radents was filtered
out in order to ensure that the experimental conditions wesenly variables over
both experiments. In total, 98 people (70 female, 28 male) pduticipated in ei-
ther Experiment 2 or 3 were registered students. Forty-titbem contributed to
Experiment 2 and 56 contributed to Experiment 3. The aveaagessments of the
98 participants are shown in Figure 9.

These results combine the 16 short and the 16 long answesragi®ns, com-
prising 32 data points for each condition and assessmestiqoeThey include the
unimodal condition from Experiment 2, which was not diseuss Section 3.

For informativeness of the answer presentation, no sigmfidifferences were
found between answer presentations with a caption-selpataire and answer pre-
sentations with a manually selected informative picturewelver, answer presenta-
tions with a section-selected picture were rated as sigmifig less informative than
answer presentations with a manually selected informptatere, a decorative pic-
ture, or no picture at all. For attractiveness of the answesgntation, no significant
differences were found between answer presentations wilitomatically selected
picture (either caption- or section-based), a manuallgctetl decorative picture, or
no picture at all. We measured no significant effect of thes@mee of (different
types of) images on the user’s perception of the clarity eftéxt.

The informativeness as well as the attractiveness of thiepieture combina-
tion was not significantly different between answers wittaatomatically selected



22 C. van Hooijdonk, W. Bosma, E. Krahmer, A. Maes, and M. Tigeu

picture (either caption- or section-based) or a manuallcsed decorative picture.
However, the informativeness of the text-picture combaratvas rated significantly
higher for answer presentations with a manually selectiairimative picture than
for answer presentations with an automatically selectetup@ or a manually se-
lected decorative picture. Participants also found maimfiatmative pictures more
attractive than any other category in combination with the.t

Average ratings of automatic presentations may have begatinely affected
by inconsistent performance of the picture selection dlgar. If the relevance of
automatic pictures is less consistent than that of manwualings, this should be
reflected in the variability of the results. Indeed we foumat for automatic pictures,
participants showed greater variability than for manuetipies in their assessments
of textual clarity, informativeness and attractivenesthefanswer presentation.

Cosine Smilarity as Indicator of Picture Relevance

The selection criterion for automatic pictures was the masimilarity of the tex-
tual component of the answer and the text associated witpithere (a caption or a
section depending on the condition). The picture with ttghbst cosine similarity
was selected. Because cosine similarity is used as a mezfgetevance, this value
can be interpreted as a confidence value, i.e. how confidergytstem is that the
selected picture is actually relevant. In the IMIX systemwihich this picture se-
lection method is implemented, the answer is presenteebtdytif no picture has a
confidence (cosine similarity) above a certain configurdirieshold. Table 4 shows
the averages of the cosine similarity values of the pictaedscted for the answers
in this experiment.

Table 4 Statistics of the cosine similarity of the textual compdnehthe answer and the text
passage used for indexing the selected picture.

Condition Average Standard deviation Range

Brief text; caption-selected picture 0.190 (0.00788) 6810,0.347]
Extended text; caption-selected picture  0.188 (0.00631) 0.07B6,0.397]
Brief text; section-selected picture 0.133 (0.00501) 20%0.311]
Extended text; section-selected picture  0.162 (0.00654) 0.03[3,0.319]

But what is the meaning of cosine similarity as a confidentégeaCosine sim-
ilarity can be used to predict the relevance of the pictutthéfe is a correlation
between the cosine similarity and the experimental pasitis’ judgments of a pre-
sentation. Figure 10 shows the correlation of the confidérasne similarity) value
and the participant judgments. A value of 1 (or -1) indicatg@®rfect increasing (or
decreasing) linear correlation. This correlation was tggtdor the participant judg-
ments of the informativeness of the text-picture combora(i51 and .44 with short
and long answer texts respectively). This is an encouragigaglt, given that this
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Fig. 10 Pearson correlation coefficient between the confidencén@ssmilarity) of picture selec-
tion and the assessments of (a) textual clarity; (b) inférreaess of the answer presentation; (c)
attractiveness of the answer presentation; (d) inforraaggs of the text-picture combination, and
(e) attractiveness of the text-picture combination.

aspect seems to correspond most closely to picture relevéith respect to attrac-
tiveness, the correlation with confidence was significaptiater for short answers
than for long answers. There was only a slight differenceadmretation between

attractiveness and confidence for different picture sielechethods.

Remarkably, participants perceived the textual compooér@nswers as less
clear when the confidence value of the picture was greatés.plizzling result sug-
gests that relevant pictures negatively affect the clarftthe textual answer rather
than enhance it. A possible explanation is that any misnestbletween picture and
text may be more confusing when text and picture seem claséjed than when
the picture obviously does not fit the text, in which caseiit lba easily ignored and
does not influence the interpretation of the text.

5.7 Conclusion

The results of the evaluation experiment indicate that #pion-based picture se-
lection method results in more informative and attractivespntations than the
section-based method, although the difference in infokmaess was not signifi-
cant. Furthermore, caption-based picture selection sleogreater correlation be-
tween confidence and informativeness, which indicatesttietonfidence value
better predicts the informativeness of the picture. Comghdo manually created
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answer presentations, we found that answer presentatithamvautomatically se-
lected picture were largely rated at the same level as pietsems with a manually
selected decorative picture or even no picture at all. Thisi entirely surprising.
In Experiment 3, the manually selected pictures used in Exm@at 2 were used
as a gold standard for decorative and informative pictuespectively. However,
in practice, it is unlikely that this gold standard could lebiaved with the set of
609 pictures from our medical corpus, because the pictureces used by the par-
ticipants in Experiment 1 (which formed the basis for thevarspresentations in
Experiment 2) were unrestricted and thus offered far mopodpnities to find a
suitable illustration for a given answer text.

Finally, an investigation of the relation between systemficience and our ex-
perimental results revealed a negative correlation betvieetual clarity and the
predicted relevance of the selected illustration.

6 General Discussion

This chapter described three experiments in which we iyegstd which (combi-
nations of) presentation modes are most suitable for theenssof a medical QA
system. In Experiment 1, we were interested in the spontaemduction of mul-
timodal answers to medical questions. The results shovagdople used pictures
more frequently when producing long answers. Informaticéupes were more fre-
guently used in short answers, while representationalf@stwere most frequentin
long answers. It is likely that when the answer does not ¢omtaich text, a picture
will contain additional information with regard to the tex¥hen the answer con-
tains much text, it is likely that a picture adds less infotiorato it (i.e. it visually
represents the information already present in text). Stnwstvers contained more
decorative pictures than long answers, possibly becaok®faoom for discussing
pictured information in short answers led the participamesdd simple illustrations,
requiring no textual explanation, more often than whentargaresentations with
long answers.

Also, people used decorative pictures more frequently énahswers tavhat
guestions. Informative pictures on the other hand occumedt often in the an-
swers tohow questions. Possibly, in textual answersaaat questions the picture
represented an element of the question. Pictures in theeasgwhow questions
were often used to explain the steps within the procedurdtaréfore added infor-
mation to the textual answer.

In Experiment 2, we concentrated on how people evaluateréiit multimodal
(text and a picture) answer presentations on their infau@agss and attractive-
ness. The results showed that answers with an informatitengiwere evaluated as
more informative than those with a decorative picture. Mweg,how answers with
informative pictures were evaluated as more informatie@tbhat answers with in-
formative pictures. An explanation for this result couldtbat medical procedures
— as they occurred in this experiment — lend themselves wdiking visualized
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as they have a temporal and spatial character. Definitiorth@onther hand often
contain abstract concepts which are less easily visualized

Another interesting result is that while short answers \&ittinformative picture
were evaluated as most informative, long answers with arimdtive picture were
evaluated as most attractive. The information load of thiutd answers might ex-
plain these results. Short and long textual answers diffdrair information density,
i.e. short answers contain less information than long oftesrefore, an informative
picture has more added value for short answers than for los\ers, increasing the
perceived informativeness of the short answer presenttdn the other hand, an
informative picture adds relatively less information tooad textual answer and
therefore primarily serves to enhance the attractivenetsegresentation.

In Experiment 3, we conducted a user evaluation in which texsions of the
automatic picture retrieval method were compared: caggilacted illustrations
versus section-selected illustrations. The captiondbpixure selection method re-
sulted in more informative and attractive answers thanekéan-based method, al-
though the difference in informativeness was not significearthermore, caption-
based picture selection showed a greater correlation leetwenfidence and in-
formativeness, which indicates that the confidence valttetbpredicts the infor-
mativeness of the picture. A system could use this to respgmubt offering any
picture if no relevant picture is available (as done in théXMystem). All in all,
the caption-based picture selection method offers mormising results than the
section-based selection method.

When compared to manually created answer presentatiorispwwd that answer
presentations with an automatically selected picture Waggely rated at the same
level as presentations with a manually selected decorptatare (which did not
add any information to the answer) or even no picture at dlis fhay be partially
explained by the design of the experiment, where the videalent of the answer
presentations was not needed to answer the question, Bmtextual element con-
tained all the required information. Also, the results wandoubtedly influenced by
the fact that our picture corpus did not contain approppattures for all answers,
in which case the algorithm had no choice but to select aleiraat picture.

An investigation of the relation between system confidemcecaur experimental
results revealed an intriguing negative correlation betweextual clarity and the
predicted relevance of the selected illustration. Apptlyeseeing an answer text in
combination with a picture that is related to it, but not yulittuned to it, may be
confusing to the user. Problems like these might be solvethéylevelopment of
post-processing methods to adapt the textual and visugbocoemts of the answer
presentation to each other, so that they form a more cohetesie.
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