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Abstract—Currently, many universities use Web services, Currently, a user must formulate a query consisting of
such as SlideShare and edubase, to store presentation files. proper keywords in order to retrieve the required lecture
These files provide varying levels of knowledge, and are useful slides. However, e-learning material provides varying levels

and valuable to students. However, self-learners retrieving f K led iated with th h levels of uni it
such files still lack support in identifying which slides meet o knowledge assoclated wi € various Ievels ot university

their specific needs. This is because, amongst presentation COUrses or seminars, and so many presentation slides will
files intended for different levels of expertise, it is difficult to ~ require prior knowledge and expertise. Moreover, if the

understand the context, and thus identify relevant information, keywords in the query are common, the large number of
of a user query in a slide. We describe a novel browsing  gegrch results returned will make it difficult for self-learners

method for e-learning by generating snippets for target slides. . . . . .

For this, we consider the relevant information between slides to .f'nd material appropriate to thelr'level of understanding.

and identify the portions of the slides that are relevant to the ~ This current method does not consider the relevance of the
query. By analyzing the keyword conceptual structure on the information contained in slides returned by the query, so it

basis of semantic relations, and the document structure on the js jmpossible for students to easily determine which of the

basis of the indent levels in the slides, not only can target slides retrieved by the query are appropriate for study.

slides be precisely retrieved, but their relevant portions can Wi ¢ | slid trieval thod t t
also be brought to the attention of the user. This is done by € present a novel slide retrieval method 1o meet user

focusing on portions from either detailed or generalized slides ~réquirements for presentations containing different levels
at the conceptual level; this gives the surrounding context to  of knowledge. This retrieval method has a specific focus

help users easily determine which slides are useful. We also on h|gh levels of expertise by using snippet generation_
present a prototype system and the results of an evaluation of As depicted in Figure 1, the method can be implemented
its effectiveness. . . . . .
by (1) extracting the relationships between all slides in a

KeywordsPresentation content retrieval; e-Learning; Snip-  presentation in terms of a user query (shown on the left side
pet generation; Semantic relation; in Figure 1), and (2) generating snhippets for target slides that
present the relevant portions of the target slides satisfying the
query, based on easily understandable relationships between

Presentation slides (e.g., PowerPoint, Keynote) are nowhe target and other slides (shown as the right side in
one of the most frequently used tools for educationalFigure 1). To achieve our goal, we analyzed the implicit
purposes. A considerable amount of slide-based lectursemantic relations between keywords, and how the keywords
material, often prepared from teaching material used irat different indent levels of slides are related to a user query.
actual classes at universities or other educational institutiond)e derived keyword conceptual structure focusing on ‘is-a’
is freely shared on Web sites such as SlideShare [23nd ‘part-of’ relations between keywords extracted from the
and edubase [6]. In particular, students can view lectureslide text. However, the usage of keywords in slides varies
on their iPhone or iPad by using MPMeister [17], which depending on the author. We derived document structure
has hosted presentation slides and recorded lecture videby focusing on certain features of the slides, such as the
from Kyoto University since 2010. Other online e-learning levels of indents in the slide text, as these are often used to
material archives include those of the Nara Institute ofhelp users to better understand the content in slides. It was
Science Technology [19], which has provided presentationhen necessary to use the semantic relations and document
content recorded from lectures for about seven years, anstructure to determine the portions of slides related to
the Database Society of Japan (DBSJ) [5], which storeshe user query; furthermore, we detected the relationships
1200 presentations from workshops (DEWS and DEIM) forbetween slides in terms of the query.
members of the society. These presentations provide varying As an example, consider the user query “vegetable.” The
levels of knowledge, and are useful and valuable to studentsnippet for the target slide, which we call slideis shown
Thus, content can be reviewed and studied alone and when Figure 2. Some presentation slides may be related to
convenient, not only by students who missed a lecture oother slides in terms of detailed and generalized information.
presentation, but also by anyone interested in the topic. Therefore, we generate snippets of the relevant portions of
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Figure 1. Conceptual image of slide retrieval using snippet generation
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" de:gree”ieaf In this paper, we discuss how to help users understand the
I:a;;f’e""““ context of slides so they can select appropriate ones for self-
learning purposes from retrieval results. A traditional snippet
uses a keyword-in-context (KWIC) index (or permuted in-
dex), which is an index of text documents with a wide layout,
to obtain a retrieval result consisting of a portion containing
the user query; this is displayed with surrounding words
slides based on relationships between slides related to thte provide the context of particular index words [13]. This
query. For instance, we define slile@s being conceptually kind of index helps determine the meaning of index words
related to slidex as the specific content of the two slides of interest through their context. This context visualization
is related; the keyword conceptual structure and documerntchnique is also useful for search engines, such as Google,
structure for slides andb are shown in the callout rectangle to display search results. Google returns a ranked list of
in Figure 2. The explanation provided in slitl¢“spinach is  webpages to users, showing page titles together with a few
a leafy vegetable”) is likely to be more specific and detailedines of the text as a segment (called a snippet) containing
than the general definition provided in slid€"vegetables”). the query terms (i.e., query terms are shown in the context
Therefore, slideb has adetailed relationship with sliden  of returned web documents). This is particularly helpful for
in terms of “vegetable.” In this case, a snippet for slide judging the relevance of the retrieved document.
looks like portion P, of slide a with portion P, of slide b We propose a browsing method to help enhance user
related to “vegetable.” comprehension of the context for target slides related to their
The remainder of this paper is organized as follows.query; snippets are generated with Slide KWIC to show the
In the next section, we describe our approach and reviewurrounding context of the target slides. A snippet for the
related work. Section 3 contains an explanation of thearget slide, which we call the focused slide, is shown in
keyword conceptual structure and document structure, anbigure 3. There are three layers: the basic layer is the focused
we determine the mathematical relationships between slideslide, the high layer is a generalized slide of the focused
Section 4 describes the generation of snippets using thglide, and the low layer is a detailed slide of the focused
relationships between slides, and Section 5 introduces slide. We then generate a snippet consisting of a captured
prototype application for study support based on our methodyortion of the focused slide with the relevant portions of
illustrating the results of an experiment conducted usinghe related slides in terms of the query, helping users to
a real dataset of presentation content. Finally, Section @nderstand the presentation content in the focused slide.

— denotes is-a relation
.> denotes part-of relation

Figure 2. Snippet for a slide using the relationships between slides



The semantic relations between keywords, and how thsurrounding context of these slides for a user query at the
keywords in different levels of indents in slides are relatedconceptual level. Users can then browse a collection of slides
to a user query, were then analyzed. We defined the keywortd visualize the relevant information between slides.
conceptual structure for the semantic relations between Most studies related to e-learning material have focused
keywords to be extracted from the slide text using theon the retrieval of slides. Yokota et al. [28] and Okamoto
conceptual dictionary, WordNet [8], [26]. In addition, we et al. [22] proposed a system named Unified Presentation
defined the document structure based on indents in the slidglide Retrieval by Impression Search Engine (UPRISE) for
text extracted from presentation files. As mentioned aboveretrieving a sequence of lecture slides from archives contain-
the semantic relations and document structure can then bieg a combination of slides and recorded videos. Le et al.
used to identify portions of sentences for a given inden{10] proposed a method for extracting important slides by
level relevant to the query in the focused slide, along withautomatically generating digests from recorded presentation
the relevant portions from other slides. videos. Their method extracts important slides from unified

content, on the basis of the metadata features of either a
B. Related Work single medium or two heterogeneous media. However, we

Due to the changing nature of domestic and internaconsider that retrieving only important slides can destroy the
tional studies, e-learning has become a new teaching modeinplicit relevance of information spread across a number
characterized mainly by self-learning that is supported byof slides, particularly where it is difficult to understand the
information technology and centered on the learners. Andaontext of individual slides, and their method cannot be used
et al. [1], and Nozaki et al. [20] analyzed the effect of usingto browse important slides containing information related to
tablet PCs for making annotations during e-learning, sucla query. This does not enhance the user’s understanding of
as underlining or note-taking, and found that students takslides. Therefore, our objectives were to effectively retrieve
meaningful notes freely in this environment. These studieslides by implicitly accumulating relevant information be-
focused on the effect of the interactions between humangween slides for a user query, and to generate snippets for the
and between a human and the learning material. In contradipcused slides using the relationships between slides related
Wu et al. [27] presented three levels—theoretical, technicalto that query.
and activity—of the e-learning teaching process and system In our previous work, Kitayama et al. [9] proposed a
design. These three levels solve different issues and strongiyethod for extracting slides with corresponding video scenes
promote both theoretical and practical e-learning researchased on relationships between slides and their roles, and
[3], [2]- In our study, we focused solely on the interaction Wang et al. [25] described a process for automatically
between a human and the learning material, to enhancgenerating learning channels by using the semantic relation-
user comprehension of how to easily browse and select thehips that implicitly exist in the slides of a lecture with an
appropriate information for study. accompanying recorded video. These studies were similar to

In general, context is useful for understanding, and seveur study, in that a method for retrieving the desired slides
eral studies, which we now briefly explain, have exploitedusing relationships between, and relevant information about,
context in different ways. Pattanasri et al. [18] utilized these slides was proposed. Our method is an extension of
information in textbooks to construct an entailment ontology,these methods, developed by focusing on generating snippets
finding that two types of entailment relations were helpfulfor focused slides based on the relationships between slides.
for identifying context when trying to understand search
results inside e-learning material. There are also various
techniques for visualizing information. In a literature review,
Leung et al. [12] proposed the focus-plus-context technique,
using a small display window through which the information A- Keyword Conceptual Structure and Document Structure
of interest can be viewed without losing context (e.g., The content of one presentation contains thumbnails (im-
surrounding items). The basic idea is that focused itemages) of slides and their text information. We consider
occupy a large portion of a display window, while a much semantic relations to exist implicitly between keywords
smaller space is reserved for displaying contextual itemextracted from the slide text. Therefore, various semantic
(sometimes incorporating distortion techniques). The contextelations such as is-a and part-of [16], [15] are used as
role of the overview is to provide users with an idea ofa basis for the most common semantic relations between
what is available in a collection of items and what is not.keywords. “X subsumes Y, or Y is-subsumed-by X" (Y
For instance, the sitemap of a company’s website provides s-a X) usually means that concept Y is a specialization
summary of information (e.g., webpages) available on thabf concept X and that concept X is a generalization of
particular website. Thus, users can browse a collection ofoncept Y. Moreover, “Z is part of X, or X has Z as a
items or documents to understand them easily. Similarlypart of itself” (Z is part-of X) usually means that Z is a
we generate snippets for the focused slides to give theneronym of X and that the whole X has Z as a part. For

I1l. DETERMINING RELATIONSHIPSBETWEEN SLIDES
USING SEMANTIC RELATIONS AND DOCUMENT
STRUCTURE



example, “fruit” is a generalization of an “apple,” “orange,” SEEN
and many other fruits; in other words, an “apple” is-a “fruit.” Keyword )
Furthermore, “fruit’ is a holonym of “pulp,” “peel” and | Conceptual Structure
many other meronyms; in other words, “pulp” is a part-
of “fruit.” Therefore, we define the keyword conceptual

mproduce
o fruit
@ vegetable

N

Document Structure

structure as consisting of an is-a or part-of relation betwee ] e ', Slidey slidey | o@EzerbDd
; bR l{greens){leat} m fruit [
keywords_ extracted using WordNet [8], [_26]. | genotes s areavon N eetabe ; t::\lger:fens
We define document structure from slides that appear irF=—<netesaparorieaton J sgreens ~
the outline pane, based on indents in the slide text. We STide x Siide
defined the slide title (first level indent) as the upper level.| x (. egtabie = tproduce; {g(}.“.ege,ﬂb,e): ;
The first item of text is considered to be on the second level| . ¢ vegerabis = ¢ K, (3 vegetabld) = {greens|
and the depth of the sub-items increases with the level oOfx,G.vegetablo =4 K, (v.vegetable) = {leaf}
indentation (third level, fourth level, etc). Objects outside of | £, Gregeratl ) 1 —2ploas= [, . vegetatte)| 1
(L[\ J(x,vegerable )+ D)x [K , (x, vegetable )| +1) (K, (3, vegerable | +1)x (K , (y, vegerable | +1)
C

the text, such as figures or tables, are considered to be
the same indent level as the text in which they are placed.
If a given keyword appears in the title of the slide or in
lines with smaller indents, we implicity assume that the
lower-level indented keywords are supplementary and that
they explain the upper-level keywords. l(z,q) is a function that returns the level of indentation of
B. Determination of Relationship Types q in slide z, and will thus return a value greater than 1.
Whengq appears frequently in slide, I(x, ¢) will return the

q '][o determine fthe re:jatl?gshlp getwegg t\,\tlﬁ S“?hes’tV\"EI)owest possible value; that is, the uppermost level at which
eliné oneé as a locused slide, and consider the other 1o eoccurs in slidex. This is because we consider that when

conceptually related to the focused slide through one of twq appears in an upper level, all of the other levels in which

typeds of[hrelatllo T.Sh'prsf etﬁiled ag'd getneml_;zed'f In oth der lid appears in the body of that slide are explanatory points
words, the relationship has a direction. 1he 10Cused Sldgg y1aq to the upper level occurrence fKeyword k; is

IS the_ Staf“”g point, and_the qther sllde_s are end pomts, 0|§cluded in the levels that have a hierarchical relationship
the direction of the relationship. If a slide hasdatailed

relationship with the focused slide, it is calleddatailed with the level ofg, andk; belongs to the set of keywords

. ; , : S Ky(x,q) in slide . i(z, k;) is less than or equal ti{z, q)
slide. If a slide has ayeneralized relationship with the . 9 w ,,
T . h , .g., le”) h
focused slide, it is called aeneralized slide. Letz be the In the document structure, angl (e.g., "vegetable”) has

: ) ) an is-a relation withk; (e.g., “produce”) in the keyword
slide ”“'_mber of a focused S“de_ agtbe the Shqe nu_mber conceptual structure (see Figure 4). Whgrdoes not exist
of the slide that we want to retrieve. The relationship types

i . L in slide z, K,(z,q) will be empty. In our method, the
:rﬁsﬁtzgg'r;ed for all slides containing the keywgrtiom keyword conceptual structure is extracted as a tree-shaped

1) Determination of Detailed Relationshipsf a slide structure. In general, an is-a or part-of relation between

: ) laeywords is equivalent to a parent-child relation, and so our
has more information about a user query than the focusemethod may classify is-a or part-of as a descendant relation
slide, its relationship with the focused slidedstailed. We y P '

explain the determination afetailed slides using the query KS(“T.’ .Q) s a SeF of_keywords th_at can be considered as
. . . specific information in terms of in slide x. In Eq. (2),
keywordg, present in both the focused slideand that which S . ) .
. . , keywordk; is included in the levels that have a hierarchical
needs to be retrieved, slide As an example, Figure 4 shows

the determination of théetailed relationship between slides relationship with the Igvel .Ofl’ andk; belpngs o the set
= andy for a query on the word “vegetable.” of keywords K (z,¢q) in slide z. I(z,k;) is greater than
When the query keyword and other keywords in slides .(%-¢) in the document structure, anid (e.g., “greens”)

x andy satisfy certain conditions, slidg is determined to Egicin tlsj gtarlagfnrgvé?eéeg” ;’;%‘;tewe )rénoéhsenﬁyqusr?
be thedetailed slide of slidex. This is because has more ptu uctu Igu - Whg X

o o . o in slide z, Kq(x,q) will be empty. K,(z,q) is the set of
ifi ntent in slide than it in slidex. A . PR A . .
spectiic conte slidg than it does in slider keywords that can be considered as additional information

Figure 4. Example of a detailed relationship between two slides

Ky(z,q) = A{kilki € 2,l(z,q) > (2, ki), q is-ak;}(1)  interms ofq in slide z. In Eq. (3), keywordk,, is included
Ks(z,q) = {kjlk; € z,l(z,q) <l(z,k;),k;is-aq)f2) in the levels that have a hierarchical relationship with the
Kp(@,q) = {kmlkm € 2,1z, q) < U(z, k), level of ¢, and k,,, belongs to the set of keywords,(z, q)

in slide z. I(x, k.,) is greater thari(z, ¢) in the document
km part-of ¢} (3) structure, and,,, (e.g., “leaf”) has a part-of relation witl
Here,K,(x, q) is a set of keywords that can be considered(e.qg., “vegetable”) in the keyword conceptual structure (see
as general information in terms gfin slide z. In Eq. (1),  Figure 4). Wherk,, does not exist in slide, K, (z, ¢) will



be empty. For the conditions mentioned above, wherk;, [ vegetable | (search ASnippet for Slide 4 Generalized
or k,, does not exist in slider, then K (z,q), K;(z,q), slide 2

or K, (z, q), respectively, will be empty. In general, detailed .:pfrustm
information means a more specific explanation of a term| [ _smpe |
a detailed relationship seems to be a mixture of is-a and %3—
part-of relations. i
Based on the above criteria, we compute the ratio o e

general information to detailed information relatedqtéor
slidesxz andy, and compare their ratios using the following
formula:

slide 3 slide
S . m salad il
K@, q)| +1 - 4 S ol P | Pl S
(s (2, @)l + 1) x ([Kp (2, q)| +1) " —

|Kg (y7 q)| + 1 \/ Detailed

(K (y )l + 1) x (| Kp(y, q)| +1)

where the function K, (x, q)| extracts the total number of
k; in Kg(z,q), |Ks(x,q)| extracts the total number df;
in Ks(z,q), and|K,(z, ¢)| extracts the total number &f,,
in K,(x,q) in slide z. K4(y,q), Ks(y,q), and K,(y, q)
are also sets of keywords in slidg satisfying the same
conditions asi,(z, q) in Eq. (1), Ks(z,¢) in Eq. (2), and
K,(z,q) in Eq. (3). Thus, Eq. (5) can be used to calculate
the ratio of| K, (z, ¢)| to |K;(z, ¢)| and|K,(z, ¢)| for slide
x and the ratio of K, (y, ¢)| to | K;(y, ¢)| and|K,(y, ¢)| for
slide y.

If the ratio calculated for slider is higher than that

Figure 5. Example of snippet generation

ships between slides. It is difficult for users to understand the
relevant information between portions of slides in terms of
the query. For example, a user may want to study slite
further understand “vegetable” in the lecture content about
Vegetable Foods. Our method generates a snippet for slide
4 that captures portio?, of slide 4, along with portionP,
of slide 2 that includes text on the indent levels, explaining
“produce” with regard to “vegetable.” Portiond; and Ps
calculated for slidey using Eq. (5), slidey is determined to inglude text on the indent Ieve!,s, gxplaining “ca?bage and”
be thedetailed slide of slidex with regard tog. splnaph are green vegeta_bles, with reg_ard to veg_etable
for slides3 and 5 (see Figure 5). In this case, slide

2) Determination of Generalized Relationshipta slide lains that “oroduce” h i ved relationshio with
contains content about the query in the outline given in & P'ains that "produce” hasgneratized relationship wi

generalized slide, it is described in relation to the focused slide 4 with regard to the keyword “vegetable,” and slides

slide. We explain the determination géneralized slides 3 and5 both explain that "cabbage and spinach are green

using the query keyworg present in the focused slide vegetables,” implying @etailed relationship with slidet in
and slidey; this keyword needs to be retrieved terms of “vegetable.” When the user browses the snippet for

slide 4, consisting of portionP; from slide 4 and portions

[Ky(2,q)| +1 < (5) P2 Ps, and Ps from slides2, 3, and5, respectively, he or
([Ks(z, q)| +1) x ([Kp(z, )| +1) she is provided with more information on “vegetable” than
|Kq(y,q)| +1 just that in slide4, and this enables the user to further his or
(IKs(y, @)l + 1) x (|Kp(y,q)| + 1) her understanding easily. Therefore, our snippet-generation

When the query keyword and other keywords in slides Method is based on the context of slides to present snippets,
z and y satisfy Egs. (1), (2), (3), and (6), then sligeis ~ Which contain portions related to the user query in a detailed
determined to be generalized slide of slidex with regard ~ Order to enable snippet comprehension at the conceptual
to ¢. This is because slidg has more general content gn  !evel. This section describes how to generate snippets, based
than does slider. Eq. (6) can be used to calculate the ratioOn the relationships between slides related to the query,
of |K,(z,q)| to |K.(z,q)| and |K,(z,q)| for slide z and  through the following procedures.

the ratio of| Ky (y,q)| to |K;(y, ¢)| and| K (y, ¢)| for slide A |gentifying the Portions of Focused Slides

4 Although our method can retrieve slides related to a user

query, the relevance of the information contained on the
focused slides must be determined. Therefore, our method
first identifies the portions of the focused slide related to a
IV. SNIPPET GENERATION USING THE RELATIONSHIPS  yser query based on the keyword conceptual structure and
BETWEEN SLIDES document structure. Lat be the slide number of the focused
To generate snippets, Slide KWIC takes the portions of thelide. When the query keywordand other keywords in slide
focused slides relevant to a user query by using the relatione satisfy Egs. (1), (2), (3), (6), (7), (8), and (9), portidh

Thus, detailed and generalized slides are functionally
interchangeable, whereas a focused slide igeralized
slide from the viewpoint of aletailed slide.



of slide z is determined to be related to the query keywordto query keywordg, portion P, of slide z, provides the

q. general content of portio® of the focused slide: related
to ¢g. Therefore, portionP, of the generalized slide, is
Ku(x,q) = {knlkn € 2,1(x, q) = U(z, kn), determined using the query keywaydrom the focused slide
q part-of ky } 6) =z
Lo(z,q) = {sall(z,ku) < Uz, 80) < (2, ), 1) Determining the Portions of Generalized Slid&shen

slidex, is ageneralized slide that has generalized rela-

Fuw € Ky (,4) U Ko (2, 9)} (/) tionship with the focused slide, related to query keyword
Ls(z,q) = {sill(z,q) <z, s¢) < U, ky), ¢, portion P, of slide z, provides the general content of
ky € Ks(z,q) UKp(z,q)} (8)  portion P of the focused slider related toq. Therefore,
P = Ly(z,q)ULy(z,q) (9)  Portion P, of the generalized slide, is determined using

the query keyword; from the focused slide:.

Here, K, (z, q) is a set of keywords that can be considered
as a whole( cor)wcept in terms aqf in slide z. In Eq. (6), Py = Lg(wg ku) U Lg(zg,9) (10)
keyword#ky, is included in the levels that have a hierarchical When the query keyword in slide z, satisfies Egs. (1),
relationship with the level ofg, and k;, belongs to the (6), (7), and (10), then portio®, of the generalized slide
set of keywordsK,,(z,q) in slide x; I(x, k) is less than z, is determined. This is because the amount of content in
or equal tol(xz,q) in the document structure, and(e.g., slidez, that is generic tq is greater than that in slide. A
“vegetable”) has a part-of relation withy, (e.g., “leaf”) in  setL,(z,,q) consists of sentences from levels that contain
the keyword conceptual structure (see Figure 4). When general information related tpin slide z,, and satisfies the
does not exist in slider, K, (z,q) will be empty. A set same conditions as the sBf(z, q) (these conditions apply
L,(z,q) consists of sentences from the levels that containo slidex and are given by Eqg. (7)). In addition, when slide
general information related tg in slide x. Sentences,, x4 contains the keyword,,, which belongs taK,(x, q) or
belongs to the set of sentencég(z,q) in slide = if the K, (z,q), then a setly(z,, k,) is used to extract a further
following condition is satisfieds,, must be included in one set of sentences. These come from levels that provide general
of the indent levels ranging from the level of the sentenceanformation in terms ofk,, the more generalized concept
containingg to the level of the sentence containing keywordrelated toq in slide z,, and satisfy the same conditions
k., wherek, belongs toK,(z,q) or K,(z,q), andq is-  as the setl,(z,q) (these conditions apply to slide and
a k, or g is part-of k, in slide . The selection and are given by Eq. (7)). When slide, contains two or more
extraction of thes,, is performed according to Eqg. (1) or k,, as determined from the focused slide then we can
Eq. (6). In Eq. (7)/(x,s,) is not greater thai(x, q) in the  extract two or more sets of sentences fropiz,, k,,). Thus,
document structure, sb(x,q) will extract the sentences, Eq. (10) can be used to determine the portignof slide
sn, CONtainingg in levels ranging fromi(z, q) to i(z, s,,). In x4 that combines the sets of sentences fibptz,, k,,) and
addition, !(z, s,,) is greater than or equal tz, k,) in the  L,(z,,q).
document structure, sb,(x,q) will also extract sentences  2) Determining the Portions of Detailed Slide$Vhen
containingk,, in levels ranging froml(z, s,) to i(z, k,). A slide x4 is adetailed slide that has @etailed relationship
set Ls(z, q) consists of sentences from levels that containwith the focused slider in respect of the query keyword
specific information related tg in slide x. Sentences; q, portion P, of slide x4 provides specific, detailed infor-
belongs to the set of sentenckg(x, ¢) in slide x, wheres; mation about portionP of the focused slide: related togq.
is included in the indent levels of sentences from the level ofTherefore, we determine portid®; of the detailed slide x4
the sentence containingto the level of sentence containing using the query keyworg from the focused slide:.
k,. The keywordk,, which has an is-a or part-of relation _ N
with ¢, belongs toK(z,q) or K,(z,q). This extraction is Pa = Loz, q) U Lo(@a, ko) (11)
performed using Egs. (2) or (3). In Eq. (8)x, s¢) is not When the query keyword in slide x4 satisfies Egs. (2),
greater thari(x, k,) in the document structure, o, (z, q) (3), (8), and (11), then portio®; is determined from the
will extract sentences containing in levels ranging from detailed slide, 4. This is because the amount of content
l(x, ky) to I(z,s:). As I(z,s;) is greater than or equal to in slide x, specific tog is greater than that in slide. A
I(x,q) in the document structurd,,(x, ¢) will also extract setL,(x,,q) consists of sentences from levels that contain
sentences containing in levels fromI(x,s;) to I(z,q).  specific information related tq in slide z4, and satisfies
Thus, Eq. (9) can be used to extract a porti8rof slide  the same conditions as the ski(z,q) (these conditions
z, and thus combine the sets of sentences from differerdipply to slidex and are given by Eg. (8)). Moreover, when
levels, Ly(x, q) and Ly(z, q). slide x4 contains the keyword,, which belongs td<(z, q)

When slide z, is a generalized slide that has a or K,(z,q), then a setL,(zq4,k,) iS used to extract an
generalized relationship with the focused slide, related additional set of sentences. These are extracted from levels



Table |
EXPERIMENTAL DATASET

'.:‘ Slide Retrievs <
{CGEI Enter a query of interest
Enter a quer,
o

BE,

Retrisval ResulEEREIERERT. Cenetied (1) Academic Contents
S No. Title Number
P-W | Mining Disjunctive Tree Patterns 22
P-X | A Web Archive Search Engine Based onl 15
the Temporal Relation of Query
P-Y | Video Archive Contents Browsing Methogl 7
based on News Structure Patterns
P-Z | Improvement on Processing Rules Stored 30
in Individual Metadata for Flexible
Contents Management
. (2) Lecture Contents
T ] No. | Title Avg. number
L-W | Methods of Education Research 16.4
g L-X | Introduction to Psychology 29.6
Detaileg L-Y | Social Statistics 241
L-Z Introduction to Statistics 27.4

Figure 6. Screenshot of the prototype system

Slide KWIC Browser; it is shown in the right-hand side of
that provide specific information in terms &f, the more  Figure 6. Snippets are generated by identifying portions of
specified concept related tp in slide x4, and satisfy the the focused slides relevant to the related slides based on the
same conditions as the sBt(x, ¢) (these conditions apply relationships between them.
to slidex and are given by Eq. (8)). When slidg contains  after a user selects the presentation content for study,
two or morek,, as determined from the focused slidewe  gniers a query in the textbox, and presses the “Search”
can extract two or more sets of sentences filbwa, ku).  putton, the retrieved slides are presented in the retrieval
Eq. (11) can then be used to determine the porfignof  egyits section of the browser. When the user selects a
slide z; that combines the sets of sentences frbMiza,q)  certain retrieved slide to be the focused slide, the Slide
and Ls(zq, _]fv)- ) _ KWIC Browser presents a shippet of this slide in an adjacent

As mentioned above, our method for generating snippetgindow. There, a portion of the focused slide, with relevant
of the focused slides satisfies user demand by relatingentences extracted, is presented in a listbox in the center
portions of theyeneralized, focused, andetailed slides 1o of the Slide KWIC Browser window as a basic layer. Other,
provide content varying from generalized to detailed basedg|ated slides, with their relevant portions in listboxes, are

on a user query for specific content. displayed above and below the focused slide (Figure 6).
V. EVALUATION
A. Prototype System B. Experimental Dataset

We built a prototype system to support slide retrieval In our experiments, we examined the proposed method
(see Figure 6), using Microsoft Visual Studio 2008 C#.of snippet generation for slide-browsing support based on
From user queries, the system aims not only to identify andhe relationships between slides. We prepared a dataset
precisely retrieve target slides, but also related content baseding actual content, as shown in Table I, consisting of
on semantic relevance and surrounding context, in order tfl) four actual academic presentations from a session of
enhance comprehension. This prototype has three stagd3EWS2006 in the DBSJ Archives [5], and (2) 36 actual
analysis, determination, and application. In the analysisecture presentations [11] of four introductory courses from
stage, we analyze the features of the slide text accordinthe lecture archives of the Social Informatics department at
to the keyword conceptual structure, using WordNet [8], [7]Aoyama Gakuin University. There were 5-15 students in the
to extract is-a and part-of relations between keywords fronSchool of Human Science and Environment, University of
presentation content. The document structure of the slideéilyogo, taking the Social Informatics course and Information
and thus information on the indent level of keywords, isMedia lab who completed the following experiments. We
constructed by using Office Open XML files from Pow- assumed that the academic content in Informatics requires a
erPoint in Microsoft Office 2007. The terms in the slides certain level of expertise and is difficult to understand, and
are extracted by using the morphological analy2desCab  that introductory lectures provide a basic level of knowledge
[14] and SlothLib [24], [21]. In the determination stage, all in Informatics and are thus easily understandable for the
types of relationships between slides are extracted based atudents who participated in the following experiments. We
the keyword conceptual structure and document structureshow and discuss the experimental results in the follow
We call our application for browsing the retrieval results thesections.



Table Il
CLASSIFICATION OF RELATIONSHIP TYPES

08

Results determined using our system oe

detatled | generalized | others 04

Correct detailed 91 17 58 02
generalized 35 65 48

answers others 6 6 91 °

C. Experiment 1: Validity of Determining Relationship
Types

This experiment was designed to assess the generation of
snippets based on relationships between slides related to a
user query. Five participants freely described the relation-
ships which existed between two slides, assessing 199 slide
pairs containing keywords sampled at random from the four
academic presentations in the dataset. Relationships between
the slide pairs were determined if and when three or more
participants described the same relationship.

Table I lists the classification results. A correct answer
was defined as a relationship between two slides where
three or more participants described the same relationship.
The vertical columns titleddetailed,” “ generalized,” and
“others,” show the results obtained using the proposed sys-
tem; the horizontal rows titleddetailed,” “ generalized,”
and ‘“others,” show the number of correct answers given

by the participants. Only one type of relationship defined in

our system was determined by the participants for any given
slide pair, and then this answer was duplicated by more
participants. We found thadletailed includes “instance”
relationships, where slides show the specific examples with
their explanations, angeneralized includes “parallel” re-
lationships, where slide pairs describe information derived
from a single topic on equal terms. However, these rela-
tionships did not occur frequently, and are thus difficult
to define. We should therefore improve the definitions of
detailed and generalized relationships. This experiment
confirmed that the relationships between slides containing

any keyword could be covered by using the concept of

relationship types. In our method, we focused damiailed

and generalized relationships at the conceptual level, but
this should be expanded to determine other types of semantic
relationships.

We used three representative keywords from each aca-
demic presentation to extract 678 slide pairs. We evaluated
the validity of the rules for determining the two types of
relationships by precision , relative recall [4] , and F-measure
The four methods are: “Frequency”, using the keyword

detailed relationship generalized relationship
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Figure 7. Performance measure graph

low, and many correct answers were detected to have
no relationships with our method. We consider the
limitations of WordNet [8], [7] to be one factor for
the low relative recall. Although WordNet [8], [7] is a
large lexical database, it does not necessarily contain
all concepts related to an experimental keyword, as
there may be new concepts associated with a technical
term or new words used in the academic presentation.
For instance, while keywords such as “disjunction,”
“mining,” and “preorder” frequently appear in the main
content of the academic presentatiBrl’, our method
based on WordNet [8], [7] cannot extract semantic
relations for them, as they are not included in WordNet
8], [7].

For detailed, our method returned more than half
of the correct answers. The precision of our method
performed well. However, there was a little confusion
between “detailed” and “instance.” “Detailed” means a
more specific explanation of a term; “instance” means
a specific explanation of a term through the use of
cases or examples. Therefore, our method returned
some results as “detailed” when participants labeled
their correct answers as “instance.” We focused on
whether the specific explanation of a term contained
more information, but not how the specific explanation
was given, such as in examples.

For generalized, even if the same slide set was
considered, participants’ answers differed in terms of
“generalized” and “parallel.” If participants answered
“generalized,” this means that they understood the
content well. However, if the participants answered
“parallel,” it means that they understood only that the
slides had a relationship. We considgmeralized to

be effective when a user can understand that slides have
at least some relationship, but cannot determine the
relationship type.

frequency, “document’, using the document structure onlyThe graph in Figure 7 shows that the precision and F-
“concept”, using the keyword conceptual structure only, andneasure of our system were higher than those of other

“proposed”, which used our proposed method.

methods for determinindetailed andgeneralized relation-

The results for the slide relationships found by the fourships. This experiment confirmed that slides with academic
methods are shown in Figure 7, and they can be explainegbntent have some kind of relationship between each other.

as follows:
o The relative recall ofdetailed or generalized was

Our proposed relationships may provide an appropriate
definition for using the semantic relations between keywords



Table 111 Table IV
RESULTS OF IDENTIFYING THE PORTIONS OF SLIDES IN ACADEMIC RESULTS OF IDENTIFYING THE PORTIONS OF SLIDES IN LECTURE
CONTENTS CONTENTS
Academic contents by our method Lecture contents by our method
P-W P-X P-Y P-Z Average L-W L-X L-Y I-Z Average
Precision 69.6% 60.4% 57.7% 66.1% 63.5% Precision 71.3% 60.3% 63.4% 69.6% 66.2%
(298/428) | (166/275) | (142/246) | (360/545) (196/275) | (193/320) | (716/1130) | (400/575)
Recall 67.3% 71.2% 64.0% 75.8% 69.5% Recall 53.7% 70.7% 81.9% 82.0% 72.1%
(298/443) | (166/233) | (142/222) | (360/475) (196/365) | (193/273) | (716/874) | (400/488)
F-measure 0.68 0.66 0.64 0.71 0.67 F-measure 0.61 0.65 0.71 0.75 0.69
Academic contents by the levels contain Lecture contents by the levels contain
the given keywords with their AP levels the given keywords with their AP levels
P-W P-X P-Y P-Z Average L-W L-X L-Y L-Z Average
Precision 52.8% 47.4% 53.8% 56.1% 52.5% Precision 65.3% 50.0% 52.3% 56.8% 56.1%
(295/559) | (180/380) | (135/251) | (415/740) (261/400) | (233/466) | (792/1513) | (420/740)
Recall 64.6% 77.3% 60.8% 87.4% 73.0% Recall 71.5% 85.3% 90.6% 86.1% 83.4%
(295/443) | (180/233) | (135/222) | (415/475) (291/365) | (233/273) | (792/874) | (420/488)
F-measure 0.59 0.59 0.57 0.68 0.61 F-measure 0.68 0.63 0.66 0.68 0.67

and the document structure of indents. Furthermore, we The results of the experimental identification of portions
believe that a considerable number of slides in the academiaf academic and lecture presentations are listed in Tables 11|
presentations provide detailed explanations. However, wand IV, and can be explained as follows:

should enhance our method for extracting semantic relations , The average F-measures for this experiment on aca-

between keywords to consider the semantic data model of
keywords. In particular, for academic content containing a

lot of technical terms, this method should not only involve

the use of WordNet [8], [7], but also include such aspects
as the use of domain-specific dictionaries, such as the

Handbook of Information Processifgnd the Medical Dic-

tionary?. As mentioned above, we can improve the accuracy
of our method for determining relationships between slides.

D. Experiment 2: Validity of Identifying the Portions of
Slides

This experiment aimed to verify whether the proposed

method is useful for identification of portions containing

sentences relevant to a user query. Five participants freely
captured portions containing sentences from different in-

dent levels in the slides, and assessed three representative
keywords from 40 actual presentations in the dataset to
identify portions of 312 slides. A correct answer was defined
as a portion where three or more participants found the
sentences on the indent levels of the slides that they had
captured. In this study, we evaluated the validity of the

rules for identifying portions of slides in terms of the query

keywords, using precision , and F-measure to compare the
results obtained by our method with those obtained from
participants who gave correct answers for each academic
presentation and in each lecture explaining different topics.
In addition, we compared the portions obtained by our
method and the portions of sentences containing the given

keywords on indent levels with their anteroposterior (AP)
levels.

linformation Processing Society of Japan
2http://www.medterms.com/script/main/hp.asp

demic and lecture presentations look similar. However,
the average precision and recall of the lecture presen-
tations were both higher than those for the academic
presentations. We therefore concluded that it is difficult
to understand the slides used in academic presentations
that require a level of expertise in participants, and
we used WordNet [8], [7], which does not contain all
concepts related to some general words. For example,
a slide with the query keyword “structure” was used
to identify portions of it in presentatioR-Y . Sentence
levels containing “news subject,” “generation status,”
and “conclusion status” were correctly related to “news
structure pattern” by participants. Our method, how-
ever, could not determine these keywords, as WordNet
[8], [7] does not recognize “subject” or “status” as
having a part-of relation with “structure.”

» The average precision of all experimental portions from

academic or lecture presentations was low; our method
extracted a much greater number of portions than those
for which participants concurred. We believe that when
determining correct answers, the participants did not
consider slide titles or figures in slides in terms of the
given keywords when our method was used.

« Comparing the results of the two methods, the average

precision and average F-measure of our method were
both higher than those of the other method. Although

the results of the two methods look similar, the other

method did not extract some portions containing sen-
tences in slides that explained the given keywords, and
some sentences on the AP levels were extracted which
were not related to the given keyword.

This experiment confirmed that our method can extract
the appropriate portions of slides, using semantic relations



Table V

RESULTS OF GENERATING SNIPPETS FROM ACADEMIC CONTENTS diﬁerence. in the sr)ippet generati_on between the slide
Academic contents by our method relationships used in the academic and lecture content.
P-W P-X PY P-Z Average o The average recall of all experimental snippets from
Precision | 68.6% | 62.8% | 62.1% | 80.0% | 68.4% the academic and lecture presentations was low. When
(175/255) | (76/125) | (59/95) | (108/135) : .
Recall 66.0% 67.0% T 570% 667% | 642% our method was used in Experiment 2, many of the
(175/265) | (76/114) | (59/106) | (108/162) correct answers were found to contain the sentences
F-measure]  0.67 0.64 0.60 0.73 0.67 on indents in portions not extracted by our method. A
snippet consists of portions of the focused slide and
Table VI depends on identification of these portions, which is
RESULTS OF GENERATING SNIPPETS FROM LECTURE CONTENTS based on our method using WordNet [8], [7], and so
Lecture contents by our method did not determine that some keywords have semantic
_ L-W L-X LY L-Z | Average relationships between them. This was one of the reasons
Precision 67.3% 69.2% 72.8% 14.7% 71.0% .
(175/260) | (229/331) | (732/1005)| (396/530) why the recall was low. Therefore, these portions for
Recall 63.4% 69.2% 73.2% 66.6% 68.1% generating snippets also need to be considered.
(175/276) | (229/331) | (732/1000) | (396/595) « The average precision of all experimental snippets from
F-measure 0.65 0.69 0.73 0.70 0.70

the academic and lecture presentations was high. The
results indicate that our method can generate appropri-
ate snippets of relevant portions of slides based on the
between keywords and the document structure of indents. relationships between these slides, and the method can
However, we want to use an enhanced method for extracting ~ then be successfully applied to support browsing slide
mathematical formulas related to the given keywords. Fur-  retrieval by generating snippets at the conceptual level.
thermore, we should consider how to identify the keywords « A few experimental snippets identified portions that did
at different levels in figures or tables to improve performance  hot include detailed information related to the focused
in this experiment. In general, we may also use the concep- slides; that is, relationships did not exist between them.
tual descriptions on the Wikipedia website , an encyclopedia  In addition, many of the relevant portions were not
providing a vast amount of structured world knowledge,  strongly related to the portion of the focused slide,
to build a large ontology. Therefore, we can improve the  Which may have reduced the precision.

accuracy of our method for identifying portions of slides by This experiment showed that our method can generate snip-
ceasing to use WordNet [8], [7], and instead using domainpets of relevant portions of related slides via the query, by
specific dictionaries for technical terms, or Wikipedia for effectively using the relationships between the slides. The

general words. results of this experiment suggest that we need to improve
the determination of the snippet-generation algorithm by
E. Experiment 3: Validity of Generating Snippets using the relationships between slides, and extracting the

This experiment aimed to verify whether the propose portions of slides rel_evant_to the query. Our method used
method is useful for generation of snippets for slides. We orngt [5.3]’ [7], which V\."” ha_ve had a beaf'”g on the
determination of the relationships between slides, and the

showed the participants 87 snippets, composed of portlO.nlsdentification of the portions of slides, due to the shortcom-

of slides pertaining to the given keywords from the experi-. . :
. . . o ngs already mentioned. Therefore, we plan to use domain-
mental dataset used in Experiments 1 and 2. Five participants® ...~ .-, ) L . .
ecific dictionaries or Wikipedia for extracting semantic

L . . . .S
took part in this experiment; the snippets presented a deta"erd:Iationships between keywords in the future work.

explanation of the given keywords in order of the relevant
portions in the slides. A correct answer was defined as threE. Experiment 4: Efficacy of Browsing Snippets
or more parti'cipants describing snippets of the focused slides |, this experiment, we verified how the proposed method
with other slides as correct. ~ can help users to browse by introducing snippets. When
The results are shown in Tables V and VI; the experimenysers browse slides containing information, the snippets
tal results were as follows: presented by our system let users easily grasp the context
o The results depended on those from Experiments bf the focused slides in terms of the given keywords. We
and 2. However, in Experiment 1, we did not eval- conducted this experiment with 15 participants, using four
uate the determination of the relationship types ingiven keywords for 17 slide pages taken from two actual
lecture content. For this experiment, the results forpresentations: the academic contentdrly” contains seven
the academic and lecture content look similar. As inslide pages, providing a level of expertise in Informatics that
Experiment 2, the average precision and recall of thds important for the participants, and lecture materiallin
lecture presentations were both higher than those of containing 22 slide pages, providing basic knowledge in
the academic content; we concluded that there was ninformatics that is easy to understand for the participants.



Table VI . . . .
EXPERIMENTAL RESULTS OF THE EFFICACY OF BROWSING SNIPPETS when they browse slides containing information they

are already aware of.

Dataset Browsing slides only| Browsing with snippets
Expertise inP-Y 14724 21724 o In the L-Z dataset, there were fewer correct an-
Prior knowledge inL-Z 20724 18/24 swers when browsing slides with their snippets than
Total 34748 39748

when browsing only the slidesL-Z provides prior
knowledge that is easily understood by participants,
so they are able to select many correct answers by
For evaluation purposes, we first prepared correct answers by  browsing slides only. In addition, our proposed snippet-
asking three students which slide had the most detailed in-  generation model only has three layers and does not
formation related to each given keyword in each presentation ~ consider the relevance of the related slides; thus, two
from the experimental dataset. We defined a correct answer participants were a little confused about the snippets
as when two or three students identified the same slide. for slides. However, for a majority of participants, we
Secondly, we provided two retrieval results for each given  confirmed that our snippet-generation model is helpful
keyword using (a) the conventional method, where slides are ~ for users browsing slides with their snippets.

retrieved by matching keywords, and (b) our method, where « Our snippet-generation method is based on the relation-

the corresponding snippets are generated by our system. ships between slides, and works by identifying relevant

After providing these two retrieval results to the 12 portions of the focused slides. We concluded that a few
students who did not take part in preparing the correct — generated snippets have the effect of determining the
answers, we asked two questions in two steps as follows: relationships between slides.

Step 1.Presenting the slides retrieved by method (a).  This experiment showed that our method of browsing slides

Q1: Which slide do you think provides the most detailed With Snippets is more useful than browsing slides only.
information related to the given keyword in these retrievalln Particular, our snippet-generation method is helpful for
results? Please write your answer as the slide number arRfowsing slides containing higher levels of expertise along-
the reason for your selection. side snippets.

Step 2.Presenting the retrieval results for method (b), VI. CONCLUDING REMARKS

including snippets. In this paper, we proposed a snhippet-generation method
@Q2: When you browsed the snippets for the slides presentegh support the browsing of slides based on the relationships
in @1, did you change your answer €17 If so, please write  petween the slides. We described in detail how to determine
the changed slide number and your reason for changing. khe relationships between slides, using a unique platform
not, please give the reason why you did not change it.  to generate snippets for slides by analyzing the semantic
We analyzed these answers, and the results are shown jg|ations between keywords and the document structure
Table VII. The vertical columns show how many correct pased on indents. In particular, by focusingdailed and
answers were given when browsing the slides only, anQeneralized slides at the conceptual level in presentations,
how many correct answers were given when the snippete successfully supported users browsing slides containing
were also given to the participants. The horizontal rowshigher-level expertise in our experiments, by providing snip-
show the breakdown of correct answers by knowledge levelpets with the slides.
required for the presentations. The experimental results are |n the future work, we plan to improve the interface of
as follows: the prototype system. Our method can enhance retrieval
« The total number of correct answers from browsingtechniques if a user proposes a query including two or
slides with their snippets was more than that whenmore keywords. Relationships between the keywords in the
browsing slides only. Therefore, we believe that usergjuery need to be determined, in order to retrieve the user’s
browsing slides with their associated snippets can grasgesired slides by analyzing the relevance of the queried
the context of the focused slides, in relation to the giverkeywords. Furthermore, the results of the experiments sug-
keywords, more easily. gested that we should use a large ontology construction, such
« Browsing slides with their snippets provided more as domain-specific dictionaries and Wikipedia, to extract
correct answers than browsing the slides only in prethe semantic relations between keywords. In addition, when
sentationP-Y’, and browsing slides with their snippets presentations contain more visual elements, such as figures
provided more correct answers Y than inL-Z. P-  and videos, which do not contain the indentation levels found
Y provides expertise that is difficult for participants to in text, we should consider the layout and captions of figures,
understand, whild.-Z provides knowledge that should the size or color information of the font, and information
be easily understood by participants. We confirmedpertaining to the videos, by analyzing these elements of
that snippets are more useful when users browse slidgbe slides. It is necessary to use these visual features to
containing a higher level of knowledge, rather thandetermine the relationships between slides. Moreover, we



need to consider an adequate, or correct, size for snippetd,3] Luhn, H. P.: Keyword-in-context index for technical literature
so that they do not contain too much information.
We should enhance our snippet-generating algorithm to

consider the relevance of the related slides to the focus
slides, so as to generate snippets of different technical lev
to support users of varying knowledge levels. Besides, afil5]

important question may arise—how much context is enough

for understanding search results? This challenging question
leads us to the quantitative study of context as anotheﬁﬁ]

promising research direction.
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