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ABSTRACT

Software components for distance and just-in-time (JIT)
learning are an increasingly common method of encouraging
reuse and facilitating the development process[58], but no
anal ogous efforts have been made so far for designing hyper-
text components that can be reused in educational offerings.*
We argue that such structures will be of tangible benefit to
the online learning community, serving to offload a substan-
tial burden from programmers and designers of software, as
well as allowing educators without any programming experi-
ence to customize available online resources.

We present our motivation for hypertext structure compo-
nents (HTSC) and then propose a set of pedagogical struc-
tures and their building blocks that reflect the categories of
lecture, laboratory, creative project, playground, and
game[38].
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THE NEED FOR HYPERTEXT STRUCTURES

The motivation for HTSCs arises from an ongoing effort at
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These efforts led to the notion of alectronic book with
interactive illustrations, a new form of textbook that took
advantage of the power of hypertext and the power of 2D
and 3D interactive computer graphics. This model, however,
proved difficult to apply for all but the most determined and
privileged educators. Few teachers have the time, inclina-
tion, ability, and support necessary to write a textbook or
develop interactive software, using either hypertextual or lin-
ear formats (although when they do, the results can be
extraordinary, as with Professor Thomas Banchoff’s elec-
tronic text on multivariable calculus [3]).

We could think of no way to make writing a textbook easier,
so chose to focus more recently on the illustration aspect,
designing, and establishing helpful guidelines for creating,
interactive teaching tools that stress exploration and discov-
ery. We called these tootsploratories [28] instead of inter-
active illustrations to better convey our goal of interactive
microworlds in which objects have behaviors and users can
interact with concepts and phenomena. To complete the
sense of being inside an explorable world, we took the text
inside the applications.

At first, our exploratories resembled multimedia software:
each had several modes and taught a whole sequence of
ideas. In these exploratorighg text was structured by the
software design. For example, in an applet teaching anima-

Brown University to leverage the computer’s potential fortion, explanations of animation concepts were available in
use in education. This 30-plus year effort has included seithe “explain mode,” help text in the “Help” mode, demon-
eral hypertext projects led by Andries van Dam and others istrations in the “show me” mode, and attributions in the
the Brown University Computer Graphics Group and the /About...” mode. There was no way to see all the text at once
IRIS project. This work included HES (Hypertext Editing O print it out, and no way for users to alter or remove it.
System) developed with Ted Nelson in the 1960s [16]
FRESS (File Retrieval and Editing System), developed in thscaling an image. This scaling applet offers many features
1970s and the first hypertext system used to teach a liber ; o : ; : :

arts course[22], and IBI/ZSS Intern{edia in the 1980s[37][76], zfor varying the filter shape (including directly drawing a cus-

: tom profile), uniform and nonuniform scaling, preset exam-
fUNItX-based Seftwotrkedhhypert%xt sys':jemtwnh gdvar&ce(ples to explain important filter facts, and several images to
c%irl;;ess used for teaching undergraduate and gradud;,ggse from. Its interface is structured for different types of

interaction and display. A text box brings up both explana-
tions of the concepts and context-sensitive help when the
user rolls over different parts of the Ul [28].

Figure 1 shows an applet for exploring different filters in

1. However, work has been done in identifying patterns
for hypertext [7] and the design of hypertext[60][61][49].



ered.” Smaller-grained or fine-grained applets take on
“small, atomic concepts.” The example in Figure 2, for
instance, is an applet that teaches just the concept of sam-
pling, with two options, point and unweighted area sampling.
The reader is led through a whole series of such applets to
learn about the Nyquist limit, weighted area sampling, filter
shapes, and seven separate applets for presenting convolu

53 tion.
P ————

Figure 1: Filtering and scaling exploratory

When it was finished, everyone involved in the filtering

applet’s creation was pleased with the results. Informal dem- P e
onstrations to students were also positive. Feeling that we e

had created a useful exploratory that embodied a “learning i ! J

through exploration” pedagogy, we did a formal user study - ERTYRANNALLARRRNRRA NP FRNL T L P
in our introductory graphics programming course[10]. Half = Tat 1

the class (chosen randomly upon entering the lecture hall) ]

used the applet. The other half acted as a control group and o T i i
saw a sequence of static pictures generated by the applet. Figure 2: A fine-grained applet

Contrary to our expectations, the results were ambiguous.
There was no clear evidence that the applet helped anyoAeShift Toward Components

understand the concepts better (based on a set of varying ahg€ fine-grained applet approach removed many of the pro-
randomly ordered test questions administered to botgf@mming hurdles associated with a program’s complexity,

groups). After analyzing feedback questionnaires and corloM software design issues to the limited time that under-

ducting interviews, we concluded that the main promemgraduates, the chief programmers on this project, had in their
stemmed from a lack of structure, either within the progran$chedules. It also served to remove a great deal of the peda
or an accompanying pages, that would let students kno@°9Y from the source code and move it to the Web page,
exactly what ideas were being presented, how to tell if the§@king the applets more flexible for use by others.

had discovered all the topics or things one was supposed {¢¢ peed to repeat certain interface elements, mathematical
learn, and that would provide a way to determined if they.g|cylations, and interaction techniques throughout a set of
had learned them. applets, inspired us to think about modularizing our efforts

Not only was the pedagogical result questionable, but th8Ven further. Each fine-grained applet can be thought of as a
programmer was an exceptional student and he spent ovigXible component of a larger effort, and many of the fea-
three months (working part-time) creating the applet andures of the app!ets could,_ we felt, in turn, be .recomblned to
working by himself and with others to add text. Other applet§Teate new versions of existing applets or entirely new ones.
took entire summers of full-time student work! The large!n Particular, a staff member or upperclassman could pro-
scale of the projects also meant that the code was difficult /am particularly complex portions, such as the math behind
read and reuse, and that a substantial amount of text wouf@me of the filtering methods, and undergraduates (or educa-
have to be written to accompany a online version. Whild0rS accessing material remotely) could design their own
such an approach can be ideal for some circumstances (JpPIets. This approach requires software components, pieces
both development and use), for most, including for develop?! code that can be plugged into different applications and

ment in a university setting for use by varied audiences, hlse_d Withou_t m.od!fication. A component architecture _is
obviously was not. achieved by instituting an expected set of named entry points

into the code and enforcing a set of naming conventions and
In their 1999 SIGSCE paper, “Granularity in the Design ofintrospection capabilities.

Interactive lllustrations,”[33] Exploratory members Gould ) )
and Simpson detailed this problem and demonstrated tHather researchers working on the problem of educational

advantages of fine-grained approach to interactive illustra- Software development have also moved to component archi-
tion/exploratory creation. The fine-grained approach breakictures[41] and some envision their prime usefulness as
the subject matter up into a series of small programs, each dfPPliers of components rather than authors of complete
which teaches a single main concept, and embeds them @pplications or systems. In their paper “Developing Educa-
text. They define granularity as “the conceptual scope coional Software Components”[58] Roschelle et al discuss the



challenges of creating components with useful cognitive
characteristic for educators, such as those furthering the type
of constructivist pedagogy[13][51][52][62] that has inspired
Exploratories. They envision a potential marketplace in com-
ponents for small educational software concerns, as well as
teachers.

This change from monolithic program to interchangeable,
easier to write, interconnectable components has enormous
positive implications for the future of distance and JIT learn-
ing[42]. But no such granularity analysis has been done for
the textual portions of exploratory-type efforts. We knew that
the electronic book model was often unrealistic, but also that
applets placed on the Web with no supportive text (other than
brief descriptions of the content) did not find the larger user
base we had anticipated. Through our user test, we found
that small areas of changing text within the applet did not
offer the type of guidance needed by students, Our most suc-
cessful applets were those accompanied by significant tex-
tual explanation[4]. It was obvious that we needed the text
back, but in what form?

We looked closely at our own need to facilitate the hypertext
associated with interactive applets and at the lack of a good
model for doing so by others, and realized how similar the
situation was to our problem with software granularity and
reuse. The fine-grained S/E model moved some of the struc-
ture of the learning experience out of the applet and into the

many links. The guard fields would enable the system to
track a student's state and dynamically generate menus for
the set of one-to-many links contained in the document being
viewed. These menus would contain a variety of links to des-
tinations including remedial content or extended exploration
of the underlying mathematics in addition to standard sum-
mary and comprehensive views of the topics being pre-
sented.

Building-Block Structures

As in the world of software components, we begin with sim-
ple but useful building blocks[15], analogous to basic inter-
face widgets and operations, that can both inspire new ways
of thinking about an educational approach and provide tools
that make realizing one’s vision practical in real-life circum-
stances. All references to online structure templates and use
of the structures in our work can be found at [35].

Island with Gateway(s)

An Island with Gateway(s) structure (see Figure 3) provides
a clear boundary between a main interactive learning struc-
ture and related internal or external areas. Links off the
island are through one or more well-defined gateways. All
the pedagogical structures we discuss are Islands with Gate-

ways.
vy

Web page (by breaking up and defining the “lessons” avail-

able in a monolithic implementation), both making the pro-

gramming easier and making the results easier to reuse by
others. Our concept of reusable hypertext structure compo-
nents (HTSC) further abstracts out structure and pedagogy
from the code and places it in the text. The result is that the
software components are even more easily reused, the pro-
gramming 1S easier because different aspects of the EXPEILand with Gateway(s) is an important structure for manag-
ence are associated in a hypertext structure rather than W|tr‘|wg the potential complexity of hypertext-based learning
a piece of code, the text is supportive of, but separate fro

the software at hand. and different pedadoaical aspects ructures. On the Web, for example, it is notoriously easy to
; 2 pedagog P fllow links out of a site without realizing one has done so.
teaching are more easily adapted to the online world.

NS

Figure 3: Island with Gateways

ne or more gateways should be clearly defined and should

Just as viewing a set of software components can help teacgé the only place from which one can leave the island. This

ers think of new interactive scenarios, so, we believe, peru"iifelps both to structure the main learning experience (because

ing a set of HTSCs and seeing examples will not only relleV'(:'jne is not constantly presented with options for leaving it)

%?eerggﬂlgl\i\:gﬁ?s’ :ruet S:I;seod|ir;]s(r:)||;essth:;ktl1r;?nibglrjtot\tleer \tI¥1aeth\?e \nd to make further investigation (say through additional
’ ’ esource links) easier by collecting outgoing paths in a single

REUSABLE HYPERTEXT STRUCTURES area.

Here we present reusable HTSCs for different pedagogical

approaches to distance and JIT learning. The structures ar@cal Island with Bridge(s)

described in general terms. Due to the limitations of HTML Local Island with Bridge(s) is, in effect, a nested island. It
our current implementations are effectively guidelines oidoes not link out of the main structure, but can differentiate
templates rather than truly reusable structures, but future vegssential from optional material or define a tightly integrated
sions using XML[29] and XLink[75] will more completely area within a more loosely structured set of resources (see
fulfill the vision. Other hypertext features such as guard-igure 4). Our main exploratory Web site uses Island with
fields [67][39][40], one-to-many links, basic structural for- Gateways and the Color Web within it is a Local Island with
matting, ability to enter mathematical expressions, and ug@ridges[35].

of computational links will also contribute to richer struc-

tural definitions[76][19][46] [45][53]Suppose, for example,

that the Signal Processing page had guard fields and one-to-



tive graphing and calculating tools[48]. Notebooks can
become valuable organizational and portfolio resources for

/‘ the student, can be used for instructor grading and feedback,
w\ and can be posted online to share with others.

Notebook
Figure 4: Local Island with Bridges /| <—>
%

Locator \ )
A Locator structure provides “You Are Here” information to D
place the user of a specific educational experience within a

larger context. This service is especially important as inter- Figure 6: Notebook
active elements become more fine-grained. Locators can

have many forms, including, as shown in Figure 5, a) a linegfnk 1ypes

before-and-after progression, b) a fisheye before-and-aftgri types are used throughout our structures to free the type
view to accommodate varying levels of detail, c) a positionyf |ink from the text label used in any given implementation
in one of several hypertext trails, or d) a graphical map. Ou,g 1o guide content creation [69][8]. This leaves teachers
implementation of this structure includes content stubs thatee to design a page appropriate for their audience without
mgke, the templates’ purpose more self-disclosing, much ggking the structure any less reusable by others or losing
Trigg's typed links did. An example of a Locator structuretg,ch themselves with the original intentions of the links.
can be seen on our examples site in the Transformatiafe Overview structure, for example, the headings are link
Game. types. Users of the structure create their own text headings.
Each link type is followed by a content stub that a user
a) before <— ‘ — after replaces with the content described. Unlike software compo-
nents, teachers can tailor hypertext components to their own
needs without becoming programmers.

b
) before ® "*" ® after Synchronization Links

Our synchronization links are an implementation of temporal
linking[14][34][63][68] that bring some of the time-based
aspects of live learning and pedagogy to the online world.
Linking parts of the structures in time can preserve some of
the suspense of classroom discussion and demonstration, and
sychronization can use a time-based element, such as video,
to drive the pedagogical approach of a distance or JIT learn-
ing experience. Such associations can also be used to tie
unscripted interaction (such as that taking place in a chat
room environment) with specific portions of the predeter-

| P mined content of the course or lesson.

Overview
Figure 5: Locator Overview is a important structure, present in some form in
virtually all of best applet and course examples we could
Notebook find online. (See, for example, Gamelan’s “cool” educational

Notebook is a Reflection/Collection structure (see OvervievPPIets [31].)

description), that provides a space for students to record theifyeryiew uses Local Island with Bridges to situate it within

thoughts, lab or lecture notes, game tips, or anything else @fe |arger structure. Its structure is a directed graph with bidi-
relevance. Our current implementation takes a simple firSkctional typed links to substructures that vary for each of its
step toward such tools for reflection and provides an eas"%omponents. Overview is used in examples henceforth.

reused and extended HTML template consisting of a titlegeryiew elements specific to different pedagogy structures
starting point with bidirectional links to different, labeled 5.q giscussed in those structure descriptions

sections, shown in Figure 6. Content stub text encourages
users to include images and graphs that can become links
within the Notebook. Our longer-term plans include index-

ing and table of contents tools, as well as embedded interac-

c)

d)




Reflection/Collection: Brief description and link to Reflec-
tion/Collection structures such as Notebooks, Lab Note-
books, and Portfolios (discussed in relevant pedagogy

Interaction > descriptions).
Description > N Collaboration: Brief description and links to collaborative
components such as chat rooms and bulletin boards.
Related
Resources > /\\ Test: Brief description and link to formal test areas or to self-
N—— tests, such as multiple choice HTML forms. Programs such
Usage > - . -
as Macromedia Dreamweaver Attain can automatically gen-
Locator erate HTML for various tests formats. Test can also include
‘ more open-ended “testing” such as a list of questions to think
D before after " about.
Audience Feedback: Brief description (such as “mail us with your
D~7 comments”) and link to email, feedback form, or other user
Reflection/Collection > / evaluation structure.
(e.g., Notebook) \\ ) Additional suggested components for Overview include to
D FAQs, online help, anews area, arindex, glossary, andtext
Collaboration < > search.
Test > Pedagogical Structures
The following structure descriptions begin with a short
Feedback « > working definition of the genre and include an explanatory

diagram. Since most of these structures are easy to grasp
visually, we do not write at length about how each one
Figure 7: Overview should be used, but instead focus on the chief benefits of

] ) ) each structure and any reuse of building block structures.
Interaction: Screen shot(s) and/or text that links to main

applet(s) or other interactive area(s). Lecture

Today it is common practice for college courses to have a
Web site containing documents such as the syllabus, hand-
outs, assignments, lecture notes, and even discussion areas.
Courses delivered entirely online often have similar struc-
tures, with more emphasis on discussion and feedback areas
[71]. Because the lecture format is so well established, it
immediately suggests integrated building block structures,
such as those for note-taking. The structures described next
Related Resources. Single-line descriptors that link to areas (Laboratory, Creative Project, Playground, and Game) are
within and outside the main structure, such as teacher’s ovesften found within a Lecture structure.

heads and/or notes for Lectures, suggested readings for Play- . :
grounds, or reference resource for a Laboratory. Relat ur hypertext structure is designed to preserve as much of

e . ! : .
Resources that link outside the main structure should usg® live feeling of _the classroom EXpErience as pos_5|ble,
Island with Gateways. while at the same time taking advantage of the potential for

using the materials in a nonlinear, self-paced fashion. For
Usage: Short technical requirements and directions for usingexample, bi-directional links can be placed throughout the
the interactive programs. Can also include links to mordecture notes and video or audio sequences to allow synchro-
detailed instructions and directions for using the main siteiized but nonlinear navigation. A student can also synchro-
structure. nize their own notes with specific overheads or video
J)Iaceholders.

Description: Brief description (a few paragraphs) of the
topic being taught and itsimportance/relevance. Should have
alink to more explanation, and from there links to related
topics. Description should use the Local Island with Bridges
structure. It can be simple, with a few layers of tree-style
links, or arbitrarily complex—for example, a complete
hypertext book.

Locator: Implementation of the Locator structure, describe
above, that gives a high-level overview and often leads to
more detail.

Audience: Specifies such descriptors as age-appropriateness,
grade level, prerequisites (can be linked to Locator detail),
and use contexts, e.g., good for classroom demos vs. good
for self-study.



The Lab Notebook is an implementation of Notebook tai-

lored to specific Lab needs. Currently, this distinction must

be made by the user of our general Notebook structure, but
Lecture Notes Video (or Audio) we are experimenting with Java elements for a Lab notebook

N\ that would offer basic graphing and calculation.
| —Q O - | .
— — We do not propose a specific Experiments structure at this
= //D g\ time.
= _Qa

»
\' ‘/
y A

Synchronization \

A Links A .
Interactive
Student Notes / \ Experiences

s
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Synchronization
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Figure 9: Laboratory

K

Creative Project

Creative Project, like Laboratory, links an interactive area,

the creative workspace, with a Portfolio Reflection/Collec-

Figure 8: Lecture (without Overview links) tion structure. A creative project is always supported by sub-

stantial student-teacher interaction, since without any
In Lecture, Overview's Description links to lecture notes andeedback it is difficult to grow and learn as a creative indi-
other immediately relevant materials within the site. Overvidual. Some criteria for self-assessment is therefore vital for
view’'s Related Resources links to resources within the sitereative projects to be more than entertainment or useful
including video, the student note area, and interactive experdnly for especially self-critical or talented learners. Such cri-
ences shown in Figure 8. The key benefits to Lecture are theria can be built into the project in some manner or may be
top-level view provided by Overview, the use of Localpresent in the surrounding hypertext structure, for example
Islands with Bridges to define relevant materials, and thén the Test structure, linked off the Overview and from the
synchronization of the notes, video, notebook, and interaccreative Project Overview's Interaction section.
tion sections. While most online courses offer some version

of this structure already, few synchronize its ComponentsThe Portfolio could be a Notebook-like structure, but, espe-

For an example of synchronized links, see the Web site &fi2/ly for large numbers of images, a separate database pro-
Brown’s introductory programming course[12]. In this site, 9ram is more realistic. Canto Cumulus, which has an on_llne
students can click on any overhead and immediately see tI‘L@rS'O”’ for example, offers standard key-word searching,
relevant portion of the audio, and vice versa. Although th&humbnail views, printing options, annotation areas, and
course offers many interactive teaching aids, they are not ygtedia management tools.

presented in the fashion described here (but they are accessi-
ble on the site). The course site uses Classroom2000 soft-
ware, developed at Georgia Tech [1].

I Workspace Portfolio

|
Laboratory | ,/ —> @
A laboratory session, like a lecture, is a well-known learning | A

|

|

|

and research format. A lab can offer a range of restrictions, i —

=

from step-by-step instructions and prescribed user actions to =

more free-form, playground-like experiences. Most labora- -2

tory simulations available today fall toward the highly § . _
restricted end of this spectrum. The heart of our Laboratory & <7—> Test: e.g., questions,
hypertext structure is shown in Figure 9. ) things to think about
As usual, the main structure has an Overview (not shown Figure 10: Creative Project

here). The focal point, as with the Lecture, is a synchronized
link set between a Reflection/Collection structure, the Lab

Notebook, and a set of Experiments (assumed in our caseﬁ(?aygm“”d and Game
be interactive). ayground and Game do not use any new structures. Both

use Overview, and Playground could also use a Notebook or



Portfolio. The pedagogies are defined not so much inthe = RELATED WORK

hypertext structures used, but in the interactive software and From the beginning, with FRESS[22] and later Interme-
the text content. dia[76], hypertext systems have been used for classroom

) education[26][9][18][20][23][66]. More recently, Walden's

A Playground can be alot like a Laboratory, for example, & paths builds upon earlier work with scripted documents[77]
place to experiment and observe. The use of Laboratory:gng guided tours[70] [44] to provide classroom teachers with
structured experiments and the Lab Notebook, however, sugyctyres for using existing WWW materials[30]. In a report
gest a particular way of guiding the student. In a Playgrouncy, their experiences with actual classrooms, they describe

the hypertext structure should provide support but maybe n@iome of the persistence and versioning issues intrinsic to this
in the form of assignments or exercises. Because the spirit i main[64].

one of open-ended investigation, the Test section can play a

vital role, helping users confirm that they have indeedlhe surging demand for JIT and distance learning is driving
learned something. Test might have “questions to thinkhe search for better ways to develop and distribute online
about,” rather than a series of problems to be solved argducation[36][55][42][73]. Our approach addresses that
turned in for a grade. On our structure templates and exameed, treating the WWW as a distribution medium, with a
ples site we show a Playground hypertext structure for tht®cus on providing reusable structures for embedding educa-
filter and scaling exploratory shown in Figure 1. tional materials.

In a Game, one learns either through direct or incidentadfducators, both teachers and technologists, have long been
techniques. In either case, the Overview structure helps ®oncerned with issues of reuse—using teaching materials in
ensure that the educational goal is explained up front swidely different contexts[13][51], and flexibility—tailoring
users can decide whether the subject matter and approacte@ucational materials to the needs of individual students[52].
appropriate for their needs. The pedagogy is inherent in thdnfortunately the track record has been less than thrilling
interactive software so less needs to be represented in ther]. Part of the problem is that creating educational materi-
hypertext. For example, a Game has, in effect, built-in tes@ls is extremely labor and high-level skill intensive; most
ing as the user progresses toward the goal or through the lgeachers simply do not have resources to investigate and use
els of difficulty, so the Test link from Overview would new technologies. Current efforts to address these issues
probably not be emphasized. While Playground might havénclude Brown’s educational software seminar[11], ESCOT
“questions to think about,” a game could have tips, hints, antEducational Software Components of Tomorrow)[25], E-
special challenges that guide the user to explore certain toplate components[27], ACOT[62], and pedagogical pat-
ics or methods. On our structure templates and examples stgyns[54]. We extend those approaches by treating the link
we show a Game hypertext structure for a game that givestructures as objects in their own right. Currently these are
students an intuitive feeling for the order of the geometrisimple HTML templates, but, as we describe in future work,
transformations (i.e., translation, scaling, and rotation). our ultimate goal is to provide hypertext structures as fully

_ _ functional hypertext components.
Using and Reusing the Structures

We have found these structures useful in thinking about oUreuse and components have been part of software engineer-
own work (see examples at [35]), but the question remains dfig goals from the earliest days of computers[47][74].
their general viability and the extent of their resusefulness bigecently, design patterns[2][32][56] have provided struc-
others. We hope that readers of this paper will experimeritired metadata descriptions that facilitate the reuse of com-
with our resources and ideas and begin a dialog about thgiutational algorithms and strategies. Their success has

experiences. spawned an ever-expanding series of attempts to mine[21]
diverse areas of human endeavor for useful patterns, includ-
FUTURE WORK ing hypertext design[49][60][61] and education[54]. None,

Our near-term plans are to bring the strengths of XML andhowever, have as yet dealt with the notion of reusable hyper-
XLink to bear on our structures and their reusability. Wetext structures. We have consciously used a pattern-directed
have recently finished designing a repository for Java Beaapproach to identifying reusable hypertext structures.

educational components[5] and will soon start one for hyper-

text structures as well. By making a repository for HTSCs" "As We ShO.UId Have Thought[50] Nuernberg et al.
; asserted the primacy of structure over data and identified the

need for a structural computing paradigm. They pointed out
We plan to apply our structure ideas to 3D desktop and vitthat hypertext models such as spatial hypertext[65] cannot be
tual reality[72] educational programs, using ideas from spaadequately addressed by the more traditional paradigms[57].
tial hypertext to develop three-dimensional forms asBernstein’s reports on his results with hypertext pattern min-
structure components. A locator in a virtual world, for exam-ng[7] provide a useful start in the direction of structure iden-
ple, could draw on the extra dimension to give more complexification. Our work directly furthers the objective of
information than is possible on a desktop machine. Drawingtructural computing by continuing the work of identifying
on Landow and Kahn's example[43], we hope to make strucand classifying structures.

tures that ease the transition between platforms, languages

and applications.
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