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ABSTRACT

Many of the latest application software provide users with a large number of functions;
however, the full set of functions istoo large for diverse users. Most of users usually use
only 10% of the full set of functions provided by application software. This paper
describes an approach “ Community-based Learning for application software (CLAS)” to
let users learn useful functions at low cost for the purpose of improving the users
productivity in using application software. In the CLAS, community members mutually
compare their own histories of software function executions, which can be collected
automatically, in order to identify a set of candidate functions that should be learned. It is
based on the assumption that among the functions that each member of a community
uses, some differences in the software usage experiences of each member are observed
and the function belonging to the difference is useful for the member to perform his/her
current task. The experimental results with a prototype system show both novice and
experienced members can more easily obtain usage knowledge of the new functions by
the CLAS than a conventional online help system. More than half of functions learned by
using the CLAS are new functions whose existences were unknown to the members and
cannot be found by the conventional online help system. In the CLAS, users can share
the knowledge of software usage in a systematic and effective way.
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INTRODUCTION

Application software, such as Microsoft Office, Adobe Photoshop, etc., provides users
with a very large number of functions. For example, Microsoft Word 2000 has more than
1,000 menu items and short-cut buttons. Although some menu items and/or short-cut
buttons may be assigned to one function, we have observed that Microsoft Word 2000
provides users with several hundred functions at least.

Most of users usually use only 10% of the full set of functions provided by application
software. In the pilot experiment we performed, a subject used only 70 functions out of
several hundreds functions provided by Microsoft Word 2000 in creating a 200-page
software design document (the total number of characters was about 100,000 characters,
and the total number of charts was 72).

All users do not learn eagerly the new functions even if these functions are useful for them
and improve their productivity in using application software [1]. It is because coststo learn
new functions of the application software and to support it are very large for both users and
developers. Fischer classified the function that user should learn into the following three
types[2]:

Type I: Function that the user knows vaguely and uses only occasionally,

Type II: Function that the application software provides and the user believes its
existence in application software, but are never actually used,

Fs

Figure 1: Relationship between functions provided by application software S
and functions used by a user U(i).
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Figure 2: Rdationship between functions used by a community C and by its member U(i).
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Figure 3: Threetypes of the candidate functions that the member U(i) should learn.

Type ll1: Function application software provides, but the user has not noticed.

By using a conventional online help system provided by application software, most of
users could easily obtain usage knowledge of the Type | function. But they have to spend
much time to identify the Type Il function. Learning the Type Il function is unpractical.
An active help system, for example the “Did you Know” (DY K) system [9] or Microsoft's
“Tip of the Day [6],” can provide users with usage knowledge of both Type Il and Type lll
functions. However, the active help system needs a user modd to identify these functions
out of alot of functions provided by application software. Developers have to spend much

time to devise the user model for application software that is designed for diverse users.
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This paper describes an approach “ Community-based Learning for application software
(CLAYS)” to let users learn useful functions more and more at low cost for the purpose of
improving the users productivity in using application software. Community members
mutually compare their own histories of software function executions in order to identify a
set of candidate functions that members should learn. A prototype implementation has
been developed that automatically collects history of function execution on Microsoft
Office 2000 applications.

CLAS has the following three advantages in reducing the learning cost of application
software usage:

(1) Sharing usage knowledge in the formof data collected automatically

One of the best ways of obtaining knowledge of software usage is to ask an expert who
knows everything about application software. But the asking to the expert costs much time
and patience, and the productivity of the expert in using application software decreases. In
addition, experts no longer exist in many of latest application software that provides users
with numerous functions [2]. If the learning of application software usage is based on the
asking to the other users, most users, except novices who have never used the application
software, may be asked and disturbed by the others.

In the CLAS, the community members compare mutually their own histories of software
function executions. The history of software function execution can be collected
unobtrusively by our prototype system described in Section 3. Community members do not
need to ask other members about application software usage.

(2) Simple model to identify functionsto learn

Most of the conventional user support system, such as active help systems needs an

4




2

intricate model in order to analyze the user’s behavior and identify functions that are
related to user's task and that he/she should learn. But developing a user mode for
application software that is designed for diverse users is not easy. The user support system
with an immature model discourages us from using it to learn the application software
usage.

The CLAS uses very simple model to identify functions to learn. That is, the CLAS only
assumes that among the functions that each member of a community uses, some
differences in the software usage experiences of each member are observed and the
function belonging to the difference is useful for the member to perform his’her current
task. This assumption can be applied to aimost al users of application software; and,
application developer does not need to spend much time to devise a user model.

(3) Reinforcement of conventional online help system

The online help systems in many of the latest application software become large-scale as
application software provides users with many functions. For example, in the case of
Microsoft Word 2000, the size of the online help file is about 1.9MB. For most users,
examining an entire description of online help is difficult. Recently, the online help system
has the function to search the help description with question sentences or keywords. A
novice user cannot even select a question sentence or a keyword. Only the experienced
user uses the online help system originally devised for the novice user.

The CLAS does not take the place of a conventional online help system. The history of
software function executions for members of a community is used only to enumerate the
candidate functions to learn. The online help system gives detailed information about these
candidate functions. The CLAS entirely uses the feature of the online help system and thus
an initial cost to apply the CLAS to our environment is relatively small.

In what follows, in Section 2 a functional model and a learning process in the CLAS are
discussed. Section 3 shows the current status of a prototype implementation designed to
apply the CLAS to Microsoft Office 2000 applications. Section 4 describes an empirical
evaluation of the CLAS. In the experiment, five subjects try to obtain usage knowledge of
the new functions by using the prototype system. Section 5 introduces some related works.
Section 6 summarizes the ideas discussed in this paper.

COMMUNITY-BASED LAERNING

2.1 Functional M odel

Figure 1 shows the relationship between the functions provided by application software
and the functions used by a user. Fy) represents a set of functions that are regularly used
by user U(i). Fs represents a set of functions provided by application software S. The
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objective of the CLAS is to increase |Fy| in order to improve the users' productivity in
using application software.

Generally, the function usage rate ([Fug)| / |Fg)) is low and users need not care for additional
existing functions if these functions are not relevant to their current tasks and/or interests.
The learning support system has to select functions related to users' tasks and interests, out
of many unknown functions provided by application software.

In the CLAS, we direct our attention to the function that the community member uses to
select functions related to users tasks and interests. Figure 2 shows the relationship
between functions used by a community and by its members. The community consists of
two or more members who use the same application software for the same purpose.

Fc represents a set of functions that are regularly used by some member of community C.
That is, Fc is the union of the sets Fyg) (i = 1,...,n. n is the number of members of the
community C) and Fyg O Fc. Moreover, set of candidate functions that the member U(i)
should learn is defined as a difference set Fc — Fyg). It is based on the assumption that
among the functions that each member of a community uses, some differences in the
software usage experiences of each member are observed and the function belonging to the
difference is useful for the member to perform his/her current task.

In Figure 3, we classify the candidate functions that the member U(i) should learn into the
following three types as defined in [4].



Typel (fi = Fug n (Fc — Fug) ): Functions that member U(i) knows vaguely and uses
only occasionally. U(i) does not know the usage procedure of these functions and/or in
which context they work effectively. Since U(i) knows a concrete name and/or an outline
of this type of function, he/she can easily obtain its information by using a online help
system.

Typell (fi = F" us n (Fc — Fugy) ): Functions that the application software S provides and
member U(i) believes its existence in application software S, but are never actually used. If
his’her guess about the name of a function or the keyword characterizing the function are
related to the actual name or keyword, he/she can obtain information on this type of
function by using the online help system.

Type I (fii = (Fup O F" ua)® n (Fc — Fug) ): Functions application software S provides,
but member U(i) has not noticed. Since U(i) cannot select a question sentence and/or a
keyword to search for unexpected functions, finding this type of function by an online help
system is difficult.

Where F ) represents the set of functions that are known vaguely and used only
occasionally by member U(i) of the community C, often requiring the online help systems
(Fugy n Fupy=0,Fupnd Fs). F'ug represents a set of functions that member U(i)
believesits existence in the application software (Fugy N F”" uiy = @, Fug n F ui = @.

2.2 Learning Process
The learning processes in the CLAS consist of the following three steps (See Figure 4):

Sep 1: Collecting the history of software function execution

The history of software function execution for each member of the community is a
primitive type of data of the CLAS. This history is time series of data containing at least
the following three data: an ID of a function which be executed, an ID of the user who
executed the function, and the time of the function execution.

“Data Callection Plug-in" on the computer of each member monitors function execution
daily, in parallel to the execution of members' tasks on an application software. It also acts
as a sender of datamentioned aboveto “ CLAS Server.” The CLAS Server accumulates the
history of the function execution of all members asfiles.

Sep 2: Identifying candidate functionsto learn

Each member of the community can access to the CLAS Server any time. By comparing
his’her own history of software function execution with other members’ histories, the
community member can easily identify candidate functions to learn. For example, the
function that he/she has not used, but that most of the other members of the community
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have used, is the leading candidate of a function that he/she should learn. In most cases,
such an unexecuted function is classified into Type Il or Type I, that is, such unexpected
function is difficult to find by the online help system.

If he/she extracts subsegquence of function execution from the history, including specific
functions, he/she can find collocation among functions. Collocation represents one aspect
of context of function use. The collocation that does not appear in his’her own history, but
that appears in the history of most other members of the community may represent a new
context of function use for him/her. In most cases, the function that has such collocation is
classified into Type I. In other words, he/she vagudy knows it and uses it in a limited
context.

Sep 3: Obtaining information about candidate function

A member can obtain detailed information about the candidate function by executing it to
trial or by the online help system. All of candidate functions may not be useful for him/her.
If he/she decides a candidate function is not useful for hissher current task, he/she will quit
obtaining detailed information about the candidate function.

PROTOTYPE SYSTEM

3.1 Overview

A prototype system is currently developed for applying the CLAS to Microsoft Office
2000 applications [7][10]. It provides functions for supporting the first two steps of
learning process in the CLAS described in subsection 2.2. Using the online help system of
Microsoft Office 2000 applications can perform the third step. The prototype system
consists of the following two subsystems (See Figure 5):

(1) CLAS Client

It works on a community member's computer with Microsoft Office 2000 applications.
Any community member can use it through user interface of the applications. CLAS
Client provides members with functions to collect the history of function execution of
a member on these applications, and to show the collected history and its analysis
result. It isimplemented as a set of plug-in modules (Microsoft COM add-in modules).
Total size of these modulesis 1,500 LOC in Visual Basic.

(2) CLAS Server

It works on a computer connected with the community member's computers in which
CLAS Client works. CLAS Server provides members with functions to accumulate
and maintain the history of function execution of all members of the community, and
to extract subsequences of function execution from the history. It is implemented as a
set of Java servelet. Tota size of these modulesis 7,000 LOC in Java
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These two subsystems communicate through computer network (LAN, Internet, etc.)
according to Hyper Text Transfer Protocol (HTTP). Data to be exchanged between them
are described in eXtensible Markup Language (XML).

3.2 Coallecting the history of softwar e function execution

“History Collection” module of CLAS Client monitors all operations corresponding to
selection of menu item or short-cut button as function execution. At the time of the
application closing, History Collection module adds the user ID and the application ID to
these operations and then sends altogether to Hyper Text Transfer Protocol Daemon
(HTTPD) onthe CLAS Server (See Figure 6).

When HTTPD receives data from CLAS Client, it invokes “History Management” module
and passes it. History Management module stores the received data as the history of
function execution into a “History Database” in which history is classified by the user 1D
and by the application ID. Simultaneousdly, it invokes “ Sequence Analysis’ module.

Sequence Analysis modul e extracts all subsegquences, whose length is less than seven, from
the received data, and updates a “ Subsequence Table” in History Database. Subsequence
Table maintains all subsequences and their frequency counts. The reason for enumerating

<history>
s <application><name>Microsoft Word 9.0</name></application>
Member’'s Computer <user><name>user A </name></user>
<startUp>2:34 22/8 2000 JST</startUp>
Micr osoft Office 2000 Sexecution>

2000 8/22 2:35 File->Open
2000 8/22 2:36 File->Preview

Member U(i) <Jexecution>

| . . <shutDown>4:13 22/8 2000 JST</shutDown>
History Collection Q </history>
Operations RO V
O =ufels| History Visualization * N Datafrom CLASClient to CLAS Server
Tean I.O

Tables
(See Figure 7) CLASClig
[ HTTPD ]
A
<sequences> History Sequence
<users> M anagement Analysis
<user |D=1><name>user A</name></user> 7'y

<user |D=2><name>user B</name></user>

<user |D=5><name>user E</name></user> History of
<lusers> function execution
I

<sequence length=1> ! i .

Subsequence Table

<frequency ID =1>5</frequency>

<frequency 1D=2>10</frequency>.... User ID User ID
;.f.requenw ID=5>0</frequency> P | n O ||
<function sequence=1>File->Open</function>

</sequence>
Data from CLAS Server to CLAS Client CLAS Sever

Figure 6: Data exchanging between two subsystems.



subseguences immediately after receiving data is that the extraction needs a lot of time.

3.3 Identifying candidate functionsto learn

In response to the request of a community member U(i), History Visualization module
requests the CLAS Server to send the data in History Database. If History Management
module on the CLAS Server receives the request via HTTPD, it retrieves data, including
the history of function execution and its subsequences, from History Database and requests
HTTPD to send it to History Visualization module via computer network (See Figure 6).

History Visualization module processes the received data and provides member U(i) with
the following two tables :

Table 1. Frequency count table for each function

This table is used for identifying the candidate functions to learn and obtaining keywords
for retrieving their detailed information from the online help system. It consists of the
following data items for each application function executed by the community members;

Execution rate by the other members (the ratio of the number of other members who
executed the function, to the number of community members)

- Total number of frequency counts
- Frequency counts by each member
- Function name (Path from top menu in menu hierarchy or from tool bar)

Function of which “Execution rate by the other members’ is nearly 100% and of which
“Freguency count for U(i)” is nearly 0, is the candidate function U(i) should learn. If there
are a lot of candidates, “Total number of frequency counts’ can be used for prioritizing
these candidates in learning.

Figure 7(a) shows an example of a screenshot of “ Frequency count table for each function”
in the prototype system. In this example, the community consists of five members (“ User
A", “User B”, “User C", “User D", and “User E"). “User C” requested the prototype
system to show this table. Each row represents function executed by some member of the
community. The third, sixth, and eighth rows (functions) are candidate functions “User C”
should learn. It is because those “ Execution rate by the other members’ are nearly 100%
and those “ Frequency count for User C” are nearly 0. In addition, the rows (functions) of
which “ Frequency count for User C” is zero are high lightened (colored and bold faced).
These functions may be Type I or |11 functionsthat “ User C" should learn.

Table2: Freguency count table for each subsequence in Key Word in Context (KW C)
format

This table is used for clarifying collocation among functions for the purpose of finding
10
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(C1)

(C2)

new context of Type | function usage. It consists of the following data items for each
subseguence, including a function specified by member U(i), found in histories of function
execution of the community members:

- Execution rate by the other members

- Total number of frequency counts

Frequency counts by each member
- Series of function name in subsequence

The last data item “ Series of function name in subsequence’ is represented in the form of
KWIC, that is, a function specified by member U(i), is located in center. If he/she clicks a
cell of function name in subsequence, background color of all cells containing the same
function name as the cell he/she clicks are changed.

Figure 7(b) show an example of a screenshot of “Frequency count table for each
subsequence” in the prototype system. In this example, the community members are the
same as Figure 7(a). “ User C” requested the prototype system to show this table for seeing
the usage context of the function “Index and Tables...” Each row represents the
subseguence found in histories of function execution of the community members. Ten
columns from right represent data item “ Series of function name in subsequence” in the
form of KWIC. “User C” clicked cells containing “Caption...” or “Style...” in order to
investigate the collocation among these two functions and function “ Index and Tables.”

EXPERIMENT

4.1 Outline

This section shows one of our experiments using the prototype system described in Section
3. The goal of the experiment was to evaluate the effectiveness of the proposed approach
CLAS. The experiment is designed to make sure, by using the prototype system, that
community members can identify candidate functions to learn, and obtain usage
knowledge of new functions whose existences were unknown to them. We gave a same
task on Microsoft Word 2000 to each subject. We want to see how many new functions
subjects identify and use even in such small task.

Important characteristics of the experiment were:

Five subjects (S1, X, S3, $4 and b) performed the same task and used the prototype
system. Three of them are master course students and two others are professors of a
software engineering laboratory at Nara Ingtitute of Science and Technology.

Thetask is to create a Word document from a plain text. The plain text to be formatted
was given to each subject in the form of an electronic file (See Figure 8(a)). The instruction
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T5);

T1: Create atable of contents at the beginning of a document
T2: Add page number

T3: Convert text to table

T4. Changethefont of titles of sections and subsections

T5: Number thetitles of sections and subsections

(C3) Microsoft Word 2000 has the following five functions (F1, F2, F3, F4 and F5) that are
very useful for doing those sub-tasks, respectively.

F1: Insert — Index and Tables

F2: Insert — Page Numbers

F3: Table — Convert —» Textto Table
F4:. Format - Style

F5: Format - Bullets and Numbering

Where* - " represents a path in menu hierarchy or tool bar on Microsoft Word 2000.

(C4) Thehistory of function execution by each subject was collected by the prototype system.
Subjects started to refer tables provided by the History Visualization module after thirty
minutes from the start of the experiment.

(C5)  After task completion, we had an interview with subjects in order to identify which set
shown in Figure 3 those five functions (F1, F2, F3, F4 and F5) belong to.

4.2 Results

Table 1 shows the summary of experimental data. The most experienced subject S5
completed the task in the shortest time (47 minutes) with the fewest function executions
(87). Subject 4 did not complete the task since he had no idea to add page number to his
document (sub-task T2) and could not find any appropriate function to do that. Subject $4
executed the most functions (167) in the experiment. Subject &2 executed the fewest
functions (21) and spent the longest time to complete the task, among four subjects who
completed the task.

Table 2 shows how many new functions subjects discovered and used by the prototype
system. Eight out of twenty-five (= five functions x five subjects) functions were well
known to five subjects and used in the experiment, which belongs to the set Fyg. Other
eight functions were not used in the experiment. We cannot identify to which set such
unused functions belong, based on our collected data in the experiment.

The total number of functions learned by using the prototype system is eight. The total
number of functions belonging to the setsf, f;,, and ), is 1, 2, and 5, respectively. That is,
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Table 1: Summary of experimental data

Time of
Subject | Application _ # of executed | # of function
) task completion ) .
ID experience . functions executions
(min.)
S1 <1year 68 24 99
Y 2 years 82 21 134
3 3years 58 36 139
A 3years > 82* 21 167
> > 5 years 47 27 87
* He could not complete task in the time limit.
Table 2: Function type
F1 F2 F3 F4 F5
S1 Not Used I 1l 1 U
2 [l U U U 1l
3 U I [H] Not Used U 1l
> Not Used | NotUsed | NotUsed | NotUsed | Not Used
53 [ U " U Not Used

I: Function belonging to the set f,. 11: Function belonging to the set f,.
[11: Function belonging to the set fy;;. U: Function belonging to the set Fy).
[H]: Function of which usage knowledge was obtained only by the online help system.

the subjects using the prototype system could easily learn about a third of the functions,
and more than half of these functions were new functions whose existences were unknown
to them. On the other hand, the function, learned only by using the online help system in
Microsoft Word 2000, without using the prototype system was only one.

In addition, all five functions were well known to at least one subject and were learned and
used by at |least one other subject during the task. All subjects who had completed the task
could obtain usage knowledge of at least one function by the prototype system. It is hard to
consider that the characteristic of subjects or tasks has greatly influenced the result.

Although it must be discreet to generalize the experiment results immediately, we claim
that the proposed approach CLAS has high possibility of supporting learning of application
software functions.
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4.3 Lesons L ear ned

Lessons learned from the experiment include the following:

(L1) For novice user, the CLAS is very useful for pushing up his’lher own productivity in
using the application software into a certain level. Novice (S1) could easily identify
candidate functions to learn by using the prototype system. He considered that three
of the candidate functions are useful for doing his task. He obtained usage knowledge
by using the online help and then used them in his task. By using these three
functions, his productivity increased during the experiment. Total time to complete
the task was shorter than two other subjects (2 and $4) who had more usage
experience of Microsoft Word 200 than SL.

(L2) For experienced user, the CLAS is very useful for finding unaware functions of
application software. Experienced subject (S5) also obtain usage knowledge of two
new functions by using the prototype system. The existence of one of them was
unknown to him. That is, by performing a task for only one hour, he found a new
function that he has never been aware of in the past five years.

(L3) Data item “ Function name with path from top menu in menu hierarchy or from tool
bar” in tables (See Figure 7) provided by History Visualization module provides
subjects with useful information for obtaining detailed information of the candidate
functions. Most of subjects said that word in the data item is appropriate keyword to
retrieve detailed information of the candidate functions from the online help system.
They can easily find and actually execute the candidate function in the menu system
or tool bar of the application software by following the path, if necessary.

(L4) When we design the task for the CLAS, we have to take into account the skill level of
members to the application software, average time needed to complete the task, and
so on. The task assigned to each subject was too heavy for subject $4. Such heavy
task may discourage users from obtaining new knowledge of the software functions,
and the CLAS does not work properly.

(L5) We have to devise a mechanism of pre-processing history data to show it to users in
concise and/or understandable way. Subject $4 could not handle a large amount of the
history of function execution provided by the prototype system.

5 RELATED WORKS
5.1 User Support based on Operationsin Application

In the area of predictive interface, alot of researchers have proposed techniques for using

the history of a user operation on application software for ease of use [2][3][8]. Masui €t al.

proposes the “Dynamic Macro Creation [8].” With the proposed technique, when a user

types a special “repeat” key after doing repetitive operations in a text editor, an editing
16



sequence corresponding to one iteration is detected, defined as a macro, and executed at
the same time. It is effectively works for simple repetitive operations or tasks, but cannot
help users to obtain knowledge of unknown operations (or functions). The current version
of Microsoft Office 2000 applications shows full menus after short delay, if we use its
default setting. User can select the menu item easily and perform effectively histher routine
work, but he/she may lose an opportunity to see unused functions. These technigques cannot
help users to avoid to get stuck on sub optimal plateaus, unless they use the history of
operations of the other users.

5.2 Application Usage Monitoring via Networ k

Several researchers have proposed techniques for application usage monitoring via
computer network. Hilbert et al. proposes an gpproach and prototype system that makes
large-scale collection of usage data over the Internet a practical possibility [5]. In their
approaches, expectations of application developers about how application users will
behave are encoded in the form of agents. The agent monitors application usage and
notifies the violation of the prescribed expectations to the developer via the Internet. The
developer can obtain large amount of usage data in effective way, but the user directly
obtains no feedback. In addition, the developer obtains no usage data if the user does not
violate expectations prescribed by him/her. The developer may test the validity of their
application in user environment all over the world, but he/she has to enumerate a lot of
expectationsin order to catch diverse behaviors by diverse users.

CONCLUSION
This paper proposed a new concept “ Community-based Learning to application software

(CLAS),” and showed the potential capability of it by conducting experiment with the
prototype system. Authors and our colleagues are continuously using our prototype system
in our daily work. The system collects and accumulates the history of function execution of
al of us in unobtrusive way. Even if no special task is assigned to all members of the
community, it is possible to identify a candidate functions by comparison of the
accumulated history. We need only five minutes to compare our own history with ones of
the other members and to identify candidate function to learn. The CLAS is capable of
deveoping knowledge of software usage and sharing it among the users in systematic and
effective way.
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