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Abstract

Both industry and education struggle to fosterdbeeelopment of human resources who can
manage and design information systems at an adddecel. Human resources, particularly
within the field of business modeling, must develo@ competency to conduct business in the
real world. Determining howto foster competent faomesources is an urgent and important
issue for all educational programs but especiaitypfofessional graduate school programs in
information systems.

This paper presents the results of our analysesssgiminar aimed at teaching the conceptual data
modeling needed for developing a business struatutee real world. The authors discuss the
effectiveness and implications of applying this hoet to gain comprehension ofthe objective
business domain and acquire skills derived thobghl¢arning process.

Keywords: information systems, requirement, architect,iéeg process, conceptual data mod-
eling, competency, team leaming, instructionalgfes

Introduction

In the field of information systems (I1S) designettequirement process and related fields are
growing in importance. Despite their importance, tievelopment of human resources in these
fields does not appear to be proceeding intandémtiaeir requirements. It is urgent that both
industry and education focus on fostering humanwe®s who can direct the requirement and
design processes of information systems.

For systems vendor companies, the developmentgbfydlue-added systems analysts and archi-

tects has become a critical measure to surviveapd with rival foreign companies who pro-

vide cheaper systems. For systems user compangtsring human resources with capabilities
and skills has become a strategic issue.
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sources at an advanced level. Figure 1 showsetlhtéanship between the levels of required
human resources of this proposal and our targetistied later in this article.

This proposal classifies IT human resources int@rsdevels. Level one isthe entry level, levels
two andthree correspondto the middle levels,lenels four to seven correspondtothe ad-
vanced level. The critical issue is howto raisembm resourcesto at least level five.
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Figure 1. Relationship of the Skill Levels between Proposal & Course

The first step in developing information systemsoilmes shaping business actiities in the tar-
geted domain as requirements. After the desirecooues are described to them, architects must
have the competenciesto analyze and map busitressuses and processes into an information
system. The human resources who take charge dig¢hdsshould have the ability to understand
and describe business structure in the targetedidoas well as in information systems.

In addition to standard data-based education, ¢duchased on experience may be required to
develop human resources. Many researchers clanotie-job training (OJT) is suitable for
this purpose. Athough many companies apply OJIghrai the training does not succeed be-
cause of a lack of competent instructors. Oftenséimost suitable to become OJT instructors
are busy people who do not have sufficient timprowide training. In consequence, trainees do
not receive enough guidance, andthus not enowsghitsefrom their training. The means by
which to foster capable human resources must bsidemed an urgent and important issue for
educational programs, especially for professionadigate school programs in information sys-
tems.

As a part of a program that advances IT human ressuwe have implemented a course of
business modeling by means of a seminar to faseehtiman resources described above. This
paper describes the design ofthe learning proamedassesses the applicabilty and effectiveness
of the instructional process.
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Describing a Business Structure with
Conceptual Data Modeling

Information Systems Requirements and Conceptual Data
Modeling

The first issue in developing information systesdetermining how to design the system ac-
cordingto client requirements. It is necessaryismalize the potential requirements of both cli-
ents and business experts in an objective donrarorjunction with visualization, consensus
building between stakeholders, including both temnd information systems architects, is in-
dispensable.

Much research and many studies (e.g. Davis, 2@@ksdn, 1995) have been produced on client
requirements. The essential point of the requirérpegctess is inheres how to describe a real

world process. In reality, architects interpret tbgquirements related to them by business experts
because the architects tend not to be familiar thighreal-world activities of the systems.
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Fig.2 Gaps generated through requirement process

The business experts in this situation may not sesrdy comprehend the overall business proc-
esses accurately;they may only view the procdssastheir professional background and per-
sonal perspective. Clients, however, have the dgparmd vision to grasp the real-world re-
guirements necessary for systems development gamsim Figure 2. Thus, client requirements
can be considered intermediate information thasgmthrough a fiter composed of their knowi-
edge and experience and modified by their presentand communication capabilities. This
intermediate informationthen passes through améiter shaped by the architect’s capabilities.
When the architect works with many clients, marfgrimation gaps are created. T he architect
must then develop requirements from informatiobodied by these gaps.

Conceptual Data Modeling

Teshima, Koike, and Endo (1994) insists that infation systems with stable structures can be
built by applyingthe conceptual data modeling tmaps a business structure into the informa-
tion system as a data model. Conceptual data nmapediginated from the ANSI/SPARC three-
level schema concept to describe the structureeoféal world (Universe of Discourse). Te-
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shima and the Manufacturing Architecture for SeResduction (MASP, 2007) Association ap-
plied this conceptto analyze the business straaod describe it as a data model. Theythen
refined this methodology and named it the concéutata modeling method (CDM). When
many companies, including KDDI (Namba, 2007) and Jteel (Owada, 2006), applied this
method to rebuild their information systems, thegaived the anticipated results. The structure
and characteristics of the objective world in whieople are commonly interested can be de-
scribed as a conceptual data model.
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Figure 3. Relationship between three models of Conceptual Data-model

When we describe the structure of a business onaeaptual data model, we use three types of
models: the static, dynamic, and collaboration nwodehe static model, which describes the na-
ture of entities and the relationship among thean, lwe described by the entity relationship dia-
gram (ERD). The dynamic model shows states ofitians of entities by describing the behav-
ior of events. The collaboration model represdnéselationship between entities and events
generated in the logical organization. Figure 3ashthe relationship between three models of
the conceptual data-model.

Course Design

Until now, the authors have designed the CDM irtttomal process and evaluated the educa-
tional results (Namba & Kato, 2007). Advancing bt in our work, the process was revised
and improved based on the results in this sec8mrce the goal ofthe course is successful stu-
dent achievement at skill levels 1 and 2 (see Eidyr it was designed according to these levels
as a pre-stage to achieve an advanced level.

Design Concept

The targets of the course were students studyfiogniration systems at a professional school.
The course consisted of 14 units taught in 90-neicldsses twice a week for about 8 weeks. The
purpose of this section isto design the contenhe$e 14 units. In 2006, we decided on the sub-
ject “Major business functions of the ingtitutiomaministration office” because at a profes-
sional school, it is hecessary that aimost allesatislcould easily understand and investigate the
business. The instructional method was that obmtbased study in which each team had7 or 8
members. In the 2006 version of the course, theuctsrs selected documentsto produce and
provided a rough schedule based upon which thestsdletermined a concrete process of mod-
eling. Presentations of products (i.e., producteres) were held at the midpoint and the end of
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the course. T he student teams submittedthe predit documents of 3 models and Japanese
descriptions) to the instructors at the same tBased on the products submitted and results of a
guestionnaire survey completed after the coursearitle authors concluded that the members
of allthe teams had acquired the competency nageks conceptual data modeling. At the
same time, we determinedthat more detailed resasticthe following is neededto educate
students more efficiently in a course that only Imaged time for instruction:

- The team members consisted of students who werpamnobf a hierarchy. Therefore,team
ranking was determined by random chance ratheritttwidual characteristics. As a result,
the particular grouping of members impeded teaividess in some teams.

- For acquiring expertise, reflection on past condudl awareness are very important. The
combination of members affected these factorsaadired levels of expertise differed
greatly amongteams.

- Although various levels of studentstook the couvgehad the students determine a con-
crete process of modeling. Consequently, the eidutateffect varied widely amongthe
teams.

- An evaluation of the learning process is very inh@ot for a course whose purpose is to ac-
guire expertise, but an evaluation was not possillehis course because learning process
records were not available except within the revieves.

To resolve these problems, we developedthe foligWidur design concepts for the instructional
process:

- Assign three explicit roles within each team fopnoving team activities. T hese three roles
are that of a facilitator, a team member in chafgeroceedings, a team member in charge of
products and modelers. Duringthe 2006 courseydmgigarguments amongteam members
impeded team progress. Having oneteam member mémaharge of proceedings and re-
cordthe proceedings of all meetings prevented diimpents to progress.

- Manage the revisions of documents as well as tbegmdings. T his makes it easier to follow
the discussion process and encourages reflectio aaareness.

- Design a more effective instructional process basedompetencies by identifying and fol-
lowing the learing process. Accordingtothe thgeede model of acquiring expertise for
ICT education (Inoue & Kaneda, 2007), a scenarietiastudy is suitable for various levels
of learners. Therefore, we designed a detailedseslgraming process with projects for each
unit.

- Submit the proceedings and information on all @fplhoducts still in progress at each meet-
ing to evaluate the learning process.

The Learning Process

When designing the instructional process, we detextithat the following 9 learning steps of
CDM education will lead to the most beneficial aurtes:

(1) Students are able to describe CDM diagrams wittctineect notation.

(2) Students are able to find “core entities” and “cevents” while modeling.

(3) Students are able to determine suitable “identif@ad main attributes to identify core en-

tities.

(4) Students are able to refine a static model witbregfceto Japanese descriptions.

(5) Students are able to refine a static model witbregfceto a dynamic model.

(6) Students are able to refine a static model witbregfceto a collaboration model.

271



Instructional Design for Teaching

(7) Students are able to find essential entities anddhationship among them by considering
correlation among 3 models.

(8) Students are able to find contradiction and incgascy of the models while describing 3
models in sequence and to refine them.

(9) Students are able to grasp business architecttiheofiodeling target by using CDM.
By following these steps, students will acquireuaderstanding of the appropriate manner in
which to approach CDM, grasping business architeanodeling at an enterprise level from a

macro point of view, and leam how to conduct besgwithin unknown industries. In addition,
students will develop their project managementsg@neation and communication.

The Instructional Process

We designed the instructional time units basecherd¢arning steps. The authors decided upon
“Major business functions of the institutional Bioy” as the subject because users ofthe library,
students could easily understand the business liathdnterviews with the librarians. Addition-
ally, the business scale, with an estimated 2@terBities, would be suitable for our course. We
divided the students into 7 teams of 7 or 8 stugleach. The following is a listing ofthe topics
and activities planned for each unit:

1°%  Introduction, grouping

2"%  Static model (1) (ERD)

3" Interview (1) (withthe librarian)

4™ Static model (2) (ERD, descriptions)

5" Dynamic model (1)

6™ Dynamic model (2)

7" The first review

8" Collaboration model

9" Interview (2) (withthe librarian)

10™:Refine all models (1)

11":Refine all models (2)

12":Refine all models (3)

13":Final review

14"™:Conclusion

The followings are the special features we desidgoethe course:

- We clarified the modeling process and designeditiits in detail accordingtothe learning
steps.

- We indicated the modeling processto studentsvarazk and presented the topic at each
unit.

- We preparedthetemplate files of three diagrantdatahe students could work efficiently.
These templates were also helpful for examiningaiiams and estimating workload.

- We requiredthe teamsto record all the proceedifigseetings whenever they were work-
ing, including during extra hours outside of class] required themto submit all of the
products till in progress.

- We described the roles of the following team memlodgarly and concretely:
- Facilitator: Ateam member who organizes discussio
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- Person in charge of proceedings: A team memberratmrds the proceedings of meet-
ings and reviews the previous proceedings to ptéeam members from repeatedly
bringing up the sametopics.

- Person in charge of products: Ateam member whategdhe models as the team pro-
gresses and conducts revision management.

Except for four or five members, the three rolesk@d well for modeling. Because team mem-
bers tookturns assumingthese roles, all of thdestts gained experience in all of the roles. This
was necessary because the purpose of the courde abiew studentsto acquire the competen-
cies necessary for becoming information systemit@ctis. These competencies include facilitat-
ing work among business experts, reporting thegedings, and constructing the models.

Evaluation

Evaluation Metrics

In this section, the instructional process is extdd. The level of the learning process that was
acquired in each unit could be grasped based Up@adcuments and proceedings submitted in
every unit by the teams. In this paper, we invasdghe beginning and ending units of learning
for each step by usingthem. There is a possilitigg not all of the stepsthat neededto be ac-
guired remained at the end of the course. Our waalto decrease the number of the steps. With
that purpose in mind, we analyzed the results,dingated which competencies were difficult to
acquire, and reviewed and refined the instructigmatess.

Evaluation Results

Comparison among teams

First, we analyzedthetransition of the numbeertfties to comparethe features amongthe
teams. Figure 4 shows the comparison results.riergé there is atendencyto acquire a large
number of entities at the beginning and then faruthe appropriate number by consideringthe
viewpoint of “core entities.” Afterthis procesgse entities are added to the model for deepen-
ing their understanding of the target businessuiiiahe first review and the interviews. Figure

4 shows that because five teams indicated almesdame transition pattemns, little diversity ex-
isted amongtheteams. On the other hand, the msmbeeam 3 andteam 6 transit specifically,
so their learming process was different from tHHahe otherteams. We, therefore, analyzed the
features of the teams in detail.

The maebsral prrrom
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Figure4. Thetrangtion of the number of entities
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At the end of the course, we conducted mutual asses among the team membersto evaluate
the contribution of each memberto the team. Waired each member to select the member of
his or herteam who had contributed the most tae¢hm's progress. In this analysis, we investi
gated the assessment results and the number ohigateps acquired at the end of the course
for each team. Table 1 shows the results. The rhass@ssment value is the standard deviation
of team members’ scores in ateam. A large valuemathat some memberstook leadership
roles whereas a small value means that all of thmbers contributed equally or a split occurred
among the members. Two types of members achieved guatual assessment result. One type
of member ledthe team andthe othertype greafiparted the team’s work. Although these are
completely different roles, they were not classifiethis paper. The number of acquired steps
expresses the grades of ateam.

Table 1. Analysis Reaults
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Table 1 indicates that the transition of the nundfesntities is not affected by the value of the
mutual assessment but is affected by the numbacadired steps. T his result means that the
educational effect does not depend on the feabdr=sams but does not depend greatly onthe
acquired steps and conditions of the learning E®can appropriate design ofthe instructional
process is required. In particular, the acquirenditions of “step (3)” and “both of step (6) and
(7)" greatly affectedthe outcomes: therefore, lveusd concentrate on these steps as a guide.
Next, we analyzedthe relationship between theuosbnal process andthe acquired conditions
of the leaming steps.

Evaluation of the learning steps

To analyzethe acquisition process of the learsiegs, we investigated the number of teams in
learning along a time series by each step. Thétseme shown in Figure 5. T he vertical axis is
the number of teams in leamning and the horizomxka is the units of the course. Since the value
at the 14 unit isthe number of teams not acquiring theltesuhe end of the course, we con-
cluded thatthe instructional process should beyded so that the value is zero until a certain
period in time. In this case, the acquired levéistep (3), (6), and (7) were not sufficient. Many
students failed in CDM learning at these steps,vantherefore needto redesign the instruc-
tional process. For step (3), although the begitime is at an early stage, it takes much time to
acquire the result. Moreover, this step affectsadauisition process for the other steps. For steps
(6) and (7), since the beginningtime is at a heddy late stage, earlier learming is required.
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Figure5. The number of teamsin learning (by each step)

Comparison between 2006 and 2007

In 2007, the authors refined and redesigned theurtonal process. More specifically, we clari-
fied the instructional units, determined the raleseam members, and recorded the proceedings.
To evaluatethe redesign process, we investighteettansition of the number of entities in 2006
and 2007. In 2006, the products at the first reid{ unit) and final review were available.
Therefore, we compare the numbers at tHea 14 units (the final products). Figure 6 shows

the result.
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Figure 6. Thetranstion of the number of entities
The followings are the standard deviations of tamber of entities:
- 2006 Atthe 10unit: 4.07, at the P unit: 3.58
- 2007 Atthe 1®Dunit: 2.61, at the H4unit: 2.67

These results indicate that the appropriate numbentities had not been determined by th8 10
unit in 2006. The authors found that the argumeat frequently repeated, impeding progress. In
addition, the authors foundthat the acquired ciiords of expertise varied widely in 2006. On

the other hand, the determination of entities iamat terminated at the fQunit in 2007, and
acquired conditions varied relatively little. T hassults show the effects of the refinement and
redesign of the course.

Discussion of Assessment of Competency

There has been much discussion on how to assess@iEncy that students acquire objec-
tively, as well as what data and/or informationidtidoe collected and how it should be evalu-
ated, processed, and provided for third party asserst.

The U.S. Department of Education (2002) definedrametency as “a combination of sKills, ab-
ilities, and knowledge needed to perform a speta&.” Accordingto Bers (2001), “Informa-
tion about the quality and range of competenciesla¢o be available and communicated in
meaningful, useful termsto a variety of audiencéshere are two broad audiences... the first is
an internal audience, including students, facwhd staff. The second broad audience is exter-
nal, including state higher education agencieg,eaiting organizations, and professional asso-
ciations, as well as groups outside of education.”

For working students attending a professional skt@loigh value should be attachedto assess-
ment for external audiences. Some metrics thaasa@ss competency objectively are necessary
to be able to discuss how much students have inegrtwough the coursework. The authors
have been tryingto develop these metrics for teary. The authors have been strivingto pro-
duce quantitative information abou the items faial results can be expressed numerically and
gualitative information about the itemsthat canletexpressed numerically.

Our assessment shows that the students reachedesarhef the following competencies:
- Describe the conceptual data model in three manners
- Understand the identifier and major attributes.
- Understand the relationship between the three rscaed review each model.
- Gain a certain amount of perspective on the streabtibusiness through modeling.

- |dentify organizational issues through modeling.
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As for an assessment of competency toward an eattaudience, the authors believe that a lead
on the direction has been gained by the resultlsisfanalysis.

Our methodology will become a potent assessmehnigae if we can map it tothe skill levels
of various skill standards. In Japan, the IT stdindards that had been divided into three stan-
dards—Skill Standards for IT Professionals (IT $8gd mainly for vender companies, Users'
Information Systems Skill Standards (UISS), and Edaed T echnology Skill Standards

ET SS—have been unified. Metrics that assess compet@uld be required together with this
unification.

Lessons Learned

The authors completed the coursework on concepatialmodeling by means of a seminar this
year followed up to last year. We could not astiesdnstructional process for last year’'s
coursework because of a lack of knowledge and éxpae. This year, we changed some instruc-
tional processes by utilization of the lessons thaiearned last year. This section describes the
lessons we learned fromthe instructional process.

Tracking the learning process of the students, sgahe proceedings and each version of prod-
ucts produced, is valuable when analyzing the paddowever, analyzing the instructional
process is time consuming and requires boththeldpment of tools for analysis and assess-
ment techniques.

Two major findings resulted from the process assess. One isthat role sharing in teams, es-
pecially recording the proceedings, decreasedmiwauat of time required to completethe model
comparedtothe time required last year. Many te@msined at a rather low level just before
the final presentation last year. This year, mbanta few teams could go tothe model refining
stage at an earlier stage compared to last yeardifferences in the product levels among the
teamsthis year were lessthan they had beendast y

The second finding was that the changes neededpmve the coursework became clear. Two
major issues must be considered to improve thesesark;

- Comprehension relevant to identifier, granularifyeotities, and viewpoint is critical for the
studentsto learn conceptual data modeling. Devredogn instructional process that supports
the leaming of these points is required.

- Some teams could not examine each model in corgumaith the other models because
they could barely understandthe collaboration rmo&lehough we scheduled the collabora-
tion model on and afterthe eighth unit, studetitkhsd trouble understanding the model.
More time is required for the process of refinimglaxploiting the three models.

We will continue to review the instructional proses over time and leverage the instructional
design for the next year.

Reviewing the instructional process should be regliSome instructional steps required many
units whereas others only required one unit. Thislee attributed to the differences inthe diffi-
culty of the steps; some were more difficult wharethers were easier for the teams. Redefini-
tion of the instructional processes is requirednbgroving time allocation and merging or split-
tingthe instructional process. It may be effectogive a concrete explanation ofthe contents
within a proper amount of time. If we could preptretemplate to draw a diagram ofthe model,
the time unit for the modeling method would notnigeessary. As some teams had problems un-
derstanding the collaboration model, we must prepamnore detailed process definition for such
a process as understanding the logical organizafivase considerations may balance the load
of each time unit.
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There was little difference in the advancementeafiiing between the teams with strong leader-
ship and those with weak leadership. We compilathterandomly. It may have been correct to
form teams by random if the relationship among#daen members had not affected the per-
formance of the instruction.

The transition of the number of entities for eaintet unit shows the same trend of the thinking
process of all students except two teams. Whennalyzed the characteristics of these teams
accordingtotime and products, we realized theséhdiscrepancies relatedtothe degree of
completion of each leaming process. In other waetans with inefficient learning showed a
peculiar pattern. Athough we will continue to atigt to clarify this discrepancy, we may alter
the kind ofteam with strong instructor supponrvf can identify these trends at an early stage.

The gaps originating from communication and cognitihat are shown in Figure 2 would be
closed considerably ifthe recommendations indhigle are followed. Gaps of cognition to-
ward the object could be dissolved through disoussiith the aid of visual models. The amount
of understanding of the realworld business stmgctlurough models is proportional to the de-
gree of completion of the models.

Conclusion

The authors designed the coursework for busineskelimg, the first step in building informa-
tion systems, and implemented it over two yeargsaBse the second-year course exploited the
lessons learned during the first year, we couldrompthe performance of the coursework. Both
the time required for the modeling work and thesigar control of the products, such as model-
ing diagrams, for every project are effective akzing the learning process. Additional issues
that can improve the learning process emergedglihie analysis process. T he authors would
like to leverage this information to design thetneurse.

We did not demonstrate concretely how we couldcatfee competency that the students ac-
quired to audiences outside of the school. Howemercan view the direction to compose a
practical metrics based onthe analysis of thidystWe would like to design the metrics and
evaluatethem inthe next course.

The learners in this course are those who have ledger and experience in information systems
but not in business in the objective domain. Theceptual data modeling that is the theme of
this course is effective in allowing people to vite global picture and understand business
structures and processes inthe domain. The sutfjégture investigations should be how to
apply the results of conceptual data modeling ¢éodbsign and development processes of infor-
mation systems. The authors would like to apphg¢hideas to a project-based learning theme
for second- year students as well.

References

Bers, T. H. (2001). Measuring and reporting compaes. In R. A Voorhees (EdYleasuring what mat-
ters. Jossey-Bass.

Davis, A. M. (2004).Just enough requirements management. Dorset House Publishing.

Information Service and Software Sub-committegrinfation Economy Committee, Industrial Structure
Council. (2007)Report of the Human Resour ces Devd opment Working Group. Retrieved November
4, 2007, fromhttp://www.meti.go.|p/press/20070720006/03 houkdblkupdf

Inoue, A., & Kaneda, S. (2007). A PBL approach gsieal world application development between uni-
versity and local governmentPS] SG Technical Report 2007-1S99, 115-122.

Jackson, M. (1995¥%oftware requirement & specification: Aexicon of practis, principles and prgudice,
ACM Press. (Japanese Translation).

278



Kato & Namba

MASP. (2007). Retrieved November 1, 2007, frotip://www.masp-assoc.org/

Namba, Y. (2007). City planning approach for entieginformation system®ulein of Advanced Insti-
tute of Industrial Technology, 1, 39-48.

Namba, Y., & Kato, Y. (2007). Atrial for educati@mn the upper portion of the design process forin
mation systemdBulletin of Advanced Institute of Industrid Technology, 1, 39-48.

Owada, N. (2006). Challenge to the system to amtaghange with spending one year for data modeling,
Nikke Computer, 5(1), 132-137.

Teshima, A., Koike, T. & Endo, S. (199Bpwnszing o satware by conceptual data modding. JMA
Management Center.

U.S. Department of Education. (200D)fining and assessing learning: Exploring competency-based
initiatives. Retrieved fromhttp://nces.ed.gov/pubs2002/2002159. pdf

Biography
YukaKato is an Associate Professor of School of Indusiréeh-
nology, Advanced Institute of Industrial Technolpdgipan. Her re-
search interests include computer networks andlaised multime-

dia systems. Shereceived her Ph.D degree in IafdawmSystems
from the University of Electro-Communications, Japa

YukioNambais a Professor of School of Industrial Technology,
Advanced Institute of Industrial Technology, Japidis.research in-
terests include enterprise information systemsita@aiure and con-
ceptual data modeling. He received his Ph,D defgoaethe Gradu-
ate School of Science and Engineering, Tokyo stibf Technol-

ogy.

279



