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E-government for Low Socio Economic Status: The ELOST
Research Project
Professor Niv Ahituv
Netvision Institute for Internet Studies, Tel Aviv University

Abstract
The strategic objectives of the ELOST project are to increase the awareness and readiness
of e-Government participation and usage among low socioeconomic groups (LSGs) and
to increase the number of citizens from these groups capable of using e-Government
services as active citizens in the knowledge based society (e-Inclusion). In particular, to
lower barriers which prevent low socioeconomic groups from participating in eGovernment and to create incentives that would promote their participation. The project
focuses on the attitudes, needs and ICT literacy of the low socioeconomic groups.
The project is performed using a variety of research methods: surveys, focus groups,
expert survey (using Delphi technique), qualitative and quantitative analysis, and
literature review. The final deliverables of ELOST will be a series of reports culminating
in a document of policy recommendations to be submitted to the EU.

The project is carried out collaboratively by seven research institutes from six countries:
France, Germany, Austria, Finland, Bulgaria, and Israel. Its results will assist the EU to
develop a policy of dissemination of e-Government among low socioeconomic groups.

The presentation describes the various stages, methods and results of ELOST.
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Handling user preferences automatically:
Recent (and not so) developments and open challenges
Carmel Domshlak,
William Davidson Faculty of Industrial Engineering and Management,
Technion - Israel Institute of Technology

Abstract:
When shopping on the web these days, we would like the vendors' information
systems to effectively guide us towards the available items that suit best our current
shopping agenda. Projecting into a (near?) future, when we design an agent that
automatically shops on the web for us, we don't want it to buy any item, but the best
available item available out there. In short, we would like information systems and
personal agents to act optimally with respect to our needs and preferences.

But acting optimally or semi-optimally on behalf of a user requires understanding of
that user's goals and preferences. How can a system obtain this information efficiently
when acting on behalf of a lay user? How can this be done with a minimal effort on
the part of the user? How does one represent preference information compactly and
reasons with it effectively? These questions drive the research conducted in the area
of preference modeling, elicitation, representation, and reasoning techniques.
Interestingly (but not surprisingly), these questions span research in philosophy,
psychology, mathematical economics, artificial intelligence, and theory of
computation.

In this talk I will first survey some of the major developments in this area, focusing on
problems of decision-making under certainty, and explaining some practical
applications of this setting in modern IS and their characteristics. In the second part
of the talk I will discuss some critically important open challenges in handling user
preferences that call for a closer collaboration between researchers in computer
science, information systems, and cognitive sciences.

Designing and Assessing a Methodology for Web-Based
Virtual Expeditions
Mr. Sergey Kozyrev, Dr.Miri Barak, Assosiate Prof. Dov Dori, Prof. Judy Dori

In recent years, the area of cultural heritage preservation has advanced thanks to
significant theoretical contributions that can and should be applied in schools,
universities,

museums and other places

of knowledge

construction.

The

implementation of these innovations requires the creation of appropriate tools that are
based on modern technologies. The Semantic Web, the new generation of World
Wide Web, can provide such tools and technologies for the implementation in new
projects and in new areas. Among its many applications, the Web can serve not only
as a tool for the preservation of cultural heritage, but also a tool for the display of
'cultural heritage items' and a tool for the design of new learning environments. The
advantages of the Semantic Web were used in the current research for designing an
interactive system named Virtual Expeditions, for the creation and explorations of
cultural heritage items.
The main objective of this study was to develop a system design, based on the
Virtual Expeditions' methodology, and assess its usability and impact on users'
dispositions towards open-mindedness. The study was carried out as part of
MOSAICA project, an IST project funded by the European Commission, aiming at
the preservation of cultural heritage.
The Virtual Expedition's (VE) framework is based on the premise that
multiculturalism is not a problem, but rather an asset, and that exposing users to
cultural diversity and allowing them to educate themselves about diverse heritages
and traditions might lead to a shift toward more tolerant opinions. The Virtual
Expeditions allow people not only to explore stories of others, but also to create their
own narrative, thus generate and sustain a sense of identity, belonging, and cohesion.
The VEs are designed to allow interactive exploration of pre-selected cultural heritage
items. VEs are designed as 2D story-telling template, combining visual, auditory and

textual information. Each VE is a story divided into short events, based on resources
(instances) that were uploaded via a semantic annotator tool and presented in an
ontology tree. The European Jewish cultural heritage was selected as a test case for
1

the VEs. Indeed, anti-Semitism is an archetypal case of racial and religious
intolerance, and therefore constitutes an adequate starting point for a research project
aimed at fostering tolerance.
Virtual Expeditions are based on five conceptual pillars:
•

Multimedia - The use of diverse media types (text, photo, audio, video,
graphic, animation) for the presentation of Heritage Items.

•

Coherency - Heritage Items are fully and coherently integrated to produce a
seamless Virtual Expedition.

•

Nonlinearity – the users are able to choose the order in which to see and read
the Heritage Items.

•

Interactivity – the users can answer questions, receive feedback and write an
expedition diary.

•

Hypertextuality – There are links to other material within the story text, to
related websites and other Virtual Expeditions.

Harnessing the web capabilities for the design and development of Virtual
Expeditions raises the following questions:
1. How does system design meet the requirements of the Virtual Expeditions
methodology?
2. Whether and to what extent can the exploration of Virtual Expeditions
enhance users' disposition toward open-mindedness?
3. What are the affective, cognitive and operative aspects of the Virtual
Expeditions usage?
The research tools included:
•

OPCAT, a conceptual modeling environment that supports systems modeling
with Object-Process Methodology (OPM) - providing a set of tools for system
design.

•

An attitude questionnaire - examining system usability and users disposition
toward open-mindedness. The open-mindedness items were divided into 5
groups by their specification:

2

o Willingness to adopt different opinions
o Non-prejudice views
o Non-judgmental views
o Acceptance of others/strangers
o Gender equity
The usability items included three parts: technical, educational, and affective.
The questionnaire internal consistency measured by Alpha Cronbach is 0.82
for the open-mindedness part and 0.87 for the usability part.
•

Observations on users' performances documented in a researcher diary gaining better understanding about the participants' behavior and thoughts as
they explore the Virtual Expeditions.

The research population included high school and university students from diverse
communities. The students' population included students from Jewish (N = 69),
Muslim (N = 36) and Christian (N = 2) communities from the Technion - Israel
Institute of Technology (N = 41), the Revivim College (N = 43) and the Open
University (N = 23). Their age ranged from 18 to 25. More than half were women
(54%).
In order to answer the first research question, the Virtual Expeditions (VE) system
design was developed and the analysis of its correlation to VE methodology was
performed. The system design was produced with the help of OPCAT research tool
and was a significant part of the Virtual Expeditions system development. It presented
the processes and objects described in the VE methodology in two semantically
equivalent forms: as the set of interrelated Object-Process Diagrams showing portions
of the system at various levels and as the set of the Object-Process Language
sentences oriented toward humans as well as machines.
In order to answer the second and third research questions, a pre-post evaluation
study was conducted among users. The users (students) were asked to answer a pretest that examined their prior knowledge about the Jewish culture and their
dispositions toward a pluralistic society. They were then asked to explore two virtual
expeditions on two leading Jewish women in Science: Rosalind Franklin and Rita
Levi-Montalcini. At the end of the session, the students were asked to answer a post3

test that examined their attitudes about the usability of the VEs and their dispositions
toward open-mindedness. The study included two stages: a pilot study among
university students (N=15), and the main research among university students
(N=107).
The results of the research include the development of system design with the use
of OPCAT. The results make use of Visual Semantic Web developed as an OPM
based layer on top of XML/RDF/OWL to express the VE methodology visually and
in natural language. Both the graphic and the textual representations are strictly
equivalent. Being intuitive yet formal, they are not only used to present a theoretical
methodology, but also used for the design of the VE system amenable to computer
processing. As an example, Figure 1, an OPM diagram for the first system level is
displayed. It describes the general structure of the system according to VE
methodology.

Figure 1. OPCAT diagram for the first system level

Figure 2 shows the set of OPL sentences related to the displayed diagram.
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User is physical.
User handles VE Exploring.
MOSAICA Editorial Board is physical.
MOSAICA Editorial Board handles VE Monitoring.
ontology is environmental.
Developer is physical.
Developer is an User.
Developer handles VE Creating, VE Editing, and VE Designing.
Virtual Expedition Handling consists of VE Creating, VE Exploring, VE Monitoring,
VE Editing, and VE Designing.
Virtual Expedition Handling zooms into VE Designing, VE Creating, VE Monitoring,
VE Editing, and VE Exploring.
VE Designing affects ontology.
VE Creating yields Virtual Expedition.
VE Monitoring affects Virtual Expedition.
VE Editing affects Virtual Expedition.
VE Exploring requires Virtual Expedition.

Figure 2. OPCAT set of sentences for the first system level

As the part of the research the statistical analysis of students' answers was
produced. For each of 5 sub categories of the open-mindedness questionnaire
ANCOVA test was performed, comparing pre- and post- answers with respect to
respondents' gender and community. Table 1 presents ANCOVA sub categories
gender statistics as an example of the performed statistical analysis.
Table 1. ANCOVA sub categories gender statistics
N
Willingness to adopt
different opinions
Non-prejudice views
Non-judgmental views
Acceptance of
others/strangers
Gender equity

Pre

Post
Mean
SD

t

Sig.

0.81

6

0.02

3.15
3.67

0.78
0.66

2.3
2.28

NS
NS

0.72

3.88

0.69

1.49

NS

0.61

3.82

0.76

1.1

NS

Mean

SD

106

4.17

0.67

3.84

106
105

3.42
3.75

0.83
0.72

105

3.92

106

3.8
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Students' comments about the Virtual Expeditions' usability and the users'
disposition towards open-mindedness are presented in Table 2
Table 2. Examples of students' comments about the VEs usability and their
dispositions towards open-mindedness
Topic

Students' remarks

Usability

The usage of Virtual Expeditions gives a new interesting approach for
receiving new information. The integration of different templates that focus on
the same topic helped me to get the whole picture and to understand the topic
in depth.
I think there is a lack of computer programs that are oriented to culture
preservation and are friendly for the end user. All that makes Virtual
Expeditions a wonderful instrument for teaching in schools and universities.
I liked that Virtual Expeditions present the information in small pieces (called
Heritage Items). It helped me focus on one concrete idea each time and
prevented the mix-up of different concepts.

Open-

With the help of Virtual Expeditions I understood that gender discrimination

mindedness

prevents women from progressing and making important discoveries in the
field of science.
It's important to accept different people and the way they live – the story of
Rosalind Franklin is a good example of how a talented person can hardly
recognized because of gender and religious inequity.
For me, the character of the person is more important than his gender of
religion.

The students' comments and their behavior as they explored the VEs were
analyzed and qualitatively interpreted.
The research results are as follows:
•

The system design, based on the Virtual Expeditions' methodology, was
developed

•

The analysis of correlation between VE methodology and VE design was
produced

•

The VE methodology was assessed in the terms of disposition towards
open-mindedness and usability
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•

The exploration of Virtual Expeditions significantly enhances users’
disposition towards open-mindedness (p < 0.001 for each one of the openmindedness categories)

•

Assessing the questionnaire results with ANCOVA test found that men got
higher results than women and Jewish got higher results than non Jewish.
For some sub categories this difference was significant

Generally, according to the questionnaire results, the students found the VE
system to be interesting, comfortable and a friendly way to learn about diverse
cultures and traditions. The results show that the students gained a wider perception
about Jewish cultural heritage and gave them motivation to use such a program in the
future. The research contribution is twofold: first, it presents the Virtual Expeditions
system design for the preservation of cultural heritage; second, it presents the
assessment results of the Virtual Expeditions, including the definition of openmindedness sub categories and the validation of a tool for examining openmindedness.
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מבנים חברתיים במערכות תקשורת מתווכות מחשב
ד"ר גלעד רביד
המחלקה להנדסת תעשייה וניהול ,אוניברסיטת בן גוריון בנגב
rgilad@bgu.ac.il

חדירה גבוהה של תקשורת מתווכת מחשב )  (Computer Mediated Communication, CMCהעצימה את
חשיבות הבנת השיח הטקסטואלי ,סינכרוני ואסינכרוני .ניתוח שיח ,באמצעים כמותנים ואיכותניים ,מלמד
אותנו על תהליכי יצירת הידע ,הבנייתו ושיתוף הידע בין משתתפי הדיון .מטרת מחקר זה היא לבסס
ולהעמיק את ההבנה של תהליכי הידע בסביבות גדולות ,מתמידות ) (persistenceבתקשורת מתווכת מחשב
בכלל ובאינטרנט בפרט.
סביבות וירטואליות משתמשות בדיונים ובשיח כמכניזם העיקרי להעברת מידע .שיח מאופיין ,בין השאר ,על
ידי הסביבה המסוימת בו הוא מתקיים ,ההקשר ,השיטות ,היכולות של המשתתפים.

ניתוח שיח )

 (Conversational Analysis, CAמגדיר מאפיינים אלו ומספק את כלי הניתוח עבורם .לדוגמה ,בהוראה
מקוונת מומלץ למורים ליצור מצב בו השליטה בידיהם ) .(Oren, Mioduser, Nachmias 2002קבוצות בהן
יש תת קבוצה שולטת ,חברי הקבוצה הנשלטים מנועים מלהפיק את מלוא האפשרויות מהמרחב השיתופי.
ניתוח שיח ושולטות בשיחה
ניתוח שיח ,הדיספלינה העוסקת בחקר האינטראקציות הדבורות ,מנסה לתאר את השיח הממוסד והיום יומי
במונחים של המצב בו הדברים סדורים ,והמבנה ,באמצעות תבניות רצף של אינטראקציות .פיתוח השיטות,
המקושרות לניתוח דיאלקטי וכן ל  ,Bermingham School of Discourse Analysisהחל לפני כארבעים שנה
) .(Sack 1963; Sack & Garfinkel 1970כיום ניתוח שיח הפך להיות כוח מניע וכלי מחקר רב עצמה
בסוציולוגיה ,אנתרופולוגיה ,לינגוויסטיקה ,תקשורת דבורה ופסיכולוגיה ,אך לא קיבל מספיק מיקוד מחקרי
בתקשורת מתווכת מחשב ומערכות מידע .המבנה העיקרי שניתוח שיח משתמש בו הוא מבנה סדר הדוברים
) (turn-taking organizationכלומר ,שימוש במבנה זה מגדיר היסודות הבסיסיים של השיח כסדר הדוברים.
לאחרונה ,המחקר על סדר הדוברים במערכות מתווכות מחשב פותח ומומשג )Herring 1999; Smith,
.(Cadiz, Burkhalter 2000; Venolia & Neustaedter 2003
שולטות בשיח מתייחס לכלל התבנית של מדדי האסימטריות במונחים של התפלגות הפעולות המנווטות את
השיח בין המשתתפים לאורך כל אורכה של האינטראקציה בממדי רצף ,השתתפות ואיכותניים .תשומת לב
רבה ניתנה להבדלי שולטות בשיח בין מגדרים שונים ) & Duerst-Lahti & Kelly 1996; Beaumont
 .(Ruggeri 2001אולם ,בניתוח תקשורת מתמידה ממד השולטות לא הובא למימושו המלא .ריתמוס מבוסס
זמנים ,אשר משמש בתפקיד מפתח בשיח הדבור ,משמש בתפקיד משני ,אם בכלל ,במרחבי תקשורת מתמידה.
במרחבים אסינכרוניים החלפת סבבי הדיבור הוא מדד אמין יותר ממשך הזמן.

ויקי ווויקיפדיה
פרדיגמת הויקי כמכניזם שיתופי לפרסום תכנים היא היהלום שבכתר בתנועת מהפכת הקוד הפתוח  .חבילת
התוכנה שמפעילה ויקי וכן התכנים בויקי פועלים על פי חוקי הקוד הפתוח .קיימים כלים ופרויקטים רבים
המיישמים את עקרונות הויקי ליצירה ותחזוקה שיתופית של מקורות מידע ,כגון אינציקלופדיות ,מילונים,
ספרי יעץ .ראה  http://www.wiki.orgו  http://www.wikimedia.orgלדיון מלא בפילוסופיית הויקי
ויישומיה.
היישום

המוביל

בעולם

הויקי,

ולמעשה

בכלל

יישומי

הקוד

הפתוח

הוא

הויקיפדיה

)

 ,(http://www.wikipedia.orgאנציקלופדיה הנכתבת בצורה שיתופית על ידי חלק מקוראיה .האנציקלופדיה
היא חופשית במספר רמות ,כולל חופש הגישה ,חופש הכתיבה )דיבור( ,חופש מתשלום )חינם( ,חופשית )כמעט(
מתפקידים ממוסדים וחופשית מחלוקת עבודה .הפרויקט מנוהל ומתארח על מחשבי עמותת ויקימדיה )
 (Wikimediaותומך בכ  250שפות שונות .לכל שפה יש ויקיפדיה משלה ,עם קישורים במקרה הצורך לערך
המקביל בשפה אחרת .כל עמוד מאמר באנציקלופדיה מלווה בעמוד שיח ,המשמש כמרחב דיון במטהמידע )
 (meta-informationעל המאמר .מחקר זה לומד את יחסי הגומלין בין שולטות השיח במאמר לשולטות
השיח בדפי שיחת המטהמידע.
שולטות שיח ,כפי שנידון לעיל ,משמשת כחרב דו להבית .מצד אחד ,שולטות שיח היא אינה תופעה רצויה,
אולם מן הצד השני שולטות שיח )המבוצעת על ידי האנשים הנכונים( מטייבת את התכנים .מצד אחד
פרדיגמת הויקי היא מצע מזין ומשובח לצמיחה עצמאית ,אולם בו בזמן אלפי עורכים יכולים לשלוט בתכנים.
הדואליות בשולטות השיח ,הופכת את הויקיפדיה לסביבה מיטבית לבחינת התופעה ,ותפקידה המיוחד של
הויקיפדיה יכול להוסיף נדבכי הבנה נוספים להבנת תקשורת מתווכת מחשב לתועלת העיצוב והבקרה שלהם.
רשתות חברתיות )(Social Networks Analysis
מחקר זה מאמץ ומיישם את גישת ניתוח השיח להבנת שולטות השיח במרחבים שיתופיים גדולים .על מנת
לאפשר ניתוח מדגמים גדולים )או את כלל אוכלוסיית המחקר( יש צורך לעדן את שיטות ניתוח השיח
ולהתאים אותם גם למחקר כמותני .אנו משתמשים במתודות השאולות מתחום ניתוח רשתות חברתיות על
מנת לנתח את השיח בויקיפדיה.
ניתוח מבוסס תורת הגרפים של רשתות יכול להיות ניתוח מיקרו )  (Aviv, Erlich & Ravid 2003או ניתוח
מקרו )  . (Ravid & rafaeli 2004מכאן ששילוב ניתוחי התוכן של ויקיפדיה באמצעות רשתות חברתיות
מעניק לנו מדדים הנובעים מגישת מחקר כמותנית לא מתערבת ומסוגלים לתאר את מידת אי השוויון
באינטראקציה החברתית ברשת זו.
מתודולוגיה
מדגם של  1500מאמרים מתוך הויקיפדיה העברית נדגם .מאמרים אלו מייצגים את כלל אוכלוסיית
המאמרים ה "נבחרים"  432מאמרים 373 ,שפי שיח 420 ,מאמרים רגילים ו  257דפי שיח של מאמרים
רגילים .לכל מאמר במדגם נבנתה רשת חברתית של אינטראקציות בין מחברי המאמר .רשת זו ,באמצעות

כלי תוכנה מתאים ,תיוצג כאוסף של מאפייני הרשת .מדגם של המאמרים תיבחן שולטות השיח של כותבי
המאמר בדרכים המקובלות בניתוחי שיח .רשת חברתית זו נבדקה על פני חמישה עשר מדדים שונים לגבי
מידת אי השוויון בין המשתתפים השונים.
תוצאות
כל חמישה עשר המדדים שנבחנו מצביעים ,בצורה מובהקת סטטיסטית ,על שוני בין קבוצות המאמרים ודפי
השיח .נמצא שההטרוגניות גדולה יותר בדפי השיח של המאמרים הרגילים לעומת דפי השיח של המאמרים
הנבחרים .הטרוגניות גדולה קיימת במאמרים נבחרים ,אולם בכל שאר המדדים הערכים הגבוהים קיימים
במאמרים הרגילים
התוצאות שנמצאו מצביעות שסביבות שיתופיות הן לא בהכרח שוויוניות ,במקום שוויוניות אנו מדווחים
כמותית על שולטות בסביבות אלו .אי שוויון זה מתעצם אף יותר במקומות בהם משמעותו רבה ,במקרה של
הויקיפדיה המאמרים הנבחרים ,הטובים יותר .למרות שלא ניתן באמצעות מתווה מחקר זה לדון ביחסי
סיבתיות בין המשתנים עדיין יש חשיבות רבה לאבחון התופעה.
תרומת המחקר
המחקר משיג הבנה של הכוחות היוצרים ונוצרים בעקבות שולטות שיח וכן את ההשפעות של שולטות זו על
תרומות למרחבי שיח גדולים .ניתוח הויקיפדיה ,מרחב אשר לכאורה הכוח מתנהל בו בצורה סימטרית ,יכול
לשמש להעמקת ההבנה ויישום עתידי של מרחבים וירטואליים .המחקר ימשיך מסורת מחקרית מוכחת של
שימוש במודלים מתמטיים לחיזוי יצירת תכנים והתנהגויות במדיה שונהshanon & Weaver 1963; Bales) .
 .(1951; Gilder 1993; Reed 1999מחקר אינטרדסיפלנרי כמו זה תורם רבות לתחומי עניין הנמצאים
בתפר שבין תקשורת ,סוציולוגיה ,מערכות מידע ומדעי המחשב התרומה המדעית המרכזית של עבודה זו היא
הן במישור פיתוח המתודות וכלי העבודה ,שאילת שיטות ניתוח מעולם תוכן אחד למרחב אחר ,ניתוח רחב
היקף של כלל האוכלוסייה ,הבנת תהליכי תקשורת בין אישית .הצלחת פרויקט זה מאפשרת ליישם שיטות
כמותניות לניתוח שיח מתמיד ועל ידי כך לתכנן מנשקי אדםמכונה שיביאו תכונות אלו לידי ביטוי .אם
אומנם

אנו מעוניינים לעודד תרומה במרחבים וירטואליים ,הבנת מנגנוני הפעולה בהם הכרחית לכך.

הבנת תופעת האסימטריה בתרומה למרחבים שיתופיים גדולים תורמת הן במישור האפליקטיבי ,על ידי
בניית מערכות מתאימות לייעודן והן במישור התיאורטי בהבנת מערכות מקוונות חברתיות גדולות .בחינה
ראשונה של הויקיפדיה מצביעה על מערכת מאוד פתוחה וסימטרית ויש הטוענים אף אנרכית אולם בדיקה
מדוקדקת מצביעה על המצב המדויק של המערכת ותאפשר לנו לפתח את המתודות הנדרשות על מנת
ליישם כלים ברוח פרדיגמת הויקי לניהול ידע ארגוני.
מכיוון שהמחקר מנסה ללמוד על שולטות בהקשר של תפקידים פורמליים ובלתי פורמליים בארגון בעל מבנה
היררכי שטוח ,תוצאות המחקר יהוו בסיס להבנת שיטות ניהול במרחבים אחרים.
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Introduction
Practitioner surveys identify ‘better management of variable capacity needs’ and ‘cost reduction’ as the
top reasons for IT outsourcing (Weakland, 2005; 2006). This agrees with the view that outsourcing can
increase the flexibility of firms operating in volatile business environments (Quinn and Hilmer, 1994). At
times of good economic conditions and technological innovation, firms’ demand for IT services grows,
and at times of economic slowdown and technological stability, this demand drops. When demand
fluctuates, outsourcing lowers the need for costly IT service-delivery resources (infrastructure, personnel,
etc.) that would not be used full-time. Outsourcing with usage-based pricing permits firms to lower the
marginal cost per IT service unit by variabelizing the high fixed cost associated with owning sufficient IT
capacity for peak demand periods. GE’s Appliance division is a good example of a company that
followed this exact logic for application maintenance activities (Dos Santos, 2003). That IT outsourcing
increases with demand volatility has also been shown empirically (Aubert et al., 2006).
With this said, little is known about the exact conditions under which firms outsourcing IT
services with volatile demand can realize fully the cost savings outsourcing promises. Outsourcing under
stochastic demand presents a tradeoff which depends on the parameters characterizing demand. It offers a
marginal cost advantage only when demand is below some threshold. When demand grows above another
upper threshold, the marginal cost advantage disappears as the firm can enjoy scale economies that justify
backsourcing. Switching between these sourcing modes involves irreversible switching costs for vendor
searching, contracting, organizational redesign, etc. The more volatile is demand, the more frequent
switches could occur for a given pair of demand thresholds. Sourcing decisions therefore must be
sensitive to the lower and upper demand thresholds that optimally balance this tradeoff.

Objective
This research examines how this tradeoff affects the optimal timing of switching between sourcing
modes, the ability to realize fully the cost savings expected from switches, and contract flexibility
permitting the switches. We assume volatile demand for some homogeneous IT services that the firm
considers outsourcing, like in business process outsourcing (e.g., claims processing, call center). We
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develop models that find the thresholds for optimal outsourcing and backsourcing, and gauge the cost
savings potential from switching between these sourcing modes. The models examine three
complementary scenarios, generating novel insights into when outsourcing with uncertain demand for IT
capacity is truly beneficial.

Method
The models we develop using real options modeling (ROM). ROM has been used for various sourcing
problems with uncertain demand: partial outsourcing (Alvarez and Stenbacka, 2006), outsourcing timing
(Lammers et al., 2004), design of ASP contracts (Techopitayakul and Johnson, 2001), pricing software
rental agreements (Singh et al., 2004), and hedging in-house cost structure changes (Johnstone, 2002).
The first two of these studies examine issues similar to ours, but their analytical ROM approaches (Dixit
and Pyndic, 1994) have limitations. First, they model outsourcing opportunities as being perpetual; in
reality they are short lived under any set of parameter values. Second, they find when it is optimal to
backsource assuming the firm is already outsourcing. Examining how upfront consideration of
backsourcing flexibility affects outsourcing decisions in the first place requires modeling backsourcing as
a nested option, something that renders analytical ROM approaches challenging; e.g., Lammers et al.’s
(2004) model as is produces four non-linear equations with four unknowns that must be solved
numerically. Our models relax these two restrictive assumptions by using a simplified ROM approach
that involves an intuitive graphical interpretation of a target decision situation, adaptation of standard
option valuation models (e.g., Black-Scholes model), and basic spreadsheet capabilities. The fact our
approach assumes a risk-neutral world is not problematic since the goal is to draw qualitative insights that
would hold even for a non risk-neutral world.

Main Results
The first model we develop concerns a binary scenario of complete outsourcing, answering the question:
How does demand uncertainty affect the demand threshold below which it optimal to outsource? We find
that increased demand uncertainty lowers this threshold, delaying the outsourcing decision and the
realization of its associated cost savings potential. Outsourcing when the observed demand exceeds this
threshold crucially erodes the expected cost savings, turning outsourcing into a strategy that adds cost,
thereby justifying an early backsourcing decision. Thus, counter to the prevailing wisdom that demand
uncertainty stimulates outsourcing, increased uncertainty appears to promote insourcing even though it
increases the cost savings potential from (and motivation for) outsourcing.
The second model considers outsourcing part of the firm’s demand, answering the question: Can
partial outsourcing favorably affect the demand threshold for optimal outsourcing, and, if so, how does
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demand volatility affect the optimal portion of demand outsourced? Partial outsourcing received little
attention in the IT literature (Aubert et al., 2006) despite its potential benefits (e.g., generate a benchmark
against which to foster competitive in-house operations). Our model finds that increased demand
uncertainty postpones the outsourcing decision less than in the binary scenario and simultaneously
increases the optimal portion outsourced. Partial outsourcing can be more beneficial than complete
outsourcing, although its cost savings potential is proportional to the demand portion outsourced. Thus,
increased demand uncertainty stimulates outsourcing but only by increasing the portion outsourced. This
result is consistent with the conventional wisdom but only for firms that consider partial outsourcing.
A third model adds the flexibility to backsource before contract expiry, asking the question: How
does upfront consideration of backsourcing flexibility affect the outsourcing decision? Contract flexibility
enables responding to shifting economic and technological conditions (Lacity et al., 1995; McFarlan and
Nolan, 1995; Weakland, 2005). It seems valuable in our context too: growth in demand creates scale
economies, enabling a firm already outsourcing to capitalize on the drop in its internal marginal cost per
service unit by backsourcing (Techopitayakul and Johnson, 2001). Natural intuition hence suggests that a
firm should be less hesitant to outsource knowing it can backsource before contract expiry. However, our
model finds that backsourcing flexibility further delays the outsourcing decision (or promotes insourcing)
even if it increases the cost savings potential from outsourcing. This result suggests that contract
flexibility and cost savings are competing drivers of outsourcing value, refuting the common view that
contract flexibility is important to outsourcing (cost savings) success.

Conclusion
The novel insights our models yield suggest a need to revisit key intuitions underlying contemporary IT
outsourcing research and practice, especially in light of many firms’ dissatisfaction with IT outsourcing as
a cost reduction strategy. About half of all outsourcing contracts are aborted or changed in midstream
(D’Agostino, 2006), with the dominant reasons being failure to realize the cost savings outsourcing
promises (Barthelemy, 2001) and lack of contract flexibility (Lacity and Willcocks, 2001). Our insights
allow formulating testable hypotheses that could plausibly explain this unfortunate state of affairs. For
example: (1) Do firms making decisions to outsource irrespective of their observed demand level realize
less of the expected cost savings and/or experience more contract cancellations? (2) Do firms that
outsource partially realize more of the expected cost savings and experience less contract terminations?
and, (3) Do answers to such questions reveal patterns that are magnified when firms build flexibility into
outsourcing contracts? Looking beyond these prospects, we recognize that our findings could be tainted
by overlooking non-economic factors (e.g., service quality, trust) and focusing only on one form of
contract flexibility (i.e., backsourcing). We therefore highlight respective directions for future research.

Regional Healthcare Center Management Simulation

A simulation system for training and development of RHCs* managers
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Arik Korman(com), Nira Shalom(yvc), Ana Shetach(yvc), Dudi Bregman(com)
(YVC) The Max Stern Academic College of Emek Yezreel, Department of Health Systems Management
(COM) College of Management Academic Studies, School of Business Administration

A Web-based simulation system was designed and developed by an interdisciplinary team, for the
purpose of training and developing regional health services centers managers. Computerized
simulation is a powerful tool for modeling systems and processes. It can assist systems analysis and
design, as well as in training and practicing.
The simulation system enables to operate a management game, similar to management and business
games in the fields of economics and industry. In the game, teams of trainees, playing management
teams of regional health centers within one specific community, compete among themselves.
Decisions are made on a weekly basis and filled on line through the system. Each week reflects a
period of three months in the centre's lifespan. The simulation system generates results for each
health center management team, based on teams' decisions, environmental changes and dynamic
model parameters. The simulation periodic outcome reflects managerial performance regarding
internal and external environmental context. Based on the accumulating results from the
performances of their own managed RHC, competitors' RHCs, regarding the population in their
region and regulatory factors, the teams can proceed to consolidate their strategy for the following
periods.
The basic assumption underlying this simulation model, is the need to provide equal and qualitative
health services to the related population, subject to monetary responsibility. In order to materialize
this assumption, "quality" was defined along two dimensions:
- Clinical quality measures – quality of treatment, prevention programs, case management,
diversity of health services, etc.
- Service quality measures – quality of service is measured in terms of the quality of the
equipment (upgrading level and maintenance), overall waiting-in-queue time, ongoing
operations management (purchase, medications, maintenance, outsourcing usage), etc.
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The financial performance of each RHC is examined using standard financial statements: Income
Statement and Budget Utilization reports. The RHC's income is derived from the number and agegroup of clients (capitation), rate of severely ill patients (government-based compensation for rare
and severe diseases), extended insurance policies, profitable extra health services, and donations.
On the other hand, the various RHCs' expenses (hospitalizations, fees and salaries, purchasing of
equipment, medications, maintenance, etc.) are affected by the decisions made each period and the
simulation parameters.
The simulation system was operated as part of a "Management of a Regional Health Center" seminar
in the academic year of 2006-7. It enabled students to experience simulated processes reflecting the
realistic environment. Real world environment relates to the field of health services in general, and
the nature of the everyday dilemmas of management of a typical RHC, in particular.
The students were divided into teams of up to five students. Each team served as a management team
of one particular HSO (health service organization) in one particular region. The teams competed for
the same clients and provided the same competing services.
As the participants progressed in acquiring the necessary know-how and rules of the game and
throughout the game itself, they learned to cope with a variety of RHC-management issues, from a
variety of different aspects, and within a varied set of conditions, imposed on them throughout the
game. They were exposed weekly, for a period of almost three months, to the complex reality of
team-decision-making processes and team management, and developed specific capabilities
regarding making decisions based on cost-benefit analysis. Teams had to face a variety of dilemmas
such as: investing financial resources, human resources, and time, in community prevention projects,
at a particular point in time, might reduce future hospitalization costs.
All in all, taking part in the simulation enabled the participants to:
- Experience and implement theoretical and conceptual know-how to practical real world
management.
- Effectively integrate a variety of fields of study (clinical management, operations
management, marketing, finance, employees' and patients' empowerment).
- Develop a pro-active approach regarding management of health service organizations.
- Enhance their experience in complex decision making practices.
- Develop their team-work and team- management capabilities and skills.
- Experience management under pressure.
In summary, we found that the simulation tool presented here has a major potential contribution in
two significant dimensions:
• In general, this methodology enables its users to transfer theoretical knowledge into practical
tools, capabilities and skills.
• Specifically within health systems, the simulation game provides policy makers with means
to cope with new managerial challenges, caused by reforms and changes of last decades.
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A Classification of IT Artifacts: A Multidimensional Scaling Approach
Saggi Nevo, Dorit Nevo, and Phillip Ein-Dor

Abstract
The purpose of this study is to offer a comprehensive, yet parsimonious, classification of
IT artifacts and trace the relationships among them by studying their similarities and
dissimilarities. The classification should help IS researchers develop theories of the IT
artifact. Additionally, the classification may be used to observe general trends and types
of technological innovation, enabling a focus of research efforts, and a production of
cumulative findings.

Introduction and Motivation
A general tendency within the IS field is to form new and specialized journals,
conferences, and interest groups whenever a new IT artifact is introduced. Such tendency
to fragment could lead to redundancy in research with similar research questions
resurfacing for each new IT artifact. Ein-Dor and Segev (1993) discuss this trend in
relation to their observation that the evolution of IT artifacts presents very few quantum
leaps, and that older and newer IT artifacts exhibit similarities that do not justify this
disciplinary fragmentation. In fact, they argued, unlike observed technological evolution,
which exhibits strong continuity, the evolution of labeling (naming the IT artifacts)
within the IS field connotes disconnected revolutionary progress. They concluded that
since the labels we put on the phenomena we study tend to drive our perceptions of the
field, we are often engaged in redundant study of specific IT artifacts, which could hinder
cumulative research and lead to unproductive, and self-destructive, divergence in the
field.
Today, over a decade and half later, one can still find hundreds of different IS journals
serving a multitude of specialized interest groups and focusing on myriad phenomena.
These journals are supplemented by a wide range of conferences and workshops,
reflecting a wide variety in the academic upbringings and interests of our field’s
members. While there are definitely benefits for variation in research ideas and
approaches, such fragmentation may have negative consequences when little knowledge
flows through the boundaries of the specialized groups. At its worst, fragmentation can
result in resources being unnecessarily expended in several directions, potentially
resulting in redundancy in research efforts and duplication of findings.
Sharing the concerns raised by Ein-Dor and Segev, and noting that fragmentation still
characterizes the IS field, our objective in this study is to create a shared taxonomy of IT
artifacts, focusing on commonalities among IT artifacts in order to could help IS
researchers collaborate and build on each other’s findings even when the focal IT artifact
carries a different label.

To reach this objective, we plan to study a broad set of IT artifacts for the purpose of
exploring the relationships among them and identifying shared dimensions that may serve
as a basis for developing general theories of the IT artifact. Additionally, we aim to
provide IS researchers with a comprehensive and parsimonious overview of the field’s
core in the hope that convergence, rather than divergence, would ensue, thus assisting in
the accumulation of findings and knowledge.

Research Methodology
Three steps are involved in classifying IT artifacts: (1) producing a list of IT artifacts, (2)
identifying an appropriate classification method, and (3) using the method to produce a
classification. Thus far, we have completed steps 1 and 2, and have developed a plan for
executing step 3. This section briefly describes our work to date, followed by an
overview of our future work in creating the classification.
Taking a longitudinal approach to create a comprehensive list of IT artifacts, we reviewed
all papers published in MIS Quarterly and Information Systems Research since their
respective inceptions dates. The review process involved scanning each individual paper
in order to identify the IT artifact(s) studied.
Overall, 1049 papers were reviewed and coded. Of those, 52% described one or more IT
artifacts, for an identified total of over 100 IT artifacts with distinct labels. A careful
reading of the IT artifacts’ features and attributes – as described in the original papers –
suggested that many of these IT artifacts were, in fact, instantiations of the same
archetypes. Accordingly, we were able to manually produce a shorter list with
approximately 40 different IT artifact types. This reduction in the number of IT artifacts
is crucial given our choice of the classification method, described next.
All possible pairs of IT artifacts will be evaluated based on the similarities or
dissimilarities of their features and functionalities, as perceived by the respondents (Hair
et al. 1998, Malhotra 2004). Accordingly, a questionnaire intended to elicit perceptions of
similarity might include the following:
Please consider the capabilities of each IT artifact and its standard use in organizations,
and rate, on a scale of 1 to 10 (“1” very similar, “10” not at all similar) the similarity
between the following pairs of IT artifacts.
System A
A Decision Support System
A Knowledge-Based System
An Electronic Mail System
A Decision Support System
A Group Support System
…

System B
A Group Support System
A Decision Support System
A Video Conferencing System
An Electronic Mail System
An Electronic Mail System
…

Similarity

Classifying the IT artifacts will be done by conducting a multidimensional scaling (MDS)
analysis. MDS is a technique to interpret and translate perceptions of similarity (or
dissimilarity) among a set of objects in order to produce a visual distribution of the
objects in a multidimensional space. MDS clusters similar objects in close proximity and
places dissimilar objects further apart on a spatial map (Borg and Groenen 1997, Kruskal
and Wish 1978).
MDS is most appropriate for this study as it can be used to identify not only similar
objects but also the dimensions underlying the perceptions of (dis)similarity of objects
(Hair et al. 1998, Priem et al. 2002, Robinson and Bennet 1995). In addition, by placing
objects on a spatial map, MDS helps discover the relative importance of each dimension
in affecting respondents’ perceptions (Borg and Groenen 1997, Malhotra 2004, Sircar et
al. 2002). Furthermore, MDS is useful for classifying objects in a manner conducive for
exposing their relationships, hence it is expected to help empirically derive inductive
typologies of IT artifacts.
MDS takes as inputs (dis)similarity judgments, in the form of overall object comparisons,
and transforms them into geometrical distances in a multidimensional space, creating a
spatial map that closely parallels the respondents’ perceptions. The dimensions
underpinning the perceptual judgments are indicated by the axes of the spatial map.
Hence, the farther apart objects are on the spatial map, the greater is the perceived
difference between them (Hair et al. 1998, Huang et al. 2006, Malhotra 2004, Zmud et al.
1990).
To apply MDS to the classification of IT artifacts, data will be collected on (dis)similarity
ratings of all possible pairs of IT artifacts, based on the list described earlier. Given that
many of these IT artifacts may no longer be in common use (e.g., MRP I and Chargeback
Systems) and that information about them is often available only in academic
publications, and noting that many IT artifacts may be unfamiliar to IT professionals who
specialize in a small set of technologies, it is apparent that academics who study
information systems are appropriate respondents for this study.
Since a complete evaluation of N objects requires respondents to compare N * (N – 1) / 2
pairs of objects, it is likely to place a high cognitive load on respondents, resulting in
fatigue (Malhotra 2004). Hence, following Zmud et al. (1990) we will randomly partition
the list, producing fewer evaluations for each respondent. Once complete questionnaires
are received, responses will be combined to form complete evaluation matrices.
Expected Findings
The MDS study is expected to identify of the dimensions underlying respondents’
perceptions of IT artifacts (dis)similarities. As a concluding step, we will then interpret
and label these dimensions to develop a meaningful classification of IT artifacts. Only
after we have understood the meaning of these dimensions we may attempt to develop
theories of the IT artifact. Subsequently, more formalized perspectives may be developed
regarding the relationships among the IT artifacts over time and across types.
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Introduction
There is an increasing interest in privacy preservation while accessing patients’ data, which is kept
in Electronic Health Records (EHRs). To this end, we recently introduced the Situation-Based
Access Control (SitBAC) model[1][1]. SitBAC is a conceptual model for representing
authorization policies, where health organizations can stipulate their regulations concerning
permissions of access to patients’ data. The SitBAC model enables formal representation of
scenarios of access to patient’s data as an ontology of entities (Patient, Data-Requestor, EHR,
Task, and Response), their attributes and relationships.
Another approach that enables the representation of authorization policies is the Contextual
RBAC (Context) model [2]. The Context model extends the widely-used Role-Based Access
Control (RBAC) [3] model by the inclusion of logical rules for expressing contextual
authorizations (i.e., expressions that integrates logical terms with information about the context of
the query, such as the role of the access requestor and the time and place from which the query was
made).

Objectives
Our objective was to experimentally compare the SitBAC and the Context models in terms of 1)
ease of comprehension of scenarios represented in each formalism and 2) correctness of models
synthesized by modelers for a textual description of data-access scenarios that should be approved
or denied.

Methods
We used two methods through the experiment: 1) frame-based ontologies via Protégé 2000 [4] for
representing the two access-control models and 2) the Wilcoxon matched-pairs signed-rank test
. שגיאה! מקור ההפניה לא נמצאfor the statistical tests.
The Context model and the SitBAC model are conceptual models. In order to test the affect of the
model, and not the affect of the implementation environment, we implemented both models using
the same environment. As the SitBAC model is represented via ontology, we decided to represent
the Context model via ontology, as well. We chose the Protégé 2000 [4] שגיאה! מקור ההפניה לא
. נמצאknowledge-modeling tool and created for each model its related frame-based ontology.
Figure 1 and figure 2 illustrate instances that were created for each of the models. Both instances
express the following fact: “Physician is allowed to prescribe to inpatients (hospitalized patients)”.

Figure 1: a screen-shot of an instance of the Context-model ontology created via Protégé-2000.
Note the logical expression written at the bottom of the figure, in the Rule Body slot.

Figure 2: screen-shot of an instance of the SitBAC-model ontology created via Protégé-2000
The Wilcoxon matched-pairs signed-rank test . שגיאה! מקור ההפניה לא נמצאis a nonparametric test
that can be used to compare the achievement of two groups on tests with repeated measurements
on a single sample. The test involves comparisons of differences between measurements, and does
not require assumptions about the form of the distribution of the measurements. We matched the
students as pairs, one in each group, so that there would not be differences between the groups
except for the intervention (Context or SitBAC models).
We carried out the experiment as a mid-term exam in a "Knowledge-Representation and DecisionSupport" course, an advanced elective course taken by third year students of the Management
Information Systems (MIS) program at the Haifa University. Some of the classes were conducted
in a computer lab, where the students learned how to use software tools for representing
knowledge, such as Protégé-2000.

The class was divided into two groups: group A received a SitBAC model exam, while group B
received a Context model exam. Each group consisted of 8 students. The students were paired in
advance, with respect to the relevant extraneous variables that tracked their background and skills,
such as their current grades average and their performance-level on homework-assignment.
The exam was carried out in a computer lab. Two Protégé projects (one for the SitBAC model and
one for the Context model), were created before the exam and were installed on the lab computers.
Each student received a textual exam, and access to one of the Protégé projects. The textual exam
included three parts: 1) description of the model, including six textual descriptions of scenarios of
access to patient-data. For each of the scenarios we created ontology instances in the attached
Protégé project, 2) a short tutorial that instructed the students how to re-create an ontology instance
for one of the given scenarios in part 1, and 3) three tasks that the students had to fulfill.
Task #1 addressed model understanding, while Tasks #2 and #3 addressed model synthesis:
1. Understanding: Task #1 was to view three scenarios that were expressed via instances of the
model in the attached Protégé project, and for each scenario to describe in text its content.
2. Synthesizing model instances using existing values: Task #2 included textual descriptions of
three new scenarios. The students were asked to create for each scenario an instance that
expresses the scenario. All the required values already existed in the Protégé project from the
six tutorial examples and the three examples of task 1.
3. Synthesizing model instances while creating new values: Task #3 was similar to the second
mission: it included a description of three scenarios and, again, the students were required to
create for each of these scenarios an associated instance. However, several values that were
mandatory for completing the task were missing, and the students had to create them first
before creating the entire instance. Therefore, this task was more advanced than the previous
one.

Conclusion
The results of the experiments demonstrate that there are no differences between the two models
when it comes to understanding or synthesizing simple scenarios of data access, while for complex
scenarios there is a significant advantage to the SitBAC model, in terms of understanding and
synthesis.
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1. Introduction
The decision about how much to invest in software development efforts during project life-cycle is a
crucial one. It has a direct influence on project success or failure. The resolution may come by adhering to a
specific customer or regulatory requirements. When these are absent the project management may use the
internal organizational procedures which instruct project management about the required software standard.
In organizations that develop multiple projects in several product lines, the use of a single standard may
lead to a non-optimal use of verification and testing efforts. The implementation becomes even harder
when many of the projects include both: new, modified and entirely reused components. This manuscript
describes a software development approach that takes into consideration the difficulties in using a single
process and may guide the project management where to focus the efforts. Using a software standard is
essential to the common understanding of the activities and tasks of the development. Most standards do
not identify the exact effort required in the verification and testing stages. Moreover, the standards do not
differentiate between products, varying levels of product's maturity, different end-users and even between
the specific mission and operational environment of the product. So the “one size fits all” approach [1]
doesn’t work well even for different products within the same organization.

2. Determinants affecting software development efforts
A number of determinants affect the effort of software development activities. These factors can be
classified into three groups: 1. personal factors; 2. social factors; and 3. project domain factors. Personal
factors are determinants that cause a deviation from “regular” development efforts due to individual or
group abilities. It is likely that more training, tracking and reviewing efforts are required when an
inexperienced individuals are involved in the development comparing to an experienced group. It is also
likely that an inexperienced team member will generate more errors and will find it harder to comply with
general guidelines of the project. Social factors reflect a deviation from “regular” development efforts due
to the social environment and the atmosphere of the project. It’s already been identified that a larger team
needs a larger methodology [2] and have a higher risk to under perform [3]. That is, project management
needs to assign more roles; reviews and guidelines to coordinate the team. Another factor is the
interactivity among team members. Convenient means of communications are crucial to the success of the
project. A physical separation of the development team may require additional coordination efforts.
The third group of factors relates to the project domain. Out of various factors, the following three
determinants have the most immense impact in products lines which develops safety and non-safety
products: 1. safety and criticality of the software; 2. software maturity and reuse; and 3. software
complexity.

3.1 Software safety

The criticality and safety of the system is addressed by several studies and standards. The recognition that a
critical system needs more intense activities than non-critical systems is mentioned by Cockburn [2]. He
does not describe specific activities or tasks that vary between different criticality levels. Standards, as the
DO-178B [4], differentiate between software safety levels. The software level is related to level of effort
required to comply with certification requirements.

3.2 Software maturity and reuse
The level of software maturity can be derived from the level of software reuse. Re-using a software
component that was already developed, tested and documented in a previous project, simplifies integration
and verification in the adopting project. Reuse is a key factor in maintaining and improving productivity
and competitiveness [5].

3.3 Software complexity
Complexity measures can be used to predict critical information about reliability and maintainability of software
systems [6]. Minimizing complexity is one of the strongest drivers in software construction [5]. Complex

software may need additional design and coding efforts.

4. Process implementation
After the identification of three determinants that affects development intensity, quantitative measures
should be specified. The quantitative measure for software safety is the “software safety index”. This index
can be adopted from the Software Hazard Risk Index (SHRI) which is defined in MIL-STD-882C [8]. The
index includes five levels that define the criticality of the software. For example, SHRI 1 relates to software
at control category 1 with catastrophic results in case of a failure. The measure for software maturity and
reuse is the “software reuse index”. It is a qualitative estimation of the maturity of products that serve as a
baseline for the current project. The software reuse index includes three levels: High reuse level (3) relates
to a mature software component. A high reuse level component was validated in a former testing session
and may have already been deployed. Medium reuse level (2) is a component which includes 30% to 99%
of the required capabilities and artifacts. A Low reuse level (1) is a software component with less that 30%
of existing code and artifacts. The measure for software complexity is the “software complexity index”.
Software complexity index includes three levels (1-3). The index has two interpretations. It contains a
qualitative estimation when a new software component is developed. At the initial phase the index is
derived from the complexity of the requirements and the design. In these phases the code does not exist yet
and quantitative measures based on code complexity can not be applied. In other circumstances, when
modifying existing software, the index has a quantitative measure derived from the complexity of the code.
When applying the process to an existing software component, the complexity of the existing code is
measured and evaluated according to McCabe cyclomatic complexity index [9]. According to this
definition, a complexity higher than 15 is considered of a high level (1), 8-14 as a medium level (2) and 1-7
as low level (3). The three indexes: “software safety index”, “software reuse index” and “software
complexity index” were joined to form the Software Intensity Index. This index classifies development
efforts into three levels (1-3). The index is calculated at the beginning of the project for each software

component and guides project management as to what software activities they should follow (e.g. whether
to conduct design reviews, code walk-through, unit-testing). The highest level indicates a software
component which needs to developed, tested and reviewed carefully, since the software is either safety
critical, new or very complex. The lowest level indicates a non-safety software, which is mature and with
low complexity. Hence, the efforts developers need to invest in it are relatively low.

5. Summary
This paper presents a concept of how to apply diverse efforts of verification and testing to different
software components in the same project. The key benefit is a guide of how to focus software activities to
certain components while relaxing verification and testing efforts from other non-critical, mature or simple
components. The process is based on calculating three indexes and forming a joint index which directs the
efforts to the challenging areas of development.
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1. Introduction
Nearly every organization is plagued by bad data, resulting in higher costs, angry
customers, compromised decisions, and greater difficulty for the organization to align
departments. The overall cost of poor data quality to businesses in the US has been
estimated at over 600 billion dollars a year [7], and the overall cost to individual
organizations is believed to be 10%-20% of their revenues [13]. However, such estimates
are not impressive enough, apparently, to drive organizations to action—most of them do
not have corporate data quality programs in place. Moreover, many have no plans for
managing or improving data quality [7].
The disregard that organizations show for the quality of their data is explained by the
general difficulty of assessing the economic consequences of the data quality factor, and
the substantial cost that can be involved in achieving high data quality [7],[13]. The
economic aspect of data quality has been drawing a growing research interest in recent
years. An understanding of this aspect can be crucial for convincing organizations to
address the data quality issue. It can guide decisions on how much to invest in data
quality and how to allocate the limited organizational resources [15].
The economics of data quality, however, is partly determined by the relationship between
the quality of the data and the quality of the information that the information system
outputs. This is because data often undergo various processing before any actual use. An
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increasing number of MIS studies have explored this relationship, mainly from a
methodological perspective, but also from empirical and, occasionally, analytical
perspectives. Parallel questions have been studied in numerous research areas. However,
our grasp of the relationship between an information system’s input quality and its output
quality is still often limited.
My research centers on the accuracy dimension of information quality. In particular, this
study uncovers the relationship between input accuracy and output accuracy in a popular
class of applications. Such applications consist of dichotomous decisions or judgments
that are implemented through logical conjunction and/or disjunction of selected criteria.
Decision-making instances that are implemented through conjunction or disjunction are
often labeled “satisficing” [14]. These decision processes can be described as follows.
Given a set of decision variables, the values of each variable are tested against a specified
criterion, i.e., a subset of the value domain of the variable. Subsequently, the outcomes of
such tests (sequences of “True” and “False” values, for example) are combined using
conjunction and disjunction to produce the output of the decision. Research indicates that
conjunctive and disjunctive rules agree with human choices and inferences in diverse
situations involving complex problems, severe time constraints, or lack of information
(e.g., [8],[9], [11],[12]).

2. Objectives
This inquiry addresses the effect of errors in the classification of values as fulfilling, or
not fulfilling, a relevant decision criterion, on the accuracy of a satisficing decision rule.
Specifically, the analysis is centered on quantifying the change in decision error
probability due to a change in the classification error probability of a given input. This
focus reflects the perception that the magnitude of the change in decision error
probability corresponds to the damage that the respective classification errors, and,
consequently, data errors, inflict. Hence, a higher increase in the decision error rate
implies that the respective input data errors are more detrimental.
A by-product of this investigation is a set of general assertions which provide potentially
useful, and sometimes surprising, insights about the link between input accuracy and
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decision accuracy in satisficing decisions. Notably, in some cases these insights can
largely obviate the need to use the formal quantified relationships.
My objective through this work is to reduce the need to rely on existing models (e.g.
[5],[6]), which are general but difficult to apply, by offering less general yet simpler
models.

3. Method
The primary method of inquiry is mathematical statistical analysis. This analysis exploits
statistical properties of random variables, mostly their expected values. Initially I have
formulated a model that designates a single decision rule which employs a single binary
conjunction or disjunction operation. Subsequently I have extended this model to handle
multiple, comparable decisions that consist of any sequence of binary disjunction and
conjunction operations. Comparable decisions are decisions that share the same
operations and the same set of decision variables, but the criteria that are tested against
the decision variables vary across decisions. As an example, think about a catalog
database where products are chosen based on a selected set of critical product attributes,
but each buyer imposes different requirements on these attributes.
I have also used Monte Carlo simulations for initial empirical validation of the analytical
results [3].
A potential limitation of this work is its reliance on certain statistical independence
assumptions; these may limit the practical value of the results (see Conclusions).

4. Conclusions
To illustrate the nature of the relationships that have been discovered, I show below a
formula which applies to a single binary conjunction operation that is employed by
multiple comparable decisions, as explained earlier:
∂E( pDW ) / ∂E( pDU ) = E( pV ) + E( pDV ) − 2E( pDV )[E( pU ) + E( pV ) − E( pU )E( pV )]

(1)

The notation pU refers to a single decision, and expresses the fraction of the true values
of a relevant decision variable which satisfy the criterion on this variable. Similarly, pV
3

expresses this fraction for a second decision variable which is involved in a binary
operation.

pDU ,

pDV , and

pDW designate single decisions, again, and express

classification error probabilities in the two inputs, and a matching decision error
probability, respectively.
Equation (1) demonstrates that decision errors are not exclusively dependent on input
errors. However, (1) exhibits a relatively simple mathematical relationship. Numerical
estimates of (1) and other associations that have been uncovered through this study can
be useful for various data and information quality assessments as well as for policymaking purposes. They can be integrated into cost-benefit analyses that assess alternative
data quality enhancements or process or system designs.
I have illustrated the application of the results in a scenario involving an online hotel
reservation system [2]. In this example, the newly discovered relationships enable us to
prioritize data accuracy improvement efforts among different decision variables (hotel
location, price range, average guest ranking, etc.). Future research directions will include
empirical validation through a real-world case study.
I have also used the models for producing some general insights [1],[4], that can, in some
cases, largely obviate the need to use quantified relationships such as (1). For example,
one conclusion regarding decision rules that comprise a sequence of binary conjunction
operations is the following: When the fractions of values that satisfy respective criteria
are dissimilar across decision variables, then errors in an input matching a lower
fraction are more detrimental. A most surprising finding is that, contrary to our sweeping
belief in the GIGO (Garbage In Garbage Out) assumption, higher input accuracy may
often produce lower output accuracy [4]. Consider, for example, decisions as before,
then: When the fractions of values that satisfy respective criteria vary greatly across
decision variables, then a higher error rate in an input matching a high fraction can
lower the decision error rate.
I am now working on a generalization of the models to account for statistical
dependencies. Evidently, such an enhancement would produce a more complex model
which could be more difficult to implement. However, an inclusive model can also be
used in sensitivity analyses to determine the importance of various possible dependencies
4

and the need to account for them. My preliminary findings point to several dependency
patterns that would not affect the current results much.
Another future research direction is the association between the occurrence of errors in
the values of the decision variables and resultant classification errors. This association
has been partly treated in the literature (e.g., [10]) but is not completely understood.
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Introduction
Online silence is a disturbing and frustrating aspect of online communication (Williams,
Cheung, & Choi, 2000). Since silence is a core component of communication
(Braithwaite, 1999; Bruneau, 1973; Jaworski, 1999; Saville-Troike, 1985), online
silence is also an inevitable part of online communication . Two studies explore the
nature of online silence, its causes, and its consequences. In one vignette-based
experimental study, Expectancy Violations Theory is applied to study the consequences
of violating response latency norms in the context of organizational e-mail
communication. In the second study an analysis of detailed reports of experienced email users who caused and experienced online silence reveals causes and consequences
of online silence. In conclusion, a model of online responsiveness and silence in e-mail
communication is presented.
Due to space restrictions, the two studies are presented in summary only, and are
followed by a brief description of the model and by a brief discussion.
Study 1
This study explores the consequences of violations of responsiveness norms in
asynchronous online communication. The norms were described by Kalman, Ravid,
Raban and Rafaeli (2006), who delineate three zones that quantitatively define norms of
responsiveness in text-based Computer-mediated Communication (CMC), based on the
average response latency  (tau). The violation of these norms is suggested to be an
expression of online silence.

The study explores the consequences of violations of these norms in the context of
organizational e-mail communication. The study applies the Expectancy Violations
Theory (Burgoon, Newton, Walther, & Baesler, 1989), which was developed for
understanding the results of violating normative expectations in nonverbal
communication. The results clearly show that under the experimental circumstances
normative response latencies are more expected, and result in more positive evaluations
than non-normative responses such as online silence. This study validates the norms
identified by Kalman et al., and validates the importance of response latency as a
nonverbal cue in text-based computer mediated communication.

Study 2
The second study is based on a survey in which knowledge workers in an online
services company were asked to recount specific cases in which they experienced online
silence in e-mail communication, and specific cases in which they created online silence
in e-mail communication. The questionnaire covers various aspects of the experiences,
allowing the exploration of issues related to online silence, including uncertainty, hurt
feelings, and causes of online silence. The study identifies “hot-spots” along a CMC
cycle (Figure 1) in which online silence is more likely to be created. The study also
identifies three main categories of explanations for online silence, labeled categories AC:
Category A - Recipient has not seen the incoming message
Category B - Recipient did not intend to respond
Category C - Recipient intended to respond or even started responding; nevertheless, the
recipient did not send a response for a long period of time

Figure 1. A schematic model of a text-based CMC cycle

Discussion
A model of online responsiveness and silence

Silence is a subjective experience, which is highly context dependent. This makes
defining silence and its causes more challenging. The proposed model incorporates the
context dependency and the subjective nature of online silence through the use of the
average response latency  (tau). The model presented here focuses on e-mail, which
was the medium that both studies focused on.
The model is based on combining the three chronemic zones identified by Kalman et al.
(2006), with the understanding of expectancies about response latencies from study 1,
together with the sender and recipient perspectives as well as the three categories of
recipient silence explanations identified in study 2.
A key feature of the model is the separation between the perspective of the sender, and
that of the recipient. I present a “sender model” (Fig. 2) and an “intended recipient
model” (Fig. 3). The perspectives are different not only since the sender and the
intended recipient are usually physically separated from each other, and view the
communication between them separately, but also since their chronemic zones, as

defined by  do not necessarily overlap. Both models adopt the term “pause” in its
traditional use (Tannen, 1985) of denoting the period of time between the message and
its response, and the terms “delay” and “silence” to denote a situation in which a
response has not been received. “Expected” is used to denote pauses which are typical
and are to be expected in a majority of the cases, and “acceptable” is used to denote
pauses and delays which are longer than expected, but still within the normative range.
Figure 2 describes the six alternatives that can take place when a sender sends a
message and expects an answer from the intended recipient (RL - Response Latency):
Answer from recipient within  or less: Expected pause
No answer from recipient within  or less: Acceptable delay
Answer from recipient within RL<10: Acceptable pause
No answer from recipient within <RL<10: Acceptable delay
Answer from recipient within RL>10: Long Pause
No answer from recipient within RL>10: Silence

Figure 2. The sender model

The intended recipient model is described in Figure 3. Like the sender model, this
model is structured along a time continuum defined by . The model describes three
possible states, linked to the three silence categories (A-C) identified in study 2.
In the first state described by the top arrow labeled 1, the intended recipient receives the
e-mail message and intends to answer it (category C). If the recipient responds
immediately, before , the response time is perceived by the recipient as an expected
pause. If the response is not created immediately, before , then an acceptable delay is
created. Moving along the continuum to the right, the model shows that if an answer is
created within a period between  and 10, the result is an acceptable pause, and if no
response is created within this period of time, the result remains an acceptable delay. If,
then, a response is finally created after more than 10, the result is a long pause, and if
no response at all is created, despite the intentions of the recipient, then the result is a
long delay or silence. In the second state, described by the middle arrow labeled 2, the
intended recipient receives the e-mail, but has no intention of responding (category B).
This recipient is creating silence from the first moment. In the third state, described by
the bottom (broken) arrow labeled 3, the intended recipient does not even receive the
message (Category A), and is not aware of the expectation to respond.

Figure 3. The intended recipient model
Conclusion

Using quantitative and qualitative methods, the two studies presented here begin to
explore the nature, causes and consequences of online silence. The first study uses a
vignette and quantitative tools to show the circumstances under which long response
latencies beyond 10 are significantly less expected in e-mail communication. It shows
that respondents whose response latencies are nonnormative (long response latency
beyond 10, or total silence) could be evaluated less favorably than those who respond
normatively. The second study asks a more general question about the causes and
consequences of online silence, and uses a questionnaire to explore the thoughts and
beliefs of e-mail users who experienced online silence and who caused online silence.
The study identifies three main categories and several sub-categories of explanations for
online silence. It shows that online silence, like silence in traditional conversation, is
ambiguous and fraught with uncertainty. It explores the role of hurt feelings in online
silence, and it identifies stages in the communication process which are more prone to
online silence.

Online silence is suggested to be an important component of computer mediated
communication. Pauses are silent but potent participants in every online communicative
act. Exploring these silent components of communication is challenging. The
methodological challenges of studying that which is absent are compounded by the
intangibility of the virtual environment. The initial findings on the nature of online
silence illuminate our understanding of computer-mediated communication in
organizations.
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In recent years systems development outsourcing projects have become increasingly popular
amongst organizations wishing to enhance their information technology capabilities. Such
projects are typically distributed in nature: the knowledge, resources, and expertise that are
required for the development process are dispersed across multiple organizations that come from
diverse social and technological backgrounds, and that need to collaborate to achieve mutual
goals. They do so by communicating through the use of a variety of shared artifacts such as
contracts, requirements specification documents, and models of the developed system, which act
as boundary objects (Star & Griesemer, 1989).
Boundary objects are conceptual or physical artifacts which reside in the interface between
organizations and are used by them when they engage in joint practice. Boundary objects are
flexible enough to allow multiple meanings which arise from the different individual and groups
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which use them. On the other hand, their structure is solid enough to serve as a common
reference point to these various members which use them. Given these qualities, boundary
objects can bridge perceptual and practical differences between diverse organizations when they
engage in joint practices, by facilitating common understandings and effective cooperation (Star
& Griesemer, 1989; Henderson, 1991; Karsten et. al, 2001).
Most existing research utilizing the concept of boundary objects has evaluated their quality in
terms of project success, and the bringing together of collaborating parties in a positive and
constructive set of relationships (e.g., Bechky, 2003; Carlile, 1997; Sasped & Salter, 2004). The
quality of boundary objects has thus been assessed based on the extent to which the collaborating
parties view the outcomes of their joint effort as satisfactory. In cases where such collaborative
outcomes are not reached, boundary objects are said to have failed (e.g., D’Adderio, 2004;
Sasped & Salter, 2004).
In our work, we suggest that boundary objects are also “productive” during inter-organizational
conflict. We argue that conflictual inter-organizational relationships depend upon the effective
use and incorporation of boundary objects between the parties. We suggest that boundary
objects can be effective in this case because they can facilitate and sustain ongoing multi-party
conversations -- the sharing of opinions, worldviews, and information – whether cooperative or
conflictual. To illustrate this idea, we will present data from several case studies of systems
development outsourcing projects which, by all measures, have failed: the development of the
desired system was not completed on time or on budget; the parties were involved in various
legal disputes with each other; and their relationships were characterized by mutual suspicion,
animosity, and a lack of trust.
We will demonstrate that the disputes between the parties were fueled by significant joint effort
by the various participating organizations, held together by previously developed and deployed
boundary objects– in this case, contracts, system design artifacts, and other boundary objects which mediated inter-party conflict. In this case, the malleability of the boundary objects, to
contain multiple meanings, along with their use as common reference points, helped maintain the
conflictual relationship between the two sides.
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In addition to highlighting their role in supporting conflictual relationships, we will follow the
trajectory of the deployment of different boundary objects during the course of development
projects and demonstrate how the relevance of different objects in enabling ongoing conflictual
relationships fluctuates over time. That is, different boundary objects travel back and forth
between the background and the foreground of inter-organizational relationships, and become
more or less central to the maintenance of these relationships in different points in time. We will
examine the evolution of boundary objects over time in the context of the ongoing relationships
between the involved parties and link it to the parties’ power struggles, political tactics, and
attempts at influencing each other’s actions and viewpoints. Doing so will provide interesting
insights into the role of boundary objects in sustaining and mediating inter-organizational
conflicts and enable us to draw implications about how the “positive” characteristics of boundary
objects during cooperation and coordination are the same characteristics that lock various groups
into structural conflict. In addition, this work will provide us with an expanded understanding of
the causes, nature and potential solutions to systems development outsourcing conflict.
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Introduction
Most CIOs are familiar with the following problems: Information systems -- created at
high cost in money, time, and stress -- are used in unproductive ways, if at all. IT
departments are known for delivering products late and over budget, and the budget is
very hard to justify. Relations between IT and its users are poor at all levels; there is a
low level of trust and paradoxically a high level of user expectation. Users feel justified
in seeking alternative sources. The IT department feels disrespected – and it is! There
are some who think this is a characteristic of an IT department that is immature in some
sense. But what would “maturity” be and why confine it to the IT department?
As a partial answer, this paper updates the concept of “IT Maturity,” a concept dating
back to Ein-Dor and Segev (1978) Thirty-five years after Nolan’s (1973) paper defining
the four stages of IT maturity, we propose refocusing that term. Nolan focused on the
maturity of the organizational IT unit. So did later researchers (e.g., the CMM approach).
It is time to look at maturity from the viewpoint of the other part of the organization
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(managers and users), shifting from internal IT management of the technical
infrastructure to organizational acceptance and integration of IT. We define Functional
Information Resource Maturity (FIRM) as that stage of organizational development
reached when individuals in the organization (users and managers), at all levels,
individually and in groups, accept IT in a more “mature” way as will be described below.
Objectives
The following paper describes this new conceptualization of “IT Maturity.” We outline
the rationale for a new measure of IT maturity. The following section details the idea of
FIRM and conceptually distinguishes those organizations which have achieved high
levels from those that have not. It also makes conceptual predictions about the effects of
these differing levels of FIRM that can be tested.
Method
The motivation for this expanded view comes from interaction with businesses and CIOs,
culminating in a roundtable conducted in May of 2007 with twelve senior CIOs. They
represented a cross-section of industries (e.g., manufacturing, service, government) and
the total annual sales of the participant companies exceed $300B. The topics of the
roundtable discussions were the problems with IT in organizations, and the future of IT.
Following the CIO Roundtable, the authors analyzed the transcript, deriving a set of
lessons learned and producing a report for the participants. This new form of IT maturity
clearly emerged from the discussion, which focused on IT-business relations.
What is the basic idea here? “Maturity” means understanding, on the part of everyone
in the organization, that information is a critical resource for efficiently operating and
managing the organization (there is no way the organization can carry out its mission
without the availability of accurate and timely information) and acting on this
understanding. Since the IT unit (people, hardware and software) is the provider of this
resource, maturity means, realizing the importance of including IT delegates in each
managerial level as an equal partner in order to enable them understanding the
organization (at each level) and providing the best support for its information needs. In
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addition, the users and managers accept the IT function as the authority for IT. A
mandatory condition for enabling the kind of maturity we are referring to here is that the
IT unit also accepts the managers and users as the authority for the business management
and their information needs.
What do we expect from FIRM organizations? Under our definition, the actions of
FIRM organizations should be characterized by the following:

•

Investment: Everyone in the organization, from C-level executives down to users,
perceives IT expenses (in time, effort (towards learning and understanding IT in
general and the applications in particular), as well as money) as an investment in
business process improvement (rather than as an expense).

•

Freedom: The CIO can reject users’ requests with the support of the CEO and
maintain the respect of the CIO’s peers.

•

Usage: Managers and users deploy all organizational information systems and are not
looking for alternative solutions.

•

Acknowledgement: Managers and users acknowledge the fact that the IT function is
the best agency to provide the organization’s information resource.

•

Respect: Users and their managers consider the IT unit as the sole source of
information technology and information technology advice for the organization

•

Partnership: The IT function and its delegates are perceived as equal business partners
by the organization at each organizational level, and not merely as a service.

•

Ownership and Responsibility: The managers and the users are the ones that initiate
IT projects, own them, lead them and report their completion.

The CIO Roundtable participants indicated that, based on their experiences, FIRMness is
related to increased competitive advantage from the use of IT in organizations. Nolan’s
(1973, Figure 2, page 401) original stages hypothesis used “computer budget” as “a
surrogate for the collective effect of multiple situational variables, such as industry, dollar
sales, products, business strategy, management and technology, which determine the set
and nature of the planning, organizing, and controlling tasks for managing the computer
resource.”
3

In a low FIRM (“inFIRM”) organization alignment and partnership are rarely achieved.
In inFIRM organizations, ideas about the information resource and attitudes towards and
expectations of the IT function are generally expressed in terms of the technology only
and not in terms of managers’ and users’ functional goals. This naturally leads to
frustration, anxiety and mutual distrust, since users have little knowledge of and even less
desire to care for technology. Also, the IT function will be isolated into a technology
ghetto thereby seriously and negatively affecting its ability to communicate with users.
Why is FIRMness now an issue?
In the past, users and managers did not have any knowledge about computers, and IT
people were perceived as knowing all (including what was good for the users and
managers). At this time, the system quality and use were exclusively dependent upon the
quality of the underlying technology that was, in turn, a function of the IT maturity
(CMM for example). At this time, computers were very expensive, there were not any
software products that were available off the shelf, and managers and users did not even
think of approaching hardware and software vendors directly (without involving the IT).
Now, there are many hardware and software products that are very inexpensive,
managers and users know how to use PCs and user-friendly software tools (e.g., Excel).
Many times, when the managers and users are not happy with the software provided by
the company due to, perhaps, a lack of communication), managers and users directly
approach hardware and software vendors and look for alternative solutions, This of
course causes a lot of problems for the IT unit and its leader (the CIO). In the roundtable
mentioned above, the CIO of a $6.5B firm said that when he came to the company he
found that the company used over 50 different ERP software packages. This is naturally
very difficult to manage and very inefficient. On the other hand, managers and users
often treat the IT function as a technical support and not as a business partner, which
reduces the capability of the IT unit and its leader to add real value to the organization.
How does FIRMness differ from other IT-related maturity measures? There are
three distinguishing features of the FIRM view of IT-organizational maturity. First is the
emphasis on the user side: FIRM is a characteristic of the organization, not the IT
function.

Second, FIRM really does concern maturity and, in particular, user

4

responsibility for information and the use of information tools.

Based on previous

research, users, not just IT, have matured to the point that they can and should be
responsible for their own information.

Certain ideas (for example, that IT pushes

technology onto unwilling users and that IT is a sort of IT “janitor”, taking care of
information for the user) belong to a prior era of immature IT and informationallyimmature organizations (Licker, 2007). Third, FIRMness is a characteristic that exists at
all levels in the organization, not just at the front-line user level or at strategic
management levels.

This kind of shared awareness makes it far more likely that

strategic-level initiatives become translated into effective user-level deployment.
What is driving this maturity? On the one hand, the technology has improved to the
point where user expectations, while still horribly misinformed, are generally attainable
given sufficient budget.

On the other hand, the pressures of modern business are

propelling organizations into information-enabled ventures (such as e-commerce or
strategic partnerships). This, in turn, compels organizations to have more respect for
information and those who tend the equipment. With these forces have come changes
both within the IT unit as well as within the organization. For example, the technology
itself behaves very much like a utility. IT is becoming standardized and integrated across
the firm.
What comes with this maturity? Having the CIO participating as an equal member of a
firm’s strategy group with other C-level members such as the CEO and CFO (termed “at
the table”) is only one result of this maturity. We believe that FIRM organizations have
stable and controllable technical infrastructures, engage in multiyear planning for use of
IT in competitive ways, and place a high value on IT’s role in achieving competitive
advantage. In high FIRM organizations, concerns about trust and whether IT delivers
value disappear. FIRM relates strongly to the effectiveness of managing and using IT in
an organization. By addressing the FIRM criteria, the IT unit and the CIO can much
better support the organizational information needs, utilize opportunities and add much
more value to the organization through the use of information systems. IT use is more
focused and valuable and perceptions are aligned with this value received. There are
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higher levels of support for IT resource expenditures at the C level and all other levels,
increased autonomy in IT decision making, better relations with users regarding
application portfolio management, more control over vendor activities, and higher levels
of respect for IT people among user groups. As was reported by one CIO, after attaining
a high FIRM level, managers and the users take responsibility over using IS to address
their information needs, initiate IT projects, lead them and report completion.
Consequently, the benefit the organization gains from using installed systems was
increased, as were the level of appreciation and respect between the managers and users
on one hand, and IT people on the other and the efficiency of the IT services.
Conclusion
FIRM refers to how organizations accept and relate to their information resource and the
IT function that provides it. This concept is an extension to existing maturity measures
for IT effectiveness but focuses on organizational, rather than technical and
infrastructural, considerations. FIRM is based on the idea that responsible, informed use
of technology is the key to aligning information technology with the organization.
The idea of FIRM as an extension of IT maturity came out of an industry CIOs’
Roundtable. The topics that we addressed in this paper have high priority on CIOs’ lists
and interests. We think that the CIOs’ concept of FIRMness is innovative. Investigating
FIRM is an example of cooperation between academics and practitioners that will have
positive payoffs for all players: increased effectiveness for IT units and CIOs, and new
productive lines of research for academics.
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Introduction
The volume and complexity of data resources that organizations manage have
grown rapidly in recent years, along with the associated data management costs. Our
study is motivated by the assumption that cost-effective management of data resources
requires better understanding of their value contributions, which are rarely researched or
quantified. Data resources contribute value through their usage and integration within
business processes. We believe that tracking and analyzing how data resources are being
used is essential for understanding their value contribution. Our study explores a new
form of "usage metadata" – a generic module for tracking the usage of data resources,
which includes a database, data-acquisition software, and analysis/presentation tools.
Usage tracking is a relatively new concept in database environments. It has not
been significantly researched so far, and currently supported only by a limited number of
commercial tools. We propose a novel "usage metadata" approach that will track not only
the actual data objects that are used (as commonly done today), but also include
quantitative assessments of the value gained by using the data. We suggest that collecting
metadata on both the actual usage and the value gained is important for cost-effective
administration of data resources. Further, presenting such metadata to data consumers can
potentially guide better usage of data resources and improve business-benefits.
Our research is still progressing, and here we present the principles that guide our
approach for collecting usage metadata and discuss its potential contribution. We also
describe the design of a module for collecting, storing, and presenting usage metadata,
and how we intend to experiment the potential impact of this module.

Background - Tracking Data Usage
Data management has long been studied from technical and functional
perspectives. Conversely, the economics of data design and management has been rarely
explored or quantified. As a contribution to that end, we explore a new approach of
tracking data usage. We suggest that by adopting this new approach, organizations can
gain important insights on the value contribution of data resources. Our new approach is
guided by the differentiation between two key categories of stakeholder in data
environments (Table 1) – consumers vs. administrators. Administrators address technical
aspects in data environments, ensuring that data resources are usable and supported by
sufficient storage and processing capacity. Their scope is typically maximizing efficiency
– managing the data environments and supporting the required capacities at a low cost.
On the other hand – the focus of consumers, the users of data resources, is typically less
the technical aspects, and more the functionality. Their focus is maximizing effectiveness
– ensuring that the right data resources are available at the right time and the right place.

Motivation

Data Administrator
Maximizing efficiently – supporting
the capacity and performance
needed to support data usage at the
lowest efforts and costs

Data Consumer
Maximizing effectiveness – gaining
business benefits and increasing
profitability, by supporting business
processes and decision making tasks
with the appropriate data resources
Having the right data at the right time
and the right place.

Choosing the data management IT.
Determining appropriate data
acquisition, retention, storage, and
quality improvement policies
Which data components hold valuable
Information Which data components are used
more often?
inputs for the decision task?
needed
Table 1: comparison of the two generic data stakeholders
Goals

Today's commercial usage-metadata solutions (e.g., "DB Classify" by Zetapoint,
www.zetapoint.com) are geared towards improving efficiency – optimizing performance
and capacity, and lowering costs. We term the common approach taken by these solutions
as "frequency-driven" (Figure 1) - tracking the queries performed during decision tasks,
and the data components (e.g., tables, records, and attributes) being used by these queries,
assuming that frequent usage reflects higher importance.

Data
Resource

Input
data

Decision Task

Data Components
Used

Queries Performed

Usage
Metadata

Which components
in a data resource
are used more often

Data
Administrator

Figure 1: Frequency-driven collection of usage metadata
Frequency-driven collection of metadata on actual usage provides important
inputs to data administrator; hence, we do not minimize its importance. However, does it
truly address the needs of data consumers? One could argue that, to an extent, frequent
usage reflects higher significance of certain data components to data consumers; hence,
higher value. On the other hand, frequent usage may reflect "stagnation" – tendency to reuse certain data subsets "out of habit" (e.g., in a repetitive business process), while
ignoring unused subsets with high contribution potential. A possible risk with basing
data-management decisions on frequency-driven metadata (e.g., removing less-frequently
used data from the active repository) is the promotion of "digging into the same well",
and the loss of opportunity to gain business benefits from new forms of usages with data
components that consumers have neglected to use so far. There is no "clear cut" answer
to this question, as it largely depends on the business context. However, we suggest that
important insights can be gained from tracking and considering not only actual data
usage, but also the value contribution gained by using data resources.

Value-Driven Usage Metadata
This study suggests that along with addressing technical aspects, recording usage
can improve the effective use of the data repository and can serve both administrators and
consumers. We assume that business activities and managerial decision tasks possess
economic value that can be evaluated and linked to the specific data which have enabled
it. Business tasks (e.g., a marketing manager needs to increase sales by conducting
marketing campaigns) are often repetitive and involve decisions (e.g. which costumer
segments a certain campaign will target); hence, a specific decision-making process can
be seen an instance of a certain business task.

Figure 2: Value-driven collection of usage metadata

The value-driven usage metadata repository will record the specific datasets, the
type of queries and the business value of a specific business task instance, involved with
decision making (Figure 2). By linking economic outcomes to specific data components
within a large data resource - data users, who are provided with this metadata, can gain
better understanding of what data was valuable for previous instances of the business
task. Further, such metadata can support administrators - it can help identifying the
important data components and prioritizing data management efforts accordingly.
The new usage metadata will be implemented as a module that will be added to
data environments. Such module has to address: (a) Acquisition - a method for capturing
queries and linking them to data component and outcome assessments, (b) Storage - a
repository for holding the metadata, and (c) Presentation - tools that will provide the
value-driven metadata to data consumers and administrators, highlight the most valuable
data components and improve the decisions made by all stakeholders.
Future Evaluation
Our study of value-driven usage metadata is still progressing and here we
described the key concepts that direct it. Our evaluation follows a typical design research
methodology - following this conceptualization described here, we intend to implement
this module and test it in a lab setting, using a large data resource taken from a real-world
business environment (history of sales transaction of a large retail firm, linked to product
and location categorizations). The experiments that we intend to perform will simulate
typical business tasks in this environment, and measure the outcomes of decision making
with the usage metadata inputs versus a non usage metadata support decision making.
Measuring the value associated with decision outcomes is a challenging, and
requires further exploration. Possible approaches that we may consider for capturing
value are: (a) Decision outcomes that are recorded within the same data resource (e.g.,
sale transactions that are linked to certain promotion campaigns or inventory costs
minimized by a better purchasing decision). (b) Decision outcomes that are recorded in
other information resources (e.g., the firm's accounting system or production data
system), or (c) Subjective assessment of performance by data consumers (e.g., via survey
done after data is extracted by the user). We suggest that exploring methods for assessing
value in different business context is an important research contribution on its own.
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As systems are becoming ever larger and more complex, the challenge of developing quality
systems efficiently is on the rise. While traditionally document-centric approaches have been
used, in recent years the benefits of model-based systems engineering have been acknowledged.
A complete conceptual model should support various aspects of a system, notably the three
fundamental ones—the functional, behavioral, and structural aspects. Function pertains to the
goal the system is designed for, while the combination of structure and behavior, commonly
called the system's architecture, embodies the concept upon which the solution of the function
execution problem is based.
Several modeling languages have been designed for general-purpose systems, each with its
own semantics and notation. Choosing the appropriate language may have large impact on the
success of the model construction, hence it is important and interesting to evaluate the
effectiveness of different languages. This work focuses on two of the state-of-the-art
representative systems modeling languages: OMG Systems Modeling Language (SysML) and
OPM – Object-Process Methodology.
SysML is based on UML 2, which is widely used as a de-facto standard in software
engineering, with several extensions and modifications for general systems engineering. In
contrast, OPM was initially designed to support modeling of general-purpose systems, thus it has
no inherent “software oriented” language semantics. Another major difference is the number of
views (diagram types) used in each language. While OPM is based on a single diagram type—

Object-Process Diagram (OPD), SysML has inherited UML's model multiplicity, i.e., it presents
each one of the system's aspects in a different view using a different diagram type, with a total of
nine diagrams kinds. SysML includes several types of UML diagrams, as well as two new types
of diagrams for systems engineering, Requirement Diagram and Parametric Diagram. OPD,
OPM's single type of diagram, is missing some elements that are important for systems
engineering, such as the SysML parametric constraints. Both languages support hierarchical
representation of the model. However, in contrast to SysML, where the model is represented in
separate views with partial support of hierarchy, in OPM, the entire system model is based on a
well-defined hierarchy of OPDs.
While SysML is a visual modeling language, the OPM model is expressed bi-modally in
equivalent graphic and text forms. The textual modality is expresses via Object-Process
Language (OPL), which equivalently specifies the same OPM model in a subset of English,
enabling one-to-one mapping between the graphic and the textual representations. These are but
few of several dissimilarities between the languages, which make it interesting to learn and
compare them.
Our approach to evaluating, comparing, and analyzing the two modeling languages under
study leans on the investigation of a concrete modeling problem. To this end, we have selected a
hybrid gas/electric powered Sport Utility Vehicle (SUV), taken from the SysML specification, as
a sample system. Several aspects of the reference Hybrid SUV SysML model were matched with
a semantically equivalent OPM model which has been constructed. In order to compare and
characterize the two languages, the system model was divided into three parts: (1) system
context, boundaries, and top-level use cases; (2) analysis and elaboration of top-level system
behavior; and (3) system structure, including hierarchy and relationships among components.
Through modeling of the Hybrid SUV system we have demonstrated and analyzed
similarities and differences between SysML and OPM, two conceptual systems modeling
languages. While in some language parts, such as the structural decomposition, we found the
languages to be similar, in other areas, notably behavior, differences were encountered.
Maybe the most recognizable differentiator between these languages is SysML's model
multiplicity—the fact that it consists of nine types of diagrams, compared with OPM's single
diagram type. It was illustrated that this factor has various implications on the resulting system
model. The approach of OPM allows holistic systems modeling with simple and consistent

means to combine structure and behavior naturally. SysML, on the other hand, advocates the use
of different diagram types for modeling different aspects of the system. As each aspect is
modeled using a different diagram, SysML can sometimes provide visual representation that is
more focused on the objective at hand. Although dedicated diagrams for certain aspects can be
helpful, dealing with a relatively large number of diagram types, each with its dedicated set of
symbols, renders the language complicated. Consequently, the effort to learn the language and
understand the diagrams depicted in that language increases.
The importance of modeling hierarchies within a system model has been demonstrated in
both structural and behavioral contexts. The abstraction-refinement mechanisms built into OPM
provide a consistent framework for managing complexity in a hierarchical manner. While simple
and intuitive, they provide a powerful way to organize the model and navigate through its detail
levels. SysML also provides for hierarchical modeling, but it is not as clear and simple as it is in
OPM. The existence of multiple types of diagrams inevitably adds inherent complexity.
Model-related requirements management and engineering analysis (e.g., performance) are
additional system model aspects, which were given much attention in SysML. In accordance
with the model multiplicity approach, SysML supports these aspects through dedicated diagram
types, namely Requirement Diagram and Parametric Diagram. These specific modeling elements
have no direct equivalent specialized constructs in OPM. It is possible to model mathematical
expressions as well as requirements and requirements relationships in OPM using the basic
building blocks of the language, however SysML mechanisms aimed specifically at this aspect
are usually more convenient to use.
The modeling of the sample Hybrid SUV system and the resulting analysis and discussion
show that neither of the examined languages is by all means better than the other. Both SysML
and OPM have relative strengths and weaknesses, so choosing the appropriate modeling
language is dependent on the problem at hand. In OPM, the well-organized hierarchy of the
single diagram type, OPD, promotes smooth holistic understanding of the system and its
environment, with concurrent representation of both the structure and the behavior of the system.
However, with OPM it might be more difficult to express certain fine points of a complex
system, such as those permitted by the large variety of SysML diagrams. Specifically, the
requirements and parameterics support allow easier modeling of these aspects in SysML.
Conversely, a SysML model, spread over a number of different diagram types tends to be

complicated and requires considerable time and effort to both create and understand.
Considering the benefits and drawbacks of each of the two languages compared, ways to
create synergies between them should be explored. One possible approach is to extend SysML
with some key OPM features, such as text description of the model and a structured hierarchical
modeling mechanism. Analogically, OPM can also benefit from adopting valuable missing
features from SysML, like engineering analysis modeling. Moreover, automatic generation of
SysML views from OPM model also seems to be an interesting approach that we plan to further
investigate; it should allow the benefits of holistic model creation in OPM on one hand, with the
advantageous ability for automatic derivation of dedicated views focused on one aspect of the
system on the other hand.
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I. INTRODUCTION
Dynamic composition is a new way for creating software applications. Rather than manual coding the new
application, the application is generated automatically by reusing existing software services according to he
user’s requirements [3], [7]. The method has several advantages: it answers an instantaneous request of the
user, and the application is flexible: the application can change instantly, reacting to changes in the
underlying services (e.g. failures, price change, quality of service etc). While dynamic composition
promises an exciting vision for software development, it raises several questions regarding the way interact
with the generated application. Specifically, it raises a challenge for usability, which is defined as the
effectiveness, efficiency and satisfaction in which users perform tasks using a given system [1].
In traditional software development processes, the user interface is derived from the requirements and
desired functionality of the application model. It can be carefully designed and tested in order to insure its
usability. In contrast, in dynamically composed applications, the functionality is not set during the design
of the system. Therefore, it the user interface cannot be designed, let alone tested for usability.
The conclusion is that the user-interface should be generated dynamically as well, reflecting the temporary
functionality of the application. The field of automatic generation of user-interfaces attempts to formally
define the elements of user-interface, including presentation and interaction, and use the formal model in
order to generate user-interfaces [5], [4], [6]. While model-based user-interfaces provide the foundations
for automatic generation of user-interfaces, they do not deal with usability optimization as they presume the
models are already usable. However, this approach will not suffice for dynamic compositions, as these
compositions are not optimized for usability.
II. OBJECTIVES
In this work, we provide a model of user-interface generation and optimization for dynamically-composed
applications. Our framework, named Liquid-Interface automatically generates form-based user-interface
from dynamic compositions. The output of the generation process is a mockup: a visual presentation of a
design that approximates what the final application will look and behave. It does not, however, capable of
executing the functionality of the application. The usability of the user-interface is enhanced through two
dimensions:

•

Optimizing semantics: The user-interface is brought nearer to the user’s concepts and

vocabulary by providing additional information and explanations taken from ontologies which are related

to the application. • Optimizing navigation: modifying the navigation of the application with the intention of
making it more efficient, secure and manageable.
III. METHOD
The input to the generation process is a model of dynamically-composed application, written in OWL-S
[2], which is a widespread language used to define dynamic compositions using rich semantic models. The
parts of the OWLS model which are relevant to this research are the process model, which defines the
execution order of the processes, and the process specification, which defines the input and output
parameters of processes using ontological concepts. In order to exemplify our approach we use a simple
composition, depicted in Figure (a), describing a book buying application. The application is composed of
three sub-processes, represented by the ellipses and ordered as a sequence. The square objects represent
input and output parameters of the processes. The user-interface generation process creates a Web-form for
each sub-process, generating the form’s fields from the input and output parameters. Figure (b) contains a
screenshot of such a form, generated for the process model in Figure (a). The navigation between the forms
is based on the execution order of the sub-processes. For instance, if the processes are ordered in a
sequential form, then the user would be able to navigate between the forms through a wizard-like fashion,
using next and back buttons. If the sup-processes are ordered
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(a) The Input: an OWL-S Process Model

(b) The Output: a Generated Web-Form

as parallel, the user would be able to interact with each of the processes using independent windows.
The semantic optimization process is based on analyzing semantic concepts, which are part of the OWL-S
process specification. In OWL-S, each input and output parameter is mapped to a concept that formally
defines its essence. In order to provide richer semantics to the users, these concepts are expressed using
interface widgets. For example, as the Book Info concept contains several properties, such as title, publisher
and creator, these concepts are displayed as additional fields, presented in the context of the parent field. In

Figure (a) and (b), dotted lines depict concept expressions. The type of the user-interface widget is adjusted
to the semantic type of the concept. For example, concepts that express dates are displayed using a alender,
and concepts that have a bounded set of values (e.g. countries or currencies) are displayed as lists. Other
semantic characteristics are expressed using user interface elements, including cardinality, concept
generalization, multi-lingual concepts and input validity checks. Navigation optimization modifies the
process execution order of the original OWL-S model according to a set of user-interaction design
patterns. As measures for evaluating the quality of user-interface navigation are rather vague, we created a
taxonomy of user-interaction design patterns, selecting patterns which are relevant to navigation. For
example, the Flat and Narrow Tree design pattern defines optimal measures to link distribution between
the pages. Each of the selected patterns were modeled as functions that assign a navigational score to a
configuration of the application’s navigational properties, such as the number of links between pages and
the number of fields within a page. The functions were then used in order to maximize the overall
navigational score of the application, using non-linear optimization methods.
IV. CONCLUSION
In this short paper we presented a model of user-interface generation and optimization for dynamicallycomposed applications. Preliminary results include a proof-of-concept implementation that contains full
semantic optimization and partial navigation optimization. We had tested the implementation with several
different compositions from various sources and observed an improvement in the overall usability of the
application. The preliminary results also reveal interesting relations between design patterns used for
optimizing navigation, including patterns that contradict (or enforce) each other. Investigating these
relations, as well as experimentally evaluating the general model, are planned for future research.
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