Ben-Gurion University of the Negev, Beer-Sheva, Israel
Conference Co-Chairs: Adir Even, Gali Naveh
Local Organization Chair: Michal Levi-Bleich

The Israel Association for Information Systems (ILAIS) was founded in 2005 as the Israeli chapter of the
Association for Information Systems (AIS). The goal of ILAIS is to promote the exchange of ideas,
experiences and knowledge among IS scholars and professionals engaged in IS development, management
and use.

1

Table of Content
Session A: IS in Organizations
Page
4

Summarizing 20 Years of Research on ICT Productivity
Irena Milstein, Gil Greenstein, Aviv Zeevi, Niv Ahituv

9

Threat Intelligence Sharing Between Cybersecurity Vendors
Aviram Zrahia

The Dark Side of Online Engagement – the Effect of Engagement on Information
Revelation
Naama Ilany-Tzur, Lior Zalmanson

13

Gal, Oestreicher-Singer
18

Setting Up an Automatic Testing System for 'Intent IQ' Company
Ronit Shmallo, Noam Ben-Ishay

Session B: Users and IS
Page

The Use of Information Systems in Emergency Departments under Various
Complication Task Levels

22

Ofir Ben-Assuli, Ofer Arazy, Nanda Kumar , Itamar Shabtai, Moshe Leshno
26

On the Personalization of Event Based Systems
Opher Etzion, Fabiana Fournier

29

The Predictive Validity of Self-Rated Digital and Ehealth Literacies
Esther Brainin, Efrat Neter

Exploring the Role of Users’ Achievement Goals in Technological
Actualization

Affordances

36

Saggi Nevo, Dorit Nevo, Alain Pinsonneault

Session C: Gamification and Social IS
Page

Detecting Behavior Patterns in Spaghetti Processes: Methodology and Use Case

39

David Codish, Gilad Ravid
43

Governance of Enterprise Crowdsourcing
Erran Carmel, Evgeny Kaganer

On the Social Capital Tradeoffs in Social CRM

46

Inbal Yahav, David Schwartz, Yaara Welcman

Implementation of a Social Network in the Academic Library Discovery-Tools
System: Examination of Students Satisfaction and Motivation to Use the System

48

Noga Porat Maoz, Daphne Raban, Yaron Ariel

The Potential of Q&A Sites for Improving Transport-Related Information
Ayelet Gal-Tzur, Amit Rechavi, Dizza Beimel, Sarit Freund

2

52

Session D: Data, Algorithms and Health IS
Clustering Items Based on a Distance Matrix Using Distributed Processing

Page
56

Gavriel Yarmish, Philip Listowsky, Simon Dexter

Detecting Quality Defects in Soil-Sampling Data

62

Yotam Rotholz, Adir Even
65

Managing the Quality of Smart Grid Data
Rashel Abo, Adir Even

69

Quality Defects Detection in Obstetric Data
Tal Aboudy, Adir Even, Yoav Brezinov, Edi Vaisbuch

Exploring the Trade-Off of Duration and Volume in the Use of Health Information
Exchange Systems in the Emergency Department: Research in Progress

72

Liran Politi, Shlomi Codish, Iftach Sagy, Lior Fink

Healthcare Information Search on the Internet

76

Guy Balassiano, Sagi Mauda, Iris Reychav

Session E: IS Programming and Development
Page
82

Dr Meccano – Information System for Kids
Rina Zviel-Girshin, Nira Krumholtz, Nathan Rosenberg

Developers' Decision-Making Process of Designing Users' Privacy

86

Oshrat Ayalon, Eran Toch, Michael Birnhack, Irit Hadar

Refining Requirements Variability Analysis through Consideration of Testing
Artifacts

89

Michal Steinberger, Iris Reinhartz-Berger, Amir Tomer

Team Discontinuities and Software Maintenance Cost

92

Michel Benaroch

The Role of Abstraction in Behavioral Programming
Adiel Ashrov, Michal Gordon, Assaf Marron, Arnon Sturm, Gera Weiss

3

95

Milstein et al. /20 Years of ICT Productivity

SUMMARIZING 20 YEARS OF RESEARCH ON ICT
PRODUCTIVITY
Full Presentation
Milstein, Irena, Holon Institute of Technology, Holon, Israel, irenam@hit.ac.il
Greenstein, Gil, Holon Institute of Technology, Holon, Israel, gilgr@hit.ac.il
Zeevi, Aviv, The Israel-Europe R&D Directorate, Tel-Aviv, Israel, aviv@iserd.org.il
Ahituv, Niv, The College of Academic Studies, Or-Yehuda, Israel, ahituv@post.tau.ac.il
Keywords: productivity paradox, information and communication technology (ICT), information
economics, value of information, productivity measurement.

1

Introduction

Almost three decades have passed since the term "productivity paradox" of ICT appeared for the first time in
1987. About 11 years later, Brynjolfsson and Hitt (1998) noted that there were the very early stages of an
information revolution, and its effects were still unclear to the human community.
The simplest definition of productivity is based upon the ratio concept, i.e. output divided by input.
However, current productivity measures do not necessarily make it possible to assess the productivity of ICT
since it is hard to measure the benefits derived from organizational and behavioral changes. In addition,
single productivity measures at the individual or group level are not associated with the national or global
productivity measures. Efforts are needed to provide more reliable metrics reflecting the multidimensionality of productivity (tangible and intangible) (Ahituv, 1989).

2

Objectives

Today, it seems that the traditional approaches to productivity measurement as related to information and
communication technology have become obsolete. The proliferation of the Internet and the services provided
on the net has made it irrelevant to measure productivity just by computing the ratio of output to input.
Questions such as what is the productivity of online sales services, what is the contribution of e-government
services to society, or what is the value of exploiting social networks to a business cannot be answered by
using traditional approaches to ICT productivity. In a way we should view ICT as a capacity builder or an
infrastructure commodity (such as electricity and water supply) rather than as a tool to increase revenues or
to directly decrease costs.
To expand our understanding of productivity in the information era, we propose to search for and test new
concepts of productivity. The initial step, however, should be dedicated to identifying the relevant data and
paradigms that exist today in this area. Thus, the aim of the current research was conduct a comprehensive
classification of the existing definitions and attributes of ICT Productivity.

3

Methodology

The following three online journal databases in ICT, Economics, Sociology, and Organization Theory were
selected and searched to provide a comprehensive bibliography on ICT productivity literature:
ABI/INFORM, Science Direct, and JSTOR. The literature search was based on the descriptor: (information
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and communication technology OR information technology OR computer) AND productivity. The search was
limited to peer-reviewed journal articles published from 1990 to 2010. 958 articles were found in the initial
search of the literature.
In the first stage we used the text mining tool (IBM SPSS Modeler 14.1). The output of the program was the
50 most frequent keywords / expressions (single, 2- and 3-word phrases) in the full text. The papers, in
which the frequency of "productivity" (or value) was less than 10, were excluded. Then, based on these
frequent keywords and the abstracts, 603 articles were reviewed, about two third of them were found
relevant (to some extent). Figure 1 presents the distribution of the reviewed articles according to the degree
of relevance.

Figure 1.

Distribution of articles by relevance.

In the second stage the current productivity definitions, and tangible and intangible factors that contribute to
productivity (e.g., social, economic, cultural, well-being) by relating to different levels of analysis (global,
country, organization, group, individual) and various sectors (public and business) were assessed as
described in Figure 2.

Figure 2.

Four dimension conceptual model.

The four dimensions were built dynamically, and expanded into a greater level of details during the thorough
review of 397 papers. A specific definition of each dimension was extracted from each paper.

4

Results

The distribution of articles by level of analysis is shown in Figure 3.
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Figure 3.

Distribution of articles by level of analysis.

Table 1 lists the sectors/industries that were analyzed at various levels four or more times.
Sector/Industry
Manufacturing industry
Public sector
Finance and banking industry
Healthcare
Education
Wholesale and retail sector
Travel agencies and hotels
Service industries
Transportation
Energy sector
Construction industry

Table 1.

Number of cases
36
36
36
29
18
12
10
7
6
5
4

Sector/industries analyzed four or more times.

The ICT Input dimension consists of the following four major categories:
• Use of IT includes use of computers, personal computers; use of computer-based LAN, internet; use of
data processing, IT applications; implementation of IS, client/server technology; etc.
• IT Investments includes investments in hardware/computers, software/IS; IT expenses; investment in
high tech, investment in R&D, IS/IT budget, per capita ICT expenditure.
• IT Capital includes hardware, software, telecommunications equipment; R&D capital; patents; growth of
ICT capital; industry dynamism/industry competitiveness/organizational innovations.
• IT Adoption relates to ICT diffusion/infusion/full exploitation/penetration/spread.
The distribution of the analyzed cases by ICT Input categories is shown in Figure 4.
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Figure 4.

Distribution of cases by ICT input.

The ICT Productivity definitions are divided into 11 categories:
• Revenues and Profits includes revenue, performance gains in dollars; sales/gross sales; value added;
profits.
• Labor Productivity includes output per worker, sales by employee, labor productivity growth, revenue
per employee.
• Costs includes production cost, operations cost, distribution cost, transportation cost; capital investment.
• TFP or MFP relates to Total Factor Productivity, TFP growth, and TFP index; Multi Factor productivity
and MFP growth.
• Output Measures relates to production, inventory level, average age of capital, etc.
• Organizational Changes includes technology focus; time spent per function; improved communication,
better control; redesign of business processes; right decision making; etc.
• Working Conditions includes earnings of workers/wages; labor demand; technology skills; employee
satisfaction, empowerment, workload; investments in work organization.
• GDP includes GDP growth, real GDP per total labor force, etc.; national development, changes in
economic conditions, quality of life, standard of living.
• Product/Service Quality relates to all kinds of improvements in quality of services (e.g., improved care
of patients, quality of teaching) and products.
• Market Environment includes market share; firm value; strategic flexibility.
• Financial Return includes ROI, ROE, ROA, real options; capacity utilization, proportion for IT
investment.
The distribution of analyzed cases by ICT Productivity categories is shown in Figure 5.
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Figure 5.

5

Distribution of cases by ICT Productivity.

Discussion and Conclusions

The results of the comprehensive literature survey allow to identify the missing concepts in the traditional
definition of ICT Productivity, to explore the new classification and to assess gaps in research based on
W3C's RDF technology (for example, SHOE Search Engine, FOAF project). A continuing study will
develop a new multidimensional meta-model of productivity that will serve empirical and theoretical
research in this area.
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1

Introduction

In his keynote speech during the cybersecurity RSA conference in 2011, the former director of the NSA,
Gen. Keith B. Alexander made an interesting statement: “Securing our nation’s network is a team sport”. A
manifestation of this statement is the emerging cybersecurity defense concept of sharing real-time actionable
threat intelligence - a dynamic feed of threat or attack related objects utilized for enforcement or analysis at
the receiving end. This information sharing deployment represents a collaborative effort to improve one’s
cyber defense posture by leveraging the capabilities, knowledge, and experience of the broader community.
The technology related outcome is reduced duplication of effort while enabling one organization’s detection
to become another organization’s prevention.
While there are many implementations of threat intelligence sharing across different sectors, the relationships
formed between cybersecurity vendors have an interesting attribute. Since the shared information is closely
related to the core business of those firms, it presents a unique challenge of combining collaboration with
competition, named as coopetition.

2

Objectives

This paper aims to improve the understanding of threat intelligence sharing relationships in the cybersecurity
sector, through an empirical study of the organizational characteristics and network structure of the formed
ecosystem. Some of the questions asked and answered in this study include: Are there any associations
between the firm’s sharing behaviors to its success in the market? What are the formed relationships
characteristics and how do they reflect on the industry? What conclusions can be driven from the formed
network structure properties?

3

Research Methods

The article constructs a uniquely coded dataset of 500 vendors1, with their related variables and announced
threat sharing relationships between the years 2013-2016 (Q1). Research methodology relies on a
combination of network (graph) analysis and statistical analysis tools. To form relevant observations, the
vendors and their threat sharing relationships are displayed as a network of nodes and edges respectively,
and graph properties are extracted and correlated with firm variables.

1

Based on the Cybersecurity500 list ranking the vendors by their innovation level and market attractiveness http://cybersecurityventures.com/cybersecurity-500/
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Literature based top-down, and data driven bottom-up approaches are used to form the hypotheses, which are
then matched against the observations, discussed in the context of the researched domain and transformed
into conclusions.

4

Results

The paper findings and related discussion are divided into three distinctive but complementary levels:
organizational (firm), relationship (dyadic), and industry (network).
We find that: (i) Both the industry and relationships are characterized by coopetition between complementary
solutions, (ii) A positive association exists between the firm’s number of sharing relationships to its market
related success attributes, (iii) the ecosystem exhibits small-world characteristics associated with modular
structure, and (iv) the network shows scale-free and other properties similar to those found in R&D
networks.

5

Discussion

The research topic is related to three theoretical constructs of literature: information sharing, coopetition, and
network structure (graph theory). The findings are discussed in the light of this literature and the context of
the threat intelligence sharing domain.
Our analysis indicates that the threat intelligence sharing domain under discussion is a coopetition fit
environment, with relationships established mostly between vendors active in the same market sector
(Appendix 1), that are using complementary solution types (Appendix 2). The industry is categorized as a
growing competitive market 2 which yields better results with knowledge exchange (Verizon Enterprise
2015) – a conclusion supported by Gal-Or and Ghose (2005) who found sharing to be more beneficial when
the level of competition in the market is high.
A positive association exists between the firm’s sharing degree to its success attributes, demonstrated by the
company’s innovation level (ranked by market analysts), and its year-over-year sales growth ratio (for
publicly traded companies in the data set). This conclusion is in line with empirical studies showing
correlations between network properties and success in other domains (Fershtman and Gandal 2011; Gay and
Dousset 2005), and with theoretical models suggesting firms with prospecting strategies are more likely to
engage in coopetition (Gnyawali and Park 2009).
From an industry perspective, the cybersecurity sector exhibits small-world characteristics (Watts and
Strogatz 1998) associated with a modular structure. This result is well in line with arguments made by Kim
and Park (2009), suggesting small-world network to be the most efficient structure for effective knowledge
diffusion. The implication of the community structure on the industry as shown in Appendix 3, allows for
threat intelligence commoditization within cluster members, shifting the competitive focus towards other
product differentiators.
In addition, the formed network demonstrates scale-free and sparse network properties, similar to those
found in empirical research and literature of R&D networks. This finding is particularly interesting, since the
established threat sharing relationships are not R&D collaborations per se that can benefit greatly from
lowering R&D costs, but rather an information exchange initiatives. Furthermore, statistical analysis shows
that the relationship are mostly used to enrich the solution of the target vendor rather than as a sales through
channel, suggesting there should be other motivations for the cooperation in this market that are remain to be
studied. The scale-free characteristic exhibits the general notion of popularity in the network, which in the
context of our dataset means that firms which already have many collaborations attract additional
relationships more than those with less collaborations. When taking into consideration the positive

2

IDC as cited by Cybersecurity ventures - http://cybersecurityventures.com/cybersecurity-market-report/
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association found between degree to the firm’s success, it appears that successful companies attract new
relationships more, literally demonstrating the ”rich-gets-richer” phenomenon detected in real networks by
Barabási and Albert (1999).

6

Conclusions

The main contribution of this research is in providing a unique view into the cybersecurity vendor’s threat
intelligence sharing ecosystem, and identifying some of its related characteristics and insights. Empirical
contribution also includes the mapping and visualization of hub vendors, communities and patterns in the
network structure. These findings may be used by decision makers in the cybersecurity space to assess their
firm’s competitive position, while the reflection of the research methodology and results can be applied to
other domains.
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Cooperation
Level

Competition Level

Appendix 2.

Cooperation vs. Competition Level Demonstrating Complementary Solution Types

Appendix 3.

Communities Formed in the Threat Intelligence Sharing Network (colour coded)
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1

Background & Research Hypotheses

Participation in social media websites poses many potential threats to users' privacy. As a result, it is not
surprising that user privacy concerns are on the rise (Angst & Agarwal 2009, Pew Research center 2014).
However, it is more interesting to note that the extent to which users, especially adolescents, voluntarily
disclose information online is also continuously rising (Pew Research center 2014, Shin & Kangb 2015)
Researchers in the Information Systems field have long been interested in understanding this so-called
Privacy Paradox (Pavlou 2011, Acquisti, Brandimarte & Loewenstein 2015). Proposed explanations for the
phenomenon tend to fall into two major streams. The first posits that, because of a lack of awareness or
misunderstanding of personal costs, users underestimate potential harms associated with information
disclosure (Acquisiti & Gross 2005, Acquisti & Grossklags 2012). The second stream suggests that users
make a conscious utilitarian decision to forgo privacy in the hope of increasing their social capital or
recognition (Tufecki 2008, Eliison et al. 2011). Explanations in both categories rely on the assumption of a
cost-benefit calculation made by individuals contemplating information disclosure. This calculation, which is
also known as the privacy calculus (Smith, Dinev & Xu 2011), suggests that educating users and raising their
awareness regarding the possible costs of exposure will help prevent unnecessary risk-taking.
In this work, we propose to study an additional factor in information disclosure that does not fall neatly into
either of the two streams outlined above: the user's level of engagement with the social media website
(reflected, e.g., in actions such as “liking”, rating, curating and creating content).Previous research has
shown that when users are more engaged with a product (e.g., a website), they feel more committed to it and
attribute higher value to it (Khaneman et al. 1990, Norton et al. 2010, Oestreicher-Singer & Zalmanson
2013). Following those works, Zalmanson and Oestreicher-Singer (2015) have shown that websites can and
should influence this engagement process by actively encouraging user participation. In this research we
study whether encouraging users to engage can also influence their subsequent likelihood of disclosing
information. Our underlying theory is that when a website prompts a user to engage, the user might perceive
the prompt as a reassuring signal that the website is a friendly environment, and thus a safe one. Information
Boundary Theory elaborates on the influence of environmental cues on information disclosure (Petronio
2002).
Specifically, we hypothesize that users who receive requests to participate will express more trust toward the
website as compared with those who do not (H1), and that receiving calls for participation enhances
subsequent information revelation (H2). In order to test these connections, observational studies will not
suffice. It might be the case that a user's inherent tendency to engage is correlated with his tendency to
disclose personal information. We thus run a randomized experiment.
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2

Methodology

For the purpose of the research, we utilized the "VideoBook" platform (Zalmanson & Oestreicher-Singer
2015). "VideoBook" is a YouTube-like website featuring short video clips (two-three minutes, on the topic
of nature) that can be viewed using a built-in video player. On the website, the user can choose to engage in
one or more of the following activities while watching a video: marking the video as liked or disliked; rating
the video on a scale of 1 to 5 stars; "tagging" the video; adding a new comment in a free-text box.
VideoBook can also encourage user engagement by displaying a "Call to Action" – a prompt asking the user
to participate in one of the activities.
To address our first Hypothesis, we conducted the following experiment: we randomly assigned our
participants (recruited through Amazon Mechanical Turk) into control and treatment groups. In the control
group, users were free to explore the website for 10 minutes, uninterrupted. In the treatment group, users also
explored the site for 10 minutes but were interrupted four times with requests to rate the video they were
watching (This frequency was found to not impair user satisfaction by Zalmanson & Oestreicher-Singer
2015). The experiment culminated in a survey on Internet Users' Information Privacy Concerns (IUIPC,
taken from Malhotra, Kim & Agarwal, 2004). Specifically, trust was tested via the following survey item:
"Please state your agreement with this statement on a scale from 1 to 7: VideoBook is a trustworthy
website.”)

To address the second hypothesis, we conducted a second experiment in which we used the same
control and treatment conditions as in the first experiment. In this case, however, instead of asking
users to fill out an IUIPC survey after browsing the website for 10 minutes, we presented them with
a series of requests to disclose personal information (based on Acquisti & Grossklags 2012). The
requests were presented as optional, with the purpose of helping the website "to learn more about
you". The requests were presented from the "less private" to the "most private" as was shown by the
response frequencies in Acquisti & Grossklags's survey.

3

Results

Results of the first experiment (N = 149; Table 1) show that the treatment group (i.e., users who
were exposed to prompts to engage with the website) rated VideoBook as significantly more
trustworthy compared with the control group (average ratings of 5.93 vs. 4.93 (out of 7),
respectively, p < 0.01). This result supports H1. Interestingly, the two groups did not differ in terms
of their ratings regarding privacy concerns.

Question

Group

Mean Score
1-7 scale

Std.
Deviation

Std. Error
Mean

Trust

Control

4.93

1.41

.17

Treatment 5.65

1.08

.12

Control

58.97

8.85

1.07

Treatment 58.26

9.07

1.01

Total
Concern

Sig. (2tailed)
.001
.631

Table 1: Experiment 1 Results

Results of the second experiment (N = 108) show that the treatment group disclosed significantly
more information compared with the control group (see Table 2 for a list of the information items
requested and each group’s disclosure levels). Specifically, the two groups did not differ in the
extent to which they disclosed information categorized as “less private” (occupation, interests,
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email, name). Yet, they differed in the extent to which they disclosed "more private" information.
Specifically, compared with the control group, treatment group members were 208% more likely to
disclose their favorite online username (p < 0.01); 225% more likely to disclose a phone number
(p < 0.05); and 192% more likely to disclose their home address (p < 0.05). Taking the total average
number of private information items, we observe that users in the treatment group disclosed 132%
more items compared with the control group (p < 0.05).

4

Conclusions & Thoughts

The paper builds on the expanding literature on engagement with social media, enriching it with
insights from research on online privacy. Specifically, using randomized experiments, it shows that
online engagement may act as a powerful tool that can be used to enhance users’ trust, and as an
effective method for manipulation of information disclosure.
Whereas the risks of information disclosure are well known and acknowledged, the act of online
engagement is perceived by many to be harmless. If online engagement and information disclosure
are in fact inextricable, awareness of the possible harm associated with engagement should come to
the attention of policy makers and the public in general. Future research will yield a deeper
understanding of this mechanism by experimenting with more elaborate engagement scenarios.
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Question

Group

Info Disclosure
percentage

Std.
Deviation

Std. Error Sig. (2Mean
tailed)

Main occupation

Control

81.13%

.395

.054

.736

Treatment 83.64%

.373

.050

.736

Control

84.91%

.361

.050

.858

Treatment 83.64%

.373

.050

.858

Control

47.17%

.504

.069

.129

Treatment 61.82%

.490

.066

.129

Control

33.96%

.478

.066

.076

Treatment 50.91%

.505

.068

.076

Control

24.53%

.434

.060

.004

Treatment 50.91%

.505

.068

.004

Control

16.98%

.379

.052

.014

Treatment 38.18%

.490

.066

.013

Control

20.75%

.409

.056

.030

Treatment 40.00%

.494

.067

.030

Control

44.20%

2.2640

.3110

.033

Treatment 58.44%

2.5260

.3406

.033

Interests
Email address
Full name
Favorite online
user name
Phone number
Home address
Total information
disclosure

Table 2: Experiment 2 Results
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1

Introduction

This paper presents the process of setting up an automated software testing system for Intent IQ, a start-up
company dealing with electronic advertising on the Internet. The company's products combine complex
algorithms and different technologies. The product's development process consists of several stages where
the final stage is the manual coding testing phase, involving human intervention. These tests are carried out
in the laboratory and are followed by improvement of existing features or by adding new ones. The aim is to
establish an automatic testing system that will answer most of the company's needs related to product testing.
This way we can improve the process of tests' performance and overcome most of the weaknesses of human
intervention. The system was developed as a final project for a bachelor's degree in the Industrial
Engineering and Management Department.

1.1

Marketing and Internet advertising

In recent years, marketing online has become the most popular marketing channel. With the technology
development, a network was established to connect distributors and advertisers. The goal is to expose the
users to ads that appear on the screen. The ads may be hosted by any device or environment linked to the
Internet, such as a website or smart phone application. This way any advertiser is linked to unlimited amount
of potential advertising space. Establishing such a system requires a lot of development and investment that
may make the advertising not profitable. Therefore, advertisers prefer to turn to third-party companies, such
as Google and Intent IQ, which the system was established for.

1.2

Software quality assurance

Meeting the quality requirements of Web-based systems is essential for success on the World Wide Web.
Thus, in contrast to conventional software testing, where the focus is mainly on functionality, a wide range
of quality issues are of utmost importance in testing Web-based systems (Meyerhoff and Wieczorek, 2001;
Dustin et al., 2001). Beyond good marketing, the quality dimension will determine the fate of the product in
any competitive market. The importance of the quality dimension compared to other product properties is
influenced by the supply and demand of the product and the rate and production quantities (Meyerhoff and
Wieczorek, 2001).
Software and service products differ in purpose and in perception of quality compared to any other physical
product, since it is impossible to see it or feel it. Imagine that a newly purchased car is missing the driver's
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door. The absence of the door will be seen immediately, but in contrast the absence of some missing parts in
the software can't be found by just looking at the cover of the software package (Galin, 2003).
Quality measurement is influenced by the experience of using the product. For example, when a user fails to
successfully perform tasks without the need for external help he feels that the product has poor quality. One
of the main approaches that arose from usability and accompanied us in establishing the system’s
development is the "User-Centered" approach. Foundations for designing User-Centered systems introduce
the fundamental human capabilities and characteristics that influence how people use interactive
technologies (Ritter et al., 2014), and usability rules were those by which we have designed the new system
(Nielsen, 1993).

1.3

Software testing

Software testing is necessary to produce highly reliable systems, since static verification techniques cannot
detect all software faults (Binder, 1996). Software existing in almost every aspect of life needs software
testing, which differs from one software to another. For example, software that operates an automatic door
sensor in a store is different from a network application that activates a Web site. Each program has other
features, such as connecting to the network and real-time response. In establishing our system, we focused
on testing the network application, which is an application that works on a Web server that receives requests
from the outside world.

2

Objectives

The study's objectives are achieved by the following processes:
1. Improving the process of creating tests and distributing the knowledge required to create new tests:
the system improves the company's capabilities for testing without any human factor.
2. Shortening the time needed for testing before integration of the new features in the production
version: the system performs multiple parallel tests and reduces human errors that slow down the
process of testing and the development.
3. Documentation of the results in real time during testing and accurate descriptions for the sub-phases:
the system provides real-time indication of the failure of one of the sub-steps or the entire test and
thus can easily identify the source of the problem.
4. Long-term documentation of test results: the system improves the data retention capability and
allows tracking and access at any time to the results of the tests.
5. Providing an indication about the test progress in real time: the system provides an indication of the
progress of the tests by creating a forecast in real time. The system provides information about the
estimated date of completion of the current operation.
6. Providing an indication of faults with high accuracy and detail: the system provides all possible data
after test execution to enable analysis of the results.
7. Adjustment of the system to changing environment among developers: the system makes
adjustments as needed so that every checker will be able to adapt it to his needs.

3

Research Method

After studying the current situation and characterizing the new information system, we decided to set up a
quality control system. We developed the system according to the prototyping approach. System
development was carried out with interim versions that provided a response during all stages of
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development. New features and capabilities were added from one version to the next. During all the
development stages the system maintains an active stable version. The system operates on the local level on
the users’ computers so that every user can install the system on his computer and use it. After each stage of
development we inserted a new tag that characterizes the end of the current development cycle so we can
easily return to the previous versions as needed.

4

Results

The table presents the targets of the project and the implementation of each target:
Target
Reducing personnel

Simplifying the knowledge
required to create new test
scripts
Creating reliable and
consistent test results
Maximizing use of existing
components
Create adequate
documentation
Creating a common language
Shortening the time needed
for testing
Create interactive diagnostic
tool
Creating a platform built in a
modular fashion

Table 1.

5

Description of the Implementation
Established a fully automated system that is not affected by the number of runs
so it can operate without interruption while maintaining the same level of
performance efficiency and reliability.
The user can use the system and select scripts from the bank of existing scripts
and run them.
The system is automatically formed and therefore allows repeating the same
tests.
The system allows reuse of the existing infrastructure to create new scripts.
The system creates long- and short-term results of the tests.
Each scenario has a unique title that can be identified and discussed.
The system makes it possible to run multiple tests simultaneously, it also
allows developers to perform code corrections and run all test scenarios as
many times as needed.
The system allows the user to get input applications dynamically and enables
understanding and solving the problem.
The system is designed in a modular fashion that allows adding new
components in the future.

Description of targets implementation.

Conclusion

Man has many advantages over machine such as intelligence and the ability to create the machine and use its
power for his own purposes. The primary purpose of the establishment of the new system was to overcome
the human weaknesses in the testing process. The established system is able to overcome a variety of
problems resulting from carrying out the manual testing. As opposed to the machine, man is inferior because
of the machine's ability to carry out the tests, which require accuracy, consistency, and speed. The machine is
used to run the tests and the man designs and creates the tests. It is a winning combination in which both
sides make use of their advantages.
Automation of the testing process in the new system allows the development team to increase the rate of
product development. Nowadays the testing system is an integral part of the development process and
obligatory before inserting new code into the production version. The system is updated on the basis of
developers' requirements and new abilities, and new test scripts are added constantly.
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1

Introduction

Emergency departments (EDs) are characterized by urgency and high stress, often resulting in medical errors
(Lecky et al., 2013) thus requiring careful examination of how electronic health record EHRs are used in this
setting. Other studies provide evidence suggesting that EHRs can improve the quality of care (Ben-Assuli &
Leshno, 2013; Ben-Assuli, Shabtai, Leshno, & Hill, 2014).
Diagnosis is often highly complex, requiring substantial work in accessing various forms of information and
demanding making difficult decisions, especially in light of the severe mortality and morbidity risks. In the
ED settings, one of the most common metric used to characterize care quality is the re-admission rate. The
discharge decision is only made after ensuring that the condition has been diagnosed and proper treatment
administered. If the patient re-appears in the ED shortly after the discharge decision, it is considered an
indicator poor quality of care.

2

Research Objective and Hypotheses

The objective of this paper is to shed light on the use of EHR in the ED settings, and study the extent to
which the adoption of EHR systems leads to improved hospitalization outcomes. The EHR system we
investigated, enables health care organizations to share medical information. It connects health care
providers, which ensures the system’s interoperability within the organization itself and with other
organizations. The EHR collects medical information from the participating systems (distributed health care
providers, external labs, pharmacies, hospitals and community clinics) and shares it between the health care
providers. We investigate also how the effect of system use is moderated by the contextual factor: the
complexity of the medical diagnosis task:
H1: The use of EHR system will have a positive impact on the quality of medical care in EDs.
H2: Diagnosis task complexity will moderate the relationship between the use of EHR system and the quality
of medical care in EDs (the effect of system use on care quality will be stronger for high-complexity tasks).
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3

Research Methods

A large database of ED referrals was analysed, collected from seven main hospitals, all owned by the
primary Health Maintenance Organization (HMO) in Israel. Given our interest in diagnosis task complexity
and our reliance on the ICD (version 9) codes for extracting complexity measures, we screened the log files
for records containing valid ICD9 codes. We restricted the number of codes to the second level of ICD9 code
hierarchy and selected the 10 most common code groups in our dataset, leaving us with 549,108 records.

4

Results

Multivariate logistic regression analyses were performed on the dependent variable: Quality of Care
(operationalized as the likelihood of not being re-admitted). The blocks of variables were: EHR use,
diagnosis task complexity, the interaction between system use and task complexity, and the various control
variables (including fixed effect analysis, not shown here). Table 1 presents the correlation between the
constructs.
System Use

Construct

Diagnostic
Complexity

System Use

1

Diagnostic Complexity

.165**

1

Age

.178**

-.008**

Gender

-.053

**

HMO (Main HMO vs.
.054**
Others)
Specialization
.275**
(Internist vs. Others)
Table 1.

Age

Gender

HMO

1
-.145**

1

.005**

.161**

-.071**

1

.184**

.250**

-.096**

.040**

-.035

Specialization

**

1

Inter-construct correlations.

Statistical significance is indicated by: ’*’ for p < 0.05; ’**’ for p < 0.01; and ’***’ for p < 0.001).

Model M1
Beta
(signif.)

Odds ratio
(CI)

(***)

(Constant)

Model M2
Beta
(signif.)
(***)
0.174 (***)

System Use
-0.002 (*)
Diagnostic
Complexity
System Use
Diagnostic
Complexity

1.189
(1.1401.241)
0.998
(0.9961.000)

x

-0.065

-0.005
(***)
0.021
(***)

-0.009 (***)
[control:
Age

Odds ratio
(CI)

Model M3
Beta
Odds ratio
(signif.)
(CI)
(***)

Patient]

0.991
(0.9910.992)

-0.009 (***)
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0.991
(0.9900.991)

-0.009
(***)

0.937
(0.8651.016)
0.995
(0.9930.997)
1.021
(1.0151.027)
0.991
(0.9900.991)
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-0.016
[control:
Gender

Patient]

-0.189 (***)
[control: Patient]
HMO
-0.061 (**)
[control:
Physician]
Specialization
Table 2.

0.984
(0.9631.006)
0.828
(0.8070.849)
0.941
(0.9000.983)

-0.017

-0.190 (***)

-0.092 (***)

0.983
(0.9621.005)
0.827
(0.8060.848)
0.912
(0.8710.955)

-0.016

-0.190
(***)
-0.089
(***)

0.984
(0.9921.006)
0.827
(0.8060.848)
0.915
(0.8740.957)

Results for regressions on the quality of medical care.

Table 2 shows the regression results using three models: M1, M2 and M3. M1 shows the results with just the
control variables entered into the model, whereas M2 shows the results with main effect of the independent
variables: System Use and Diagnostic Complexity. The results of M2 show that both System Use (positive
effect; confirming H1) and Diagnostic Complexity (negative effect) have a significant impact on the quality
of care. The results of M3 show that this interaction is significant (confirming H2). Although main effects
should not be interpreted in the presence of the interaction, the fact that system use (having a highly
significant effect in model M2) is no longer significant in model M3. To test the interaction using the
composite score for complexity, we followed the procedure recommended by Aiken and West (1991). Thus,
we split the data set into low- and high-complexity diagnosis tasks, and ran tested the effect of system use on
the quality of care for each set independently. Our results demonstrate that for highly complex tasks, an
increase in system use is associated with improved quality of care; in contrast, for low complexity tasks, an
increase in system use is associated with not significant reduction in the quality of care.

5

Discussion

Our finding regarding the positive effect of EHR use on medical care quality has implications for the
ongoing debate regarding the economic value on investments in information technologies (IT) (Brynjolfsson
& Hitt, 2003). Our findings imply that using an appropriate methodology (contextualized, hard data, largescale) has the potential to further elucidate the value of IT (McAfee, Brynjolfsson, Davenport, Patil, &
Barton, 2012).
Moreover, for the highly complex task, the positive effect of system use is more pronounced. To demonstrate
the robustness of this moderation effect, we note that it persists (and remains statistically highly significant)
when using the specific diagnosis task complexity dimensions (diagnosis task difficulty, amount of work,
and risk) instead of the high-level task complexity construct (running independent regression analyses with
each one of the measures in turn). Future research might discuss if this measurement process can be
applicable in other systems.
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1

Introduction

The Internet of Things (Ashton, 2009) is now recognized as one of the most promising trends resulting in
substantial activity around sensors and connectivity of sensors. Yet, the level of utilization is relatively low
to its potential. Forrester recently published an article entitled "There is no Internet of Things yet" claiming
that while there are many isolated solutions, it has not yet reached the level to be called "Internet". One of
the inhibitors is the relative difficulty in personalization of such systems. Consider the following scenario:
Various sensors have been developed for elderly people to assist them in having an independent life (Sendra,
2012). Examples of such sensors are: wearable sensors that measure vital signs and detect movements, such
as falling down, visual sensors that monitor movement and behaviour, vocal sensors that detect distress
sounds, sensors attached to furniture and doors that detect locking status and physical behaviour, and sensors
attached to medication cases that detect medication consumption.
Each elderly person has different
monitoring needs (Queirós. and Pacheco da Rocha, 2013). One person might need only assistance in taking
the right medication at the right time; another person might need a reminder to lock the door, or to find
personal items; while a third person might require monitoring of health signs and total behaviour tracking.
Furthermore, the requirements for a single person may consist of data obtained from multiple sensors
combined together as a context-related event pattern such as: "the door has not been locked within 2 minutes
from entering the house" which requires the detection of house entrance and detection of door locking
events.
The Internet of Things has been recognized as one of the enablers of a paradigm shift towards
personalization. This is contrary to the thinking imposed by the industrial revolution about commonality and
"economy of scale" which means that products are standardized and manufactured in masses. Current
technology enables personalization (Xi et all, 2013) in many systems. There is a lot of work done on
personalized healthcare. However, the world of Internet of Things has not succeeded yet in providing an
easy way to create personalized systems.
The personalization difficulty stems from several reasons. It is difficult to personalize when integration
requires high technical skills and thus adding and using additional sensors become a challenge. In addition,
it is difficult to personalize when generation of event patterns logic from multiple sensors is very complex
and requires (again) high technical skills. Next we describe a model that we have developed which provides
a step towards personalization.

2

The Event Model as a step towards personalization

The Event Model (TEM) is a novel way to model, develop, validate, maintain, and implement event-driven
applications. TEM is based on a set of well-defined principles and building blocks, and requires modest
programming skills. The event-driven logic is expressed using a diagram and a set of related logic tables.
These tables can be validated and transformed into code. This idea has already been successfully proven in
the domain of business rules by The Decision Model (TDM) (Von Halle and Goldberg, 2010).
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The Event Model follows the Model Driven Engineering approach (Bodenstein et al, 2010; Brambilla et al,
2012)
In TEM the goal is to derive a situation, that is, a derived event published to a consumer (or consumers) that
wants to react upon it.
Assume we have the following example: A quality control officer accountable for the safe shipments of
perishable products wants to detect the potentially dangerous condition of a container before an actual
product quality disqualification takes place, so remediate actions can be taken thus saving time and money.
Specifically, we are interested in two policy rules:
•
Alert when, inside a container, the temperature in the permitted range constantly increases within
the last 5 minutes.
•

Alert whenever a delay longer than permitted occurs.

Figure 1 shows the TEM diagram for our illustrative example. The Event Model diagram is a simple drawing
that illustrates the structure of the logic by showing a situation along with the connections of derivations in a
top-down manner. From simply looking at the diagram it is possible to identify the consumer as the Quality
control officer and the producers as the Shipment operations systems and Sensors. In addition, two derived
events appear to be in the top structure, supported by two branches of logic. Each branch eventually seems
to end with raw input data or raw input events. For each of the blocks in a branch (black rectangle) there
exists exactly one Event Derivation Table (EDT). One example of an EDT is shown in Table 1. Without
getting into the details, we can simply say that a Temperature increase trend event is derived whenever for
the same container the temperature of the sensor keeps going up (still in the permitted range) for every 5 min.
An interpreter that translates a specification constructed using this model was developed. It is also planned to
compile specification to some of the current event processing products. some experiment of using the model
was carried out within EU projects (Etzion et al, 2016).

Figure 3.

Example of TEM diagram; product quality deterioration situation detection
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Table 1.

3

Example of TEM Table; Temperature increase trend logic

Discussion

As aforementioned, event-based systems are required to leverage the power of events resulting from IoT
devices. However, today, event-based applications require a high level of IT skills, therefore making them
impractical for consumption of non-IT people. Imagine an era in which everyone will be able to easily define
an event-driven application using a set of tables and the latter will be automatically converted to code and
running in a matter of minutes! We believe that TEM is a first step towards this direction. Today is possible
for a non-technical person to build up the diagrams and the corresponding logic tables for the derived events,
and then leave all the technical details required and the definition of the glossary concepts to a (more)
technical person that can then validate the model and generate code out from it. Our goal is to bring the level
of consumability to even a step further, in which laymen can create and implement their own personalized
applications by themselves in a matter of minutes. Another branch of work is a compiler that generates
implementation code from TEM, this is a smart compiler since it has to take higher level abstractions and
infer missing information.
While the Event Model is a first step, but more research is required into the area, since the personalization
should also be applied to the process of defining the situation logic. There is a need to customize the way of
thinking in setting up the situation detection logic for different populations, for example the table oriented
thinking might be suitable to some populations and not to others.
As a summary; there is a substantial challenge to go beyond the state of the art in order to accomplish
personalization of IoT applications. The Event Model briefly presented in this paper is a step towards
personalization of situation detection. It should be noted besides the situation detection definition; another
part of the model should handle data integration issues among sensor data. This topic is beyond the scope of
this paper.
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1

Background

The use of the Internet for health purposes, also coined 'capital-enhancing' activity (Hargittai & Hinnant, 2008), is
more beneficial or advantageous for some Internet users than for others. Users can access health information, connect
with others with shared health interests, and manage their health. However, various skills known as eHealth literacy
are required, in order to attain optimal benefits from these resources in terms of one's own health. . A study utilizing
Norman & Skinner (2006) scale for measuring eHealth literacy (eHEALS) in a representative Israeli sample in 2008,
found age and education differences between people with high and low eHealth literacy levels (Neter & Brainin,
2012). Moreover, differences between high and low eHealth literates were found in information consumption and
search outcomes. Despite the high internal consistency of the eHEALS scale, findings suggest that the internal
validity of the instrument requires further study (van der Vaart, van Deursen, Drossaert, Taal, van Dijk, & van de
Laar, 2011). As the use of eHealth grows and diversifies globally, the concept of eHealth literacy becomes more
important than ever to understand and advance health behaviors (Norman, 2011).

2

Objective

To study the digital and eHealth literacy of older adults and the types of problems they encounter when using the
Internet for health purposes, and to assess the internal consistency and the predictive validity of a Hebrew translation
of the eHEALS and digital literacy scales.

3

Methods

Phase 1, a sample of 69 Israeli older adults, ranging in age from 50-91 year-olds (M=68), answered a telephone
survey, intended to examine Internet use for health purposes, and the translated version of the eHEALS scale.
Perceived digital literacy was measured using 15 questions assessing Web1.0 and Web 2.0 online actions (Hargittai,
2004 ;Hargittai & Shafer, 2006). Perceived eHealth Literacy was assessed by the eHEALS tool (Norman & Skinner,
2006). The scale comprises of eight items on a 5-point Likert scale (1 = strongly disagree, to 5 = strongly agree). In
phase 2, all sixty nine participants carried out an actual performance test, comprised of 15 assignments of seeking,

10th Conference of the Israeli Chapter of the

Ben-Gurion University of the Negev

Association for Information Systems (ILAIS), 2016

Beer-Sheva, Israel

29

Brainin & Neter /Validation of Perception-Base eHealth Literacy

understanding, appraising and applying health-related information. The time allotted for the different tasks was based
on van der Vaart et al. (2011) and our pilot study. The performance test – the simulation, was recorded and analyzed
by two judges. The predictive validity of the instrument was assessed by comparing scores on the perceived eHEALS
and digital literacy scales with the performance results. The tool constructed to measure actual eHealth literacy (as
opposed to perceived) was based on recent theoretical conceptualization of health literacy (Doyle, Cafferkey, and
Fullam, 2012; Sorensen et al., 2012) focusing on a range of skills as presented in table 1 below:

seeking,

understanding, appraising and applying health-related information, and the additional skill of generating information,
as practiced in web 2.0 settings. The following table specifies the kinds of skills measured by each of the tasks (see
appendix 1 for the simulation assignments description).
Task

Digital
literacy

Seek

understand

Appraise

apply

Generate
(WEB 2)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Table 1: Measures for digital and eHealth literacy performance by assignments
In our analyses, we compared performed vs. perceived eHealth literacy, identify gaps in skills that require upgrading,
and compare demographic groups within the Israeli society in their performed eHealth literacy.
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4

Results

Findings indicated sufficient internal consistency of the Hebrew version of the eHEALS scale, of .85 Cronbach's
alpha. Correlations between perceived and actual digital literacy was significant (r = .48, P = .001). As expected,
correlations between the eHEALS scale and the completed tasks on the actual performance test was moderate and
significant: r = .32; P = .01. eHEALS and age and education correlations were moderate and significant (r =- .35, P =
.01 and r = .26, P = .05, respectively). Significant --albeit moderate-- correlations were found between the eHEALS
and the degree of help provided by the research assistants during task performance (r = -.27, P = .05). The one way
ANOVA test revealed significant differences in eHEALS scores between participants who scored below and above
the median scores of the overall performance test [F(1,67) = 8.6; p=.01) figure 1 demonstrates the scores differences
of the five health literacy domains between participants with high vs. low eHealth literacy.

low eHEALS

high eHEALS

3.28

3.33

3.31

3.42

3.36

2.90

3.04

2.98

2.95

2.91

Generate
(Web 2.0)

Apply

Appraise* Understand*

Seek*

Figure 1: Performed grade of eHealth literacy skills by perceived eHEALS scale
Figure 2 demonstrates the means scores of the perceived eHealth literacy by gender and age groups. The findings
show main effect for age [F(1, 63)=4.41, p<.05] and gender [F(1, 63)=6.16, p<.05] and marginal interaction effect
[F(1, 63)=3.02, p=.07], suggesting that for men there is no significant differences in the perceived eHealth literacy
score by age groups, while for women, the perceived eHealth literacy score for older age group is significantly lower
than that of the younger age group. The perceived eHealth literacy score for men of both age groups is the same as
the younger age group of women.
Figure 3 demonstrates the means scores of the performed eHealth literacy by gender and age groups. Main effect for
age and interaction effect were significant: for males age does not matter while for women younger women
outperform older ones [F(1, 63)=4.06, p<.05] . Gender and age explain 12% of the variance. Men’s performed
eHealth literacy score of both age groups is much lower than that of the younger age group of women. Comparing the
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findings of figures two and three suggest that women, compared to men, are more accurate in assessing their digital
and eHealth literacies.

Figure 2: Perceived eHealth literacy by gender and age groups

Figure 3: Performed grade of eHealth literacy by gender and age groups

5

Conclusions

An important contribution of this study is the attempt to validate a perception-based construct of eHealth literacy
with a criterion of actual performance of looking for health information online among older adults in Israel. Our study
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demonstrated the internal validity of eHEALS self-report instrument in Hebrew for older adults. The significant
correlation between the level of the actual tasks performance test and the perceived eHealth literacy scale can be
attributed to older adults' relatively accurate judgements of their performance level. van Deursen (2012) has found
that compared to younger participants, older participants select more relevant and more reliable resources, suggesting
that in our study older users' eHealth literacy judgements are more reliable. Thus, further research is needed to test the
self-reported instrument validity amongst younger users.
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Appendix 1: Simulation assignments description
Welcome to the simulation regarding Internet use and health!
In the course of this experiment, you will be asked to complete 15 tasks; each task is allotted a different amount of time.
Please note: before the beginning of each task you must press the START button, and once you have completed the
task, you must press the END TASK button.
At this stage, if something is unclear, please ask me. When I indicate, you can press the START button and begin your
first task.
Your cooperation is greatly appreciated! The Research Team
The Tasks
First Set of Tasks
Time allotted– maximum of 12 minutes
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1. From the computer desktop, please choose a browser (you may choose from among various browsers, for example
MS Explorer, Firefox, or others) and open it in a new window.
Choose a search engine (for example Google).
2. Open an additional tab in that window.
3. In the search engine box, please type in the entry "Maccabi HMO" (Health Maintenance Organization).
•
•
•

Press the SEARCH button
From the results provided, select the most appropriate (the Maccabi HMO website).
Finally, add the homepage of the Maccabi HMO website to the favorites list on the computer.

4. Return to the search engine' s home page.
•
•
•
•
•
•
•

In the search box, type Maccabi HMO, press the SEARCH button and open the most appropriate result.
In the Maccabi HMO website, press the LINKS button.
In the window that opens, press the link to the Social Security Institute.
In the new window of the Social Security Institute's website, press the DOWNLOAD FORMS link.
Using the mouse, scroll down until you find the menu for nursing care.
Press the icon to open the PDF file titled Request for Nursing Care Benefits (2006)
Save the downloaded form on the desktop.

5. Returning to the Maccabi HMO website, increase the font size on the website, to make it easier to read.

Tasks Related to Formal Skills
Second Set of Tasks
Time allotted – maximum of 15 minutes
6. Open the Maccabi HMO website. You have three possible ways to do this.
a) Using a search engine.
b) Typing the name of the website in the address/search box in the browser window.
c) Using the link you saved in the favorites list.
Once you have reached the website, please find out the following: what rights are available in terms of the purchase of
medicines to patients who have nursing care insurance provided under the Maccabi Gold Plate insurance program? Tell
me what you have discovered.
7. Assume that you have taken a blood test and you wish to understand the meaning of the values written under the PLT
test (also known as thrombocytes or platelets). Your task is to determine which values are considered normative for this
test.
To this end:
•
•
•
•

Go to a search engine (for example, Google)
Type a relevant question into the search box.
Choose one of the relevant links from those on the first page of results retrieved (for example Wikipedia,
Doctors, etc.).
Read the information regarding normative results for blood platelet tests. Explain to me what you found.

8. Find an additional website that provides information regarding the normative values for blood platelet tests, in order
to verify the reliability of the information previously retrieved.
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Explain how you would decide which information source is more reliable. What criteria do you use to determine
reliability?
Tasks Related to Information Skills
Third Set of Tasks
Time allotted – maximum of 10 minutes
9. Choose one of the following topics:
• Shingles
• Vertigo
• Hearing Loss
Use the Internet to search for information on the topic of choice and describe what you have found.
Time allotted maximum of 15 minutes
10. Enter the YouTube website and in the search box, type the topic of choice from the previous task.

•
•
•

Find relevant clips of up to 3 minutes' length.
Open one of the clips and watch it.
After you have watched it, please explain why you chose this particular clip.
Time allotted – maximum of 12 minutes
11. Imagine you have begun to experience knee pain. Please use your HMO website to find an orthopedic knee expert
in your residential area and note the relevant times for scheduling an appointment (days and times).
12. Imagine you have experienced hearing loss in your right ear. Please search for available time slots for taking a
hearing test through your local HMO center.
Time allotted – maximum of 12 minutes
13. You had an appointment with an orthopedic knee expert, who told you that your knee pain is a result of pressure on
the knee and that your knee cartilage is damaged. Please find two possible symptoms of knee cartilage damage and
explain them to me.
Tasks Related to Strategic Skills
Fourth Task Set
Time allotted – maximum of 20 minutes
14. One day, after experiencing severe back pain, you decided to stay home and not go to work or to your community
center.
•
•

Using the Internet, find two types of treatments that can help relieve back pain.
Which treatment would you choose as most appropriate?

Time allotted – maximum of 12 minutes
15. Find a website that includes a forum on health topics.
Find the appropriate place on the forum to ask about knee pain, give the symptoms you found in the previous task, and
ask for advice about alternative treatments.

Thank you for your cooperation!
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1

Introduction

IT implementations create achievement situations that prompt employees to (re)evaluate their competencies.
Some employees may perceive these situations as opportunities for personal growth and for improvement
while others may consider them as opportunities to outperform peers and to improve their relative stature in
the organization. These different perceptions rise from the achievement goals that users adopt in response to
IT implementations. In this paper, we investigate the different roles that goals play as users learn the system
and its affordances and choose the affordances they wish to actualize in the post-adoption stage.
A key concept we study is technological affordances. In their broader sense, affordances are the actions
available to individuals that emerge from interactions between users’ abilities and the properties of objects in
the environment; properties delineate what objects can be used for, while abilities are what enable
individuals to make use of objects (Gibson 1986). Similarly, technological affordances arise from
interactions between users’ abilities and IT’s features (Markus and Silver 2008). Depending on their abilities,
different users may perceive different affordances and may further decide to actualize even a smaller subset.
Affordances must be actualized before they can be used (Gibson 1986). In the IT context, actualization refers
to the actions taken by actors as they take advantage of one or more affordances through their use of the
technology (Strong et al. 2014).
Users’ goals are believed to influence how they perceive affordances (Leonardi 2013) as well as the process
of actualization (Markus and Silver 2008), yet we know relatively little about the ways in which this process
unfolds. Accordingly, we draw on achievement goals theory to shed light on the role that goals play in
perceiving, actualizing, and sharing affordances. The achievement goals theory proposes that individuals’
goals influence how they approach, interpret, and respond to achievement situations. According to the
theory, individuals in achievement situations adopt performance goals or mastery goals to help them make
sense of the situation and guide their prospective actions (Grant and Dweck 2003). Individuals with
performance goals focus on end-results, have apprehension of failure, and pay close attention to the
consequences of poor performance, and they choose tasks that enable them to demonstrate their competence.
Individuals with mastery goals seek challenging tasks that provide opportunities to develop competencies
and learn new skills; they believe that exerting greater effort lead to performance improvement, and; they are
prone to show challenge-seeking and risk-taking behavior.
Thus, our objective is to explore the role of achievement goals in shaping users’ affordance perception and
actualization. This study seeks to answer the following research question: How do achievement goals
influence users’ actualization decisions when an IT implementation creates achievement situations?
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2

Goals and Affordances

As stated above, goals may impact how IT affordances are perceived and actualized by users. This
relationship has three important implications in terms of (1) which technological affordances users choose to
actualize, (2) how they plan to actualize them, and (3) how likely they are to share the actualized affordances
with other users.
Building on the achievement goals literature, we expect that users who adopt mastery goals will focus on
affordances that offer opportunities to learn and develop new skills. Consequently, those users may choose to
actualize affordances for which they currently lack in ability and that may not result in easily measurable
outcomes. Users with performance goals, whose key aim is to demonstrate competence, are expected to
actualize affordances with demonstrable outcomes, that can enhance their relative performance, and that are
expected to elicit positive assessment from managers. Accordingly,
Proposition 1: Users with mastery goals will choose to actualize affordances that are more strongly
associated with learning and personal growth, whereas users with performance goals will choose to
actualize affordances that are directly measurable and linked to performance.
Next, users can devise actualization strategies. The achievement goals literature identifies several strategies
that individuals can adopt to help guide the pursuit of goals. The strategies tap into individuals’ willingness
to exert effort, their intentions to commit to the process, their willingness to take risks, and their planned
social interactions (Elliott et al. 1999; Liem et al. 2007). They also reflect individuals’ plans to engage with
the task cognitively (Kaplan and Midgley 1997). While the strategies are not mutually exclusive, and
individuals can choose one or more strategies and apply them to various extents, different goals were found
to prompt individuals to choose certain strategies over others (Van Yperen and Orehek 2013).
We propose that goals play an important role in influencing users’ choices of actualization strategies.
Specifically, users with mastery goals will be willing to exert effort and commit to the actualization process,
and not shy away from uncertain actualizations. They are likely to engage in deep information processing
and learn as much as they can during the actualization process. They will be open to requesting help from
others and even invite others to collaborate. Individuals with performance goals will try to minimize effort
and risk and are more likely to employ surface information processing. They may decide to quit the process
if challenges arise, and choose a more protected actualization strategy. They are not expected to actualize
affordances that would require involving other users since doing so can reduce the affordance’s benefits.
Thus,
Proposition 2: Users with mastery goals will invest more effort and be more committed to the
actualization process, even when risking failure compared with users with performance goals. They
will seek help from others, and engage in deep processing of affordance-related information.
Finally, affordances can also be collectively created by members of a group and allow the group to do
something that is not otherwise possible (Leonardi 2013). Even if each member possesses a different
affordance, together they create a new collective affordance. Shared affordances are developed in parallel by
individual members of the group and represent similar use of the technology’s features by all members
(Leonardi 2013). To understand the effect of goals on development of individualized, shared and collective
affordance we bring in an important nuance from the achievement goals literature, i.e., valence. With valence
we can better differentiate between performance-approach and performance-avoidance goals. Individuals
who adopt a performance-approach goal are driven to excel in normative performance evaluations and are
focused on the possibility of success. Individuals with performance-avoidance goals aim to avoid negative
outcomes (e.g., negative performance evaluations), and are pre-occupied with failure (Grant and Dweck
2003). We expect users with performance-approach goals to develop individualized affordances that can
provide them with relative advantage over their peers. We expect users with performance-avoidance goals to
develop shared affordances in order to keep up with their peers’ abilities and avoid being left behind.
Finally, because of their affinity for learning and challenges as well as their openness and willingness to
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share knowledge, we expect individuals with mastery goals (approach or avoidance) to develop collective
affordances that present the greatest challenges and opportunities for learning and skill-development.
Proposition 3: Users with performance-approach goals will focus on individualized affordances
whereas users with performance-avoidance goals will focus on shared affordances. Users with
mastery goals will focus on collective affordances.

3

Conclusion

This paper proposes a conceptual framework that integrates achievement goals into the process of actualizing
technological affordances in order to better understand how users enact the same technologies differently.
Empirical testing of the framework entails a comprehensive research program that begins with a qualitative
exploration of the three broad propositions and formation of testable hypotheses. These hypotheses can then
be tested empirically using either a survey or an experiment. The benefit of using a survey comes from its
ability to obtain perceptions of actual IT users in the field. The benefit of an experiment comes from being
able to control conditions and manipulate goals. We believe that the benefits of a survey outweigh those of
an experiment in this setting, because of the important role that the IT implementation serves in forming the
achievement situation and triggering affordance actualization. Our work presents several contributions. First,
it adds to the relatively new and important literature on IT affordances and our understanding of IT
behaviors, post-adoption. Second, it helps to explain variability in how different users respond to and use
new technologies, even when training and tasks are similar. Third, since goals can be primed, managers are
presented with important levers for shaping the processes through which users make sense of IT and use it,
post-adoption. Finally, even without priming, understanding users’ diverse goals would help managers to
draw users’ attention to commensurate affordances and increase the chance that they will respond favorably
towards a new IT.
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1

Introduction

The inclusion of hedonic elements into utilitarian information systems, called gamification, is becoming
commonplace as a means of engaging users and increasing system acceptance (Huotari & Hamari, 2011;
Korn, Funk, & Schmidt, 2015). However, doing so, changes the way users interact with them in ways that
are hard to predict that can turn streamlined processes into unstructured processes - called spaghetti
processes (van der Aalst, 2011). Different process mining methods exist for streamlined processes, but these
methods are less efficient for cases where processes are understructures (van der Aalst, 2011; van der Aalst
et al., 2012). We propose a methodical approach based on sequence analysis and process mining to detect
gamification behavior patterns, which are sequences of actions performed by a user that can be attributed to
the application of a gamification. Detecting such patterns, representing different hedonic behaviors which are
not part of the utilitarian aspects of the system, provides a mean for measuring gamification success, and
allows designers to modify the solution as needed based on this discovery process. A case study
demonstrating the applicability of the methodology is presented.

2

Methodology

We propose a process mining methodology for the discovery is behavior patterns within spaghetti processes.
While process mining has shown great success in discovering streamlined processes, (van der Aalst, 2011), it
has less of an effect in discovering processes that are not streamlined. When processes have no clear path
and any step can follow any step, process mining techniques are less effective (Rebuge & Ferreira, 2012; van
der Aalst, 2011). A gamified process adds various interaction possibilities to users, which means that
gamified processes are less structured and therefore less susceptible to process mining. Yet, discovering
specific behavior patterns in streamlined and non-streamlined processes remains a promising research
direction (Celino & Dell’Aglio, 2015).
Our proposed methodology includes four main steps (Figure 4). First, a data preparation step where data
clean-up and transformations is performed, preparing the data to the format required by the subsequent steps.
Next, a session finding step where data is organized based on sequences of user sessions. A sequence
analysis algorithm called episode mining (Mannila, Toivonen, & Verkamo, 1997) is applied to detect the
most frequent sequences of activities, which are referred to as motifs (Milo et al., 2002). An exploratory
factor analysis (Thompson, 2004) is performed as a clustering algorithm to detect related motifs which are
referred to as behavior patterns. These patterns can be used for user classification and the development of
adaptive systems.
Some key parameters of the methodologies require investigation. Episode mining requires a widow size is
set determining the length of actions to include in each sequence. Our analysis shows that a smaller window
size should be used but this requires further research. Another question regards to the selection of the most
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frequent motifs used for the clustering process. Drawing the line between frequent and non-frequent motifs is
not trivial (Kaneko et al., 1996).

Figure 4.

3

The behavior pattern discovery process

Results

The proposed methodology has been applied to a gamified learning environment based on the Moodle
Learning Management System (LMS). Several game elements were added to the course web site providing
students with many different interaction opportunities. By doing so, we turned a relatively streamlined
process (Figure 5b) that is mostly used to download lecture materials and log out (Costa, Alvelos, &
Teixeira, 2012) into a spaghetti process (Figure 5a) where game elements can be accessed from several
locations and for different reasons. The original log file included 117,544 line items representing 102
students. Our analysis was performed using different window sizes of two, three, four, and five actions, and
different numbers of episodes to be used for clustering. Results show that, at least in our case, smaller
window sizes provide better results. The behaviour patterns that emerge as a result of this process are
typically simple patterns of a few events that user tend to perform together. Figure 6 shows an example of
such a gamification behaviour pattern.

4

Discussion and Conclusions

The proposed methodology is an important contribution to both process mining and to gamification analysis
literature. In the case of process mining, dealing with spaghetti processes is an area that isn’t receiving
enough attention and our methodology has shown its ability to help understand what users are really doing in
such processes. Gamification is a new field and as such, gamification analytics literature is scarce. The
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outcome of the behavior pattern detection methodology is a set of common behaviors performed by users.
Each user is represented by a vector of scores, each representing the salience of a certain behavior. This
numerical representation enables the ability to perform user classifications, which are a tool that designers
can work with in developing user adaptive gamification or other user-centered designs.

a.

b.

Figure 5.

a - The spaghetti model of the gamified course, and b – the streamlined process of a nongamified course. Visualization done using a fuzzy model with similar parameters, using the
ProM software

Figure 6.

Sample of a behavior pattern

Based on the present case study, our recommendation is to use a small window size of two or three. Using
larger window sizes have not shown to generate additional gamification behavior patterns and increasing the
window eliminated some that were detectable using smaller window sizes. We recognize that this
recommendation is system-dependent and in cases where the average number of activities per session is
large, longer window sizes may be more effective.
The proposed methodology can be easily extended to detect behavior patterns in any system and can thus be
seen as a general methodology for detecting user behaviors in processes that are less structured. One of the
problems with spaghetti processes is that identifying the actual process being performed using standard
process mining methodologies is problematic. Although discovering user behavior patterns does not reveal
the actual process, it does show the reality of how users are interacting with the system. Further research is
required to examine how such an approach can aid the key objective of process mining which is discovering
10th Conference of the Israeli Chapter of the

Ben-Gurion University of the Negev

Association for Information Systems (ILAIS), 2016

Beer-Sheva, Israel

41

Codish & Ravid /Detecting Behavior Patterns - Spaghetti Processes

processes and not just parts of them. Gamification behavior patterns can further be used to perform user
classifications based on clustering of users performing similar patterns.
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1

Introduction3

Crowdsourcing, like cloud computing, is based on the flexible approach of "pay for what you use." Like
cloud services, where enterprises have moved hosting to the cloud, crowdsourcing taps into vast pools of
labor that are outside the enterprise and tapped only when needed. In this report we examine a subset of
crowdsourcing – the crowdsourcing that is procured by larger enterprises and hence we call it Enterprise
Crowdsourcing (ECS).
Most crowdsourcing (and ECS) is built on a model with three key components: The Buyer – the Enterprise –
requests the work. Second, is the Crowdsourcing Platform (CSP) is the intermediary. CSPs, today, are in the
thousands, though U.S. enterprises are interested in but a handful, such as Topcoder, utest, Upwork. Third,
is the Crowd – individuals working (mostly) as independent contractors from their homes and offices all over
the world. The size of this labor pool is staggering. Upwork has 2.5 million registered freelancers. A special
type of labor is new in crowdsourcing: Microtasking is the fastest growing segment of ECS. It allows the
buyer to engage the crowd to complete very very small tasks in a matter of minutes, or even seconds, at a
cost of 10 cents, or a few dollars.

2

Research Methodology

The research we conducted was centered on interviews. We conducted more than 30 hours of interviews,
most by voice, with all members of the ECS business model: enterprise buyers, CSPs/intermediaries, and the
crowd. We also relied in our sifting through our primary and secondary data on years of studying
crowdsourcing including speaking to dozens of crowdsourcing people in industry, government, at many
conferences, etc.
The Enterprise Buyers. Our target was to interview and learn about buyers in enterprises. We interviewed
ECS managers at a variety of firms. We begin with the larger ones. Interviews were conducted with
managers at 3 well-known large (more than $1 billion in sales) firms. In addition we received rich cases on 3
additional enterprise buyers from a CSP or a vendor that we interviewed. We did this by deliberately probing
in those interviews for rich cases. Interviews were conducted with managers at 2 medium-sized (up to $1
billion) firms. And we added one small firm ( with less than 200 employees) that was outside our target size,
but had useful case lessons. On the subject of confidentiality: Of the six enterprises we interviewed, only two
allowed us to use their names: Brivo and Buscape. The first is the small firm mentioned above. The second is
a Brazilian firm. The larger firms did not want to disclose, but this may simply be attributable to the middle
managers we interviewed in a large organization.

3

This paper is abridged from Carmel and Kaganer (2015),
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The Crowd members. Opportunistically, we interviewed several employees in the crowd: by voice, in person,
in the USA and abroad. In particular, we spoke to crowd testers.
Middlemen and experts. We interviewed many managers at CSPs, consultants, experts, vendors. Consultants
and CSPs were mostly eager make their names public.

3

Findings

We list 7 key findings:
1. IT managers do not yet understand ECS. Knowledge of ECS is still narrow with some early enterprise
“champions” supported by consultants and providers. Yet, ECS is well diffused in the (very) largest US
companies and many government units. The novelty of ECS is illustrated by the champions’ creative
titles that they award themselves.
2. Global spend by employers is between $2.8bn and $3.7bn globally in 2014. At the enterprise level,
spend-- relative to the cloud and outsourcing which quickly moved to huge projects-- is quite small,
with projects often being less than one million USD.
3. In all cases in the study, the ECS initiative was organic, initiated and funded by low-level or mid-level
champions. We continue to hear and read the perennial issue about emerging technologies -- that central
IT and the CIO are not in the know about ECS.
4. The labor-legal challenges are substantial. The ECS equation pivots on using a flexible, ad hoc crowd – a
labor force that is not composed of full-time employees. In the US, workers are classified in a binary
classification; in common parlance, they are either W2 or 1099. The ECS model, at low level tasks,
depends on the flexibility of the crowd being 1099. As a result of the labor issues, firms are a bit
secretive, probably out of concern of bad press about workforce.
5. Managing the crowd is a major challenge. In most cases buyers don’t have the ability to gather the
crowd, manage it, as well as deal with labor compliance.
6. ECS follows the path of outsourcing. Major ECS vendors resemble outsourcing vendors.
7. ECS has failures. We note, in particular, a study of ECS software development that was problematic on
many dimensions such as forcing the “agile” enterprise back into a waterfall model.
A “driver” in business-speak is the pain-point that drives action. When we examined our cases we found that
these points for ECS are “imbalances.” Firms begin ECS when there is a significant imbalance with regard to
business needs vs. internal resources/capabilities. There are three key drivers: time-to-market, scale, and
access to expertise. The common denominator to all three imbalances is that ECS offers enterprises the
benefit of elasticity. It makes it easy to ramp up and ramp down.

1. Framework Derived from Research
We created an ECS Stage Model with the following 4 stages. The majority of firms are in Stage 1 or Stage 2.
Stage 1. Ad-Hoc. Here there is no formal ECS governance
Stage 2. Center of Excellence.
Stage 3: Integrated. Crowdsourcing becomes an integral part of the business.
Stage 4: Collaborative economy pure-play.

2. Concluding Predictions
We make several predictions for ECS for the 2020s:
1. ECS will expand beyond online into offline work, e.g., merchandising, deliveries.
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2. Microtasking will evolve quickly with firms rapidly automating micro-tasking rather than crowd-process
the tasks.
3. Both internal and external ECS will grow and merge. Enterprises will increasingly start to connect
internal teams to the external talent/labor through CSPs.
4. The collaborative economy will trigger greater adoption of ECS. With the Uber exemplar more
enterprises will be driven to engage the crowd into a particular aspect of their business to mine the
benefits of elasticity and on-demand talent access.
5. ECS will become a part of the digital transformation agenda inside the enterprise.
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1

Introduction

To keep pace in this era of social networking, many companies adopt social media as a leading channel to
communicate with their customers, and communicate information to their customers. In fact, research shows
that social media, and in particular Twitter, is often used by companies as a part of their Customer Relations
Management (CRM) efforts, denoted Social CRM, or SCRM (Culnan et al. 2010; Kwak et al. 2012). This
correlates well with consumers preferences and expectations: reports (McKinsey&Company 2013) show that
30% of social media users prefer customer service via social media over traditional customer service call
centers. According to (Masri et al. 2015), people under 35 spend nearly four hours a day on social media,
and most of that time is being spent engaging with brands. Moreover, about 70% of the people have used
Twitter for customer service.
Naturally, implementing social media creates many opportunities for companies, such as the ease of reaching
new customers, and the ability to attract and retain customers who form an engaged community. However,
the implementation of social media is also associated with risks and costs. Risks: since the participation of
customers in social media is voluntary and highly influenced by content. Too much interactions, as well as
too little, or offensive content can easily cause a severing of the relationship (Myers and Leskovec 2014).
Targeted communication, which is known to be effective (Manchanda et al. 2008), is nearly impossible in
broadcasting networks like Twitter. Costs: since posting content efficiently to acquire and retain customers
requires the creation and maintenance of an infrastructure to support the community (Culnan et al. 2010).
Focusing on S&P 500 companies in the Consumer Discretionary GICS (Global Industry Classification
Standard) sector, we study the benefits of using Twitter as a social CRM tool. Benefits include reaching
large numbers of followers (customers), the types of followers that are reachable via Twitter, and their ability
and will to echo companies' tweets (retweet). Formally, we define and examine the social capital of
companies on Twitter. We further argue that gaining social capital presents companies with a major tradeoff
problem between the number of followers and follower quality.

1.1

Measuring Social Capital on Twitter

Measures of social capital in social media can be roughly divided into two groups: quantity and quality.
Quantity relates to the underlying social structure of an ego, with degree centrality (number of followers in
our context) being the most accepted proxy of social capital (e.g., Ghosh et al, 2012). Quality of social ties
refers to their type, in terms of diversity, strength, influence, etc. Due to the limited ability to quantify
qualitative aspects of social capital, it is common practice to estimate it with other quantitative
measurements. Recognized measures are followers of followers (FoF; Kwak et al, 2010) to measure
activeness of followers, and retweets as a proxy for engagement.
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2

Initial Findings

Our first main finding relates to the type of followers that follow and unfollow the companies in our study.
We find that new followers are rarely strategic and use popularity as a main decision factor. New followers
are often inactive, and do not maintain a pool of their own followers. On the other hand, the unfollow
decision is more often strategic, not arbitrary, and independent of other followers' decisions. Departing
followers (unfollowers) are of higher quality on average than new followers (higher FoF).
The fragile dynamic between follow and unfollow decisions manifests in a major quality-quantity tradeoff:
the ratio of inactive customers increases with company size; high quality customers unfollow large
companies more often, at a rate exponentially higher than low quality customers. The relationship between
quantity-quality is thus negatively correlated: the more followers a company has, the lower their average
quality.
Our second main finding relates to the impact of this trade-off on engagement. We observe that the
probability of a company’s message being retweeted decreases with its number of followers, as well as the
actual median number of retweets. Interestingly, this relationship flips when a company reaches
approximately 160,000 followers. For companies that have passed this threshold, the probability of a
company message being retweeted is no longer affected by number of followers, yet once retweeted at least
once, it will receive more retweets.
More findings will be presented in the conference ☺
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1

Academic libraries information-retrieval systems

Academic libraries seek IT innovations in light of the competitive world of online free access to information.
The Online Public Access Catalogue (OPAC), the gate to the library's holdings along with rich and
controlled meta-data, has developed into what is now called 'discovery-tools systems'. These systems are
developed to resemble the google search experience: a single and simple natural language search that
retrieves information from multiple sources (Thomsett-Scott and Reese 2012). Since the library catalogue is
the gate to the library's collection and serves as the heart of the library activity, it is important to develop it in
correspondence to the digital culture and IT in the world outside of the library context (Ozel and Cakmak
2010).
While previous studies on academic libraries information-retrieval systems have focused on usability, the
current study examines the end user's satisfaction while focusing on the hedonic aspects of the system. We
assume that given the popularity of SNS, they should be a part of academic libraries discovery-tools system,
and we are interested to examine their possible contribution to end-users satisfaction. The motivation for our
study is to provide insights that would enhance the development of library IT systems which will result with
larger adoption by students.

2

IT usability studies and end-user satisfaction

The majority of usability studies on libraries IT, focus on the efficiency of the systems in terms of ease of
use, precision and recall, and interface design (Sadeh 2008; Binti-Zainal et al. 2013). Thomsett-Scott and
Reese's (2012) literature review concludes that even these improved systems are regarded by students as
difficult and complicated.
Enjoyment is a component of end user's satisfaction from IT (Wiberg 2005). In the context of usability
studies, enjoyment is defined as "the extent to which the activity of using the computer is perceived to be
enjoyable in its own right, apart from any performance consequences that may be anticipated" (Davis et al.
1992, p.1113). Jordan (1997) states that fun is an aspect in the evaluation of a product that is above its
usability, and it is the criterion that determines if users will continue to use a product. Studies have found a
positive correlation between the fun of using a system and its ease of use perception (Venkatesh 2000).
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Moreover, research on the enjoyment of using an IT found a direct link between the enjoyment extent and
the acceptance of the technology (Van der Heidjen 2004 ; Xu et al. 2015). In the current study we assume
that a library information- retrieval system which offers a more fun search experience will result with
increased end-user satisfaction and use.

3

User-centered approach

Motivation theories serve as a conceptual framework for studying why people actively engage in onlinecommunities (Paulini et al. 2014). One of the theories that is used in computer-mediated communication is
the 'Uses and Gratification' theory (Rafaeli and Ariel 2008). This theory suggests that people choose to use a
certain medium in order to satisfy a certain need (Paulini et al. 2014) and from an expectation that it will
result with a certain outcome (Lampe et al. 2010). Sangwan (2005), states that in order for members of an
online community to continue participating in the community, they must feel that it satisfies a set of needs
that are not met by the alternatives. The current study assumes that library discovery-tools systems that will
satisfy user's hedonic gratifications, will correlate with end-users' satisfaction from the system, and with their
motivation to use the system.

4

Social network sites

Social network sites (SNS) serve as a development of the classical online-communities which enable
computer-mediated interaction among a group of people (Parks 2011). Nowadays, SNS are virtually an
indispensable component of any online environment (Pan and Lan 2009).
The component that makes a network 'social' was studied by Ariel and Avidar (2015). Their model suggests
that a certain platform will be considered 'social' not solely based on its technological features, but rather on
the actions that users make in the platform. The interactions and involvement of users with one another are
the ones that determine the network's sociability.
The current study assumes that due to the popularity of SNS's, its implementation in the library's discoverytools system will satisfy users hedonic gratifications (see 1.3 user-centered approach ) and thus will correlate
with the end-users' satisfaction. The current study draws from Boyd & Ellison (2008) and Ariel and Avidar
(2015) and assumes that a library's discovery-tools system will be considered 'social', not due to its
technological features but rather on the social interactions that take place in the system.

5

Objectives

The aim of this study is to examine the implementation of a social network in the library's discovery- tools
system. The study objective is to answer two questions: 1.Will the social level of the system contribute to
users satisfaction from the system? 2. Will the social level of the system contribute to users' motivation to
participate in the system's SNS? The research is approved by University of Haifa's ethics committee,
approval number 131/16

6

Research hypothesis

H1: There is a positive correlation between the social level of the library's discovery-tools
system and the users' satisfaction.
H2: There is a positive correlation between the social level of the library's discovery-tools
system and the user's social motivation level to participate in the system's SNS.

6.1

Variables definition

Social level : based on Boyd & Ellison (2008) and Ariel & Avidar (2015), the system's social level is defined
as the extent to which the system presents features of a social network. This variable will be measured by
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the presence of the following features: Logging to the system with a user-name ; a display of logged on users
; a display of the amount of 'LIKES' each search results has ; a display of comments for each search result.
o A low social level represents a system with the absence of all of these features
o A moderate social level represents a system that consists of the technological elements that enables a
social network, but without evidence of them being actively used by other users (e.g. there will be no
comments, no likes and no list of logged on users).
o A high social level represents a system with an active social network, which means a system with
evidence of activity by other users (a display of logged on users, a display of comments and a display
of likes each search result has).
Satisfaction level : based on Jordan (1997) and Wiberg (2005), this is the extent users evaluate the system as
fun, combined with the extent of the users intent to use the system again and recommend the system to
others.
Social motivation level : based on Becker et al. (2010), this is the level of the user's motivation to participate
in the system's social network.

7

Method

The research combines an experiment and a survey (an observation- response experiment).
Three mock-up versions of a discovery-tools system were developed.
The system consists of a login page, a search box page, and search results page. Each version represents one
of three social levels.
The research subjects are students in a northern Israeli college (n=180).
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1

Introduction

The consequences of the transport system go beyond the mobility capabilities of the road users. Bilateral
communication between the transport authorities and the public serves as a basis for understanding the needs
of the road users and for dissemination of high quality information on transportation services.
The wide variety of social media platforms, e.g. social networks, forums, etc., is an arena with a promising
potential for this bilateral communication. Conveying high quality transport-related information is
particularly important for tourists. This unique sector of road users is small in quantitative terms on one
hand, but of great importance to the national economy on the other hand.
The purpose of our research is to develop a mechanism of harvesting content data stored in social media,
which relates to mobility needs of tourists, process this content, and deliver transportation information of
higher quality through these social media platforms.

2

Research Question

The following research question is in the heart of the research: How can the quality of information transport
provided to road users be improved by using content from Questions&Answers (Q&A) forums?
Figure 7 illustrates the vision of our mechanism: using a Q&A corpus as an input, we wish to identify
Transport Related (TR) questions, and assess if the quality of the existing replies is satisfactory. In case not,
forward the question to the corresponding authority for creating a better answer, and submit the new
information as an additional reply. One of the research goals is to develop a transferable methodology that
would be applicable to various regions and cities with minimum adaptation requirements.
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Figure 7:

3

The overall scope of improving transport-related information via Q&A sites

Method

The presented study focuses on the first part of the proposed mechanism, i.e., analysis of the transport-related
content of a question. We chose the TripAdvisor (TA) forums, designated to cities (for example, Tel-Aviv
forum), to be used as our Q&A input corpus.
By combining methods from the field of text mining, we developed a hierarchical process that includes two
classifiers and one identifier, used to classify these types of questions and to identify specific contents of the
questions.
The goal of the first developed classifier was to identify questions related to mobility issues (TR Classifier).
The chosen arena was Tel-Aviv forum. The harvested questions contained words taken from the transport
domain (i.e., Bus, Train, Taxi etc). The questions were first manually annotated as TR/not TR. The TR
classifier was then developed on the basis of the harvested questions, using the SVM supervised text-mining
algorithm. For example: “If I take a bus in Jerusalem, how do I know the stop where I want to get off the
bus? Do drivers speak English? Is there English announcement on a bus? Thanks.”
The goal of the second classifier (O2D classifier) was to determine whether a question is directly related to a
trip from to a specific Origin to a specific Destination. Ideally, this classifier should have been developed
based on questions that have previously been classified as a TR. However, the manual annotation process
revealed that approximately 75% of TR questions are also O2D. Questions such as “Are there trains from
TA to the airport at 5am?,Thanks”, that are TR but not O2D are relatively rare.
It was therefore impractical to extract from the Tel-Aviv forum a corpus of TR questions that is large enough
and at the same time balanced between O2D and not O2D questions. Hence, the training corpus for the O2D
classifier was based on questions that are both TR and not TR.
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The goal of the third component was to identify the specific Origin and Destination elements in a question
that was identified as O2D (O2D identifier). The O2D identifier is a Name Entity Recognition (NER)
algorithm, pursuing to locate and classify elements of text into pre-defined categories such as the
organizations, locations etc. The NER process has three phases: a tokenizer, a gazetteer and a grammar. The
grammar consists of rules describing patterns to match and annotations to be created as a result. Our O2D
identifier consists of these three phases: 1) a tokenizer for decomposing each question into sentences. 2)
Each sentence was categorized as an O2D or not based on comparing single words with relevant gazetteers
3) Grammar rules were developed based on typical O2D sentence structure.
Figure 8 illustrates the two classifiers, the identifier, and the work process.

Figure 8:

4

Proposed methodology for automatic analysis of TR content within a question

Initial Results

Following the transferability goal, classifiers were trained based on a corpus obtained from the Tel-Aviv
forum, which consists of 400 questions. Additional 134 questions from the same forum were used for testing
purposes. Each of the 534 questions was manually annotated by 2 people, and the cross-annotation
agreement rate was 87%. The results of the classifiers trained and tested based on these questions is given in
Table 1. The performance indicators used are precision, i.e., the ratio of correctly identified as TR/O2D out
of the total questions identified as TR/O2D and recall, i.e. the ratio of questions correctly identified as
TR/O2D out of the total TR/O2D questions. Given the cross-annotation agreement rate and results from
similar works, the quality of the developed classifiers is satisfactory. Generally speaking, it seems that high
recall levels are achieved on the expense of precision. This is not necessarily a disadvantage in the transport
domain. To a reasonable extend, it is considered better to identify a question as TR, and then discover it is
not and leave it unattended than to miss a relevant question.
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Table 1:

Results of classifiers based on questions from Tel-Aviv forum
TR
80%
87%

Precision
Recall

O2D
80%
89%

The developed classifiers were then tested on a corpus of questions from three other cities: Jerusalem,
Stuttgart and Amsterdam, in order to examine their transferability. The results are summarized in Table 2.
Results indicate that the classifiers are definitely applicable in other cities, although some adjustment should
probably be made in order to obtain an 80% precision level. Such adjustments might very well be associated
with transport modes that exist in other cities, but not in Tel-Aviv (such as light rail/tram).
Table 2:

Results of implementing classifiers based on Tel-Aviv forum to other cities' questions

Precision
Recall

Jerusalem
TR
84%
90%

O2D
77%
95%

Stuttgart
TR
77%
85%

O2D
77%
96%

Amsterdam
TR
77%
95%

When applying the O2D identifier described in the previous section to the O2D questions extracted from the
Tel-Aviv forum, 67% of the Origins and Destinations were identified correctly. Although this result is not
satisfactory, it can certainly be regarded at as a proof of concept, suggesting that some improvements of the
algorithm will enable to achieve better results that meet requires quality standards.

5

Conclusions

Although the research is still underway, automatic identification of the vast majority of transport-related
questions for multi-cities datasets have already been demonstrated. Moreover, questions associated with a
trip from a specific Origin to a specific Destination (O2D) have also been sufficiently classified, and the
classifier is not bound to a specific city. Finally, strong indications for the ability to automatically identify
Origin and Destinations' names within the questions have been found.
The results obtained so far provide a solid basis for the next stages of the research, i.e., assessing the quality
of answers on the basis of the question’s content, and creating higher quality answers when required.
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1

Introduction

Dividing similar objects into a smaller number of clusters is of importance in many applications. These
include search engines, monitoring of academic performance, biology and wireless networks. We first
discuss a number of clustering methods. These include the K-means clustering algorithm and a number of
hierarchal clustering methods. Hierarchal clustering methods have advantages over K-means. Unfortunately,
Hierarchal Clustering can be expensive. It is for this reason that hierarchal clustering has been avoided in
some applications. One example of such an application is the clustering of candidate protein structures into a
limited number of groups. If and when clustering is used it is generally K-means clustering. Hierarchal
Clustering, itself, is also divided into sub-methods such as simple hierarchal clustering (SHC) and complete
hierarchal clustering (CHC). There are a few other methods of hierarchal clustering. While SHC has faster
algorithms, CHC, which is more useful, is O(n3). This can be prohibitive for large n.
We present a parallel algorithm for the efficient clustering of proteins into groups. The input consists of a n
by n distance matrix. This matrix would be built differently for different applications. A two simple points in
space can have the Euclidean distance in the matrix. As another example, the Root-Mean-Square-Deviations
(RMSD) values can be computed for any two 3-D structures and used and the distance between them. The
second step is to utilize parallel processors to calculate a hierarchal cluster of these n items based on this
matrix. We have implemented our algorithm and have found it to be scalable.

2

Objectives/Research Questions

The objective of this research was to compare the various clustering methodologies.
What are the advantages of each?
What are their computational complexities?
Which applications utilize which clustering method?
Should parallel processing be applied to a useful clustering method?
If so how can it be applied?
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3

Research Methods

3.1

Choice of clustering method

We first analysed the various methods. There are hierarchal and non-hierarchal methods. There are methods
that build clusters top-down – that is they begin with all item in one large cluster and break down that cluster
over a number of iterations. There are also bottom-up or agglomerative algorithms. These algorithms first
assign every item to its own cluster. The algorithm then iterates and combines clusters to build larger clusters
with multiple items.
We found that Hierarchal bottom-up agglomerative clustering to be useful in many situations but having a
cost of O(n3). This makes it too expensive to use in many real world applications.
There are numerous advantages of hierarchal clustering. One advantage is that there is no pre-set number of
clusters. The non-hierarchal clustering methods in general pre-set the number of clusters and then fit the n
items into those clusters. K-means clustering works this way; the name K-means indicates that there is a preset number of K clusters. Another advantage of hierarchal clustering is that it’s output is a full tree (also
known as a Dendrogram) of clusters. The bottom ‘row’ of the tree is each of the n items in its own cluster.
The second to the bottom row shows n-1 clusters and the top of the tree shows one large cluster. Once
finished we can choose any of the output levels of the tree depending on how finely clustered we want it. For
more discussion see (Xu, Rui and Wunsch, 2005), (Berkhin, 20060 and (Lance and Williams, 1967).
We decided to employ agglomerative hierarchal clustering using the Lance-Williams update algorithm
(Lance and Williams, 1967). Agglomerative clustering is considered to be a good method and with lance –
Williams it can be used with various metrics:
Hierarchal Agglomerative Clustering methods include:
1. single-linkage
2. complete linkage
3. Average link
4. Centroids
5. Ward’s method
The Lance-William algorithm is iterative. It starts with n clusters and in each iteration combines 2 clusters
together so that after the iteration there are n-1 clusters. The basic loop is:
Lance –William Algorithm
For k= 1 to n
1. From the distance matrix obtain the minimum distance and set aside the (i,j): O(n2) time
2. Combine item i and item j into one item thus reducing the number of clusters by 1.
3. Re-Calculate new distances between pre-existing clusters and the new combined cluster:
O(n) time.
Use the correct update formula depending upon which method is used; see Table 1 Lavrenko
(2014)
4. Output the current tree level showing the n-k clusters
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Formula used in step 3:
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Method
Single Linkage
Complete Linkage
Group Average

0.5
0.5

0.5
0.5

0
0
0

-0.5
0.5
0

Weighted Average
Centroid

0.5

0.5

0
∗

0
0
0

Ward

Table 1: Formulas used in the Lance Williams algorithm for various update methods
To give a feeling of the various methods listed in table 1, let’s illustrate single-linkage and complete linkage.
Advantages of complete-linkage clustering round clusters over single-linkage clustering long clusters. The
shape of the other clustering methods are in between.
As an example let’s look at the three clusters depicted in figure 1 Lavrenko (2014).

Figure 1: Example of 3 clusters
In single linkage we measure the distance between clusters as the distance between their closest members.
Single-linkage would combine the red and yellow clusters because the right-most red and left-most yellow
are closer than the blue item is to any red or yellow. As you can see we will have an elongated red/yellow
cluster where the far yellow and reds may be very different from each other.
In complete linkage we measure the distance between clusters as the distance between their furthest
members. Complete linkage would not combine the red and yellow because we will use the distance of the
furthest red and furthest yellow which is a larger distance than blue to either yellow or red. It looks like the
blue is closer to the furthest yellow (on the right) then to the furthest red (on the bottom-left). Therefore blue
would be combines with yellow. In complete linkage, the clusters tend to be circular and closer to each other.
The other schemes produce clusters that are in between; not as elongated as produced by simple-linkage and
not as circular as produced by complete-linkage.
Although there exist specialized algorithms for single-linkage (Hendrix et al, 2013), Complete linkage tends
to give better clusters. For this reason, complete-linkage clustering has been used in our tests.
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For more discussion on comparing clustering methods see (Xu, Rui and Wunsch, 2005), (Berkhin, 2006) and
(Lance and Williams, 1967).

3.2

Network

Implementation of the algorithm distributed hierarchical clustering – was compiled and run on Andy
(College of Staten Island’s High Performance Computing cluster). Andy has 744 cores, Nehalem 2.93 GHz
chip, 3 Gb per core (CUNY HPCC brochure, 2016).
Parallelized RMSD and distributed hierarchical clustering algorithms were implemented using C and MPI
(Pacheco. 1996).
RAM is also distributed which makes

3.3

feasible since the table is divided up amongst the workstations.

Methodology

We used the general Lance William algorithm outlines above.
To parallelize, we divided up the matrix amongst p processors. Figure 2 shows how this is done. Note that a
distance matrix only needs the upper (or lower) diagonal part filled (index i,j will have the same value as
index j,i). The number of non-blank cells is divided by p; in this case 28/7 = 4 items per processor. Matrix
items are assigned to processors on a row by row basis as in the figure.
Note that the storage of the table is also distributed.

Figure 2.

Method of dividing the n by n matrix amongst p processors.
In this example n=8 and p=7 and the items are molecules.

All processors simultaneously calculate their local minimum distance. They coordinate and communicate
with each other their local minimums. The processors can all figure out who has the global minimum
If cell (i,j) which in the example of figure 2 is (2,5), is the winner the algorithm states that items i and j
should be combined into one cluster.
The Lance-Williams update function is then applied simultaneously by all processors.
The algorithm iterates until there is only one large cluster left.
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4

Results

We have found that the algorithm is scaleable. Figure 2 shows the preliminary results of the algorithm as
applied to many items, in this case molecules. The algorithm was run many times with varying numbers of
items, n, to be clustered. The average of n was 1968. We see that in this case that the optimal number of
processors is about p=15. After that, the communication costs amongst processors seem to outweigh any
computational gains.

Figure 2.

5

Running time is shown as function of processor Count. The algorithm was run many times
and the average number of items is approximately 1968

Conclusions

The algorithm is scaleable and we hope to do more testing on other applications. Use of distributed
computing for clustering methods seems promising and should make use of these costly algorithms less
costly.
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1

Introduction

The growing awareness to the benefits of precision agriculture (PA) (Silva et al., 2011) promotes growing
interest in establishing reliable agricultural data infrastructure. This research deals with the detection of data
quality (DQ) defects in such data. The focus is on spatial datasets, which usually stored as layers in
Geographical Information System (GIS) (Bandyopadhyay et al., 2009; Lan et al., 2009) The test-case dataset
reflects soil-sampling measures over several years from adjacent plots in Jezreel Valley. Such data is used
frequently for assessing chemical and physical characteristics of land plots and supporting important
decisions accordingly – irrigation, fertilizing, setting plantation plans, etc. DQ defects, such as
incompleteness or inaccuracies, are quite common in such data – and are apparent in the sample dataset used
for this research.
Research has offered a plethora of metrics for assessing DQ "dimensions" (completeness, currency, etc.).
Reliability, the scope of this research, has rarely been studied, and no relevant quantitative metrics could be
found for it. In the agricultural context, data reliability is of critical importance – does the dataset reflect
reliable data acquisition? Another novel perspective taken by this research is the observation of DQ both in
the context of time gap and the context of spatial distribution.
This research is conducted as part of a broader research initiative, which aims at supporting the use of
agricultural information with cloud-computing. The intention is integrating DQ indicators and other outputs
as layers in a cloud-based GIS. A preliminary model evaluation, with real-world samples, showed
encouraging results, and contributed insights toward future improvements.

2

Model Concept

A key contribution is the development of an analytical dynamic model for data reliability assessment. The
model is defined in a generic manner, which may fit DQ handling in different forms of spatial data. The
model estimates the reliability of a certain data item, considering defects that may be inferred by observing
the item itself (e.g. violation of the value domain), as well as defects that be detected using corresponding
values taken earlier (e.g., by using techniques of statistical process control) and/or in adjacent locations (e.g.
by spatial-autocorrelation assessment). The detection is based on the assumption that a data value collected
from a location would be similar but not identical, to precedent or adjacent (Meul et al., 2003) corresponding
values.
Equation 1 presents the formula of the model based on Cobb-Douglas production function, where reliability
is the output, and the reliability factors are the inputs. Q is the total reliability assessed,
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reliability,
and
are the temporal and spatial based reliability respectively, and
elasticities of the spatial and temporal based reliabilities respectively.

and

are the

(1)
The results gained by the model serve as the basis for metadata layers assimilated in the GIS (Hunter et al.,
2009; Van Elzakker et al., 1993). Summarization of the process is given in Figure 1:
• Polygons displayed as a layer in a GIS.
• Transactions belong to the polygons were collected and displayed according to a single attribute values.
• A reliability metadata layer was generated using the model outputs. The colors visualization refers to the
reliability grade gained by the model.

.
Figure 1.

3

Reliability Assessment Process

Model Extension

Soil samplings indicate on the fertility state of plots, which support farmers in decisions of fertilizing type
and rate. Such decisions are quite cardinal and complex, as they involve a large number of factors to be
considered: on the one hand, excessive fertilization comes at a high cost, without necessarily contributing to
greater crops yield. On the other hand, under-fertilization might cause substantial degradation in crops yield
and major revenues loss for the farmers.
Currently, the model is still underdoing development and enhancement. In parallel, we have collected and
organized large-scale sample of real-world data regarding factors that may affect fertility. This data includes
fertilizers type and rate, crop type and magnitudes, and the fertility-ingredients rates consumption per crop.
The intention is to split the sample into a training set for estimation of model parameters versus a test set for
validating model performance using the fertility data collected, where a potential use of model output is to
predict fertility rates per plot. The ultimate goal of this study is to make some contribution toward a solution
that would increase farmers' trust in their data sources and reduce their uncertainty regarding the reliability
of the soil samplings and, by that, take better decisions.
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1

Introduction

The rapid urbanization process creates urgency for cities to find smarter ways to manage themselves in all
city aspects (Hollands 2008). One of the city's most critical infrastructures, a key to all other infrastructures
is the electricity. Whilst the world's energy consumption in the last 30 years has increased by 80 percent, the
population has only grown by 66 percent (Morvaj et al. 2011). The need for conducting an efficient, reliable
electricity management had gave birth to the idea of Smart Grid, a concept that combines ICT and an
electrical power grid to allowing devices to produce data regarding their energy consumption (Karnouskos
2011).
The Smart Grid is a network based on the combination of the electrical power grid with information and
communication technologies (ICT). It enables to produce data regarding the production and consumption of
electricity. The basic idea of Smart Grid is to improve the coordination between demand and supply.
Furthermore, it aims to increase the efficiency, safety and credibility of the existing network, by using
bidirectional data exchange between the producer and the consumer, whilst combining a variety of
renewable energy applications (Karnouskos 2011).
In recent years there has been a dramatic rise in the volume and complexity of different data sources and in
their usage, to support decision making. That being said, the need for dealing with data quality (DQ) issues
has also risen and concerns of using damaged data have become ever more relevant (Batini et al. 2009). The
consequences of using damaged data can be destructive when dealing with highly data-driven environments,
such as Internet of Things (IoT) applications, which use a high volume and rate of machine made samplings,
and due to that usually characterized in different quality issues than human- made data (i.e. correctness,
consistency and completeness of data) (Li et al. 2012).

2

Research Question

Data quality is an integral part of data management, which its importance rises in data driven environment,
such as smart grid management. Even thought, there is yet to conduct a research that refers to the questions
of data quality needs and way of measurement in IoT environment of the smart grids. This research aims to
provide a data quality measurement technique, which refers to the smart grid environment characteristics.
Moreover, the measurement will take into account the economic impact of data quality, which due to the
high costs causes that the optimal level of data quality isn't necessarily of the highest degree.
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3

Model development

The framework for economics-driven design introduced in (Even et al. 2010), applies the concept of utility
toward formulating design decisions as optimization problems that aims at setting optimal values to an input
vector of parameters ({X}, a set of design decisions), toward maximizing an objective function B({X}), that
reflects the net benefit – the difference between the overall utility U({X}) and the overall cost C({X}) that
can attributed to certain configurations of {X}.

B({X }) = U ({X }) − C ({X })

(1)

The design question addressed in this study relates of the configuration of IoT sensors in the SG
environment. We observe two key configuration decisions – sampling density and frequency, which reflect
spatial and temporal variation of environmental behavior, respectively.

3.1

Sampling Density

The sampling density reflects number of sensors placed in the SG environments. The number of sensors
affects DQ, as it can be assumed that the higher is the sampling density, the greater is the quality of the
sample set, with respect to reflecting spatial variation in SG behaviour.

C (D ) ∝ C D *D

(2)
Where:
C:
The overall cost
D:
Sampling density (the number of sensors)
CD:
The cost associated with placing a single sensor
The value of placing SG sensors stems from the ability to detect spatial variation in electricity consumption
and optimize electricity distribution and pricing accordingly.

U (D ) ∝ U M *(1 − e −α *D*F )
Where:
U:
D:
F:
UM:
α:

3.2

(3)

The overall utility
Sampling density (the number of sensors)
Sampling frequency (the amount of samples)
The maximum utility that can be gained
Exponential decline parameter

Sampling Frequency (F)

The sampling frequency reflects the number of samples taken by a sensor per time unit (we initially assume
identical frequency for all sensors). The number of samples per time unit affects DQ, as it can be assumed
that the higher is the sampling frequency, the greater is the quality of the sample set, with respect to
reflecting temporal variation in SG behavior.

(

C ( D , F ) ∝ D * C D +C F * F
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Where:
C:
The overall cost
D, F: Sampling density and frequency, respectively
CD:
The cost of placing a single sensor
The cost associated with taking a single sample
CF:
It can be assumed the utility will increase in a decreasing rate. Accordingly, the utility functional form can be
extended to:

U (D, F ) ∝ U M *(1 − e −α *D*F )
Where:
U:
The overall utility
D, F: Sampling density and frequency, respectively
UM:
The maximum utility the can be gained
α:
The exponential decline parameter
Combining the two formulations, the net benefit can be
frequency:

expressed and a function of sampling density and

B ( D , F ) = U ( D, F ) − C ( D , F ) =

(

(5)

)

U D*(1 − e −α *D*F ) − D * C D +C F * F − C 0

(6)

Where:
B:
The net-benefit
C0:
A fixed setup cost
Other parameters – as in Eq. (4) and (5)

4

Research Methods

The dangers rising due to data quality issues are greatly related to the use which is done with the data, and
not only with the data scheme and characteristics. The following research will combine the utility of the data
with its use. The research shall be conducted in four phases:
•

Data collection- The dataset which will be used to test the offered model will be compounded of the
electricity consumption data of 20 companies during 2015 in the "Gav-Yam" high tech park in BeerSheva. The data will be used to examine the different electricity consumers and to supply them with a
distribution model, which will later be used in a simulation.

•

Model enhancement- The high-level formulation of utility-cost tradeoff embeds some simplifying
assumptions. After some preliminary assessment of the data collected, it is likely that the model will be
updated and refined to better reflect real-world behavior.

•

Building a simulation model- The model will describe the electricity consumption behavior of the
different companies in the park in a hierarchical manner. This means that every consumer will be under
the supervision of a father entity- an agent that will run the consumer's demands with regards to the
demand side management (DSM) system.
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Figure 9.
•

Running an experiment- Once the simulation model is built, different scenarios of data quality levels will
be tested, and the indexes of Resolution and Frequency will be examined, whilst taking into account
different parameters of costs.

Figure 2.

5

From demand side management system to the end devices

The experiment

design

Conclusion

The goal of this research, which is still under progress, is to investigate the influence of data quality defects
within the Smart Grid. The method of measurement that will be in use is sprouting of an innovative point of
view in the data quality world, which represents not only the technical an functional perspective, but also the
tests the data from an economical perspective, and by that enable a solution which is feasible in the real
world.

References
Batini, C. et al., 2009. Methodologies for data quality assessment and improvement. ACM Comput. Surv.,
41(3), pp.16:1–16:52. Available at:
http://doi.acm.org/10.1145/1541880.1541883\nhttp://dl.acm.org/ft_gateway.cfm?id=1541883&type=pdf.
Even, A., Shankaranarayanan, G. & Berger, P.D., 2010. Evaluating a model for cost-effective data quality
management in a real-world CRM setting. Decision Support Systems, 50(1), pp.152–163. Available at:
http://dx.doi.org/10.1016/j.dss.2010.07.011.
Hollands, R.G., 2008. Will the real smart city please stand up? City, 12(3), pp.303–320.
Karnouskos, S., 2011. Demand Side Management via prosumer interactions in a smart city energy
marketplace. In IEEE PES Innovative Smart Grid Technologies Conference Europe. pp. 1–7.
Li, F., Nastic, S. & Dustdar, S., 2012. Data Quality Observation in Pervasive Environments. In Proceedings
of the 10th IEEE/IFIP International Conference on Embedded and Ubiquitous Computing, EUC 2012 and CSE 2012. pp. 602–609.
Morvaj, B., Lugaric, L. & Krajcar, S., 2011. Demonstrating smart buildings and smart grid features in a
smart energy city. In Proceedings of the 2011 3rd International Youth Conference on Energetics (IYCE).
pp. 1–8.

10th Conference of the Israeli Chapter of the

Ben-Gurion University of the Negev

Association for Information Systems (ILAIS), 2016

Beer-Sheva, Israel
68

Aboudy et al. /Quality Defect Detection in Obstetric Data

QUALITY DEFECTS DETECTION IN OBSTETRIC DATA
Short Presentation
Aboudy, Tal, Dept. of Industrial Engineering and Management, Ben-Gurion University of the
Negev, tal.aboudy@gmail.com
Even, Adir, Dept. of Industrial Engineering and Management, Ben-Gurion University of the Negev,
adireven@bgu.ac.il
Brezinov, Yoav, Dept. of Industrial Engineering and Management, Ben-Gurion University of the
Negev, brezinov@gmail.com
Vaisbuch, Edi, Kaplan Medical Cetnter, Rheohot, evaisbuch@gmail.com
Keywords: data quality (DQ), data accuracy, electronic medical record (EMR), distance metrics.

1

Introduction

Today, with the rapidly-increasing accumulation of data resources and the growing reliance on those
resources for supporting business operations and decision-making, data quality (DQ) is broadly recognized
as a major issue in information systems management. In the healthcare sector, in which the common
practices typically involve comprehensive data collection, the issue of DQ is of major concern (Weiskopf
and Weng, 2013). DQ defects in clinical data might endanger patients' safety, introduce major risks to their
well-being, and decrease the quality of care (Bowman and Rhia, 2013). The clinical environments tend to be
stressed and the medical-staff members are required to allocate their time between direct care of patients,
communication with patients, and administrative tasks (Ammenwerth and Spötl, 2009). As a result of those
time and workload constraints, the recording and updating of clinical data often suffers from severe DQ
issues – such as accuracies, inconsistencies, and missing values (Wechsler et al., 2013).
This research was conducted in collaboration with the Obstetrics & Gynecology department in Kaplan
Medical Center, Rehovot. Patients with pregnancy complications often visit the department a few times
during their pregnancy period for consulting and medical evaluation, and their visits are documented in the
hospital's electronic medical records (EMR) system. The department's EMR offers a built-in "Copy-andPaste" utility enables replicating a previously-stored record that describes a patient's visit, to be used as a
template for recording the next visit of the same patient. Since the majority of details collected during a visit
will not change between two consecutive visits of the same patient (e.g., patient’s height or permanent
medical conditions), this utility facilitating faster data collection.
Alongside with its benefits, this utility has the potential to harm DQ, due to incorrect or insufficient update
of the copied values (O’Donnell et al. 2009). Ideally, older diagnostics should be deleted while new ones
added; however, in reality, the information is not always updated properly due to lack of time or attention
(Hirschtick 2006). An illustration for such scenario is shown in Table 1. The first record reflects a patient's
visit that was recorded correctly. However, the second record reflects some apparent data errors, which can
be attributed to a replicated record (e.g., by a "Copy-and-Paste" operation) that was not updated carefully.
The "Diagnosis" field still shows "Headache", while the "Visit Summary" no longer indicates headache
complaints. On the other hand, the "Visit Summary" still suggests the patient is "Not taking any
medications", while the "Medications" field indicates that a new medication is taken.
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Date
Gestational Age Medications Diagnosis
28.3.14 32+2
Vertex;
Headache

Visit Summary
Pregnancy age 32+2.
Not taking any medications.
Complains on strong headaches in the
last few days.

28.3.14 37+1

Pregnancy age 37+1.
Not taking any medications.
Complains on reduced fetal movements.

Table 1.

2

Zinnat,
500mg

Vertex;
Headache;
educed Fetal
Movements

An example of incorrect data replication in a sequence of EMR records

Model Development

This study develops an analytical model aims at the detection of DQ defects in obstetrics data describe the
state of a patients in different visits in the department, and can be generalized to different business scenarios
that describe the same entity at different points of time with possible record replications. The model
evaluates each alpha-numeric attribute independently considering 3 factors:
•

Attribute’s characteristics: a) Level of structuration- is the attribute structured (e.g., a single value,
selected from a list), semi-structured (e.g., the selection of multiple values, in random order), or
unstructured (e.g., free-text). b) Attribute’s volatility- is the attribute stationary (eg., the attribute
values are likely to remain unchanged) or dynamic (eg., the attribute values tend to transition over
time).

•

Distance between attribute values: quantitative measurement of the variation, expressing the degree
of difference between the two consecutive attribute values.

•

Likelihood of value transition: assessment of whether attribute values are expected to change
dynamically over time, or stay permanent.

The DQ grade of the entire record is a weighted-average of all the record attributes' grades, ranges between 0
(low quality) and 1 (high quality) that reflects an estimation of its correctness. The model alerts when high
probability DQ defect in records with DQ grade below a certain defined threshold.

3

Model Preliminary Evaluation

Preliminary evaluation of the model used a real-world dataset that reflects repetitive patients' visits at the
Obstetrics & Gynecology department in Kaplan Medical Center at different time points during their
pregnancy period. The preliminary evaluation was conducted by using a subset of 200 records that were
classified manually by a physician from the department into defected (a record with certain DQ issues) or
correct (a record with no DQ issues). The records were divided randomly into training versus test sets (100
records in each). In this preliminary evaluation the model's accuracy was 85% and model's sensitivity 61%
(Table 2).

Physician's Classification

Model
Classification

No DQ Issues

To be Corrected

Total

No DQ Issues

TN: 74

FN: 7

81

To be Corrected

FP: 8

TP: 11

19
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Total

Table 10.

4

82

18

100

Model’s classification versus physician’s classification

Discussion and Conclusions

In the healthcare sector, in which the common practices typically involve comprehensive data collection, the
issue of DQ is of great importance. This study contributes to that end by developing a model that addresses
the evaluation of a sequence of data records that reflect samples of the same certain patient at different time
points. A preliminary evaluation of the model used a real-world obstetrics dataset and showed some potential
contribution of the model; however, suggest that is still need some development before it can be offered as
an operational solution.
Currently the model is still underdoing some analytical development and enhancement. The intention is to
extend both the training and the test datasets so that they reflect a much larger sample of real-world records.
Additionally, future development of the model with look into the possibility of including other forms of
distance metric, which reflect not only syntactic comparison between attributes values, but also semantic
comparison, based on relationship between attributes. Approaching those direction will hopefully help
turning the model into a useful tool, and assessing its potential contribution.
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1

Introduction

The caregiving environment of the emergency department (ED) is fast-paced, constrained by time and
resources, and involves the treatment of patients that often suffer from life-threatening conditions. This
setting is typically abundant with uncertainty that also stems from gaps in the information that is required by
the physician regarding the patient's medical history. These information gaps are especially prominent in the
care of critically-ill patients and they inhibit the physician's ability to formulate an effective care plan
(Hripcsak et al., 2007).
Health information exchange systems (HIEs) transmit and integrate patient-level data that are stored in
databases of different health information systems (Hersh, 2009). HIEs have been at the spearhead of
international efforts to promote the accessibility of comprehensive medical information. Studies on the
effects of implementing and using HIE have linked these systems with reducing information gaps, increased
patient safety (Kaelber and Bates, 2007; Shapiro et al., 2006), better resource utilization, cost reduction
(Frisse et al., 2012), and information system flexibility and scalability (Halamka et al., 2005).
Despite the positive perspectives of physicians on the use of HIE (Shapiro et al., 2007), many HIE
implementation projects have not yielded the anticipated results and the literature on the actual benefits of
HIEs remains divided (e.g., Rahurkar et al., 2015). Barriers to the successful implementation of various
health information systems include the users' lack of skills (often due to inappropriate training), system
complexity, distrust in the system, and incompatibility with users' work patterns (Boonstra and Broekhuis,
2010; Thorn et al., 2014). Furthermore, studies emphasize that the realization of benefits depends greatly on
the manner in which these systems are actually used (Frisse and Holmes, 2007). Improved understanding of
the way these systems are used is hence expected to support the formulation of implementation plans and
better design of such systems to match user needs.
Previous studies aimed at describing user-level use patterns of HIEs (e.g., Politi et al., 2014; Vest and
Jasperson, 2012), identifying their antecedents (Vest et al., 2011a; Vest et al., 2011b), and linking them with
clinical decisions (Ben-Assuli et al., 2013; Politi et al., 2015). Few studies explored temporal traits of use,
i.e., the time allocated by the user to various information items in the system during the treatment, and the
volume of information that is examined by the physician. These attributes can be used to indicate user
engagement and were previously associated with admission decisions in EDs (Politi et al., 2015) and with
user decisions in other domains (e.g., Huang et al., 2009). Furthermore, no attempt has been made towards
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characterizing the relationship between these two attributes of use and exploring the situations that incur
various levels of these variables of system use, i.e., whether and how these use attributes are associated with
various factors, such as the patient's clinical condition, physician attributes, situational properties, and
information availability.
The study of HIEs is particularly prominent in Israel. OFEK (developed by dbMotion, Israel) is a large scale
HIE system that originated in Clalit Health Services, the largest healthcare provider in Israel, and is deployed
in most Israeli hospitals. The system integrates medical data for over 50% of the Israeli population and is
regularly used in the emergency care of Israeli patients. Soroka Medical Center is the largest hospital among
Clalit’s hospitals and its ED is the busiest in Israel with over 210,000 visits annually. Several studies have
explored the use of OFEK in EDs and have indicates its high utilization rate and its connection to clinical
decisions and cost reduction (Ben-Assuli et al., 2013; Ben-Assuli et al., 2014; Nirel et al., 2010; Politi et al.,
2015). A national electronic medical record project, which will be based on OFEK and its HIE technology, is
currently in planning stages and further motivates the expansion of the body of research on HIE and OFEK
in particular.

2

Objectives

The objective of this study is twofold. First, we aim at characterizing the relationship between the amount of
information that a physician is exposed to inquires during treatment and the time that is allocated to
information items. We argue that the setting of ED treatment involves cognitive and time constraints that
limit the use of the HIE during the treatment, in a way that creates a trade-off effect between the amount of
information and the duration of information inquiry.
Second, we wish to identify factors that are associated with these attributes of use. Namely, patient clinical
and demographic factors, physician properties, situational variables, and the actual availability of various
information types, which are associated with these two use attributes.
Characterizing these associations will inform the design of HIE systems for emergency care in a way that
suits user and patient needs, and it has the potential to facilitate HIE implementation projects.

3

Research Methods

The characterization of use patterns is based on OFEK log files, which document physician system activity
(screen name and exact time of view) during the treatment of patients. These files were extracted based on a
list of all critically-ill patients that were treated in Soroka's resuscitation room (excluding trauma) in the
years 2010-2012, a total of 1051 treatments given to 1001 patients.
The unit of analysis in this study is a "patient-user session" (PU session), which we define as stream of
screens that is displayed to the physician for a specific patient during a specific encounter. Each PU session
is then converted to a single observation and is characterized by its volume of information, operationalized
as the number of screens that was viewed during that PU session, and by the duration, operationalized as the
median time (in seconds) in which a screen is displayed.
We apply both reductionistic and configurational approaches (Meyer et al., 1993; Politi et al., 2015) in
exploring the variables of volume and duration. We classify sessions to homogeneous groups (i.e., use
profiles) based on combinations of levels of volume and duration using their distance from theoretically
defined use profiles. In particular, we define four theoretical use profiles, representing all possible
combinations of high/low volume and high/low duration, and classify each observed session into one of
these theoretical profiles. We hypothesize that these classifications will be consistent with a trade-off
between volume and duration.
Numerous external variables are extracted from Soroka HIS, such as patient characteristics (e.g., age, clinical
condition)(Johnson et al., 2011; Vest et al., 2011a), physician attributes (e.g., expertise, experience in the
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ED, seniority), situational variables (e.g., ED workload, time of day, shift hand-offs)(Ben-Assuli et al.,
2012), and information availability (the types of information that were available when the session started or
made available during its progress)(Ben-Assuli et al., 2014; Politi et al., 2015). We analyze how these
variables affect the likelihood that a session is classified into one of the four theoretical profiles.

4

Preliminary Results

We are currently in the stages of data analysis. Our preliminary analysis shows that approximately 50% of
sessions are with low duration and volume, approximately 10% are characterized by high duration and
volume, and the remaining 40% are divided equally between the two remaining profiles. We intend to
present our preliminary results in greater detail at the conference.
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1

Introduction

In our generation has begun an exposure to search engines, and people around the world start to realize that
"search engine" is a necessary tool – the word "googlization" became a common word. The amount of data
as well as the accessibility is increasing all the time, one of the main reasons is the growing number of
devices such as smart phones and tablets.
(Lenhart et al., 2005) reported that 87% of boys aged 12-17 use the Internet
(Blackwell et al., 2014) reported that Most of the children aged 8-18 connect to the Internet at least once a
day.
According to (Jansen and Spink, 2006), the internet, and especially search engines, are used as a main source
of information. More than 80% users use search engines in order to find online information or services.
(Misra and Stokols, 2012) reported that the increase of information and its distribution have created concerns
about "flooding information" and the effectiveness and productivity of organizations. Dealing with the
growing number of media sources are accounted for many managers being unable to cope with the
increasing amount of information. In addition, the perception of information overload was boosted by the
rapid growth of digital communications technologies, and has led to many pressures.
(McMullan, 2006) was based in previous researches, and reported that 53% of the Americans search health
information in the internet, and 41.5% of the Europeans think that internet represent a good way to get health
information.
Search health information on the internet is relatively homogeneous subject, and has a large interest,
especially among athletes, but not only.
The combination of the information's distribution with the interest of the media, led us to explore the
influence of health information on the internet on different kind of athletes. In our research, we also explored
the demand of the athletes for health information on the internet after watching a motivation video clip
related to capoeira (a martial art sport).

2

Objectives

Our research questions are:
• Does the media encourage health search in the internet?
• Does information overload have a psychological effect?
• Does the psychological effect have an impact on sharing information?
(Escoffery et al., 2005) had a research that explored the influence of the internet on search health
information among students, and found that more than 98% of them use the internet. In addition, more than
half of them wanted to find health information on the internet. (Romanov and Nevgi, 2009) had a research
that examined the influence of watching video clip on learning skills among medical students. The research
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found the students that watched video clips, achieved better learning results that those who did not watched
the video clips. Therefore we hypnotize that:
H1: the motivation to explore about health information after watching a motivation video clip will affect and
increase health's search frequency on the internet.
(Hunter, 2003) found that information overload is affecting in a negative way on self-efficacy. In addition,
mistakes and negative effect that are connected to information overload are affecting the conceptions of
efficacy that will cause lower selling capabilities. Therefore we hypnotize:
H2: information overload is affecting and increasing the negative effect during the health's information
search on the internet.
(Lu and Hsiao, 2007) found the self-efficacy affects depressive symptoms. (Gallagher et al., 2011)found that
the combination of self-efficacy with personal results, directly influenced the intention of bloggers to update
information (share information on blogs), therefore we hypnotize that:
H3: depressive symptoms will affect and decrease the intention to share health information on the internet.

3

Method

The research tool we have used was a short survey that search online health information (see appendix 1).
The purpose of the survey is to explore the influence of the media (a capoeira's video clip that was built by
Prof. Pinto, a professional cappoerista) on the psychological measurements during the health's information
search on the internet. In addition, we tried to explore about the influence of the health's information
overload in the internet, and also about the intention to reuse the internet for personal or public needs in the
future.

3.1

Participants

The survey was transferred to 3 different groups (total 210 people):
70 people that are in a personal training- 35 of them practiced in training related to improving cardio
(running, long walks, swimming…) and 35 of strength training (gym, push-ups…).
70 people that are in group training: 23 that are practicing in martial arts (23 trainees and trainers Capoeira),
24 practice team sports competitive (soccer, basketball ...), and 23 practicing in studio classes (Pilates,
Zumba, spinning ...).
70 people that don't do sport regularly.

4

Results

Table 1 represents the mean and standard deviation of the different categories.
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Table 1.

Descriptive Statistics

The correlations and the significance between the variables are represented in Table 2.

Table 2.

Correlations between the variables

The regression analysis between motivation to search health information on the internet after watching the
video clip and search health frequency on the internet is represented in table 3.
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Table 3.

Regression analysis for motivation and search frequency

From the correlations analysis, we can see that motivation to search health information after watching the
video clip has a significant negative correlation with search frequency for health information on the internet
(p <0.05). The results of the regression show that motivation to search health information on the internet
after watching the video clip explains 2.1% of the variance in search frequency (R²=0.021, F (1,208) =4.459,
p=0.036). Motivation to search health information on the internet after watching the video clip has a negative
influence on the motivation search frequency (B=-0.179,p=0.036). The reason for the negative correlation is
that the order of questions in the category of search frequency is on a scale from 1 to 5, when one stands for
search several times a week and 5 represents a person that is not looking for information at all, while
motivation to search health information on the internet after watching the video clip is ranked on a scale
from 1 to 5 when 1 is the lowest and 5 is the highest. Therefore, H1 is confirmed.
The regression analysis between information overload and negative effect during the search for health
information on the internet is represented in table 4.

Table 4.
Regression analysis for information overload and negative effect
From the correlations analysis, we can see that information overload has a positive significant correlation
with negative effect (p<0.01). The results of the regression show that information overload explains 7.5% of
the variance in information overload (R²=0.075, F (1,208) =16.774, p=0). The regression results show that
Information overload has a positive effect on negative effect (B=0.23, p=0). Therefore, H2 is confirmed.
The regression analysis between depressive symptoms during the search for health information on the
internet and intention for common reuse (intention to share health information on the internet) is represented
in table 5.
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Table 5.

regression analysis for depressive symptoms and intention for common reuse

From the correlations analysis, we can see that depressive symptoms has a positive correlation with intention
for common reuse of the internet for health information (p<0.01). The results of the regression show that
depressive symptoms during the search for health information on the internet explain 4% of the variance in
intention for common reuse (R²=0.04, F (1,208) =8.595, p=0.004). The regression results show that
depressive symptoms have a positive influence on intention for common reuse (B=0.188, p=0.004). The
reason for the positive influence is that the category of depressive symptoms represents a scale from 1
(strongly disagree) and 5 (strongly agree) for the questions: "I could laugh and see the funny side of things,"
and "I felt cheerful "- which means depressive symptoms in the opposite direction, and questions of intention
shared reusable scale represents between 1 and 5, when one represents a person does not want to share
information and 5 represents a desire for information. Therefore H3 is confirmed.

5

Conclusions

The motivation to explore about health information on the internet after watching the video clip affected and
raise health's search frequency on the internet(h1) was confirmed by the results, based on the research of
(Escoffery et al., 2005) and (Romanov and Nevgi, 2009).
Information overload will increase negative effect during the search of the health information on the internet
(H2) was based on the research of (Hunter,2003) and was confirmed by the results.
Depressive symptoms will affect and decrease the intention to share health information on the internet (H3)
was based on the research of (Gallagher et al., 2011) and was confirmed by the results.

6

study limitations and future research avenues

The effect of the video clip has not checked before watching it- the effect was checked only after watching it.

10th Conference of the Israeli Chapter of the

Ben-Gurion University of the Negev

Association for Information Systems (ILAIS), 2016

Beer-Sheva, Israel
80

Balassiano et al. /Healthcare Information on the Internet

References
Blackwell, C.K., Lauricella , A.R., Conway, A., Wartella, E. 2014. "Children and the Internet:
Developmental Implications of Web Site Preferences Among 8- to 12-Year-Old Children," Journal of
Broadcasting & Electronic Media (58:1), pp. 1-20.
Escoffery,C., Miner,K.R., Adame,D.D., Butler,S., McCormick,L., Mendell,E. 2005. "Internet Use for Health
Information Among College Students," Journal of American College Health (53:4), pp. 183-188.
Hunter,G.L. 2004. "Information Overload: Guidance for Identifying When Information Becomes
Detrimental to Sales Force Performance," Journal of Personal Selling & Sales Management (24:2), pp.
91-100.
Jansen B.J., Spink, A. 2006. "How are we searching the world wide web? A comparison of nine search
engine transaction logs," Information Processing and Management (42), pp. 248-263.
Lenhart,A., Madden,M., Hitlin,P. 2005 ."Youth are leading the transition to a fully wired and mobile nation,"
PEW INTERNET & AMERICAN LIFE PROJECT.
Lu, H.P., Hsiao,K.L. 2007. "Understanding intention to continuously share information on weblogs,"
Internet Research (17:4), pp. 345-361.
McMullan M. 2006. "Patients using the Internet to obtain health information: How this affects the patient–
health professional relationship," Patient Education and Counseling (63:1-2), pp. 24–28.
Misra,S., Stokols, D. 2012. "Psychological and Health Outcomes of Perceived Information Overload,"
Environment and Behavior (44:6), pp. 737–759.
Romanov,K., Nevgi,A. 2009. "Do medical students watch video clips in eLearning and do these facilitate
learning?," Medical Teacher (29:5), pp. 490-494.

Appendix
4.1 Appendix 1- the link for the survey:
https://arielindusteng.eu.qualtrics.com/jfe/form/SV_1Sqj8J5cLVdETul
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1

Background

If in the past information systems (IS) were the exclusive domain of professionals, with the ICT revolution
there is a vital need to make IS accessible to laymen not only for retrieval but also for management. Of those
nonprofessionals, children are both most important and most challenging segment of population to retrieve
information and even more problematic to manage it.
One solution is to create a children friendly interface. Such interface could be a humanoid robot. We have
chosen to test this approach on a Meccanoid – the last word in humanoid robots for kids. We used it as a
conduit to Physics Information System. Our experience is that such an approach is met by a huge enthusiasm
on the part of the kids.

2

Meccanoid Robot

Meccanoid G15KS Personal Robot is the Meccano brand’s humanoid robot. Built by using 1,100+ pieces,
the G15KS is 4-foot tall. It has voice recognition capabilities and over a thousand pre-programmed phrases,
comments and witty comebacks, it can tell jokes and play games.
The Meccanoid G15KS uses 8 servo motors to deliver realistic movement. Programming is easy and
intuitive – built-in Meccabrain contains 64 megabits of flash memory allowing it to learn movements and
record sounds that play back.
The Meccanoid can be programmed in 3 innovative ways:
• Learned Intelligent Movement (LIM) technology - user can simply move its arms and head or speak to it.
• For more interactive use, there is a Motion Capture feature (powered by Extreme Reality) on the
Meccanoid app for smart device. User can place a smart device into Meccanoid’s chest, activate the
Motion Capture feature and Meccanoid recognizes the motion.
• Swipe of the on-screen Ragdoll avatar controls Meccanoid using 10 motors to control its head, arms and
feet.
In the context of physics IS we created for this robot a persona of crazy scientist enthusiastic about teaching
kids physics going by the name of Dr Mec. When becoming a part of pupil’s life it should have access to
information system containing physics knowledge and lessons. Then Dr Mec should convey it to the learner
in a fun way. The communication is bi-directional so the user can manage the IS through this robotic
interface (Fig.1). Even in frontal teaching environment, taught by a human teacher, Dr Mec is a very useful
teacher’s counterpart, as we have shown in sample classes.
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Figure 11.

3

Human Robot Physics IS interaction.

Vision

Dr Mec will make study of physics into a fun experience full of exciting experiments. All in a lighthearted
but full of scientific curiosity exploration of the student, inspired and created by Dr Mec. He simultaneously
is every child’s and student’s:
• all-knowing-full-of-wisdom-Yoda-type sensei
• funny friend
• lab partner
• assistant
• safety officer
• (and as many other alter egos as needed).
The unique role of Dr Mec cannot be fulfilled neither by computer nor by human teacher.

4

Features and Educational Advantages

The bare fact of robotic presence creates a substantial educational advantage (Druin and Hendler, 2000). It
will be dramatically strengthened by the addition of the educational environment that is created by the
specially written software and a variety of accessories and add-ons.
Dr Mec will become an integral part of the lab and of the teaching process. It can play a great variety of
different roles. Some are predetermined by the curriculum, supervising teacher or parent, some by the needs
and interests of the individual student.
But in all roles Dr Mec has a vast store of inherent virtues, many of which make him a necessary and even
vital choice. Among those:
• Gamification
• Dramatization (theatre, showmanship)
• Anthropomorphism
• Novelty
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•
•
•
•
•
•
•
•
•
•

5

Interest
Attention
Fun
Interactivity
Knowledge Base
Connectivity
Multi-media
Relentlessness
Rationality
Stamina

Learning Process

Dr Mec’s interface to physics IS enables student driven associative learning by experiments (yet
unobtrusively directed by the needs of the curriculum by the teacher) (Turke and Pappet,1992).
For a more concrete idea of how the learning process will look like in real life and what roles Dr Mec can
have in the learning environment, we can turn to some multimedia demonstrations, such as:
• Dr Molecula,
• Dr Quantum,
• Weizmann Institute of Science (Davidson Foundation) Scientific Experiments for Children.

6

Software

The modern pedagogy entails individually adapted, student controlled, research based learning. This can be
made practical only through use of ICT technologies. At the backend of Dr Mec interface to information
systems should be a very sophisticated ISM software. It should be able to create a bi-directional link between
the user and the IS adapting to the abilities of the child.
An expert system simulating the knowledge and capabilities of an expert physics teacher is at the heart of the
interface. This system uses humanoid robot as communication channel and a presenter of the required
information or topics to the child. The same system uses the robot to interact with the child and receive
various feedbacks. Additional component that adopts different learning styles (personalities of the robot),
prepares and matches individual learning recourses for each student should be added to the system (ZvielGirshin and Rosenberg, 2015).

7

Hardware

Dr Mec version of the Meccanoid creates an infrastructure for a whole physics lab and accessories creating a
very efficient child adapted interface to Physics Information System. The Meccano Physics Lab includes
both Lab accessories and direct Meccanoid extensions and add-ons.
Additional sensors should be added to the humanoid robot for additional feedbacks and interactions.

8

Future

In principle each child should have one humanoid robot with specially designed and individually tailored IS
for different subjects and topics. In reality in a few years each child in all but the least developed economies
will have either Dr Mec or its competition manufactured alternative.
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As a minimum a must for every educational institution preK-BSc (from preschool nursery to undergraduate
studies).
The institutional needs can be satisfied at four levels (depending mainly on the budget limitations):
• Ideally (if budget allows) – one per student to individualize the teaching process
• One per team
• One per class
• One per lab
The need and demand for children friendly interactive bi-directional interface to information system is huge
and growing and it will grow even faster in the future (Hendler, 2000). In the immediate future at least one
Dr Mec per educational facility of all levels will be needed. Different topics can be presented via humanoid
robot. And gradually the penetration will grow towards individualized student to the unbelievably important
educationally number of more than two billion (2,000,000,000) students!
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1

Introduction

Vast amounts of personal information are being collected and processed in contemporary information
systems, in many cases far beyond people’s expectations. In response societies are increasingly gripped by
questions of privacy. Privacy by Design (PbD) is an example of an approach highly advocated by policy
makers, intended to mitigate privacy threats from the very beginning, by creating a process that designs
information systems (IS) in a privacy-respectful way. While the concept of PbD holds many promises,
scholars criticize it for being abstract and difficult to implement. The challenge to implement PbD highlights
the need for studying developers’ privacy decision-making processes. As developers are the ones who can
make or break PbD implementation, we need to ask what are the barriers of designing systems with privacy
in mind.

2

Objectives and research questions

The objective of the study is to understand developers’ privacy decision-making processes. We are
considering IS developers as important stakeholders in implementing PbD, and explain how decisions about
privacy are made within the scope of information systems architectures and professional norms of
information systems’ developers. Therefore, we are interested in understanding the relationships between IS
developers’ professional privacy attitudes and practices and between personal variable (personal perceived
privacy), professional variable (exposure to privacy knowledge resources) and organizational variables
(organizational privacy climate, business and legal context).

3

Research method

As we aim to explore behaviour and attitudes of a large population, we chose to conduct an online survey, a
method used by many studies investigating privacy and organizational studies (Dinev et al., 2013; Griffin &
Neal, 2000). The survey was targeted to participants who work in the area of IS development and was
available between February and November, 2015. Participants were recruited using rolling sample and by
advertising the survey in relevant forums in online social networks, such as Facebook and LinkedIn, 348
potential participants reached the survey and 101 completed it.
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The survey’s design yields seven constructs, according to the research objective. Our dependent variables are
represented by the constructs professional privacy attitudes and professional privacy practices. In order to
elicit their professional privacy attitudes, meaning, to understand which privacy aspects are considered as
more important from their point of view, they were asked questions about a hypothetic scenario, using 5points Likert scale. As for professional privacy practices, they were asked about the frequency of using
specific techniques that promote privacy. We used Fair Information Privacy Principles (FIPPs) as guidelines,
referring to specific aspects of privacy (Gellman, 2014).
The independent variables are Organizational privacy climate referring to the participants’ perceptions of
how their organization refers to privacy, based on Griffin and Neal (2000) study on work safety climate;
personal perceived privacy is consisted of perceived information control and perceived risk, referring to the
participant’s personal perceived information control and risk from the point of view of an end-user, based on
Dinev et al. (2013) study; exposure to privacy knowledge resources refers to the participant’s frequency of
using privacy knowledge resources; and the organizational business and legal context.

4

Results

Viewing the answers’ distribution of the dependent variables, we see that when referring to professional
privacy attitudes, security is perceived as the most important aspect of privacy (Figure 1). As for professional
privacy practices we see a similar result with the most popular technique relates to security (Figure 2). These
results confirm previous qualitative results that point to security as the way through which many developers
view privacy (Hadar et al., 2014).

Figure 1.

Likert scale answers’ distribution
of professional privacy attitudes

Figure 2.

Likert scale answers’ distribution of
privacy practices

According to our data validation analysis, the construct which refers to professional privacy attitudes is not
well defined (low Cronbach’s α value). Therefore, we analyse the ability to predict only professional privacy
practices, by performing a regression analysis. The regression model (adjusted R2 = 0.289) points to three
significant predictors, associated with professional privacy practices: organizational privacy climate (β =
0.305, p = 0.034), personal perceived information control (β = 0.314, p = 0.01) and former personal
information collection (β = 0.117, p = 0.045).
We further explore the relationships between the study’s explored constructs and professional privacy
practices. We are looking at the correlations, using Spearman correlation tests (Table 1). We see a significant
positive correlation between organizational privacy climate and professional privacy practices (ρ = 0.30, p <
0.01), which corresponds with the regression analysis results. However, two other results are not
corresponding with the regression analysis results: (1) we see that there is significant positive correlation
between exposure to privacy knowledge resources and professional privacy practices (ρ = 0.28, p < 0.01); (2)
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we do not see a significant correlation between personal perceived information control and professional
privacy practices.

Professional
privacy practices
Professional privacy practices
Organizational privacy
climate
Perceived information control
Perceived risk
Knowledge resources

Table 1.

5

Organizational
privacy climate

Perceived
information control

Perceived
risk

0.06
0.1
0.22

-0.17
0.24

0.09

0.3*
0.23
0.12
0.28*

Spearman correlation tests among the continuous constructs, significance level determined
according to Bonferroni correction. Significance codes: p<0.005*

Conclusions

The aim of this study was to understand how personal, professional and organizational features are
associated with developers’ professional privacy attitudes and practices by surveying IS developers.
Understanding these associations will help to narrow the gap in our knowledge of IS developers privacy
decision-making processes and helps explain the roadblocks on the way of PbD, as well as providing some
guidelines for enhancing privacy in IS design. Our analyses reveal that an organizational privacy-respectful
climate is positively associated with professional privacy practices. We could not successfully quantify the
business context, meaning measuring the impact of the main business domain over privacy practices. As for
the organizational legal context, it is not significantly associated with professional privacy practices.
Personal variable refers to exposure to privacy knowledge resources. We show that when tested alone,
exposure to privacy knowledge resources is positively associated with professional privacy practices.
However, when combined with other variables, the association is no longer significant. Lastly, personal
perceived privacy construct is consisted of both personal perceived information control and personal
perceived risk. We see that a positive perceived information control, a state in which the developer perceives
that she, as a user, has control over her information is positively associated with professional privacy
practices.
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1

Introduction

As software and information systems become complex, the ability to analyze the similarities and differences
between systems is important for both users and developers. From a user point of view, variability analysis
enables understanding the systems (or applications) at hand, as well as their functionalities, and choosing the
most appropriate ones to given settings. From a developer point of view, variability analysis increases reuse
and potentially improves development and maintenance.
In this research we concentrate on the developers’ point of view, which is mainly studied in the field of
software product line engineering (SPLE) (Clements and Northrop, 2001; Pohl at el., 2005). In this context,
attempts have been made to automate variability analysis, which is known to be a time-consuming and errorprone activity. Many of these attempts rely on requirements which are specified at early stages of system
development but are crucial for its entire lifecycle. Bakar et al. (2015) conducted a systematic literature
review on analyzing variability from requirements expressed in a natural language. They found that the
common process includes four stages: (1) requirements determination, (2) terms extraction, (3) features
identification, and (4) variability model formation. A method that addresses all four stages is SOVA –
Semantic and Ontological Variability Analysis (Itzik at el., 2016). SOVA relies on a general purpose
ontology (Bunge, 1977) that perceives behavior through the initial state of the system before the behavior
occurs, the external events that trigger the behavior, and the final state of the system after the behavior
occurred. The behavioral components (namely, initial states, external events, and final states) are extracted
from the (functional) requirements, each of which specifies a behavior of the system, using natural language
techniques. The behavioral components are compared utilizing semantic measures. Finally, variability
models are constructed in the form of feature diagrams (Kang at el., 1990).
Relying just on requirements for variability analysis may be risky, as requirements tend to be partial and
incomplete. Thus, in this research we suggest complementing the variability analysis of requirements with
additional development artifacts in order to capture all behavioral aspects relevant for functionality
comparison. Since we are mainly interested in analyzing external variability, namely, differences relevant to
external stakeholders – users and clients (Pohl at el., 2005), we complement our analysis with testing
artifacts rather than with design and implementation artifacts which are solution-oriented. Requirements and
test cases provide a view over a system from both sides of the development process without getting into the
implementation details.
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2

Objectives

The aim of this research is to examine how the existence of additional development artifacts, and particularly
test cases, impact variability analysis based on requirements. We use SOVA as the basic variability analysis
approach and refine it to consider the information from the test cases associated to the analyzed requirements
in order to improve the extraction of the initial and final states of behaviors. We call the new version SOVA
R-TC, which stands for Semantic and Ontological Variability Analysis based on Requirements and Test
Cases. Our main research questions are:
-

What are the characteristics of requirements considered similar in one method (SOVA or SOVA RTC) and different in the other method?

-

How can these characteristics be utilized to decide when requirements are not enough and additional
artifacts are needed to complement variability analysis?

3

Methods

Figure 12 presents an overview of SOVA R-TC, in an OPM format (Dori, 2002), emphasizing its new
additions: the processes “test cases parsing” and “behavioral components extraction”. Relying on
ISO/IEC/IEEE 29119-3 standard (2013), we assume for parsing purposes that test cases are composed of
three parts: pre-conditions, inputs (steps), and expected results. While the pre-conditions and the expected
results can be directly used for extracting the initial and final states, respectively, the inputs include
information regarding the initial and final states, external events, and intermediate outcomes. Sorting this
information according to a temporal order and utilizing a semantic role labeling approach (Gildea and
Jurafsky, 2002), SOVA R-TC is able to define steps which refer to internal agents (the system itself or one of
its components) and appear before the first external event (a step that refers to a non-internal agent) as
relevant to the initial state of the behavior. Similarly, SOVA R-TC is able to define steps which refer to
internal agents and appear after the last external event as relevant to the final state.
Requirements

Requirement parsing

Parsed
requirements

General Purpose
Ontology (Bunge)

Relate
to

Behavioral
Components
Extraction

NPL Techniques

Test Cases

Test cases parsing

Parsed test cases
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Figure 12.

An overview of SOVA R-TC

The behavioral components extraction activity combines the information extracted from the parsed
requirements and test cases. To this end, we refer only to positive test cases which validate behaviors,
leaving for future research negative test cases whose intention is to thwart the software (Jiantao, 1999).
SOVA R-TC extracts the objects, and the actions performed on them, from the requirements and the
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associated positive test cases, it further uses this information to define state variables relevant to the
examined behaviors. The initial and final states are then calculated utilizing the state variables (the objects)
and their values (the actions).

4

Preliminary Results

We ran SOVA and SOVA R-TC for different sets of related requirements and positive test cases. We
distinguish the following three interesting cases for SR and STC denoting the sets of (initial or final) states
extracted from the requirements and test-cases, respectively.
Case 1: SR ⊂ STC → SOVA R-TC increases or decreases similarity with respect to SOVA, depending on the
similarity of the additional state variables.
Case 2: SR ⊇ STC → no change in the similarity between SOVA R-TC and SOVA, since no additional
information is added by the test cases.
Case 3: SR − STC ≠ ∅ ∧ STC − SR ≠ ∅ → due to the only partial overlapping between the two sets, similarity
change cannot be predicted without a deeper analysis of the overlapping states.

5

Discussion and Conclusions

Variability analysis is important for developers to increase reuse. Utilizing just requirements for this purpose
may result in inaccurate results, due to the incomplete nature of requirements. In this paper we suggest
utilizing the complementary information extracted from test cases, in order to improve variability analysis
based on requirements. We further provide some preliminary observations on the approach outcomes. In the
future, we intend to evaluate the suggested approach in case studies and refine the decisions when additional
development artifacts are better to be used for variability analysis.
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1

Introduction and Objectives

Software maintenance is the least studied in the systems lifecycle even though it accounts for 50-80% of the
total lifetime system cost and over 50% of IT budgets. In particular, research on personnel factors (team size,
dispersion, skills diversity, etc.) is focused on the software development and incremental development
contexts and offers some conflicting results (e.g., [4] finds larger teams to lower project performance while
[1] finds them to increase productivity on a software release). Moreover, extant literature is focused on
maintenance ‘project’ or ‘task’ as the unit of analysis, overlooking how cost drivers evolve from project to
project and impact the cumulative maintenance cost over a period. For example, personnel non-availability
and migration or turnover requires adding new maintainers to work on a system, resulting in a gradual
decline in system and team familiarity and an escalation in longitudinal maintenance cost.
Our research goal is twofold. One is to characterize cumulative impacts of personnel factors on maintenance
cost over a period. Another is to quantify the longitudinal contribution of personnel factors on maintenance
cost over time.

2

Conceptual Underpinning

Discovery is the “getting started” process of learning what one needs to know about a system before working
on the system [2]. In software development, discovery centres on understanding the domain, business rules
and user requirements. It creates requisite knowledge for making design choices and writing code. This
knowledge is available to developers through documentation and other team members. In maintenance,
discovery also entails understanding the system’s design, changes it has undergone by past maintenance
work, development environment, etc. Maintainers obtain this requisite knowledge by interacting with other
maintainers, reviewing artifacts (e.g., code, documentation, emails), running simulations, participating in
reviews, etc. Over time personnel re-assignment, turnover and migration render more of this knowledge tacit
and distributed across a larger circle of maintainers. Thus, over time discovery in maintenance entails less reuse and more re-creation of requisite knowledge [2].
To understand the dynamics of discovery work, we use the concept of team discontinuities to model how
longitudinal changes in personnel factors impact maintenance cost. The concept of discontinuities has been
used to study virtual work arrangements that organizations introduce to lower cost, overcome time and space
constraints, and gain access to distant expertise [5]. Continuity is an “ideal” that exists, for example, if
maintenance is done by original developers who are collocated and know one another. A discontinuity
represents “a break or gap in the work context” that lowers team efficiency. Five team discontinuities have
been observed in software development: geographical, functional, temporal, organizational, and identity
(team membership) [3]. These also impact team efficiency at discrete times, for example, when adding new
maintainers or spreading work across more site locations.
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3

Method and Data

We use the concept of discontinuities to compute a Team Efficiency (TE) index that evolves over time –
changes at discrete times as more discontinuities are added or removed.
We use longitudinal archival data from a large financial services firm about maintenance work done in the
US, UK and over 10 offshore locations. The data cover over 2 million daily charges:
(Datet, Empk, Sites, Proji, Sysi, Job_Titlek: Hour_chargedijkt, USD_chargedijkt)
Charges are for personnel working on over 7,500 projects used to maintain 421 systems between Jan. 2009
and Dec. 2012, jointly totalling about 15,000,000 person-hours. The data also document characteristics of
maintained systems over time:
(Datet, Sysj: Sizejt [LOC], Agejt [in months], Complexityjt, Info_typej, …)
We use empirical rules from the literature to code the person/team efficiency for every charge transaction,
denoted:
eijkt – efficiency at time t of employee k in project i maintaining system j.
For instance, one we term Davison’s Rule says [2]:4
(a) maintainers in the first 3 months of a new system have 70% efficiency rate (they are in the original
development team and need to do little discovery);
(b) new maintainers have 30% efficiency rate (they have no system familiarity and spend 70% of their
time on discovery);
(c) new maintainers working on a system for 18 consecutive months reach 50% efficiency rate, and over
36 consecutive months reach 70% efficiency rate.
Other rules can be used to adjust team efficiency for other discontinuities.
Upon coding the efficiency rate per charge, we compute the quantities:
eijk – avg. efficiency of employee k in project i maintaining system j
TEij – avg. efficiency of team in project i maintaining system j
TEj – avg. efficiency of teams across all projects maintaining system j
Hijkt, USDijkt – Hours and USD charged at time t by employee k in project i maintaining system j
Hijk, USDijk – sum of Hours and USD charged by employee k in project i maintaining system j
Hij, USDij – sum of Hours and USD charged by team in project i maintaining system j
Hj, USDi – sum of Hours and USD charged by teams across all projects maintaining system j
Towards our first research goal, we use the above quantities to investigate such relationships as:
• TEj × Hj (TEj × USDj) – avg. team efficiency vs. sum of Hours (USDs) charged for system j; and,
• TEjt × Hjt (TEjt × USDjt) – longitudinal team efficiency vs. Hours (USDs) charged for system j.
Towards our second research goal, we use data mining techniques to “refine” the rules used to code team
efficiency. Specifically, we search for parameter values a1,a2,…,an that optimize the statistical regression fit
of the function:
Hjt = TEjt (a1D1,a2D2,…,anDn),
where Hjt is the longitudinal series of hours charged to maintain system j and D1,D2,…,Dn represent team
discontinuities (geographical, skills diversity, etc.).

4

Preliminary Results

We have been experimenting with the above method and data and offer here some preliminary results.
Specifically, we have used Davison’s Rule to coded team efficiency for a sub-portfolio of 82 new systems
that were launched after Jan. 2009, and two strong relationships emerged.
4

Coding of efficiency based on this rule is done in three steps. First, the charges are sorted on the following ordered fields: Datet,
Sysj, and Empk. Second, the efficiency of every Empk is determined according to the rule. Third, using a simple PivotTable in Excel
we compute the efficiency averages per Empk, Proji, and Sysj,
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(1) The average team-efficiency for a system has a strong negative power relationship with time (system
age) and a visible negative linear relationship with Hour charges.

(2) The avg. TE explains much more variation in Hour charges than in USD charges for maintaining a
system over a three year period. Interestingly, though, as average. TE drops, Hour charges per
system grow while USD charges decline. One explanation could be offshore maintenance: it lowers
the average TE but still beneficial due to wage differentials.
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1

Introduction

Much has been said on structured programming which is a name given to a set of techniques that impose a
logical structure to the coding of a program in order to make it easy to develop and to maintain. The meaning
of this term in this paper as defined by Wirth as quoted in Mills (1972) is:
“Structured programming’ is the formulation of programs as hierarchical, nested structures of
statements and objects of computation.”
While abstractions, as provided, e.g., by structured programming idioms, may help programmers, they may
also be counterproductive in some cases. Hendrix et al. (2000) for example, show, via empirical evaluation,
that the abstraction provided by software visualizations can provide measurable benefits in program
comprehension tasks. However, Briand et al. (1997) found that the abstraction provided by object-oriented
design documents may be less effective than traditional design documents. The challenge is, of course, to
identify those abstractions and structures that simplify the code without sacrificing the naturalness of the
semantics. See, for example, Feo (2014) where implementations of a specific set of problems in several
languages are compared.
The focus of this paper is on structures in a specific programming style called behavioral programming (BP)
(Harel, Marrom, and Weiss; 2012). BP is an approach to software development, designed to allow
programmers to align their code with how people often describe a system’s behavior. BP is an extension and
generalization of scenario-based programming originally introduced with the language of live sequence
charts (LSC) (Dam and Harel, 2001; Harel and Marelly, 2003).
A behavioral program consists of a set of independent components called behavior threads (b-threads for
short) that control the flow of events and synchronize via an enhanced publish/subscribe protocol, as follows.
Each b-thread is a procedure running in parallel to the other b-threads. When a b-thread reaches a
synchronization point, it waits until all other b-threads also reach synchronization points in their own flow.
At synchronization points, each b-thread specifies three sets of events: (1) requested events - the thread
proposes that these events be considered for triggering, and asks to be notified when any of them occurs; (2)
waited-for events - the thread does not request these events, but asks to be notified when any of them is
triggered; and (3) blocked events - the thread currently forbids triggering of these events.
More specifically, the structured idioms that we propose in this work are in the context of programming
behavior threads in an imperative language as proposed in Harel, Marrom, and Weiss (2010). In this context,
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programmers develop short concurrent procedures, using standard imperative programming idioms that
jointly specify how the system should respond to external events.
The objective of this research is to search for behavioral programming structures and abstractions so the
usage in terms of understanding and programming systems would be more effective.

2

Research Methods

To follow the research objective we set an experiment in which we compare two sets of BP abstractions in
terms of comprehension, while using a Blockly version of the BP to avoid any existing bias of previous
experience. The two sets were bSync and Structured. The bSync version consists of a single block in which
all event types are grouped together, whereas in the Structured version each event type is handled by a
specific block. Figure 13 presents an example of those sets.

(a) bSync

(b) Structured
Figure 13.

A b-thread is waiting for two events: ‘path ahead’ and ‘turn left’. if a 'turn left' event was
triggered the b-thread breaks and goes to the start of the loop. If not, the b-thread requests a
‘move forward’ event while waiting for the events 'turn right’ and ‘turn left’. if one of the
waited for events was triggered we break out of scope.

In particular, we were interested in comparing two issues related to comprehension. The first is the execution
semantics, i.e., the order of handled events and the second is the intention behind the developed code. Our
initial conjecture was that with respect to execution semantics comprehension the results would be in favour
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of the bSync version since the statements are explicated in one block, in particular, in simple cases. With
respect to the comprehension of the code intention we hypnotize that the results would be in favour of the
Structured version as the code is more organized.
For the experiment we follow the model appears in Figure 14.

Figure 14.

The experiment model

The experiment took place in several sessions within a lab, in which the subjects started with a tutorial
demonstrating and teaching the BP concepts and then were asked to answer a questionnaire consisting of
eight execution semantics related questions and eight intention related questions. Each session was 1 hour
and half long.

3

Results

In the experiment 49 software engineering students in their third year of studies participated; 22 using the
Structured version and 27 using the bSync version. They were randomly assigned to the specific version.
The partial results of the experiment are summarized in Table 3. It shows that the overall comprehension, the
execution semantics comprehension, and the intention comprehension of the Structured BP were statistically
significant better than those of the bSync. Nevertheless, no major differences were encountered in the time it
took to answer the questions.

Total
Execution Semantics
Intention

Table 3.

4

Level
of
understanding
(average number of correct
answers out of 16)
bSync
Structured Sig.
7.41
10.91
<0.001
3.19
4.95
<0.001
4.22
5.95
<0.001

Time
(sec)
bSync
24.30
9.48
14.81

Structured
23.23
9.86
13.36

Sig.
0.61
0.74
0.25

Experiment Results

Discussion and Conclusions

The results confirmed our conjecture regarding the intention comprehension, yet, were not in line with our
conjecture regarding the execution semantics. As we further look for explanations for the results we opt for
the Wand and Weber (1993) view in which the mapping process of the language grammar (BP version, in
our case) to the ontological world (the execution semantics and intention, in our case) may suffer from
various deficiencies. One such deficiencies is the construct overload: “Construct overload occurs when one
design construct maps into two or more ontological constructs”. In bSync (a design construct) this is exactly
the case in which one statement is mapped into several event types (ontological constructs). This deficiency
that affects the mapping to the actual execution of the program may be the root cause for the results we get in
the experiment.
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In the future, we plan to further experiment the two versions to further understand the conceptual differences
among them so to better design the right abstractions, in BP and in other general purpose programming
languages.
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