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Abstract 
 

 GIS is a system for capturing, storing, analyzing and managing data and associated attributes 

that are spatially referenced to the earth. A GIS integrates hardware, software and data. It is used 

in a wide range of sectors, for example in health, agriculture, communication, education, 

business and transportation. In vineyards, GIS is mainly used to support management decisions. 

 

It is the first time GIS is used in Israel for viticulture purposes. Therefore it was an opportunity 

to perform a qualitative research on the usability of GIS in Israeli viticulture. This study provides 

results fitting for software development, through measuring the ―effectiveness‖, ―efficiency‖ and 

―satisfaction‖ usability criteria, with a special focus on the user experience. 

 

Usability evaluations are often conducted in a more traditional way (Quantitative research) that 

often focus on measure time and error rate. By using ethnographic methods in this study, I 

gained an understanding of the users in a way that I would not get by for example by the use of 

laboratory testing. I hoped to show that usability study could be done using a less traditional 

method. Data is mainly collected through participant observations, open- ended interviews and 

document studies. 

 

The overall assessment is that GIS is useful, both regarding to functional usefulness, and relate to 

user‘s satisfaction. The user experience is positive mainly due to ―effectiveness‖ aspect of GIS, 

i.e. the system help users achieve their goals at work. 

 

For further improvements, focus should be on the learnability and functionality of software 

interface. Instead of adding new functionalities, GIS developers should concentrate of improving 

presentation of existing features. 
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Chapter 1 
 

Introduction 

 

In this chapter I present the objectives of this thesis. I first present the reader with my objectives 

and motivation for this research. Further, I explain how this contributes to HCI (Human-

Computer Interaction) field. I continue by stating the methods used and research questions posed 

in this thesis, followed by a literature review.  Finally, the structure of this thesis is presented. 

 

1.1 GIS 

 

The objectives of this study are to explore the application of GIS in two Israeli vineyards and 

evaluate the system being used, according to usability criteria. 

GIS is an acronym for Geographical Information System. GIS is a system for capturing, storing, 

analyzing and managing data and associated attributes that are spatially referenced to the earth. 

A GIS integrates hardware, software and data.  In vineyards, GIS is mainly used to support 

management decisions. 

 

1.2 Motivation 

 

There are several factors that motivated me to conduct this research and guided me on what to 

focus on: 

1. My interest in HCI and the field of design. Having work experience with databases and 

data warehouse/BIS (Business Information System) seemed like an excellent background 

when choosing GIS as a research subject.    

2. I was interested in finding out how GIS assists wineries in viticulture management. 

Carrying out research in a vineyard entails learning the subject of viticulture in order to 

understand the environment users work in. Precision Viticulture (PV) is an all 

encompassing term in the use of a range of information technologies that enable grape 

growers and winemakers to better see and understand variability in their production 



2 

 

systems and thereby reach a better match between the production inputs and the desired 

or expected outputs (Bramley et al., 2003). At least, that is the claim. But is it true? This 

seems to me worth further investigation. 

The key technologies involved in PV, aside from the ubiquitous desk computer, are the 

global positioning system (GPS), geographical information system software (GIS), 

remote sensing, yield monitoring and soil sensing.  

 

I found it interesting to investigate the use of Information Technology in Precision 

Viticulture (PV) from the users‘ perspective and from a HCI usability perspective. 

Questions that it is natural to ask when carrying such research are:  

 

 Does the technology serve the needs of a vineyard? 

 Are there any problems in using such technology?  

 What are the benefits of using PV?  

 How is spatial information being acquired, delivered and utilized?  

 How is this software assessed by its users? 

 

3.  I felt that this research would be an interesting new study. I found it suitable to carry out 

a field study in this area since the case I was about to study had only one year‘s 

experience with this technology. Prior to implementing PV technology in the winery 

many activities were done manually. For example, winemakers, wine growers and 

employees in the viticulture department were spending considerable amount of time in 

the vineyards trying to identify differences within fields (mainly differences in soil and 

vegetation). Since much research has shown that differences in the field affect the wine‘s 

quality, the winery‘s goal is to produce fields that are as similar as possible. Factors such 

as experience and a trained eye were important in achieving these goals. It was 

interesting finding out about the users‘ experiences with GIS, and how it has affected 

their work tasks and goals in achieving field similarities in order to create high quality 

wines. 
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4. From my contact with Esri (ESRI, 2008), the company which delivers the GIS 

(ArcView) software that is currently used in the vineyard, there is no such usability study 

on GIS used in a vineyard. This fact has strengthened my motivation for doing this study 

as well as my interest in usability. 

5. I found it interesting to carry a usability evaluation according to usability criteria with 

focus on the user experience; how they use the system, their opinions about it and how 

they adopted this technology. An expert evaluation is done to complete this evaluation. 

A comparative study is done where data from field is compared against literature to find 

similarities and differences. The intention of this evaluation was to come up with 

suggestions for improvement of this software. 

6. Conducting a usability evaluation using ethnographic approaches (Mainly through 

participant observations and in depth interviews) and not traditional approaches that 

often focus on measure time and error rate. I believe that through being in the field and 

immersing in the user‘s daily routine I gained an understanding of the users in a way that 

I would not get by for example by the use of  laboratory testing. I hoped to show that 

usability study could be done using a less traditional method. 

7. This research would present an opportunity to focus on learning perspectives and 

visualizations and to find out how they affect the user experience. 

This research was carried out in Israel since it is the first time GIS has been implemented in an 

Israeli vineyard. This gave me an excellent opportunity to perform a usability evaluation on a 

new technology being used for viticulture purposes. 

 

Being born and raised in Israel, I have always been interested in the hi-tech market in Israel and 

its development, which is considered to be an important export trade for Israel. This opportunity 

has enabled me to gain insight into the wine industry and learn about the application of a wide 

range of technologies in vineyards.  

 

When it comes to viticulture aspects, Israel can easily compete with other winegrowing regions. 

The terroir of Israel is far from inferior to other famous regions in the world: from the north of 

the Galilee Mountains and Golan Heights with their terra rossa and volcanic soil, to the southern 
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semi-arid desert with computerized drip-irrigation, excellent grape qualities are achieved. The 

professionally trained Israeli winemakers have accumulated experience throughout the world. 

Therefore excellent wines are produced in new-world as well as in old-word style. 

 

Why Galil Mountain Winery? 

One of the main reasons for choosing this winery was gaining access through my contacts in 

Israel. Another important reason was the winery‘s size. On one hand, a smaller-sized winery 

might not offer a sufficient amount of activities. On the other hand, in a larger-sized winery 

might be lacking interpersonal communication. Producing annually is about one million bottles; 

it is one of the medium-sized wineries in Israel.  

 

The fact that Galil Mountain Winery only has one year‘s experience with practicing Precision 

Viticulture had a significant meaning for me. My earnest interest in the HCI field provided me 

with the opportunity to conduct this study and to see how people in the winery adapted to this 

technology, how it assisted them in their daily work and how they felt about using the system. 

 

1.3 The Relevance and Contribution of the Study 

 

This study represents a contribution to understanding the user‘s emotional satisfaction and 

experience in applying GIS in the viticulture field. This research contributes to the HCI field, the 

reason being that GIS is a system that is being used worldwide and is being used in different 

types of industries like transportation (logistics), telecommunications, agriculture, petroleum, 

marine and coast, the health sector, military and businesses such as banking, retail, insurance, 

real estate and more. In addition, it involves desktop, server and mobile technology. Its 

contribution lies in the fact that it is the first usability evaluation made in Israel for use of GIS in 

the wine industry. 

 

This is an in-depth field study that involves relatively few users. Document studies, observations 

and interviews are the methods used and the approach is qualitative.  Previous research has 

mainly been conducted from a viticulture perspective, while this study is made from a software 

experience point of view. This has vital implications on the nature of the results. A viticulture 

perspective focuses on the tools and the motivation for using them, where evaluation is based on 
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the results achieved by using these tools. A software engineer seeks to reveal obstacles for use 

and utilization within the tool/software. This evaluation is based on user needs, User Interface 

(UI), functionality, usability and ―user experience‖ in an attempt to improve the information 

system based on user needs. This is often performed by implementing changes and correcting 

errors. 

 

This qualitative research through a software engineering perspective has focused on the ―user 

experience‖ related to GIS, providing feedback for further development and improvements.  

 

1.4 Research Questions 

 

The purpose of this study is to investigate how information technology (GIS representation of 

data), assists in viticulture management and to evaluate it according to usability criteria.   

Gaining prior knowledge is important in order to achieve these purposes.  

 

 Therefore, the first aim is to gather information about the data that exist, and then to focus on 

who the users of GIS in the vineyard are, what the users‘ requirements and needs are, and what is 

their motivation for using the system. The next focus is on how GIS is used i.e. how spatial 

information is being acquired, delivered and used, in which context,  how frequently and how the 

data are being represented. Then the usefulness of GIS will be evaluated according to usability 

criteria. This will be done using field studies
1
, i.e. studies that are done in natural settings with 

the aim of understanding what people do naturally and how GIS facilitates their activities. I am 

interested in finding out how this technology is adopted and used by the people in the winery and 

in learning more about the user experience. Expert evaluation (where usability guidelines and 

standards are used to identify usability problems), will complete the evaluation phase. 

 

These aims are expressed in the following research questions: 

 

1. Can an evaluation of GIS (ArcView) usability be made according to usability criteria: 

―learnabilty‖, efficiency, effectiveness, memorability, errors and satisfaction?  

 

                                                 
1  Field studies in this context refers to studies within  Information System‘s field 
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2. How GIS is assessed by its users and what is the user experience? 

 What challenges they face as a result of introducing GIS in their work place? 

 

3. Does visualization affect the user experience? 

 

4. Which learning perspectives do the users have? 

 

1.5 Literature review 

 

Much research has been carried on GIS, but only few from a HCI perspective. Rauschert et al. 

(Rauschert et al., 2002) Focus in their research on optimizing GIS‘s efficiency.  According to 

them current GIS provide a range of geospatial tools and analysis methods but the rather 

complex functionalities are usually available only to one user at a time. In collaborative 

emergency management, current GIS restrict the range of users and narrow choices for efficient 

task solving. Therefore they developed a multi-user GIS interface which supports collaborative 

work on large screen displays. Miller (Miller and Wu, 2000) points out in his study how GIS 

focuses on throughput (the amount of system flow) rather than accessibility. 

 

Much research has been performed on usability; most of which are quantitative, measuring the 

time taken to complete tasks and measuring the error rate.  ―Usability‖ is often being measured 

by usability testing techniques where evaluators collect quantitative data about users‘ 

performance (Nielsen, 1993). Fabrikant (Fabrikant, 2001) has conducted quantitative usability 

evaluation of GIS‘s visualization feature ‗Zoom‖ with focus on response time. 

 

 Ågerfalk and Eriksson (Ågerfalk and Eriksson, 2003) discuss in their paper how important it is 

to consider also social context and action context when trying to understand usability of an 

Information System, and not only in terms of achieving goals.  (Huh et al., 2007) labels it as 

―beyond usability‖. By that she means that one must take social, situational, cultural, and other 

contextual factors into account when evaluating usability of an IS. Garrett (Garrett, 2003) goes 

further and addresses the user experience factor. He mentions five components that he means 

create the total user experience. (Kuniavsky, 2003) is even more daring in his claim that a 
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product‘s end-user experience is very important to its success. He further adds that a ―good user 

experience doesn‟t guarantee success, but a bad one is nearly always a quick route to failure‖. 

 

 In my research, where field study is the technique used, I followed the ―beyond usability‖ 

concept. This means that in addition to usability evaluation according to usability criteria, I focus 

on the user experience and their emotional satisfaction where interacting with GIS in the Winery.  

 

1.6 Thesis Overview 

 

The disposition of this thesis is as following:  

 

Chapter 1  Introduction: 

Describes my research objectives and motivation. Further, the contribution of this study 

to the HCI field is explained. The research questions are presented at the end of this 

chapter, followed by a literature review. 

 

Chapter 2 Background: 

Presents background information on Precision Viticulture followed by some insight to 

the world of wine and Israel‘s wine industry. 

 

Chapter 3 Theory: 

Introduces the theoretical framework in HCI. Concepts such as visualization, usability 

evaluation and user experience, which are central for this research, are explained. 

 

 Chapter 4 Methodology: 

Presents a detailed description of the research approach and methods used in this thesis.  

 

Chapter 5 Fieldwork: 

Introduces the details about the case study and the fieldwork done in this research. This 

chapter helps in gaining understanding of the user‘s needs, data representation in GIS, use 

of GIS in the viticulture area, and motivation for use. This information provides the 
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reader with the knowledge needed in order to better understand the findings and analysis 

chapter. 

 

Chapter 6 Findings: 

Findings from the case study are being presented with a focus on answering the   main 

research questions and the underlying questions. 

 

Chapter 7 Discussion: 

In this chapter a discussion of the findings is made in relation to theoretical concepts 

presented in chapter 3. 

 

Chapter 8 Conclusion: 

Conclusions are summarized, weaknesses of the study are discussed and suggestions for 

further research proposed. 

 

 

Appendix A: Acronyms 

 

Appendix B: Precision Viticulture technologies 

 

Appendix C: The process of wine production 
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Chapter 2 
 

Background  
 

 

This chapter introduces Precision Viticulture, its cyclical process, its tools/technologies and the 

type of data/information gained from these. In addition, it provides a brief introduction to world 

of wine and this industry in Israel. This is in order to gain the needed background and 

understanding for the research domain. 

 

2.1 Precision Viticulture 

2.1.1 Review  

 

The emergence of precision agriculture technologies and an increasing demand for higher quality 

grape products has led to a growing interest in the practice of precision viticulture. According to 

Bramley,(Bramley and Lamb, 2001) in the context of the grape and wine industry, precision 

viticulture may be defined as monitoring and managing spatial variation in productivity-related 

variables (yield and quality) within single vineyards . 

 

Grapevine (Vitis vinifera) health and productivity are influenced by numerous physical, 

biological and chemical factors, including spatial variations in topography, physical and 

chemical characteristics of soils and the incidence of pests and diseases. The spatial variation in 

these factors effects a spatial variation in grape quality and yield within vineyards leading to an 

overall reduction in wine quality and volume. With the likelihood of increased differentiation in 

pricing between grapes based on measured quality attributes, Winemakers Federation already in  

1996 (Bramley and Lamb, 2001) agreed that vineyard management decisions must account for 

spatial variability in quality and yield in order to produce a higher-quality higher-value product.  

They further add that these decisions should rely on the availability of accurate and reliable data 

that describe spatial variability in relevant vine descriptors. 

 

Taylor show in his paper (Taylor, 2000) how the emergence of global positioning systems (GPS) 

technology means that traditional on-site measurements of physical, chemical and biological 
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parameters associated with vine productivity can now be linked to specific locations within 

vineyards. This information, when used in conjunction with computer-based geographical 

information systems (GIS), provides viticulturists with the capability to process and map spatial 

relationships between attributes and make management decisions based on numerous layers of 

information. 

 

 Bramley and Proffitt (Bramley and Proffitt, 1999) found in 1999  that yield maps produced by 

grape-yield monitors in Australia have shown up to eight-fold differences in yield can occur 

within a single vineyard block  Furthermore, in 2000 they found considerable spatial variations 

in quality indicators such as colour and baume. Relationships between yield and quality 

indicators are often inferred; however these relationships do vary significantly between 

vineyards and possibly within vineyards. Moreover, preliminary data suggest regions of high and 

low-yielding vines in a vineyard tend to remain stable in time, inferring that soils play a 

significant role in such variability.  

 

The accurate characterisation of spatial variations in those parameters that influence vineyard 

productivity requires a considerable amount of data. Traditional methods of generating such data 

are generally time consuming and expensive. For example, measuring basic fruit quality and 

yield parameters of sixty sample sites in a one hectare block requires more than thirty work-

hours. The move toward on-the-go sensing of yield and quality parameters by combining the 

latest sensor technology with GPS-equipped vehicles is slow and currently limited to grape yield. 

However, rapid sensing techniques such as measurement of baume using near infrared (NIR) 

spectroscopy and grapephenolic composition using visible-NIR spectroscopy, are potential 

candidates for on-the-go sensing. The use of rapid electromagnetic induction or EM-survey 

techniques to accurately characterise soil structure is also becoming more widely used in the 

grape and wine industry (Bramley and Lamb, 2001). 

 

The use of remote sensing as a means of monitoring crop growth and development is attracting 

interest from researchers and commercial organisations alike. This interest is primarily driven by 

the opportunities for cost-effective generation of spatial data amenable to support precision 

agriculture activities. To date, limited use is being made of this technology in the grape and wine 

industry, either for research support or as a commercial monitoring tool. 
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According to Bramley et al (Bramley et al., 2006) Precision Viticulture has to date generally 

focused on the use of remotely-sensed imagery, with or without yield mapping, as the basis for 

‗selective harvesting‘. In this way, viticulturists and winemakers have used PV tools as a means 

of ensuring that parcels of fruit delivered to the winery are as uniform as possible and meet the 

specifications for their intended end-use product. Other examples of the use of PV to improve 

economic profitability, environmental sustainability and social cohesion are now beginning to 

emerge. 

 

In his book Bramley (Bramley et al., 2006) describes several case studies which demonstrate the 

ways in which Precision Viticulture has been applied in Australian vineyards: 1)Precision 

Viticulture used as a tool for selective harvesting, 2) PV used as a tool for improved natural 

resource management, 3) PV used as a tool for improved application of inputs (e.g. water, 

fertiliser, labour and machinery), 4) PV used as a tool for improved sampling (the information 

gained from sampling activities is used to make important management decisions) 

 

Previous researches indicate that selective harvesting and other forms of zonal management have 

shown to be profitable in Australian vineyards. Precision Viticulture technologies produce 

information about vineyards at high spatial resolution. This promotes improved decision- 

making leading to better economic and environmental outcomes. 

 

2.1.2 Precision Viticulture – The process 

 

The term Precision Viticulture encompasses the use of a range of tools and technologies that 

allow viticulturists and winemakers to make more informed targeted management decisions in 

the vineyard (Bramley et al., 2006). The reasons for using such technology are to locate areas 

within blocks which have similar (or dissimilar) growing characteristics, quantify how these 

areas (or zones) within a vineyard perform
2
, use the information (or data) to understand the 

reasons for the difference in performance and make better management decisions with the aim of 

increasing production efficiency, profit ability and/ or sustainability. 

 

                                                 
2 Performance refers to the productivity of the vines with respect to desired yield and quality targets. 
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Figure 2.1: Viticulture as an input-output process. Whilst some inputs to viticultural 

production can not be controlled (e.g. the incidence of sunlight, rainfall etc…) resulting 

in some noise in the system, other inputs can be controlled and the outputs measured. 

Understanding of the relationships between the controllable inputs and the outputs and 

their spatial variation promotes the development of targeted management (Bramley and 

Lamb, 2001). 

 

2.1.3 The cyclical process of Precision Viticulture 

 

 Bramley and Lamb (Bramley and Lamb, 2001) describe the implementation of a Precision 

Viticulture approach to vineyard management as a continual cyclical process which contains 

three steps. 

 

Step One: Observation and data collection 

The process begins with the observation of vineyard performance using data that have either 

been previously collected or data that can be acquired using a range of tools.  Availability, cost 

and the problem to be solved, determine the type of tool to be used. The type of data, the timing 

and the manner in which the data is collected will be significant for the interpretation of the 

results. 
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Step Two: Data interpretation and evaluation 

Once the data have been collected, they have to then be interpreted and evaluated.  Exploratory 

analysis can be carried out using standards spreadsheet software, while spatial analysis and 

display requires access to GIS. 

 

Step Three: Implementation of management plan 

At this phase the implementation of a targeted management plan should be considered. It may be 

appropriate to repeat step one and two for a couple of years before implementing changes. By 

targeted management we refer to the timing and rate of inputs such as water, fertilisers, spray, 

labour or machinery and/or the selective harvesting of fruit at vintage.  

The reason vineyards are suitable for the adoption of Precision Viticulture is that they have a 

fixed perennial plant production system. Therefore a vineyard creates an opportunity for long-

term observation, repeated or modified management practices and continuous improvement. The 

figure 2.2 illustrates the cyclical process of precision viticulture 

 

 

 

Figure 2.2: The three steps in the cyclical process of Precision Viticulture 

(Bramley and Lamb, 2001). 
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2.1.4 Technology of Precision Viticulture 

 

Precision Viticulture encompasses: 

Global Positioning Systems (GPS), Geographical Information Systems (GIS), Remote sensing, 

Yield monitoring and Soil sensing. 

 

 Readers who are interested in learning more about these technologies are invited to read further 

in Appendix B 

 

2.2 Some insight into the world of wine 

 

Wine has been around for thousands of years, from the ancient Greek and Roman cultures to 

modern times. It has been enjoyed by Kings, peasants, and everyone in between. Wine is used 

for ceremonies and rituals, or simply enjoyed with a good meal.  

 

Modern Times - The last 90 years have seen a revolution in the wine industry. The scientific 

background of wine making has developed greatly, allowing for many things that were once 

impossible to be accomplished. An example of this would be refrigeration. Before the 1940s, 

wine was supplied to people according to their geographic location. After the development of 

refrigeration, it was easier for wineries to control the temperature of their fermentation process. 

This enabled high quality wines to be produced in hot climates. 

 

Machines that harvest grapes more quickly have allowed vineyards to become larger and more 

efficient. Grapes can also be harvested during day or night, allowing vineyards to control the 

temperature and climate when grapes are harvested.  

 

Modern wine makers can now achieve higher degree of control of every stage of wine making, 

from harvesting, and crushing to bottling. Though recent advances in technology have benefited 

the wine industry, they have also led to the temptation to produce more wine at the expense of 

quality. Wine makers face the challenge of producing wine for a larger market without losing the 

character and individual flavor of their wines. 
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More countries are producing more varieties of wine than ever before. Advances in technology 

will ensure that this trend will continue, with more countries producing more wine, and better 

wine (2008b). 

 

Many fine wines are produced worldwide, from the famous wine producing regions of France 

and Italy, to the newer wine producing regions of Washington State and Oregon. The diverse 

climates of the various regions produce a wide variety of grapes, with many different qualities 

 

Types of wine- The types of grapes used to make a wine are the most important factor in the 

taste of the wine. However, the flavors are also affected other factors such as soil, exposure to 

sunlight, climate, how the grapes are handled and fermented, types of yeast used, whether the 

wine is aged in wood, etc. Because of this, the same type of wine can be produced in several 

different regions, but various factors result in wines which taste different. Half the fun of 

experiencing wine is the incredible array of flavors available.  

 

Varietal simply refers to the grape variety used to make a particular wine. Serious wine-

producing countries and states regulate the amount of a particular grape that make up a particular 

wine. In California and Washington any wine referred to by the name of the grape (Chardonnay, 

for example) must be at least 75% of that grape; most varietals in Oregon must be 90% of the 

named grape; and Alsace requires 100%. 

 

2.2.1 Wine production 

 

Winemaking, or vinification, is ―the process of wine production, from the selection of grapes to 

the bottling of finished wine. Wine production can be generally classified into two categories: 

still wine production (without carbonation) and sparkling wine production (with carbonation). 

The science of wine and winemaking is known as oenology‖ (Robinson, 2003). 

 

Process: After the harvest, the grapes are crushed and allowed to ferment. Red wine is made 

from the must (pulp) of red or black grapes that undergo fermentation together with the grape 

skins, while white wine is usually made by fermenting juice pressed from white grapes, but can 

also be made from must extracted from red grapes with minimal contact with the grape‘s skin. 
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Rose´ wines are made from, red grapes where the juice is allowed to stay in contact with the dark 

skins long enough to pick up a pinkish color, but little of the tannins contained in the skins.  

 

During this primary fermentation, which often takes between one and two weeks, yeast converts 

most of the sugars in the grape into ethanol (alcohol). After the primary fermentation, the liquid 

is transferred to vessels for the secondary fermentation. Here, the remaining sugars are slowly 

converted into alcohol and the wine becomes clear. Some wine is then allowed to age in oak 

barrels before bottling, which add extra aromas to the wine, while others are bottled directly. The 

time from harvest to drinking can vary from a few months for Beaujolais nouveau wines to over 

twenty years for top wines. 

 

 However, only about 10% of all red and 5% of white wine will taste better after 5 years 

compared to after one year. Depending on the quality of grapes and the target wine style, some 

of these steps may be combined or omitted to achieve the particular goals of the winemaker. 

 

The grapes: Of all factors affecting the quality of a wine, the quality of the grapes more than 

any other factor determines the quality of the wine. Their quality is not only affected by their 

variety, but also by the weather during the growing season, the soil, the time of harvest, and the 

way they are pruned. The combination of these effects is often referred to as their terroir.  

 

“Terroir”(/tεʀwaʀ/ in French) was originally a French term in wine and coffee used to denote 

the special characteristics that geography bestowed upon them‖ (Robinson, 2006).  

 

The components of terroir may include: 

 Climate 

 Soil type- Is it rich in nutrients or barren, is it primarily chalk or clay? 

 Geology- Good drainage or poor, is the bedrock shallow or deep? 

 Aspect- Do the plants get lots of sun due to being on a south-facing (in the northern 

hemisphere), steeply sloped site? 

 Topography 
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 Vineyard Management practices, including such things as vine spacing, direction of rows, 

fertilization techniques, irrigation, pruning practices, harvesting techniques, and other 

factors. 

 Vinification practices including blending choices, length of fermentation, temperature of 

fermentation, proportion of new oak barrels used for aging, length of aging, fining and 

filtering decisions, and many more factors. 

 Human history of the land, including length of time the land has been cultivated, who has 

owned the land, and many more factors. 

 

The concept of terroir means that wines from that terrior are unique, incapable of being 

reproduced outside that area, even if the variety and winemaking techniques are painstakingly 

complicated. 

 

The process of wine making is not that difficult. The problem starts when one wants to produce a 

good quality wine. A good wine is a wine without flaws, without unpleasant smells and unspoilt. 

Quality wine is being made solely by good grapes. The quality series are being made of 

especially good grapes with high aroma and excellent tastes. Grapes that are less good were not 

grown up in ideal weather conditions, their mature ness is either too high or too low and this is 

shown in the tastes, in the sugar quantity, and in the balancing of acid quantity (2003). 

 

The grapes are usually harvested from the vineyard in the autumn (fall), in the northern 

hemisphere from early September until the beginning of November, or the middle of February 

until the beginning of March in the southern hemisphere. 

 

Harvest is the picking of the grapes and in many ways the first step in wine production. Grapes 

are either harvested mechanically or by hand. The decision to harvest grapes is typically made by 

the winemaker and informed by the level of sugar, acid and pH of the grapes. Mechanical 

harvesters are large tractors that straddle grapevine trellises and, using firm plastic or rubber 

rods, strike the fruiting zone of the grapevine to dislodge the grapes from the rachis. 
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2.2.2 Wine industry in Israel 

Wine has been made in Israel since ancient times, but most of the present wineries were 

established after 1948, when Israel became an independent nation. 

Israel's semi-arid climate is similar to that of other wine producing regions, like California, 

France, and Italy. Grapevines thrive on rocky slopes with good drainage, which is one of the 

reasons that they do well in the local topography. 

The wines produced in ancient times in Israel were not very good at all. Those shipped to ancient 

Egypt needed to be seasoned with honey, pepper, and juniper berries, and those made during the 

time of the Roman Empire were extremely thick and sweet. Thankfully, things have changed. 

Many of the local dry red and white wines are just as good as the fine wines of California, and 

Australia, and some Israeli wines are even compared favorably to the wines of France. Finer 

varietals grapes and modern technology have helped create crisp white wines like Sauvignon 

Blanc, and rich red wines including Cabernet Sauvignon (2008a).  

 

Israel is located in one of the most ancient wine areas in the world. One can learn about vine 

growth and wine production from the bible and the Talmud
3
, as well as from archeological 

findings. 

 

The modern wine industry began in 1882 with the aid of the Baron de Rothschild, who 

established Carmel winery (Israel largest winery). In 1983 Golan Heights Winery was 

established and brought a quality revolution in technology and the product. In the nineties, due to 

awareness and interest in the wine culture, many boutique wineries were established and 

flourished. 

 

From a review on the winery branch, we can learn that in Israel there are approximately 200 

winery, where the five biggest control 85% of the local market. Seven other medium size 

wineries control 12% and the rest 3%. According to estimates in Israel, the number of bottles 

produced and imported is about 50 million bottles, which means 4.17 million cartons.  Per-capita 

consumption in Israel is 6- 7 liters a year. From the export registry in 2005 we can learn that 

                                                 
3 The Talmud is a record of rabbinic discussions pertaining to Jewish law, ethics, customs, and history. 
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more than 55% of sales are export to North America, more than 35% is to west Europe and the 

rest is to more than 30 countries in 5 continents. 

 

Data from the vine council show that 2006 vintage summed up in 45,000 tones from 38,000 

dunams / 9,500 acres, which are planted in Israel. It is the noble species that are being used in the 

production of most quality wines in Israel, such as Cabernet Sauvignon 16%, Merlot 16%, Syrah 

4%, Sauvignon Blanc 4%, Chardonnay 4% and more.  

 

Except for being part of the Middle East, Israel is often regarded as a part of the Eastern 

Mediterranean, Near East or the Levant. 

  

Climate: Mediterranean: long and hot dry summers; short, wet winters; snow on higher ground; 

semi-arid and desert condition in the Negev. 

Soils: volcanic soil and terra rossa in the north, sandy red soil along the coast; chalk and 

limestone on the hills. 

Hectares: 3,800 ha (9,500 acres / 38,000 dunams) 

Duration of harvest: August to end of October; machine and hand harvest. 

 

In table 2.1, the 5 winegrowing regions in Israel are presented. 

 

 

WINEGROWING REGIONS (% of total hectares) 

Hebrew English Vineyard Areas 

Galil  Galilee (34%) Upper Galilee, Lower Galilee, Golan Heights 

Shomron Samaria (18%) Mount Carmel, Sharon 

Shimshon Samson (37%) Dan, Adulam, Latrun 

Harey Yehuda Judea Hills (7%) Beth-El, Jerusalem, Bethlehem, Hebron 

Hanegev Negev (4%) Ramat Arad, Central Negev 

 

Table 2.1: Israel‘s winegrowing regions 
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Main grape varieties (% of total hectares): 

Red: Cabernet Sauvignon (22%), Merlot (16%), Carignan (16%), Syrah (3%), Cabernet Franc, 

Pinot Noir; 

White: French Colombard (7%), Chardonnay (4%), Emerald Riesling (4%), Sauvignon Blanc, 

Gewurztraminer, White Riesling, Emerald Riesling, Muscat canelli, Muscat of Alexandria 

 

The 5 largest wineries (annually, bottles production) in Israel are Carmel Winery (13 million), 

Barkan (6 million), Golan Heights Winery (5 Million), Efrat (4 million) and Binyamina Winery 

(1 million), where the three largest wineries account for 75% of the harvest. Galil Mountain 

Winery is the 7
th

 largest winery, producing approximately 1 million bottles annually. 

 

Israel is divided into five wine regions. Most of the largest wineries in Israel are very modern, 

they employ winemakers with international training from the United States, Australia, France or 

Italy, and they are being consulted by specialists around the world. Still, Israel is one of the 

smallest wine producers in the world. 

 

2.3 Summary 

 

This chapter started with a review on Precision Viticulture, its cyclical process and its 

technology. This is in order to understand the motivation for implementing PV practices in Galil 

Mountain winery and Golan Heights winery in Israel. Further, a brief introduction to the world 

of wine was given, followed by a description of this industry in Israel.  
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Chapter 3 

 

Theory 

 

This chapter presents theories from the HCI field. Central concepts like evaluation, visualization, 

usability criteria and the user experience will be closely looked at in order to understand the 

findings and analysis that are discussed later in this thesis. 

3.1 Human Computer Interaction 

 

 Human–computer interaction (HCI), alternatively man–machine interaction (MMI) is the study 

of interaction between people (users) and computers. HCI‘s focus is being: 

 

“Concerned with the design, evaluating, and implementation of interactive 

computing systems for human use and with the study of major phenomena 

surrounding them”  

             (Hewett et al., 1992) 

 

Figure 3.1 illustrates the narrow perspective of Human Computer Interaction.  HCI is occupied 

with exploring the interaction between human and computer, while Computer Supported 

Cooperative Work (CSCW) takes a broader perspective on exploring use of technology in group 

interaction. The Information System (IS) domain has the broadest perspective of use of 

information system in an organisation context. 
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Figure 3.1: Research domain 

 

A basic goal of HCI is to improve the interactions between users and computers by making 

computers more usable and receptive to the user's needs. 

 

In the following sections I will closely look at the concepts that are central in HCI:  evaluation, 

usability, understanding the user, the user experience and visualization. 

 

3.1.1 Evaluation 

 

User-centered design is a modern practice often used in HCI to explore new problems and 

concepts in collaboration with potential users. The process in interaction design (Sharp et al., 

2007) involves four basic activities: 

1. Identifying needs and establishing requirements for the user experience. 

2. Developing alternative designs that meet those requirements. 

3. Building interactive versions of the designs so that they can be communicated and 

assessed. 

4. Evaluating what is being built throughout the process and the user experience it offers. 

IS 

 CSCW 

     HCI 
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In this thesis I will concentrate on activity four-evaluation, since the system is already being 

used. Evaluation is an important activity in interaction design. Its focus is on ensuring that the 

product is usable. It is usually addressed through a user –centred approach to design, which seeks 

to involve users throughout the design process. There are many different ways of achieving this, 

I choose to observe users, talking to them and interviewing them. 

 

 Usability evaluation involves applying usability inspection methods or recording objective data 

on the user‘s interaction with the system during performance of task scenarios (Butler, 1996). 

The purpose of the evaluation is to assess the suitability of the design for supporting the planned 

task improvements, or to recommend how to improve the design itself.  Learnability, throughput, 

and user satisfaction are the most common metrics. Both objective and subjective data are useful 

to diagnose problems.  

 

The process of GUI evaluation is essential to inform the designer about how well a proposed 

design models the users‘ needs in terms of their characteristics, type of activities to be done with 

the system, the environment of use, and the technology that supports it (Preece et al., 1994). 

Different traditional evaluation techniques such as observation, verbal protocols, users‘ opinions 

(interviews, group discussions, and questionnaires), focus groups, logging actual use, and user 

feedback have been described in the literature in order to gather data to better fit the needs of the 

users‘ circumstances (Nielsen, 1993), (Schneiderman, 1992). 

 

Focus groups are a way of evaluating a system. This is done by gathering a group of potential 

users where the discussion is controlled by a facilitator, and where the participants discusses and 

provide feedback concerning the product (Kuniavsky, 2003). However, its goal is not to infer 

what the target groups wants. Focus groups are useful tools for understanding the user‘s 

perceptions. The sessions can help finding their desires, motivations and values. It is a technique 

that helps understand what the end users desire and is therefore a useful tool in the early phases 

of a development project. 

 

Another method that can provide insight about the end users is questionnaires. Performing a 

survey can gather information from a large population. It is also a less time consuming activity 

and cheaper to perform. However, they have some drawbacks. Questionnaires must be designed 
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carefully in order to return reliable results. There are many pitfalls in the design of questionnaires 

that can affect the respondent‘s response. Questionnaires also lack the type of information that 

can be gathered through qualitative research. Questionnaires can tell you what is going on, but 

cannot explain why it is happening. Therefore I chose to perform interviews which give a rich 

data, i.e. explanations and understanding for the phenomena being researched. 

 

Design principles 

Design principles are used by interaction designers to aid their thinking when designing for the 

user experience (Sharp et al., 2007). The most common ones are: 

Visibility- according to visibility principle, design should keep all needed options and materials 

for a given task visible without distracting the user with extraneous or redundant information. 

Good designs don‘t overwhelm users with too many alternatives or confuse them with unneeded 

information. 

Feedback- is about sending back information about what action has been done and what has been 

accomplished, allowing the user to continue with the activity. 

Constraints- refer to determining ways of restricting the kinds of user interaction that can take 

place at a given moment. 

Consistency- refers to designing interfaces to have similar operations and use similar elements 

for achieving similar tasks. 

Affordances- refer to an attribute of an object that allows people to know how to use it. For 

example a mouse button invites pushing. 

 

Empirical methods, where usability assessed by testing the interface with real users, are the main 

way of evaluating user interface (Nielsen and Mack, 1994). Several studies though suggest that 

the best results are achieved by combining empirical tests and inspections. Therefore, combining 

qualitative evaluation technique and an expert evaluation based on design principle will 

hopefully give a more robust and reliable data. 

 

Usability testing and field studies 

Usability testing involves recording performance of typical users doing typical tasks. It is done in 

controlled environmental settings where users are observed and timed. Data is recorded and is 

used to calculate performance times, and to identify and explain errors. In usability testing, user 
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satisfaction is evaluated through questionnaires and interviews. Field observation may be used in 

addition in order to provide contextual understanding. The focus in usability testing is on time to 

complete task, number of errors and type of errors. 

 

Field studies are done in natural settings. The aim of field studies is to understand what users do 

naturally and how technology impacts them. Field studies (Sharp et al., 2007) can be used in 

product design to: 1) Identify opportunities for new technology, 2) Determine design 

requirements, 3) Decide how best to introduce new technology; 4) Evaluate technology in use. 

 

It was a natural choice for me to choose field studies as a method for evaluating GIS technology 

since the system is already in use in the winery. This choice is also supported by Nielsen and 

Mack (Nielsen and Mack, 1994), which claim that inspection methods are poorly suited for 

usability engineering very late in the cycle, when the system has been released to the customers 

and the goal is to have them actually use it and get ideas for future versions. At this point, field 

studies, interaction logging, and the analysis of user-support calls are more appropriate than 

inspection methods. Data collection in field studies is done through observation and interviews. 

Categorization and theory-based techniques are used to analyze the data. 

 

3.1.2 Usability:  

 

Usability is one of the main focuses in HCI (Dowson et al., 2005). Usability is a measure of how 

easy a system is to use. Standardized industry measurements are often used when measuring 

usability: effectiveness—whether or not tasks can be successfully performed by users, 

efficiency—how fast those tasks are performed, and user satisfaction—how much users like the 

system. These three measures are important, but there are many other considerations in a 

system‘s usability. Usability is a multidisciplinary field that requires knowledge of cognitive 

psychology, human engineering, anthropology, technical writing, human factors, computer 

science, and other disciplines  

 

Usability can either be instilled into a design as part of the design process or evaluated after the 

design is finished. When incorporating usability into the design of a software product, expertise 

is needed in usability, user interface design, writing for users, and user interface development. 
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Focusing on system users early in the design process can help ensure that a simulation project is 

successful. When usability is evaluated for an existing system, recommendations may lead to 

improvements, but often these improvements are slated for the next generation of the system. At 

the requirements phase of a project, one develops user profiles, performs task analyses, and 

considers technology constraints and design principles, which are used to develop usability 

goals. This process is followed by iterative design development. The development of profiles of 

users and the analysis of tasks they will perform are key to incorporating usability in design, 

while creating prototypes, heuristics—list of good usability design principles—are used as a 

guide. 

 

Experimental observation using typical users is essential in evaluating prototypes. Each user is 

different, reflecting the infinite variations in human skills, behaviours, attitudes, motivations, and 

abilities. Giving users predefined tasks, then watching them perform them, is the key to 

improving an interface. When the usability of an existing design is measured, experts can 

evaluate the design using a set of usability heuristics, and users can be observed performing a set 

of tasks in order to measure the systems‟ performance. 

 

Fjøkær (Fjøkær et al., 2000) recommend that usability testing of computer systems for complex 

tasks should include measures of efficiency, effectiveness, and user satisfaction. In selecting 

these measures, the application domain and context of use have to be taken into account so as to 

uncover the measures that are critical in the particular situation. 

 

Unfortunately, there is no common definition of usability, which is generally accepted in the 

―HCI community‖. 

Sharp definition of usability is: 

 

“Usability is generally regarded as ensuring that interactive products are  

easy to learn, effective to use, and enjoyable from the user‟s perspective” 

 

                                                                            (Sharp et al., 2007) 

 

Butler (Butler, 1996) defines usability in terms of user friendliness: 
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        “The term „usability‟ includes a number of related terms such as user-friendly, 

ease-of-use, intuitive user interface, etc. It refers to the effectiveness of 

interaction between human operators and their machines”. 

 

While ISO Guidance (9241-11, 1998) defines usability as: 

 

 “The extent to which a product can be used by specified users to achieve  

Specified goals with effectiveness, efficiency and satisfaction in a specified  

Context of use” 

 

Since ISO 9241-11:1998 is widely accepted in the software engineering community, it forms the 

basis of the characterization of the term usability in this research. 

Nielsen (Nielsen, 1993) stresses how important it is to realize that usability is not a single, one 

dimensional property of a user or a device interface. Usability has multiple components and is 

traditionally associated with these following goals:  

 Learnability: How easy is it for users to accomplish basic tasks the first time they 

encounter the design?  

 Efficiency: Once users have learned the design, how quickly can they perform tasks?  

 Memorability: When users return to the design after a period of not using it, how easily 

can they reestablish proficiency?  

 Errors: How many errors do users make, how severe are these errors, and how easily can 

they recover from the errors?  

 Satisfaction: How pleasant is it to use the design?  

Let us look closely at these usability attributes and find out what do they actually mean. 

Learnability 

Learnability is in some sense the most fundamental usability attribute (Nielsen, 1993), since 

most systems need to be easy to learn and since the first experience of people with a new system 

is learning how to use it. It is known that people do not like to put too much effort in learning 
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how to use a system; instead they want to get started straight away at carrying out tasks. When it 

comes to more complex systems, people are willing to use more time leaning them since they 

provide a wide range of functionalities. Still, it seems a waste if a system provides a range of 

functionality which the users are unable or not prepared to spend time learning how to use (Sharp 

et al., 2007). 

 

Also Butler (Butler, 1996) agrees that Learnability is a critical aspect of usability because the 

first experience users typically have with an unfamiliar system is learning to operate it. A design 

that causes protracted or repeated learning easily undermines its added value in a variety of 

ways, including loss of discretionary users. Retention problems, evidenced by users finding it 

necessary to repeatedly re-learn procedures and commands are common in systems that were not 

designed with learnability as a measured objective.  Learning a system is commonly defined in 

terms of user mastery of the basic tasks required for competence. 

 

Efficiency of use 

Efficiency refers to the expert user‘s steady-state level of performance at the time when the 

learning curve flattens out (Nielsen, 1993). 

 (Fjøkær et al., 2000) refer efficiency as the relation between the accuracy and completeness with 

which users achieve certain goals and the resources expended in achieving them. Indicators of 

efficiency include task completion time and learning time. 

 

A typical way to measure Efficiency of use is thus to decide on some definition of expertise, 

acquire a representative sample of users with that expertise, and measure the time it takes these 

users to perform some typical test tasks (Nielsen and Mack, 1994). 

 

Memorability 

There are three categories of system users: Novice users, expert users and casual users (Nielsen, 

1993). Casual users are persons who are using a computer system intermittently rather than 

having the fairly frequent use assumed for expert users. However in contrast to novice users, 
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casual users have used the system before, so they do not need to learn it from scratch, they just 

need to remember how to use it, based on their previous learning  

 

Intermediate use can usually be found in utility programs that are only used in unusual 

circumstances, for applications that are not used on everyday basis or used at long intervals, such 

as a program for making a quarterly report. Having an interface that is easy to remember is also 

important for users who return to use the system after a certain period of time. To a great extent, 

improvements in learnability often also make an interface easy to remember, but in principle, the 

usability of returning to a system is different from that of facing it for the first time. 

 

Errors 

A computer system should be designed in such a matter that its users should make as minimum 

possible errors when using the system. Nielsen (Nielsen, 1993) defines an error as any action that 

does not accomplish the desired goal.  

 

Norman discusses errors in his book (Norman, 1988). He explores the types of errors, where 

errors occur, and how they can be prevented. According to Norman the next best thing to 

preventing errors is providing an undo function and reducing the severity of errors. After all, to 

err is human. 

 

The system's error rate is measured by counting the number of such actions made by users while 

performing some specified task. Error rates can thus be measured as part of an experiment to 

measure other usability attributes. Simply defining errors as being any incorrect user action does 

not take the highly varying impact of different errors into account. Some errors are corrected 

immediately by the user and have no other effect than to slow down the user's transaction rate. 

Such errors need not really be regarded separately, as their effect is included in the Efficiency of 

use if it is measured the standard way in terms of the user's transaction time (Nielsen, 1993).  

 

Other errors are more catastrophic in nature, either because they are not discovered by the user, 

leading to a faulty work product, or because they destroy the user's work, making them difficult 
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to recover from. Such catastrophic errors should be regarded separately from minor errors, and 

particular effort should be made to minimize the frequency. 

 

Satisfaction 

 Nielsen (Nielsen, 1993) refers to this attribute as how pleasant it is to use the device. 

Satisfaction can be an especially important usability attribute for devices that are used in a non-

work environment, such as home computing, games, interactive fiction, or creative painting. For 

such devices, their entertainment value is more important then the speeds with which things get 

done, since one might want to spend a long time having fun. Users should have an entertaining 

and/or enriching experience when using such devices since they have no other purpose. 

 

Subjective satisfaction may be measured by simply asking the users for their opinion about the 

device. From the perspective of any single user, the replies to such a question are subjective, but 

when replies from multiple users are averaged together, the result is an objective measure of the 

device's pleasantness. Since the entire purpose of having a subjective satisfaction usability 

attribute is to assess whether users like the device, it seems highly appropriate to measure it by 

asking the users, and this is indeed what is done in the overwhelming number of usability studies 

(Nielsen and Mack, 1994). 

 

3.1.3 Understanding users 

 

One important aspect for creating ―user friendly‖ services is to understand the user. If we don‘t 

know at all how a user thinks, what they expect, what they want or what they need, it will be 

hard to develop something they will enjoy. Here, the HCI field of cognition comes in to play. 

Cognition is described in the dictionary (Answers.com, 2008) as ―The mental process of 

knowing…‖ Further, the book (Sharp et al., 2007) has separated cognition into specific      

processes which are: 1) Attention, 2) Perception and recognition, 3) Memory, 4) Learning, 5) 

Reading, speaking, and listening, 6) Problem-solving, planning, reasoning, decision-making. 
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Although all of these processes are important in order to understand the users, some of them are 

not as relevant to this research since they are already solved or handled in under laying levels. 

Take the memory process for example: it‘s a well known fact that we humans are better at 

recalling than remembering.  

 

This fact has made us rely on graphical user interfaces rather than command line interfaces. It‘s 

much easier for us to select and perform a task given a text or icon describing the task, than to 

actually remember the command for that task. But some users today still prefer command line 

interaction; many of these are users of the UNIX/LINUX platform and perform tasks through a 

command line terminal. But also here you have the auto-complete function that makes it only 

necessary for the user to remember the beginning of the command, he can then hit a key and the 

terminal will then come up with suggestions to possible commands. The user can then scan 

through the list and complete the command with the one he recognizes as the correct one. But for 

most of us, GUIs has become a lifesaver when interacting with PCs, TVs, Mobiles, and so on. 

 

In regard to attention it is important to keep in mind where the user is likely to use the GIS. A 

person in front of a computer can often, if they choose, only pay attention to the task at hand. 

Say, checking their e-mail. Of course, on most people‘s desktop today there is a lot that screams 

for attention. On the visual level attention refers to what element of the design initially draws the 

user‘s attention. Contrast and uniformity are also important concepts. The primary tool used to 

draw the user‘s attention is contrast. A design without contrast is seen as gray. 

 

With perception it is often important that your icons or graphics are easily understood by the 

user. It might also be more correct to have ―To‖ before ―From‖ or vice versa depending on 

cultural and social norms. As described in the book: 

 

‖In practice, which interface is most appropriate, most useful, most efficient, most 

engaging, most supportive, etc.., will depend on the interplay of a number of 

factors, including reliability, social acceptability, privacy, ethical and location 

concerns‖  

                                                                                                           

 (Sharp et al., 2007) 
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When it comes to learning it is important to remember that most users prefer to ―learn through 

doing‖ (Carroll, 1990). So all menus should therefore be self-explanatory and require no reading 

of a manual or similar. It‘s also possibly best to keep the number of options and settings 

somewhat limited to not confuse the user. 

 

3.1.4 The user experience 

 

A central concept to HCI is the user experience. By that is meant how a product behaves and is 

used by people in the real world. More specifically, it is about how people feel about a product 

and their pleasure and satisfaction when using it, looking at it, holding it, and opening and 

closing it. 

 

―A product‟s end-user experience is very important to its success. A good user 

doesn‟t guarantee success, but a bad one is nearly always a quick route to 

failure” 

                                                                                                                 

  (Kuniavsky, 2003) 

 

Kankainen (Kankainen, 2003) presents an abstract view on ―user experience‖ in his conceptual 

model which is shown in the figure below: 
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          Figure 3.2: A conceptual model of user experience (Kankainen, 2003) 

 

What Kankainen means in his model is that a user‘s experience is a result of a motivated action 

in certain context. The user‘s previous experiences and expectations influence the present 

experience, and the present experience leads to more experiences and modified expectations. 

 

What makes Kankainen model interesting is the interaction between previous and present 

experiences and how these affect future expectations towards product performance. Both 

experiences and expectations must be seen as factors affecting user experience. He also precise 

how pervious experiences can affect learnability: 

 

“Previous user experiences can affect the learning and the use of a system. 

Naturally, human learning is driven by curiosity and play, but also by the 

feedback from one‟s (own or other‟s) actions – reward or inhibition “ 

 

               (Kankainen, 2003) 

 

Alben (Alben, 1996) difines in his paper the term ―quality experience:‖ 
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By “experience” we mean all the aspects of how people use an interactive 

product: the way it feels in their hands, how well they understand how it works, 

how they feel about it while they are using it, how well it serves their purposes, 

and how well it fits into the entire context in which they are using it. If these 

experiences are successful and engaging, then they are valuable to users and 

noteworthy the interaction design awards jury. We will call this “quality 

experience”. 

         (Alben, 1996) 

 

This definition is quite good since it addresses emotional, cognitive and practical aspects in a 

given context around experiencing a product. This definition will be taken into consideration 

when discussing the user experience. 

 

Garrett (Garrett, 2003) defines the user experience as ―how the product behaves and is used in 

the real world.  He further adds that every product that is used by someone has a user experience. 

According to Garrett The user experience consists of 5 elements: 

 

The strategy plane- At this plane it is important to understand the user needs 

 

The scope plane- This plane includes the creation of functional specifications: a detailed 

description of the ―feature set‖ of the product and content requirements: a description of the 

various content elements that will be required. 

 

The structure plane- Usually implies interaction design, in which we define how the system 

behaves in response to the user. 

 

The skeleton plane- Using interface design to arrange interface elements in order to enable users 

to interact with the functionality of the system 

 

The surface plane- the concern here is the visual design, or the look of the finished product. 
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Garrett means that those elements create the total user experience. In addition, technology can be 

just as important as functionality in creating a successful user experience. 

 

 In traditional software development, the discipline involved in creating a structured experience 

for the user is known as interaction design. It has an emphasis on defining patterns and 

sequences in which options will be presented to the users. It concerns the options involved in 

performing and completing tasks. It is about understanding people, the way they work, and the 

way they think. Building this understanding into the structure of the product will help ensuring a 

successful experience for those who have to use it. Having a good understanding of the problem 

space can help inform the design space, but it is important to develop a conceptual model. This 

mean that a designer needs to first think about how the system will appear to users, i.e. how they 

will understand it. 

 

What is conceptual model means then? Johnson and Henderson (Johnson and Henderson, 2002) 

definition of conceptual model is: 

 

 ―A high level description of how a system is organized and operates”  

 

             (Johnson and Henderson, 2002) 

 

User‘s impressions of how the interactive components we create will behave are known as 

conceptual models. Metaphorical concepts influence both the design of components and the 

language we use in the interface. 

 

Mentis and Gay (Mentis and Gay, 2003) describe in their paper that in order to facilitate a better 

user experience, it is important to know what experiences contribute to a good experience as well 

as a bad experience. In particular, what a user remembers of their experience gives insight on 

what the user feels was the most important part of the experience. The emotional response of 

frustration is important for understanding user experience. By understanding where and to what 

degree frustration occurs, designers can improve user perception of their experience with 

technology. 
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The Interaction Cycle of the User Action Framework has five high-level phases. These are 

Planning (establishing goals, tasks, and/or intentions), Translation (translating intentions into 

plans for physical actions), Physical Action (making physical input actions), Outcome (system 

internal response to user‘s actions) and Assessment (perceiving, understanding and evaluating 

outcome). Planning, Translation and Assessment are all reliant on the user cognitive processing 

of the problem. An interesting finding of this study (Mentis and Gay, 2003) was that bugs, pop-

ups, and auto formatting are intrusive and interrupt the cognitive flow of the user. This seems to 

be an important rule for interface design and responsive systems. Responses of a system should 

not interrupt the user‘s cognitive flow and should not take control away from the user. These 

interruptions are remembered by the users and color their perception of the experience of using 

the system 

 

What make a good experience varies from person to person, product to product, and task to task, 

but a good general definition is to define something as ―usable‖ if it‘s functional, efficient, and 

desirable to its intended audience. 

 

It is difficult to define ―the user experience. Therefore Kuniavsky (Kuniavsky, 2003) suggests 

three general categories of work when creating a user experience. These are: Information 

architecture, Interaction design and Identity design. 

 

In this research I use Interaction design in relation to ―the user experience‖. According to Sharp 

(Sharp et al., 2007) Interaction design is the discipline of defining the behavior of products and 

systems that a user can interact with. Certain basic principles of cognitive psychology provide 

grounding for interaction design. These include mental models, mapping, interface metaphors, 

and affordances (a quality of an object, or an environment, that allows an individual to perform 

action). An Interface metaphor is a set of user interface visuals, actions and procedures that 

exploit specific knowledge that users already have of other domains. The purpose of the interface 

metaphor is to give the user instantaneous knowledge about how to interact with the user 

interface.  

 

These basic principles of cognitive psychology will be explained in detail in section 3.3 which 

discusses theories of learning.  
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It is important to understand the user‘s conceptual model, since it is one of the principles which 

provide grounding for Interaction Design.  

 

The Science Education Resource Center‘s (SERC, 2008) definition of conceptual model is: 

 

“People receive information, process this information, and respond accordingly 

many times each day. This sort of processing of information is essentially a 

conceptual model (or mental model) of how things in our surrounding 

environment work” 

 

Design begins by mapping real-world work onto the objects of the user interface. Computational 

specifications are assigned to the objects, including how they will appear and behave on the 

display. The layout, appearance, controls and behavior of objects is made predictable and 

consistent with the user‘s conceptual model. The original design will be refined repeatedly on the 

basis of evaluation results (Butler, 1996). This model assumes that users attempt real world work 

by applying computer functions in combination with their own cognitive functions. This means 

that users not only operate the system, they also perform the role of integrator at the functional 

level. In order to use the system, the user must go through several layers of operations. For 

example, at the top layer the user‘s conceptual model of the work must be mapped to the user‘s 

understanding of the functions of the system. At the middle layer the user must construct the 

correct commands and arguments to control the needed functions. At the bottom layer the user 

must physically communicate the commands via actions performed with input devices. 

 

In The Psychology of Everyday Things, Don Norman gives a classic and enduring advice on how 

to design products that make sense to their users. To help designers, Norman sets down four 

principles of good practice that promote this ease-of use essentials (Norman, 1988). 

 Present a good conceptual model – allow the user to build up a true picture of the way the 

system holds together, the relationships between its different parts and how to move from 

one state to the next. 

 Offer good mappings – aim for clear, natural relationships between actions the user 

performs and the results they achieve. 
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 Visibility - the user can tell the state of a device and possible actions by looking at it. 

 Feedback - the user receives continuous feedback about the state of the system. 

 

The good mapping principle is also being referred to by Butler (Butler, 1996). According to her, 

one of the most obvious mismatches is between the user‘s conceptual model of how the system 

relates to the real-world task and the programmer‘s model of how the system was implemented. 

Often the user interface corresponds to the programmer‘s model and then the user must perform 

the complex job of mapping. The task becomes more difficult when users have to repeatedly 

translate up and down through different layers of operations in order to complete a significant 

real-world task.  

 

Butler also agreed upon that the objective of defining a conceptual model of the application is to 

provide an effective organizing structure between the user‘s real-world task and the functions of 

the system. This step is often described as external-to-internal task mapping. Examples can be 

seen in principles such as what-you-see-is-what-you-get and the use of analogy to integrate the 

user‘s conceptual model of the work with that of the system. The major technique for GUIs is to 

develop the mapping and then represent it via an analogy to an environment that is already 

familiar to the user.  

 

3.2 GIS and Visualization 

 

In order to understand these terms, it is best to give their definition first. 

GIS is defined as: 

 

― Geographic Information System (GIS) is frequently defined as the combination 

of a data base management system, a set of operations for exploring data, and a 

graphic display system that are tied to geospatial analysis of data. GIS 

environments are also cartographic tools that facilitate building maps in real 

time and examining the impacts of changes to the map interactively ― 
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                   (Rhyne and MacEachrn, 2004)  

 

Rhyne‘s definition for visualization is: 

 

“Visualization embraces both image understanding and image synthesis. 

It methodology for interpreting image data entered into a computer and for generating  

images from multi-dimensional data sets”  

 

                                                                                             (Theresa Marie Rhyne, 1994) 

 

Rhyne discusses the needs and requirements to visualization and GIS integration. In her paper, 

she points out that Visualization and GIS are not necessarily mutually exclusive. The difference 

may be more one of emphasis than substance. GIS functions include data formatting, 

management, analysis, and display (or visualization). The power of GIS lies in its ability to assist 

in spatial analysis. The other tools exist to support that function. The map, whether in paper form 

or more ephemeral, video, form is a visualization of some aspect of data, real or imagined, which 

conforms to the mapmakers model of the topology of the subject. In her opinion one needs both 

historical and geographical tools. GISs are the tools of geography. Visualization is as necessary 

to geography as mathematics is to physics. We humans need to see our logic. Cartographers have 

long known that the map is not only a tool from getting from here to there, but a way of 

organizing knowledge to make it understandable. Rhyne concluded that we need to be able to 

work in a networked, collaborative, interdisciplinary, community, with common tools to apply 

the scientific method to the highly complex and interrelated environmental problems facing, 

therefore integration of GIS and visualization software seems to be an interesting and useful 

place to start. 

 

In a later paper from 2004, Rhyne describes the integration of GIS and Vis tools.  

In the late 1990‘s and continuing into the 2000‘s, strides were made to integrate GIS and Vis 

tools. GIS developers have explored how to incorporate three-dimensional and time series 

animation capabilities into their software. For example, in the late 1990‘s, ESRI introduced 

ArcView 3D Analyst to allow for visualizing surface data and three dimensional modeling. 

Today, ArcGIS 3D Analyst is integrated into the ArcGIS suite of tools. 
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Rhyne claims that it will be the task of geo-visualization professionals to champion the integrity, 

reliability and usability of online visualization methods for geospatial data. This involves inter 

and intra disciplinary collaborations with colleagues in computer graphics, cartography, 

geographic information systems, telecommunications infrastructure, mobile computing, distance 

education, computer games and many other application disciplines. 

 

In his book, Tufte explains that Information displays should serve the analytic purpose at hand.  

 

“If the substantive matter is a possible cause-effect relationship, then graphs 

should organize data so as to illuminate such a link‖  

 

(Tufte, 1998) 

 

If displays of data are to be truthful and revealing, then the logic of the display design must 

reflect the logic of the analysis. 

 

―Visual representations of evidence should be governed by principles of 

reasoning about quantitative evidence. For information displays, design 

reasoning must correspond to scientific reasoning. Clear and precise seeing 

becomes as one with clear and precise thinking” 

 

                                                                 (Tufte, 1998) 

 

Tufte also shows how multiple images reveal repetition and change, pattern and surprise- the 

defining elements in the idea of information. He claims that multiples help to monitor and 

analyze multi-variable processes- ordinary occurrences in medicine, finance, quality control, and 

large scale industrial and engineering operations. By providing a quick, simultaneous look at a 

continuing flow of different measurements, multiples help sort out the relevant substance from a 

flood of numbers. 
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These explanations will be helpful when discussing in chapter 7 how visualization affect ―the 

user experience‖ when interacting with GIS. 

 

3.3 Theories of learning 

 

One question that may come to an employer when introducing new technology is: how do you 

train employees to learn it? In the past, an idea that was brought forward was that of instructional 

design. In instructional design, tasks for a job are broken down into ―atoms of knowledge‖ that 

can be arranged hierarchically and then taught in sequence (Lesgold and Derry, 1996). However, 

Lesgold and Derry go on to argue that this knowledge is situated in the environment and 

therefore must be taught there and not in training centers. 

 

Along with the main question of how one train employees a new technology there are several 

other questions that are worth exploring. One is what really should be taught? As pointed out in 

(Lesgold and Derry, 1996), is teaching knowledge of routines necessary since they will be 

something that is done everyday, instead should rather knowledge of how to handle 

extraordinary situations be taught instead? Continuing on the idea of situated learning, it might 

be worthwhile to see if there are other theories of learning that can be applied to the training 

situation. 

 

The three main perspectives on knowledge and learning are covered in (Greeno  and Collins, 

1996) and they are: 

 

The Behaviorist Perspective: knowledge is an organized accumulation of associations. 

Learning is the process in which associations and skills are acquired. The behaviorist perspective 

is epitomized in the work of Pavlov and his dogs, though it can be also used to explain human 

behavior. 

 

The Constructivist Perspective: Knowledge is structures of information for understanding of 

concepts. Learning is a constructive process of conceptual growth- often involving 

reorganization of concepts in the learner understands. 
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The Socio-cultural Perspective: Knowledge is distributed among people and their environment. 

The environment includes things such as objects, artifacts, tools, books and communities. 

Learning is becoming attuned with affordances and constraints of material and social systems 

which the learner interacts with. 

 

Later on, in section 6.4 I apply these perspectives in relation to my empirical results. 

 

Since principles of cognitive psychology provide grounding for interaction design (see chapter 

3.1.4- the user experience) as well as for theories of learning I will explain some of those basic 

concepts as mental models and mapping. 

 

Cognitive psychology examines internal mental processes such as problem solving, memory, and 

language. Constructivism is based on those ideas. The main idea of constructivism (Greeno  and 

Collins, 1996) is that knowledge does not exist as an independent ontological objective. Each 

individual constructs their own knowledge. This is done through mental reflections based on 

experiences and interactions with the surroundings. It is thus not possible to transmit knowledge 

from one person to another (i.e. from a teacher to a student). The teacher can merely create 

settings that may facilitate constructivist learning in the student. 

 

The Swiss psychologist, Jean Piaget, stated that each individual organises their knowledge in 

subjective abstract images, which he calls cognitive schemes (Piaget, 1971) . These schemes are 

built into a scheme structure. When we make new experiences based on our actions, new 

schemes are added to the structure (assimilation). If our new experiences contradict the existing 

scheme structure, they will be rejected or the scheme structure adapted accordingly 

(accommodation). 
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Chapter 4 
 

Research method 
 

This chapter provides a description of the research and evaluation methods that were used in this 

study. I start by introducing the interpretive case study approach and the use of ethnographic 

methods. Further, I explain the research methodology, the methods used for the data collection, 

and the analysis technique. Ethical considerations and issues of generalisation, validity and 

reliability are also discussed. Finally, I address the limitations of qualitative research and explain 

how I overcame these challenges. 

 

4.1 Research Approach:  

An Interpretive Case study, and the use of ethnographic methods 

 

There are many research approaches to choose from; among them are Ethnography, Action 

Research, case studies and grounded theory. I found out that the interpretive case study is best 

suited for this research and I explain why further in this chapter. 

 

Silverman (Silverman, 2005) defines case study as: 

 

“One case (or perhaps a small number of cases) will be studied in detail, using 

whatever methods seem appropriate. While there may be a variety of specific 

purposes and research questions, the general objective is to develop as full an 

understanding of that case as possible”  

 

          (Silverman, 2005) 

 

Case studies should generally be naturalistic i.e. the individual or entity should be studied in its 

naturally occurring state and environment. Even though case studies involve some quantification 

of information, they are on the whole qualitative. 
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In his paper (Walsham, 1995), Walsham tells how the importance of social issues related to IS, 

led some IS researchers to adopt empirical approaches that focus particularly on human 

interpretations and meanings. He claims that the vehicle for such ‗interpretive‘ investigations is 

often the in-depth case study, where research involves frequent visits to the field site over an 

extended period of time. 

 

The underlying epistemology for this research is interpretive. Avison and Mayers definition for 

interpretive studies is: 

 

“Interpretive studies generally attempt to understand phenomena through the 

meanings that people assign to them and interpretive methods of research in IS 

are aimed at producing an understanding of the context of the information system, 

and the process whereby the information system influenced by the context” 

 

                             (Avison and Myers, 2002) 

 

Human interpretations concerning compute-based information systems are of central importance 

to the practice of IS, and thus to the investigations carried out by the IS researcher. I find this 

approach to be most suitable for my research since what I was interested to find out was how the 

application of GIS in the winery affected their work, how it was being used, whether its use was 

successful and the reasons for success or failure. I wanted to understand the context in which 

GIS is used and to learn about people‘s views concerning the use of this technology and their 

experiences with it so far.  

 

According to Walsham (Walsham, 1995), empirical studies that collect such data can be broadly 

classified as ―interpretive case studies‖. Therefore qualitative research will best provide the right 

data for my research. In this case study I used ethnographic methods in studying use of an IS. 

 

“Webster defines ethnography as the study and systematic recording of human 

cultures. Applied to business, what ethnography tries to do is to understand 

people‟s experiences from their point of view”  

                    (Kroll, 2007) 
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“The ethnographic approach, with its emphasis on natives‟ point of view, holism, 

and natural setting, provides a unique perspective to bring to bear on understanding 

users‟ work activities 

 

           (Blomberg et al., 1993)   

 

I believe that using an ethnographic approach in my study will help gain a better understanding 

of the user needs and as result come with suggestions for improving GIS usability. Other 

traditional approaches to design where the only contact designers have with users is in laboratory 

operability tests or traditional approaches to understanding users‘ needs that are technology 

driven will not give the in-depth user understanding that I view as necessary for carrying out GIS 

evolution. Since the user‘s experience of a technology is influenced by the context of its use 

(Blomberg, 1993), gaining a broader perspective in technology use is important.  

 

In order to conduct this study I lived in Israel from November 2007 to January 2008.  The 

reasons for choosing Israel was: 1) ease of access, due to my contacts with these two wineries, 2) 

a possibility to conduct a usability evaluation on a system that is in use, and that is the first such 

system in Israel used for viticulture.   

 

During this period I used a considerable amount of time in studying the research domain. Doing 

this included reading books and articles about the subject and visiting the winery to observe and 

learn the organisation‘s structure and its different processes. I was going around talking to 

employees during work hours in order to understand their work tasks. I also had two informal 

interviews, one with an employee with a leading position and another from the production line, 

in order to get a better perspective of how the winery is organized. 

 

  A top- down approach was used, where I first learned about the winery and wine in general, and 

then concentrated on the use of ICT, the data that exist, their motivation for using PV 

technologies, and their experience so far with applying them in the winery. Special attention was 

given to evaluating GIS in terms of usability criteria. 
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 During my period in Israel I collected data using several methods (these are explained in section 

4.3) and when I came back to Norway I conducted the analysis of these data. Since I conducted a 

comparative study where findings where compared with literature either to find similarities in 

my data or differences, I used a considerable amount of time on searching and reading relevant 

literature. Since it is important to carry out an inductive research, rather than leading, when using 

an ethnographical approach, I started without a hypothesis. I assumed I didn‘t know the answers 

and let the participants to guide me to an understanding. Therefore I did not study the GIS 

interface in advance. I conducted the expert evaluation (according to usability guidelines) only 

after my return to Oslo, in order to see if I could affirm user‘s opinions about GIS usability or 

find other issues regarding the interface. 

 

4.2 Research Methodology 

 

4.2.1 Qualitative and quantitative methods 

 

A research methodology is a combination of the process, methods, and tools used to conduct the 

research. This research has an interpretive approach, considered as the paradigm. It aims to find 

new interpretations and underlying meanings from the investigation of my research questions 

(see chapter 1). To build a foundation for interpretation, I used qualitative research methods.  

 

Some methods provide data which are quantitative and some methods data that are qualitative. 

Qualitative methods use experiments to collect measurable data, i.e. they focus on numbers and 

frequencies rather than on meaning and experience. Quantitative methods (e.g. experiments, 

questionnaires) provide data that are easy to analyze statistically and fairly reliable. Quantitative 

methods are associated with the scientific and experimental approach and are criticized for not 

providing an in depth description. 

 

Qualitative methods are ways of collecting data that are concerned with describing meanings, 

rather than with drawing statistical inferences. What qualitative methods (e.g. interviews) lose on 

reliability they gain in terms of validity. They provide a more in depth and richer description. 

 

According to Silverman (Silverman, 2005): 
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“In choosing a method, everything depends upon what you are trying to find out. 

No method of research, quantitative or qualitative, is intrinsically better than any 

other”.  

                                                                                                        (Silverman, 2005) 

 

Also Fincher and Petre (Finsher and Petre, 2004) highlight the importance of choosing the right 

method: 

 

“Each of the methods must be understood in its own terms: the assumptions that 

attach to it, the level of resolution of the data it generates, its constraints and 

limitations, and so on. Its appropriateness in generating data relevant to the 

research question must be considered; the method must be fit for its purpose”. 

            

   (Finsher and Petre, 2004) 

 

Since I am most concerned to find out about the users experience with GIS and their opinions, it 

is most appropriate to use qualitative research methods that provide rich data. Quantitative 

methods such as questionnaires would not provide the data needed to answer my research 

questions since they are standardized so it is not possible for users to give explanations. 

 

4.3 Sample of subjects 

 

The sample consists of GIS users in the viticulture area Users are representatives from two 

Israeli wineries: Galil Mountain winery and Golan Heights winery. Focusing on three users has 

certain limitations in terms of generalizing the findings of this research to a wider population. 

This study can be seen as being exploratory rather than definitive. It is of first priority to explore 

how the use of this technology aids viticulture and their experience so far rather than external 

validity.   

 

Even though the sample is small, which is obvious since no other wineries in Israel use GIS 

except for these two, it may not offer generalization to apply to all wineries, but it offers 



48 

 

generalizations for all those who use this technology in Israel nowadays. If, assuming that other 

wineries in the western world have the same needs, motivation and purpose; i.e. to produce a 

quality wine through increasing uniformity in vineyards, it is possible that results from this study 

are applicable for a broader population in viticulture.  

 

I also believe that the contribution of this study is that it shows how usability studies could be 

done using ethnographic approach and not necessarily traditional approaches. It shows the 

importance of understanding the user‘s needs and their experience with the system in the context 

of its use. Such in depth understanding can provide better insight for what further improvements 

are needed for this software. There are many articles which provides guidance in the use of 

ethnography in IS (Blomberg et al., 1993) and rapid ethnography when given time in the field is 

limited  (Millen, 2000). 

 

4.4 Data collection methods 

 

There are four major methods used by qualitative researchers: Observation, analysing text and 

documents, interviews and recording and transcribing. These methods are often combined. In my 

research I chose to combine observation with interviews and reading documents. Throughout the 

research process I was aware of the strength and limitations of these methods. Still, I found out 

that through the use of these qualitative methods I was better able to answer my research 

questions. 

 

4.4.1 Participant observation 

 

In my choice of method, I was also aware of the criticisms that have been made against it. One 

such criticism argues that observation is not a very ‗reliable‘ data collection method because 

different observers may record different observations. If used at all, observation is held to be 

only appropriate at preliminary or ‗exploratory‘ stage of research (Silverman, 2001). Therefore, I 

used observation at the beginning of my field studies to get an idea of what is going on at Galil 

Mountain Winery and Golan Heights winery. Observation was used to get an understanding of 

their working tasks, work flow and to learn about the use of the technology.  
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Observations were conducted during working hours and note taking was used to register data. 

All activities from wine production to working with GIS were of interest. It found it useful to 

begin with observation when evaluating the technology, since I felt observation gave me grounds 

to evaluate how GIS supported the users‘ tasks and goals. It was also useful for the learning 

process since there is often a distinction between what people say and what they do. In addition 

use of theory as a sensitizing device helped to guide me in what to observe, so that I can focus on 

the important issues and activities. 

 

“Observation helps designers understand the user‟s context, tasks, and goals. 

Observation conducted later in development, e.g. in evaluation, may be used to 

investigate how well the developing prototype supports these tasks and goals”  

 

   (Sharp et al., 2007) 

 

The strength of observation is that it can produce very rich, highly situated data reflecting 

behaviour in context. Its main disadvantage is that expectations the observers bring to the study 

may colour the data, and the mere presence of the observer may influence the behaviours 

observed. 

 

4.4.2 Interviews 

 

Yin (Yin, 1994) argues that evidence for case studies may come from six sources: document, 

archival records, interviews, direct observation, participant observation, and physical artefacts. 

However, with respect to interpretive case studies as an outside observer, it can be argued that 

interviews are the primary data source, since it is through this method that the researcher can best 

access the interpretations that participants have regarding the actions and events which have 

taken place or are taking place, and the views of themselves and other participants. 

 

Interviews are guided dialogues, valuable in eliciting subjects‘ experiences, perceptions, 

opinions, attitudes, intentions, and beliefs. They allow subjects to respond in their own words, to 

explain behaviours in terms of their own values, goals and expectations, to assign their own 

meaning and to provide clarification (Finsher and Petre, 2004). 
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Observations helped me gain an understanding of what work is done and how it is done in the 

winery. Interviews were the best way to find out how the users feel about GIS, their expectations 

and experience so far.  

 

The first interview was always an open-ended one, where I used time to gain understanding for 

their work task and activities. The second and third interviews were semi-structured ones with 

the aim of getting a more in depth understanding of their feelings and opinions. I chose to use 

interviews as a technique because of the richness of the data that it was likely to produce. 

Richness here is used to mean the number and generality of questions that I could attempt to 

answer using that data. 

 

 I have carried one-to-one interviews during work hours with 3 interviewees. The interviews 

were conducted in their office and questions about their job tasks and use of GIS were the main 

theme. Interview time varied from approximately 45 to 90 minutes. Extensive notes were taken 

during each interview and were written up as soon after the interview as possible, often on the 

same day as the interview. Audio recording was used only during first time interview to assure 

that I understood their work tasks correctly, since viticulture is not where my competence lies. 

 

Interviewees Role 1. interview 2. interview 3.interview 

Interviewee 1 Viticulture 

department 

21.11.07 11.12.07  

Interviewee 2 Viticulture 

department 

10.12.07 17.12.07 02.01.08 

Interviewee 3 Winemaker 26.11.07 07.01.08  

 

Table 4.1: Overview of conducted interviews  

 

4.4.2.1 Reliability 

 

While a central methodological issue for quantitative researchers is the reliability of the 

interview schedule and the representativeness of the sample, ‗authenticity‘ rather than reliability 

is often the issue in qualitative research (Silverman, 2001). The aim is usually to gather an 
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authentic understanding of people‘s experiences and it is believed that open-ended questions are 

the most effective route towards this end. 

 

A citation from Silverman which supports my choice of method is given below:  

 

―Interviews offer a rich source of data which provide access to how people 

account for both their troubles and their good fortune”  

 

       (Silverman, 2001) 

 

Therefore when writing this thesis I tried to give as many as possible excerpts to illustrate the 

users‘ opinions and to make them transparent as possible. I was also aware of the fact that 

translating quotes from Hebrew to English may be challenging in regard to ‗authenticity‘. Still I 

think I managed to stay as close as possible to things that were said in the field. 

 

4.4.2.2 Validity 

 

Validity is the extent to which an account accurately represents the phenomenon to which it 

refers. Commonly advocated methods to secure validity are triangulation and respondent 

validation (Silverman, 2005). I chose triangulation in order to secure validity of this qualitative 

research. Combining methods gave me different, but complementary views on ―reality‖, about 

the issues I studied. Still I kept in mind that the results I got are situation and context-bound. 

 

4.4.3 Document studies 

 

According to Silverman (Silverman, 2001) ‗Text‘ is data consisting of words and/or images 

which have become recorded without the intervention of a researcher (e.g. through an interview).  

Even in qualitative research, texts are sometimes only important as ‗background material‘ for the 

real analyses. The model is: documents claim X, but we can show that Y is the case. 

 

Document studies provide a naturally occurring source of information, often closely allied with a 

phenomenon of interest, and potentially offering insights into processes, interactions, 
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organizational character and culture of the phenomenon, and individual experience that may be 

hard to capture otherwise. They are steeped in the context in which they were produced, 

reflecting both environment and language, and they can provide a longitudinal view (Finsher and 

Petre, 2004). 

 

In order to gain an understanding of the context in which GIS is used and to investigate its 

learnability, I read through the course training materials, reports and maps produced by GIS. 

Doing so gave answers to my questions about text:  how they were written, how they were read, 

who wrote them, who read those reports and for which purpose. Information that was valuable in 

order to understand contribution of GIS to the winery and the emotional satisfaction the users 

had regarding this system. I also saw how PV files were obtained by e- mail and uploaded into 

GIS for further analysis of the data. 

 

I was aware of the differences between interviews, observation and text when used as a method 

for collecting my data. Using research interviews involves actively creating data that would not 

exist apart from the researcher‘s intervention (researcher provoked data). By contrast, 

observation or the analysis of written texts audiotapes or visual images deals with activities that 

seem to exist independently of the researcher. Such data is called naturally occurring. However 

it is important for me to keep in mind that no data are ever untouched by human hands. Working 

with both types of data seems to give a more ‗complete picture‘ of the phenomena being studied. 

Therefore I felt that by combining these methods I would be able to get a more ―holistic picture‖ 

of the use of GIS in Israeli viticulture.  

 

When it comes to visualization and visual images- the aim of researching ‗visual images‘ in GIS 

was to examine the ‗work‘ that they did and to understand how they did that work. 
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4.4.4 Method Triangulation 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 4.1: Method Triangulation 

 

Method triangulation is used in this study in order to get different perspectives on the data 

collected. The methods used were observations, interviews and document studies. A way to 

strike a balance between realism and control is through the use of multiple methods over a series 

of studies that accumulate evidence. Triangulation is a name for combining techniques in order 

to shed light on an issue from different perspectives and thus overcome the limitations of any 

single technique (Finsher and Petre, 2004). 

 

 Triangular techniques in the social sciences attempt to map out, or explain more fully, the 

richness and complexity of human behaviour by studying it from more than one standpoint and 

in so doing, by making use of both quantitative and qualitative data (Cohen and Manion, 1994). 

Triangulation applied in educational research as a means of countering the selective bias of a 

single view (Robinson, 1992). 

 

Observation Interview 

Document 

studies 

reading 
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Triangulation is the use of different research methods or sources of data to examine the same 

problem. If the same conclusions can be reached using different methods or sources then no 

peculiarity of method or source has produced the conclusions and one's confidence in their 

validity increases (Lwin, 1997)  

 

Among the different types of 'triangulation', the following are some examples of the principal 

types of triangulation used in research:  

 

 Data triangulation refers to the collection of varied data on the same phenomena, e.g. 

from different participants, different phases of fieldwork;  

 

 Investigator triangulation similarly involves collection of data by more than one 

researcher (preferably through adoption of different roles in the field) 

 

 Method triangulation involves the collection of data by different methods, which entail 

different threats to validity (Lwin, 1997).  

 

Robinson (Robinson, 1992) also suggests that multiple methods or triangulation have been used 

in educational research when: 1) A more holistic picture is wanted, 2) Complex phenomena are 

being investigated, 3) A controversial topic is being investigated, 4) Validity and minimization 

of bias is sought, 5) Established single-method approaches have proved arid, too narrowly 

selective and uninformative. 

 

When choosing to use method triangulation as I did, it is important that the application of each 

method is valid, and the analysis and interpretation that links them is sound. 

 

4.4.5 Usability evaluation 

 

Usability practitioners employ a wide range of techniques in designing for improved usability. 

Some of the techniques used include:  



55 

 

 Surveys - Online or paper-based surveys can provide access to large groups of users and 

assist with identifying user requirements. Surveys can also be used for subjective 

evaluation of usability (Kuniavsky, 2003). 

 Interviewing - Structured interviews provide a method for researching user requirements, 

tasks and goals (Kuniavsky, 2003). 

 Focus groups- a methodology used largely in market research, and can also be used to 

help identify user requirements (Kuniavsky, 2003). 

 Contextual inquiry or field studies - A research method based on structured interviews 

and observations that take place in the users' workplace or the location in which the 

system will be used.  This method is used primarily to gain an understanding of users' 

tasks or work, work culture and physical environment (Beyer and Holzblatt, 1998) 

 Task analysis- A collection of techniques used to gain an understanding of users' tasks to 

assist in the design of an appropriate user interface  (Hackos and Redish, 1998) 

 Design guidelines or standards - Sets of guidelines or standards are sometimes used to 

guide the design of a user interface. 

 Prototyping - involves modelling design ideas (often on paper) and testing them with 

users. Changes can be made quickly and cheaply and further testing then takes place 

resulting in further refinements to the design (Sharp et al., 2007) 

 Walkthroughs - A method for evaluating a design by having a group of designers, 

usability professionals and users walk through a task scenario, discussing and evaluating 

each page or screen or interaction element (Sharp et al., 2007) 

 User testing - Using task scenarios and users who are representative of the target 

audience, user testing is a method used to evaluate the usability of a user interface 

(Nielsen, 1993) 

 Heuristic evaluation - An expert evaluates a user interface against a set of design 

heuristics or broad design guidelines (Nielsen and Molich, 1990) 
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I believe that, for this research, a field study is the most suitable technique for finding answers to 

my questions. Many of the techniques mentioned above are more suitable when evaluating 

software engineering design in the starting phase. Since GIS is already implemented at the 

winery, a field study is a natural means for evaluating the system in use and recommending 

improvements for the next release.  

 

Field studies (Sharp et al., 2007) are typically conducted in order to find out how a product or 

prototype is adopted and used by people in their working and everyday lives. Qualitative 

accounts and descriptions of people‘s behaviour and activities are obtained which reveal how 

they used the product and react to its design.  

 

I find qualitative research methods most appropriate, since the intention of this study is to 

explore how new technology (PV technologies and tools) is being utilized by people in their own 

culture and setting, i.e. in the winery and the viticulture domain.  I want to learn how the 

participants use, integrate, and adapt the technology to fit their needs.  Special attention is needed 

to explore users‘ experiences, expectations, and opinions about the system‘s usability. Data in 

field studies are collected primarily by observing and interviewing people. Data are collected 

through observation since it is the most user-friendly way of exploring phenomena and the 

feelings people have towards them. In addition, documents and reports are included in order to 

analyze my data from other angles. 

 

The findings from field studies are typically written up in the form of excerpts, critical incidents 

and narratives to illustrate how the products are being adopted and integrated into the 

surroundings. This approach is illustrated in the chapter on findings where excerpts from 

interviews are used to validate my results. In addition, the HCI framework is utilized to guide the 

analysis and includes usability criteria and design guidelines.  

 

4.5 Link research to relevant theory 

 

(Finsher and Petre, 2004) guiding principle is: “link research to relevant theory”. Theory can, in 

broad terms, be used in two ways. We can situate our work in exploration of a theory-base, or we 

can use a theoretical perspective to inform our investigations. For this research I used theories 
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from the HCI field as a sensitizing device to guide the data collection and analysis. Concepts 

such as usability, the user experience, learnability and visualization took central place. These 

concepts were broadly explained in chapter 3 on theory. 

 

4.6 Ethical issues 

 

A basic question in all research is to what extent a research is conducted in an ethical way. I have 

to chosen to consider ethical issues in my study as much as possible. The users were informed 

about the purpose of the research. Their main concern was where the thesis will be published, 

mainly due to competitors‘ issues. They were relieved to know that it will be published in 

Norway and that the anonymity of all participants would be strictly protected by concealing their 

names.  They all agreed to participate in this study and gave their full consent to use quotes from 

the interviews. They did not want their photographs taken, but they had no problem that an audio 

recorder was used under some of the interviews.  

 

4.7 Limitations of study 

 

Qualitative research has the strength of providing richness in investigating natural phenomena, 

with strength on ‗practical‘ and validity. The very richness of realistic investigation makes it 

hard to draw conclusions that are not context dependent, and possibly specific to the particular 

instance. It does not provide replicable, repeatability and reliability as rigorously controlled 

experiments do. Case studies are not well suited for generalization.  

 

Qualitative assessments usually consist of observations and interviews. Although this might 

provide some experience with respect to IS, it exposes a number of shortcomings (Verlinde and 

Coenders, 2000): The results of open questions in assessments are hard to evaluate and 

aggregate. Same comments can have different meanings. This makes it difficult to compare the 

results of observations and interviews. 

 

Therefore I find the following citation to be appropriate:  
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We need to strike a balance between the richness of realism and the precision of 

controlled studies, exploiting the advantages and compensating for the 

disadvantages of each  

(Finsher and Petre, 2004) 

 

As Silverman (Silverman, 2005) said, there is no one approach that is better than others. It is 

important to use the approach that is likely to provide best answers to one‘s research questions, 

as I already argued in support of my choice of approach; I decided to overcome the problem by 

use of operationalization.  

 

4.7.1  Operationalization 

 

The heart of a question formulation is operationalization, a process of mapping from what we 

want to know to what we can investigate empirically, that is, to what we can observe in the world 

(Finsher and Petre, 2004). We need to link the concept or construct of interest onto one or more 

manifestations in the world, things that can be observed, recorded, and ultimately measured in 

some way. Operationalization is important to our conduct of a valid study. Since it is hard to 

measure usability in qualitative research I chose to operationalize usability into effectiveness, 

efficiency and satisfaction. 
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Chapter 5 
 

The case 
 

In this chapter I present the reader with the details of the case that I used for my field study. First, 

I start with presenting the research locations and description of the place; I then continue with 

details on the information technology used in PV, the data, context of use and the users of this 

technology. Towards the end the wine production process is being explained. Finally, Golan 

Heights winery which also uses PV technology is presented. 

 

5.1 The Case - Galil Mountain Winery 

 

In 2000, Galil Mountain Winery, a joint venture of Golan Heights Winery and Kibbutz Yiron, 

was established (Winery, 2008). This winery combines the unique features of the Upper Galilee 

with the know-how of the winemakers from the Golan Heights Winery. In 1997, the first 

vineyard was planted in Kibbutz Yiron and at the same time this kibbutz decided to establish a 

winery amidst the natural landscape surrounding it. 

 

Galil Mountain Winery has five vineyards (total of 80 hectares) in the Upper Galilee Mountains 

with different topographical and climatic conditions; Yiron, Malkiya, Yiftach, Misgav-am and 

Meron. This enables a cultivation of a large variety of grapes. The location of these vineyards is 

illustrated in figure 5.1. The vineyards themselves do not belong to the winery but to the 

Kibbutzim in the region and their winegrowers with whom the winery has long-term contracts. 

90% of the harvest consists of red grapes such as Cabernet Sauvignon, Merlot, Pinot Noir, Syrah, 

Barbera and Sangiovese. The rest are white grapes: Viognier, Chardonnay and Sauvignon Blanc. 

Only dry wines are produced in this winery. In 2006, the yield was approximately 800 tons.  
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Figure 5.1: The 5 vineyards 

 

 Galil Mountain winery is designed in a very innovative fashion, architecturally speaking. The 

structure of this winery is designed in order to attract tourism. Thereby visitors can enjoy a 

fulfilling experience that combines a view of the local landscape as well as a view of the inner 

halls with their stainless steel tanks and oak barrels. 

 

The wines 

In order not to overstrain the customer with an unnecessarily wide range of wines, there is only 

one line and most of the wines are varietals wines. The originally California term ―varietal wine‖ 

–means, in principle, from one grape variety. (Hugh Johnson‘s pocket wine book 2007) 

This line consists of 11 wines: 

 3 whites: Sauvignon Blanc, Chardonnay, Viognier 

 1 rose´(blend) 

 3 young reds: Shiraz, Merlot, Cabernet Sauvignon 
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 2 aged reds: Shiraz-Cabernet Sauvignon, Pinot Noir 

 2 flagship wines: Yiron (French-style blend), Yiron Syrah 

 

Personal structure in the winery 

The board of directors includes six people: four from the Golan Heights Winery, two from 

Kibbutz Yiron and one external person. Issues of extension of the winery are determined by the 

board and internal affairs by the winery itself. The personal structure is illustrated in the figure 

below. 

  

Figure 5.2: Personal structure in the winery 

Galil Mountain Winery Board of 

Directors 

CEO of Galil Mountain Winery 

Marketing 

Export 

Visitors‘ center 

Vineyards management 

Sales 

Winemaker 

 

 

PR 

Production 

Kashrut supervision 

Accounting 

Investors  66% Golan Heights Winery 

33% Kibbutz Yiron 

Secretary 
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5.2 ICT and the users 

 

5.2.1  PV technology/tools used in the winery 

 

Currently there are four technologies/tools which provide data that is saved and analyzed in GIS. 

These are: Remote sensing- NDVI, Soil sensor- SECS (Soil Electrical Conductivity Scanning), 

Airborne Imagery and GPS. 

5.2.1.1 GIS  

 

The winery uses GIS (Geographical Information System) to collect spatial data, which includes 

datum points that are collected by GPS. The software that is being used is ArcView. The figure 

below describes the sources of data that are entered into GIS in the winery. Data on Soil EC, data 

on leaf and fruit and elevation help users in management decisions.  

 

 

 

Figure 5.3: GIS interface areas 

 

5.2.1.2 Airborne Imagery 

 

Aerial photos of all vineyards are taken. Airborne imagery is always used to picture the vineyard 

as it is easier to interpret data that is presented in this overall fashion rather than in detailed 

tabular form as the data have so many attributes. 
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Figure 5.4: Aerial imagery 

 

5.2.1.3 Remote Sensing- Greenseeker 

 

The Greenseeker is used for detecting stress in plants. It measures both NDVI and Red to Near 

Infrared rations. The NDVI is a common measurement of plant health. Chlorophyll in plants will 

absorb red light as a source of energy. Healthier plants will absorb more red and reflect more 

NIR, and consequently have a higher NDVI. The data from the Greenseeker unit is transferred to 

a palm-sized computer. Data points are saved into a file that is later imported to GIS for further 

analysis. 

 

The figures shows pictures of the Greenseeker. 

 

 

Figure 5.5: Greenseeker 
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Figure 5.6:  Greenseeker in use in the vineyard 

 

Greenseeker sensor    DGPS 

  

Figure 5.7: The Greenseeker sensor on the top left side. DGPS on the top right side 
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5.2.1.4 Mapping Electrical conductivity of soil with Veris sensor 

 

An Electric conductivity is a measure of a material‘s ability to conduct an electric current. 

Electrical conductivity in soil is decided by three main parameters: soil salinity, clay and water 

capacity. 

 

Veris Mobile Sensor Platform (MSP) is on-the-go sensing of soil electrical conductivity (EC). 

Veris Soil EC mapping systems use GPS and the proven technology of Soil Electrical 

Conductivity to identify areas of contrasting soil properties. In non-saline soil, EC values are 

measurements of soil texture - relative amounts of sand, silt and clay. Soil texture is directly 

related to both water holding capacity and cation exchange, which are key ingredients of 

productivity (technologies, 2008). 

 

 

 

Figure 5.8: the vehicle used in Israel 

 

5.2.2 The motivation for using these technologies 

 

“An understanding that quality wine starts at the vineyard has brought us to 

implement PV technology” 

            (Interviewee 3 / 21.11.07 / Author‘s translation) 
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The goal in this winery is to create a high quality wine and to maximize the potential in their 

fields. Vines grow wild; thereby its investors spend a lot of money and energy in order to control 

its maintenance and growth. One of the main indicators for quality is creating land that is as 

―uniform‖ as possible. Within-field differences can reduce the quality of the area, thus a field 

that is uniform will be regarded as a better field. 

 

This is the second year the winery has employed PV technologies, as two years ago it was 

manually processed. In the past, for instance, employees were driving around the vineyard with 

tractors to identify differences in field. Presently, PV technology takes care of this tedious task. 

The NDVI technology enables the employee to see if the block performs the same in a sense of 

strength that is identifying where the growth is stronger and where it is weaker. 

 

In their paper from 2003,  (Johnson et al., 2003) explain how the balance between leaf and fruit 

production affects yield and quality. Canopy size should provide sufficient photosynthetic 

capacity to support fruit ripening, while avoiding excess shading that can retard ripening and 

increase disease pressures.  

 

SEC 

In the Golan the soil salinity is nearly zero, due to basal volcanic soil. The clay level is low and 

uniform. Therefore the main parameter that affects Electrical conductivity in the Golan is water 

capacity. From the Veris‗s photos they can learn about the level of the water in the soil. 

Galil Mountain winery and Golan Heights winery measure Electrical conductivity up to one 

meter depth. The Veris measure conductivity in two levels: Deep – one meter, and shallow- 0- 50 

cm. The reasons they want to learn about the differences in soil are:  

 

 To map differences in soil. This way it will be easier to take care of the vineyards. 

Differences in soil will result in differences in vine 

  Low or high water capacity will affect watering, planting and more. 

There are several reasons for using soil EC sensing & mapping: 1) It reveals soil patterns and 

differences in detail, 2) Correlations: Soil EC maps can be used to explain variation in yield. 
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Data can be correlated with yield, elevation, surface hydrology or remotely sensed data, 3) It 

indicates simple solutions: Irrigation & drainage; soil amendments 

 

Soil EC Map  Shows Where soil varies 

Direct Soil sampling & Observations Show What Soil Parameters are varying 

 

Figure 5.9: The What & Where of EC 

 

A Soil EC defines where and to what extent the soil texture differs across the field. This 

information is being followed up with sampling and visual observations. 

In addition this tool is Simple-To-Use: the tool quickly and accurately characterizes soil 

differences within fields. 

 

5.2.3 The data 

 

NDVI is the acronym for Normalized Difference Vegetation Index. NDVI provide a crude 

estimate of vegetation health and a means of monitoring changes in vegetation over time. The 

NDVI is an index that provides a standardized method of comparing vegetation greenness 

between satellite images. The formula to calculate is:  

NDVI = (near IR band – red band) / (near IR band + red band) 
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Figure 5.10: example of NDVI calculation 

 

Index values can range from -1.0 to 1.0, but vegetation values typically range between 0.1 to 0.7. 

Higher index values are associated with higher level of healthy vegetation cover, whereas clouds 

and snow will cause index values near zero, making it appear that the vegetation is less green. 

NDVI can be used as an indicator of relative biomass and greenness.   

 

The employees use this high-resolution imagery to map vineyard canopy density in absolute 

terms as leaf area index (LAI; leaf area per unit ground area) and related measures. 

 

Relative formats - are concern with the block. It shows differences within a block, even if they 

are very small. 

 

Absolute formats- values from 0-100 divided to 20 fast levels.  Absolute formats are used for 

comparisons between vineyards. 

 

SD (Standard Deviation) varies usually from 4-12. Values between 4- 8 indicates that the blocks 

are good. The aim is to minimize the SD as much as possible and to maximise uniformity in the 

vineyards 

)Re(
)Re(

dNIR
dNIR

NDVI
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Figure 5.11: An example of NDVI map from Elrom vineyard divided into 10 levels. Dark blue 

colour means big vines with more leaves and water, i.e. vines that are not mature yet 
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The way the spatial information acquired by Veris is used: 

Togther with GIS, another level of Veris is uploaded to the aerial photograph and scales are used 

to interpret the results. The use of ArcView gives High Resolution.Dark brown colour means 

high conductivity, i.e. more water. Light brown colour means low conductivity. 

 

The values are depended on the water level in the soil on the day they were measured. Therefore 

there is no absolute format and thus no possibility of comparison between vineyards. There is 

only a relative line that measures differences within the vineyard. Still, this possibility gives a lot 

of valuable information. 
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Figure 5.12: An example of EC map of Elrom vineyard divided into 10 levels, where dark     

brown means higher EC. 
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5.2.4 Purpose of use 

 

1. Using NDVI as a tool for defining differences within a unit 

The employee receives an aerial photograph of the vineyard. With the aid of GIS it is possible to 

draw the borders of each block and to fill the tables with data. From these tables they can choose 

which data to present on the unit. It is usual to display the block name and dunams.  Working 

with GIS they can add another layer of data from the NDVI on top of the aerial photograph.  

With the help of NDVI the employees can decide to grow vines differently. This is done when 

the NDVI shows areas with different characteristics in the vineyard.  

 

2. Using NDVI to perform ripening follow-up  

NDVI is used to perform ripening follow-up on the vine. When the NDVI shows differences it 

means that there are differences in the ripening tempo. This information is used to make 

decisions about harvesting. An area that is ripening faster will be harvested earlier. Each area 

will be harvested at the optimum time. This information can be used by the vine growers to take 

decisions about such things as irrigation, which can increase uniformity between the fields. 

Decision about irrigation must be taken carefully, since a grape that contains too much water will 

have reduced sugar content and thus a lower quality. 

 

3. Use of SECS before planting a new vineyard 

This helps in planning the planting in a way that will ensure that each block will be as uniform as 

possible with regard to the soil conditions. This is the ideal situation. 

 

4. Use of SECS in existing vineyards 

If differences are discovered in a vineyard, the vineyard can be divided into blocks using access 

roads. Each block will then receive the appropriate treatment for its soil conditions. As a 

consequence, ripening periods and harvesting times may differ between blocks. 
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5.2.5 Context of use  

 

NDVI: Researches have found that the best timing for data collection is during veraison, since 

this stage best reflects how vineyards perform. This means that NDVI measurement is done once 

a year. For important units within vineyards, an NDVI measurement can be also taken before 

harvesting, in order to find out how the unit is performing. 

 

There are four main phases in grape development (Ben-Joseph, 2003): the first one is the 

―Novation / vegetative period‖. In this phase the grape is dark green, the colour of the 

chlorophyll, hard and very sour. The quantity of acids in the grape is almost equal to the sugar 

quantity. The second phase is ―Veraison‖, the beginning of the grape maturation process. The 

grape reaches half of its final size, and changes its colour from green to yellow (White grapes) or 

to light red (red grapes). The grape changes its colour in one day, and under good conditions, a 

whole vineyard will change colour in one week. The third phase is ―maturation‖, which starts by 

the grape changing colour and ends when there is a balance between grape size, sugar 

accumulation, and acids accumulation. Grape maturation lasts 40 to 50 days. The last stage is 

recommended only for grapes intended for sweet wines. This stage is characterized by peak 

accumulation of sugars and grape shrinkage, which is caused by the loss of water.   

 

SEC:  A Soil Electrical Conductivity measurement is done once for each unit, and if possible 

before the unit is planted. When differences are found, soil can be sent to a lab for an analysis in 

order to understand those differences better. 

 

5.2.6 GIS’s data representation  

 

Seeing the data on a map, rather than in tabular form in a spreadsheet, is a very powerful tool 

that enables more informed and faster decision making.  The primary map element is the map 

frame, and it provides the principal display of geographic information. Within the map frame, 

geographical entities are presented as a series of map layers that cover a given map extent—for 

example, the winery has layers of NDVI, ESCS, surface elevation, and satellite imagery of the 

vineyards. 

Map layers are thematic representations of geographic information and help convey information 

through: (1) Discrete features such as collections of points, lines, and polygons, (2) Map 
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symbols, colours, and labels that help to describe the objects in the map, (3) Aerial photography 

or satellite imagery that covers the map extent, (4) Continuous surfaces such as elevation. 

 

 Maps often include additional elements such as graphs, charts, pictures, and text that help to 

communicate additional critical information. Like a map, a GIS is layer-based. And like the 

layers in a map, GIS datasets represent collections of individual features with their geographic 

locations and shapes as well as with descriptive information stored as attributes. As mentioned 

above, there are four fundamental types of geographic representations. All of the GIS behaviours 

for representing and managing geographic information are based on these fundamental types.  

 

All descriptive attributes in GIS are managed in tables. Features are represented in feature 

classes and imagery is represented in raster datasets. In GIS spatial data collections are typically 

organized as feature class datasets or raster-based datasets. This representation is shown in the 

figure below: 

 

 

 

 

 

 

Figure 6.4: The Geodatabase 

 

 

 

 

 

 

 

Figure 5.13: GIS database 

 

Datasets are the organizing principle in a GIS database. The employees store multiple themes for 

a vineyard in GIS. The collection of themes acts as a stack of layers. Each theme is managed as 

 

Feature class  

 

 
 

 

Table     

 
   

 

Raster dataset  
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an information set independent of other themes. Each has its own representation (as a collection 

of points, lines, polygons, surfaces, rasters, and so on). Because layers are spatially referenced, 

they overlay one another and can be combined in a common map display. GIS analysis 

operations, such as polygon overlay, can fuse information between data layers to discover and 

work with the derived spatial relationships. The employees use geographic operators to identify 

and work with the relationships within layers such as SECS as well as between layers, such as 

NDVI. 

 

5.2.7 The users 

 

There are many people with different roles who receive this imagery: 1) The people who work in 

the viticulture department and perform the analysis on GIS, 2) The winemakers, 3) The vine 

growers who take care of the vineyards all year long. 

 

Employees, who work in the viticulture department with analysis, statistics and reports, use GIS 

almost on a daily basis. GIS enables them to exploit information available better. This is 

achieved by entering all available data on the vineyard on the map. With the aid of this software 

they can draw borders on each unit and choose what to present for each unit. An example of data 

is unit name, dunams, planting year, vine type, treatments and others. At the harvest time GIS is 

used to produce maps with relevant data. NDVI maps show which field is ready for harvest and 

which one needs more time to mature. In addition NDVI data are correlated with other quality 

measurements such as aroma, taste and direction of rows. Until harvest the fields are examined 

for diseases, growth and so on.   

 

Winemakers and winegrowers use GIS data when studying differences within a unit. This 

information helps them to identify differences and understand the reasons for it. This is often 

done by correlating the data for the unit with maps /and data for other units.  

GIS has increased interaction and communication between people. Now they have a tool which 

provides proof what they earlier had to detect by experience. Nowadays, management decisions 

are based on maps and data from the GIS. 
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5.3 The process 

          

Prior to establishing Galil Mountain vineyard, soil samples were taken to indicate if the land was 

suitable for vine growing. The results showed that the upper Galilee was an excellent area for 

this process. Yiftah, the vineyard which is 420 meters above sea level, is known to have the best 

vine quality. In Rogov‘s guide to Israel wines (Rogov, 2005) he states ―locating vineyards at 

higher altitudes and thus in areas with greater temperature changes between night and day would 

cause the fruit to ripen more slowly, this adding to the sweetness of the fruit and its ability to 

produce fine wines‖.  

The importance of large temperature changes is shown in the pictures below, which show that 

this area has 4 clear seasons, something that is rare in other parts of Israel.  

 

   

     

 

Figure 5.13: Vineyards in different seasons of the year 
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The winemaker makes all the decisions concerning vineyards and wine production in order to 

create the best wine quality. The production of high quality wine is of greater importance than 

quantity.  For instance, the quality of soil, the climate, and the amount of sun and rain are all 

factors that affect the taste of wine. The winemaker tastes the wine from each field in order to 

understand the differences that affect the final product. 

 

The harvest is done mostly by machines; only white varieties which are more vulnerable are 

harvested by hand. The harvest usually begins in the middle of August and lasts for two to two 

and a half months. The grapes used for wine are small, full of seeds and very sweet with a high 

sugar percentage from which the alcohol is produced. During harvest season, Galil Mountain 

Winery receives trucks full of grapes from the vineyards. There the grapes are separated from the 

leaves and the stems and passed through a pipe into steel tanks. This mechanical process is hi 

tech and only four employees work in the production line, mainly for ―racking‖. 

 

 

 

Figure 5.14: Truck full of grapes arrive at the winery 
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Figure 5.15: Grapes ready to be transported through pipes into steel tanks 

 

At this stage the wine goes through alcoholic fermentation in stainless steel tanks where sugar is 

turned into alcohol. This is done by adding wine yeasts. The red wine gets its colour from the 

skin. During this process, three levels are being created; at the bottom there are the 

precipitations, in the middle the ―must‖ is turned into wine and at the upper level, the grape 

skins. At this stage it is essential that the skins and the wine are blended every 3-4 hours, in order 

for the wine to receive its rich colour from the skins. Then the wine goes through a computerized 

press machine. This machine has two gentle air pillows. The idea here is to use air pressure in 

order to avoid breaking the seeds, thereby avoiding bitterness. At the end of the press process the 

waste (skins and seeds) are removed thereby creating a thick robust wine. This alcoholic 

fermentation takes between 10 days to three weeks. The wine that is being produced needs to go 

through melolactic fermentation. 
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Figure 5.16: The wine goes through melolactic fermentation in stainless steel tanks 

 

Melolactic fermentation is a slower and more controlled process which last between four (for 

white wines) and six months (for red wines). 

During this process, the winemaker decides which wine will be a ―young‖ wine and which one 

will be an ―aged‖ wine. Young wine is wine will be bottled. The life duration of young wines is 

short; between 3 to 5 years. Aged wine is wine that is aged in oak barrels in the Celler (more 

complex and aromatic wines). The winery Celler provides the conditions needed- controlled 

temperature surveillance at 16-17ºc all year long at 85% humidity.  
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Figure 5.17: Wine aging in oak barrels in the winery Celler 

 

5.4 Golan Heights Winery  

 

Golan Heights winery is being used here as a supplement for the research as they also use PV 

technologies. In his book (Rogov‘s guide) Rogov describes Golan Heights winery as the Israeli 

Wine Revolution. This is as a result of a visit by Professor Cornelius Ough of the department of 

Viticulture and Oenology at the University of California at Davis in 1972. Ough visited Israel 

and suggested that the soil and climate of Golan Heights was ideal for raising grapes. 

 

Golan Heights winery has 15 vineyards located at various altitudes. They have 3 brands of wine; 

Yarden, which is the premier label and flagship brand, Gamla, which has premium quality aged 

varietal wines and Golan, a brand representing affordable, young, quality wines offering 

excellent value for money. This winery produces 15 varieties of wines with a wide selection of 

sparkling wine, semi- dry white wine, dry white wine, dessert wine and dry red wine. 
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This Winery is the third largest winery in Israel, producing more than 5 million bottles annually. 

Of this production nearly thirty percent is destined for export.  

 

The Golan Heights Winery is known to have raised the standards of Israeli wines, (wine quality, 

technology and development of new varieties). This has allowed Israel to compete on the world 

stage on quality alone, as they have won many gold medals and trophies in international 

competitions. Their wine is distributed in four continents. 

 

Constant supervision ensures that the maximum potential of quality is realized in each individual 

vineyard. Enormous investment in quality is done by purchasing the most up-to-date crushing, 

pressing and pumping equipment and stainless steel tanks thermostatically controlled by 

computer. The chief winemaker is a graduate of the University of California at Davis. His team 

includes three associates, all professional winemakers educated in California, Burgundy and 

Bordeaux. 

 

Rogov‘s guide to Israeli wines (Rogov, 2005) rates Golan Height winery with 5 stars, meaning 

that this is a world-class winery, regularly producing excellent wines. 
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Chapter 6 

 

Findings 
 

 

In this chapter I present the reader with the data I collected during my field research. These 

findings are based on the empirical studies I did during my stay in Israel. Working tasks and 

quotations are actively used in order to give a better understanding of GIS usability and the 

working experience.  All the collected data is presented in terms of qualitative data. The findings 

concern four focus areas: 1) Usability criteria, 2) The user experience, 3) Visualization, 4) 

Learning. 

 

6.1 Usability findings pertaining to usability criteria 

 

Usability goals are typically operationalized as questions. The purpose is to provide the 

interaction designer with a concrete means of assessing different aspects of an interactive 

product and the user experience. Therefore in order to address usability issues I have asked 

questions to guide my research
4
  

 

The users I observed performing the tasks or interviewed about the system were ―expert users‖, 

who have used the system for over a year. 

 

In evaluating the GIS‘s usability according to usability criteria, I found the following: 

6.1.1  Learnability: 

 

Learnability refers to how easy a system is to learn to use. Learnability is the most fundamental 

usability attribute. Devices need to be easy to handle, and in most cases devices need to be easy 

to use without the need for supervised training.  

                                                 
4  By complex in this context I mean a system with a wide range of features 
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Question: Is it possible for the user to work out how to use the product by exploring the interface 

and trying certain actions? How hard will it be to learn the whole set of functions in this way? 

 

When it comes to GIS used in viticulture, it is important to recognize the fact that GIS is a 

complex system that provides a big range of functionalities. Therefore it is very common for a 

user to be sent on a course to receive training in using the system. The following sample is an 

answer to my question what kind of training is given for learning the system: 

 

“I was sent to a one week course where I learned about many of the system‟s 

functionalities. This made me more comfortable and confident in carrying my 

work tasks” 

 

     (Interviewee 2 / 17.12.07 / Author‘s translation) 

 

GIS has much functionality, but so far the winery only uses few of them. This is due to 

complexity of the system. It is natural to start with the basics and after achieving some 

experience and competency, to start exploiting more complex functionalities. The next sample 

illustrates how important it is for users to feels they master the basics task before they can further 

explore the interface: 

 

“As time goes by I got more confident in trying to learn new things and new 

functionalities with GIS. I‟m am not worried about trying by my self first, since I 

know I can always contact their support group to receive immediate help.” 

 

      (Interviewee 2 / 17.12.07 / Author‘s translation) 

 

It is also clear that the users, in addition to learning the theory at the course, like to ―learn 

through doing‖. Since GIS‘s menus are self-explanatory; the basic functions can be learned by 

trying out these functions. 

 

Question: How much can users capitalize on their prior experience? 
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A good explanation for why GIS may encourage users to try to learn new things by themselves is 

that although the system is complex, it has a Graphical User Interface (GUI). Like the 

WINDOWS operative system it is based on windows, menus and icons. This makes it easier for 

users to learn to use, since most of PC users have experience with WINDOWS and know what 

those icon means. This is an example of how users learn one GUI standard and then apply it to 

other consistent applications. These findings also relate to consistency and how valuable it is 

when learning a new system. Transferring skills from using the WINDOWS OS helped users in 

learning GIS. 

 

“Since we use WINDOWS OS in the winery and other applications such as Adob 

Reader, it was not difficult to understand the functionality of some of the icons in 

the user interface.” 

  

     (Interwiewee 1 / 11.12.07 / Author‘s translation) 

 

ArcView provides a user interface with multiple interaction styles, such that the user starts by 

learning one interaction style that is easy to learn and later changes to another that is more 

efficient for frequently used operations. ArcView achieves this by including accelerators in the 

user interface for the expert user, which allow users to perform frequent tasks quickly. An 

example of this is command name abbreviation. 

 

We can also find use of analogy in GIS‘s user interface. Recognizing an analogy is one of the 

most important and effective forms of human learning. The role of the analogy is to exploit the 

user‘s prior knowledge of a familiar domain in order to map to the computing domain. 

Familiarity in appearance and relations of screen objects is intended to make the interface more 

intelligible and predictable.  

 

There is also a wide use of interface metaphors
5
 in the icons and symbols. Those metaphors help 

users to learn how to use the application, for example: 

                                                 
5  Metaphor- a set of user interface visuals, actions and procedures that exploit specific knowledge that users already have of 

other domains 
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   Plus /minus feature for zoom in /zoom out 

   Arrows to indicate navigation back and forth 

 Binoculars for search/find 

 Pointer used to select an element 

 Information sign used to identify a geographic feature 

  Ruler used to measure distance on the map 

 

These are examples of successful use of metaphors since they give the user instantaneous 

knowledge about how to interact with the user interface. In addition most users recognize them 

from other applications and this makes the learning process easier. But there are many metaphors 

that are used uniquely in GIS and do not always help users to understand how to use the system. 

The reason for this is that metaphors can be taken too ―literally‖. Not all tasks can be described 

by objects. For example: 

 This icon which is used to trigger hyperlinks from features does not map on to its utility.  

In the figure below one can see the use of those different metaphors represented in icons: 
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Figure 6.1: GIS Interface- use of metaphors 

 

 

6.1.2 Memorability: 

 

A well-known memory phenomenon is that people are much better at recognizing things than 

recalling things. This fact has made designers rely on graphical user interfaces rather than 

command line interfaces.  

 

Question: What kinds of interface support have been provided to help users remember how to 

carry out tasks, especially for products and operations they use infrequently? 

 

Instead of requiring users to recall from memory a command name, GIS‘s interface provides 

visually- based options that users can browse through until they recognize the operation they 

want to perform.  The task is described by both text and icon. The interface is represented by use 
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of menus, icons, and consistently placed objects. The screen display and menu system is 

functionally organized in GIS. It is also easy for users to remember where they have stored data, 

like files and images through use of catalogues, icons and time stamping. 

 

Performing an analysis task in GIS requires many steps. Users who have not used the product for 

a while will need some time to remember how to use the operation. This is due to the complexity 

of both function and task
6
. There are many ways in which the GIS interface can help users to 

remember how to do a task. For example icons are very meaningful. Once users have learned 

their function it is easy to recall what they are used to due to their visual representation. In 

addition icons and menus are structured and placed in relevant categories of options. For 

example placing all standard functions in standard toolbar at the same place on the screen. 

Placing layout functions in layout toolbar, the drawing functions in drawing toolbar and so on. 

 

6.1.3 Efficiency of Use: 

 

Efficiency refers to the way a product supports users in carrying out their tasks. 

 

Question: Once users have learned how to use a product to carry out their tasks, can they sustain 

a high level of productivity? 

 

 Users only need to upload and save files from e-mails to a catalogue in GIS once. Next time 

they want to manipulate images/ add information, they do not have to re-enter all data again, they 

can just open an existing file/project, manipulate it and save it with a different name. 

 

Since the users I observed had used the system for more than a year it can be said that they have 

reached the steady-level of performance since they only used several minutes to complete the 

basic tasks (entering PV data to GIS). Advanced tasks that include analysis and statistics are 

those which require the most time. This is due to the complexity of the system which offers a 

wide range of functions and to the nature of task. 

 

                                                 
6  By task complexity in this context I mean a task which requires many steps for its completion 
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For casual users, who use the system intermittently is especially important to have an interface 

that is easy to remember how to use / engage with. 

 

“When we first introduced the system in the winery I used the system almost on a 

daily basis. Since my work responsibilities are different now I only use it 

occasionally. I can perform basic tasks since I done this before, but I prefer to let 

my co-worker to deal with complex tasks, which require more time”.  

                

     (Interviewee 1 / 21.11.07 / Author‘s translation) 

 

This sample tells us that it is easy to perform basic tasks after being away from GIS for some 

time. Complex tasks such as performing analysis take more time to perform when the user is an 

occasional user. 

  

6.1.4 Errors: 

 

Any computer system should be designed in such a way that its users make as few errors as 

possible when using the system. Of course, an error is defined as any action that does not 

accomplish the desired goal. Error Recovery & Prevention refers to when the system presents an 

error message to users and gives enough information for them to be able to continue with their 

work. Better yet, the system helps to prevent errors. The next sample shows how support 

agreement assists in error handling and how it affects user experience with the system: 

 

“I can hardly remember any fault with the system. I guess the reason for feeling 

this way is the support agreement for ArcView. We always get updated versions of 

the software and the company which supplies us this service is very good with 

follow ups. This gives a feeling that even if something goes wrong I know I have 

someone to turn to for getting help.” 

 

     (Interviewee 2 / 17.12.07 / Author‘s translation) 
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It is difficult to take actions in ArcView that can lead to results that have serious implications 

and that are not reversible. For example, there is an ―undo‖ function, and confirmation is 

required from the user before execution of risky commands. It is difficult to delete data such as 

files, maps and tables without user approval. This is to prevent fatal errors that can occur by an 

accidental key-press. 

While using the system, a user can recover from an error by using the on-line help to resolve the 

problem. If the user still cannot recover from the error, he has the possibility to contact support 

staff.  

 

6.1.5 Satisfaction: 

 

Satisfaction refers to how pleasant it is to use the device. Satisfaction is a less important usability 

attribute in GIS, since it is used for work purposes. Satisfaction is normally measured by either 

questionnaire given to the users or by interview. In my field studies I interviewed the users and 

asked them to provide me with feedback about the system. 

One of the interviewee has mentioned his preference to working on GIS installed on a stationary 

desktop rather than GIS mobile device due to the screen size. This attribute affects his attitude 

towards the system 

 

“I prefer to work on a stationary desktop because of the screen size. Since there is 

only a need to access saved data and images I find it more convenient to print out 

all information at hand and take it with me to the fields. I do not like to use GIS 

mobile application because there is not much place to display information on the 

mobile screen and it‟s not fun to scroll and scroll down”. 

 

     (Interviewee 3 /26.11.07 / Author‘s translation) 

 

It is known that pixel density clearly affects usability. Pixel density, commonly referred to as 

dots per inch, or dpi, consists of two components: screen resolution and physical screen size 

(msdn, 2008). Since GIS has high resolution and users prefer to access it on a desktop it affects 

the user satisfaction, especially those who spend a considerable amount of time with this 

application. It is also possible for users to optimize interface readability by using the zoom 
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feature. Another advantage of using GIS on a desktop is the input devices. It is common to use a 

keyboard and a mouse as an input device. Users prefer this quick way of entering data and 

manipulating data rather than Mobile GIS where an input device such as pen is much slower and 

annoying if one needs to enter a lot of text. Therefore, the consequence for use is that they still 

keep Mobile GIS in its package, and don‘t see how they can benefit for its use instead of desktop 

GIS, since data they access is not on-line. An illustration of the mobile GIS input device is 

shown in the figure below: 

 

 

 

Figure 6.2: Mobile GIS user Interface and input device (www.esri.com) 

 

6.1.6 Usability ranges by the users 

 

The employees I interviewed were presented with the definition of usability according to ISO. 

My data show that employees in the winery rate ―effectiveness‖ as the most important usability 

aspect. Next important is ―efficiency‖, where ―satisfaction‖ is rated as the least important.  

 

―Effectiveness‖ is the most important usability feature of GIS usability according to the 

employees.  This includes the aspects ―Reaching goals‖ and ―completing tasks‖. 

 

“The main value we have in GIS is that it provides us images of how units 

perform. Since our goal is to increase field uniformity (a thing that has proved by 
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previous research to influence wine‟s quality), our main interest is to be able to 

complete tasks and reach those goals.” 

       

 (Interviewee 3 / 07.01.08 / Author‘s translation) 

 

Since producing quality wine is the main purpose in the winery, it is not surprising that users rate 

effectiveness highest. GIS outputs enable them to employ methods that improve the wine‘s 

quality. ―Error resistance‖ and ―feedback‖ are least essential for them. Interviews revealed that 

the fact that they have support contribute to this rating. 

 

―Efficiency‖ is the second most important aspect of usability for employees in the winery. 

Elements as ―navigation‖ followed by ―minimal resources‖ and ―minimal effort‖ – which are 

associated with efficiency, where mentioned by them. Analysis of a large amount of data is time 

consuming and therefore it is important that GIS enable them to use work time in an efficient 

way for example through easy navigation. 

 

―Satisfaction‖ is the aspect of usability that was least important for them. Elements such as 

―design‖, which is associated with satisfaction, were rather unimportant. The following sample 

explains why design is less important for them: 

 

“Since I use GIS as the main tool at work, design is less important for me. It is 

much more crucial that I will be able to complete my working task and by that be 

able to do well at work. I guess one has different expectations of software used at 

work to ones you use in your free time. For SW used in a non- work environment I 

would rate satisfaction highest since I don‟t want to spend too much of my free 

time in learning how to use it. I would not bother to use software if its design is 

not attractive or entertaining.” 

      

     (Interviewee 2 / 02.01.08 / Author‘s translation) 

 

The fact that GIS is used for work purpose affects its satisfaction rating. Users are aware of the 

fact that satisfaction plays a more crucial role for applications used for entertainment purposes. 
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6.1.7 Expert evaluation 

 

After my return to Oslo, I conducted an evaluation of the interface, where I followed standard 

design guidelines and knowledge gained from HCI and design courses attended in the university. 

Evaluation was done in order to supplement my findings thorough observations and interviews 

with the users. My intention by conducting an expert evaluation was to see if my findings can 

affirm users‘ opinions, and to evaluate design according to the understanding I gained during the 

period I was at the field.  

 

When it comes to navigation the scroll- bar and the back and forth features is the main 

navigating tool. Users can also use keyboard shortcuts and their mouse for quicker navigation 

with maps and layout pages. For example, they can pan, zoom, or re-cent the map without having 

to go to a toolbar and click on a different tool. 

 

Creating a bookmark is easy and useful, but no feedback is given that creation was successful. 

Help function- The help manuals are written in easy to understand language and is available 

online. There is both a textual and graphical help manual. Icons and pictures are used as 

illustrations. Help is selected by clicking on the visual menu-bar. This consistent placement of 

help as users recognize from other user interface is important. Still, since most users have to 

learn a whole new language, both geographical language and technical which covers  both 

database and table representations of data, it can be easy to loose track reading through a long 

manual. (Field notes / interviewee 2 /17.12.07 / Esri manuals and tutorials)  

  - Context-sensitive help.  Users can get a context-sensitive help topic on any command in a 

pull-down menu or context menu (menu accessed by right-clicking).  

There is also FAQs (Frequently asked questions) about geo-processing, which help users to solve 

some of the more common issues. 

 

There are several advantages in GIS tutorials. The first one is that they provide exercises. The 

best way to learn ArcMap is to let users try it themselves. The tutorial guides them through some 

basic ArcMap skills as users create and print a set of maps. There are five exercises in the 

tutorials. Each exercise takes between 30 and 45 minutes to complete and users can work 
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through the entire tutorial or complete each lesson one at a time. The fact that basic ArcMap 

skills takes about 30 to 45 minutes to complete for novice users show how extensive the software 

is. Going through the tutorial will be time consuming and not certain that users would like to use 

time to learn it by themselves or even more find time to learn it during work hours, since it is 

easy to be distracted by other urgent tasks that have higher priority. Many of them will find that 

attending a course is the safer and easier way to learn the system.  

 

This assumption is strengthened by my observations. Through observing the users at their work 

place and learning their work schedule it is difficult for me to see how they can find the time to 

go through all those time-consuming tutorials and exercises. The workers have a hectic working 

day and often need to prioritize tasks as they come along. Their work tasks are not characterized 

by routine and therefore such a complex system is not suitable for learning on one‘s own (Field 

notes 22.11.07 / 27/11/07) 

 

Another advantage is that tutorials not only exist as text and illustrations but also exist as short 

animation files, so users can actually watch the tutorial. Watching the tutorial is an easier way to 

learn.  Since each task involves many clicks, users can easily lose attention reading a large 

amount of information. On the other hand when this information is presented visually it is easier 

to comprehend and digest. Still, there is a lot of text users need to read and many tutorials to 

watch if they want to perform analysis on data. The reason for this is that ArcView also involves 

the use of ArcCatalog, where all data is stored. In addition there are other tutorials where users 

learn how to process geodata, how to query existing data, how the data are represented and more. 

Again it is time-consuming and difficult for novice users to handle such a large amount of 

information on their own. 

 

There are many functions that are designed for expert users. For example shortcut keys like 

keyboard shortcuts, shortcuts to a command, shortcut keys for editing and keyboard shortcuts for 

working with tables. 

 

In addition, there is flexibility in the user interface. For example, users can move toolbars and 

some dialog boxes to locations around their desktop or dock them within their application to 

organize a user interface that is more convenient for them. 
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The Customize dialog box - The Tool Customize dialog box in the ArcGIS Desktop applications 

enables users to customize the user interface. While the Customize dialog box is displayed, they 

can drag and drop tools and commands between menus and toolbars, and add new tools and 

commands to the user interface by dragging them from the Customize dialog box. The 

Categories list on the Commands tab contains the commands available in that application, 

organized by menu name or type. When users look for a command in the list, they can type all or 

part of a command name into the Show commands containing box on the tab. This immediately 

filters the categories list so that only commands containing the string they entered are shown. 

 

There are 2 quick customizations to speed up work: bookmarks and editing commands. Users 

can to move bookmarks and common editing commands out as commands on a toolbar, rather 

than having to click a menu to access them. Achieving personalization through customization is 

useful technique to affect the ―user experience‖. Users feel that the system is flexible when they 

can customize it to their needs. 

 

Dragging and dropping data - Users can drag and drop data from ArcCatalog onto ArcMap and 

other applications. List of favourites- provides quick access to frequently used systems. There is 

also a possibility to automate repetitive tasks like data conversion or analysis. Doing so saves 

time and increases productivity.  

 

Using the result tab on the ArcToolbox window makes it easy to review and re-use the geo-

processing steps users have performed in their current and previous sessions. It is a record of 

everything they have done. Users can see can see each operation they have performed, including 

all inputs, outputs and messages.  

 

GIS Interface follows the visibility design principle. Functions and icons are visible and placed 

on the screen where users expect to find them. In addition it has aesthetic design. The interface is 

divided into two display areas: the one to the left is represents the table of contents; the one to 

the right is the map display area. This way of displaying data is perceived to be neat and 

aesthetic. The tools toolbar lets users move around the map and query the features on the map, 

while the table of contents lets users turn layers on and off in the display. 
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There is lack of feedback in GIS. No feedback is given back to users about what action has been 

done and what has been accomplished. As mentioned earlier, the user can create a bookmark, but 

no feedback is given that the creation was successful.  GIS has a status bar which displays 

informative text about the icons so users get explanation of what the icon is to be used for, which 

is helpful since it is not easy to remember all icons and their meanings. 

 

The use of constraints in GIS is done through deactivating certain menu options by shading 

them, thereby restricting the user to only actions permissible at that stage of the activity (see 

Figure 6.3). One of the advantages of this form of constraint is that it prevents the user from 

selecting incorrect options and thereby reduces the chance of making a mistake. 

 

 

 

Figure 6.3: A GIS menu showing restricted availability of options. The shaded area indicates 

deactivated options. 

 

There is a balance between constraints and visibility in GIS. Often the more one tries to constrain 

an interface, the less visible information becomes.  

 

Affordance is exemplified through objects in the interface. Icons are designed to afford clicking, 

scrollbars to afford moving up and down, in addition to back and forth icons. Buttons are design 
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to afford pushing. This type of affordance is used in other application as well, so people know 

how to use it.  

 

Consistency has been mentioned throughout this chapter and ended in conclusion that the GIS 

interface is consistent, for example in the use of operations and icons, and in the use of the right 

mouse button. An advantage of consistent interfaces is that they are easier to learn and use.  This 

principle works well for simple interfaces with limited operations. However it is more 

problematic to apply the concept of consistency to more complex interfaces such as GIS, which 

has many different functions.  

 

6.2 Usability findings pertaining the User Experience 

 

The usefulness of GIS is evaluated in this study through looking into two things: first is the 

employees‘ general satisfaction with GIS and attitudes towards it, and second the users rating of 

GIS usability according to effectiveness, efficiency and satisfaction criteria  

 

It is the first time the winery has applied PV technologies. None of the users has had experience 

with such systems; therefore they could not develop expectations based on earlier experience. 

This is illustrated by the following quote: 

 

 “It was all new to me, and I had no idea to which degree GIS will affect my work 

tasks.” 

 

     (Interviewee 1 /21.11.07 / Author‘s translation) 

 

 

One of the interviewees had a positive experience with the system since she saw the results that 

could be achieved with this software, thus increasing her motivation and challenge at work 

(Interview / 17.12.07) 

 

 ―Though we are at the start phase, we feel that we have come a long way. 

Especially when we know we are leading in this area in Israel.” 
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           (Interviewee 2 /17.12.07 / Author‘s translation) 

She further adds: 

 

“I say that we are at the start phase, since I am aware of the capabilities of 

ArcView and its potential and I know that so long we have only used few of the 

possibilities in the system. ― 

 

These responses show how present positive ―user experience‖ can affect future expectations. 

Another aspect of ―experience‖ is that all users agree that GIS serves their needs and purposes 

and therefore creates ―quality of experience‖ for them. 

 

There are many in this field in Israel who receive results of PV measurements such as NDVI and 

SECS, but none of them use GIS (Interview/ 10.12.97). Only when this information is entered 

into a GIS, is the ―added value‖ received. GIS enables them to perform statistics and analysis on 

all available data and present correlations between NDVI, SECS and other quality indexes such 

as aroma, taste and so on. 

 

 Through observation and reading reports I can see how significant GIS ―added value‖ is for the 

users, since they can reach a high level of precision which was not possible prior to GIS 

implementation. They can see exactly where in a unit there are differences in soil, vegetation and 

elevation. 

 

The fact that the winery has support agreement for ArcView that includes installation and 

maintenance also contribute to how users perceive the system (Interview / 17.12.07).   

 

Users also articulated feelings that point to the disadvantages of using GIS. One of the 

interviewees finds it very helpful to use GIS but also annoying since it is another tool to use and 

tasks to perform in addition to his other work responsibilities. 
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“ArcView is very useful since it gives additional information and clues. At the 

same time it is very time consuming since analyzing the data is a demanding 

activity.” 

    (Interviewee 3 / 26.11.07 / Author‘s translation) 

 

Another interviewee mentioned that all this information could also raise more questions and is at 

times even confusing. 

 

―All this information does not necessarily give answers, it gives more questions!  

For example why soils that are shown to be identical have differences in the vines 

grown in them? Could it be due to altitude differences?  In order to find answers, 

all data available needs to be put on the map and analyzed.” 

 

   (Interviewee 2 /10.12.07 / Author‘s translation)  

 

Employees also made some remark that new or updated version of software can often lead to 

more work. The fact that there are many functionalities and possibilities of analyzing data and 

working with maps, actually result that they spend a lot of time working and learning new 

features of this software, so it actually does not reduce their work loads. Instead it increases the 

amount of information and it takes a lot of time to do the analysis and correlations of data in 

order to find answers to questions these data raise. Also, a large variety of layout and 

presentation functions consume time that is not always worth spending. 

 

6.3  Visualization and its affect on the user experience  

 

Mapping and visualization 

Visual language includes pictures, text, and icons. Arc View has a visual user interface where 

use of maps plays a central role. ArcView (ArcMap application) is used in the winery for all 

mapping and editing tasks as well as for map-based query and analysis. A map is a collection of 

map elements laid out and organized on a page. Common map elements include the map frame 

with map layers, a scale bar, north arrow, title, descriptive text, and a symbol legend.  
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There are two primary map display panels in ArcMap: the data frame and the layout view. The 

data frame provides a geographic "window", or map frame, in which the user can display and 

work with geographic information as a series of map layers. The layout view provides a page 

view where map elements (such as the data frame, a scale bar, and a map title) are arranged on a 

page.  

 

Within the data frame, geographic datasets are displayed as layers. The map's table of contents 

helps users manage the display order and symbols properties of each map layer. ArcMap 

includes a set of toolbars that organize a broad set of tools for working with maps and their 

contents. Users use these tools to navigate around maps (for example, pan and zoom, and select 

features), edit features, and compose map layouts for printing.  

 

There are several toolbars that are uses in ArcMap. The tools toolbar lets users move around the 

map and query the features on the map. In the figures below some of the tools that are used in the 

winery are presented:   

 

 

 

Figure 6.4: The standard toolbar which appears at the top of the application window and is used 

for map printing, saving a map, starting related ArcGIS applications, and so on. 

 

 

 

Figure 6.5: The Tools toolbar which is used for map navigation and query 
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Figure 6.6: The Layout toolbar which is used for editing and managing map layouts.  

 

 

 

 

Figure 6.7: The Editor Toolbar which is used for editing map features. 

 

 

 

Figure 6.8: The Draw toolbar typically appears along the bottom of the ArcMap application 

window and is used for adding and editing map graphics, text, and layout elements. 

 

A key part of the ArcMap user interface is how users can work with various elements in a map 

such as features, or in a table of contents, such as layers. Once they select some element, they 

can right-click to see a list of context choices for working with that element. For example, by 

right-clicking a map layer in a table of contents, they get a number of choices for working with 

it, such as opening properties or attribute tables and copying or exporting data. This way of right 

click is also known for users from other applications‘ user interfaces. 

 

The application used in the winery has 2D user Interface that enhances the physical cues that 

allow direct manipulation. An example of this is scale resizing and zooming. ArcGIS 3D Analyst 

is a product extension which has Three-dimensional visualization and analysis capabilities. 

 

ArcView has a manipulative type of interaction. Users interact with objects by manipulating 

them. This type of interaction exploits users‘ knowledge of how they move and manipulate in the 

physical world. Virtual objects in this application can be manipulated by moving, selecting, 

opening, and closing them. There is extensive use of drag and drop in this application, e.g. data 

from ArcCatalog (the database) can be dragged and dropped onto ArcMap and other 

applications.  



101 

 

Having a visually based interface has a positive affect on the user experience. It is easier for the 

users to continue and explore the interface by themselves. 

 

6.4 Findings pertaining to Learning  

6.4.1 Learning Style  

 

When it comes to learning style; All of the interviewees think that they learn best by doing the 

exercises, ―learning by doing‖ (concrete learning style), and they all agree on the importance of 

exercises.  

 

“It was very helpful to be sent on a course before using the system, since GIS is 

a very complex system. Learning the theory was very helpful to start with, 

especially since one needs to understand the geographical language and terms 

that are being used. As one with a background in biology, this was new to me. 

Combining theory with individual exercise was best way for me to learn the 

system.” 

     (Interviewee 2 /17.12.07 / Author‘s translation) 

 

Combining theory and exercise is shown to be very helpful for learning GIS. All interviewees 

share this opinion. 

 

6.4.2 Follow Up/Receiving Help 

 

All interviewees admit that there is not much in the area of follow up and it is up to them to ask 

for help when working with GIS. They found that it is easy to get help in the viticulture 

department when they cannot manage to solve the task by themselves and that everyone in the 

department was willing to help them out.   

 

“In addition to getting help from co-workers or the support staff when I get stuck, 

I use the GIS forum on the Internet. There is a whole world out there and I am 

very pleased to be part of this community.‖ 
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        (Interviewee 1 / 11.12.07 / Author‘s translation) 

 

Receiving help is significant for users. Due to a wide range of function, the learning process is an 

ongoing process. Users only acquire some knowledge about the use of GIS during the training 

course. They are dependant on receiving help from other sources once they run into a problem. 

Thus, having the opportunity to get help from different sources such as the support team, co-

workers and GIS forums affects their learning. 

 

6.5 The challenges they face with GIS 

 

The winery uses an ERP system, called Priority, where they gather information about purchase, 

warehouse, and agriculture reports and so on. The agriculture reports contain data without GPS 

(datum points). An example of the type of data that is being stored is a list of vineyards, vintage 

data, grape colour, grape quantity, maturation tempo, virus, stem water pressure measurements, 

treatments for each field and so on.  

 

The challenge they face is to transfer the data from SQL to GIS. Pr today, only basic information 

on each field is being stored in GIS. For example plant year, NDVI and SECS measurements. 

The implication of this is that registration of data is done at two places: at GIS and Priority.  

There is no correlation between data in Priority and data in GIS. As a result, users print out 

separates reports from both systems. 

 

After several meetings with Systematics, the company which represents ESRI in Israel it seems 

that this problem will not be as difficult to overcome as they thought. ArcView has a built in 

function which can transfer tables from SQL. This requires both sides; support and the users, to 

implement changes in their data. The plan for this project is to enter data from the last five years 

to begin with. 

 

If this project ends up successfully, the result will be very significant for the users.  Having all 

available data on their vineyard stored at one place, will enable a greater degree of correlation, 

analysis and synergy, apart from avoiding the duplication of effort and waste of resources. 
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6.6 Summary 

 

In this chapter I presented findings concerning four areas: 1) Usability criteria, 2) The user 

experience, 3) Visualization, 4) Learning.  Challenges the winery faces with GIS were explained 

towards the end of the chapter. These findings will be discussed further in the next chapter, 

where theory is consistently used to explain data findings.  
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Chapter 7 

 

Discussion 

 
 

In previous chapters theoretical concepts, methods, the case itself and finding from this field 

study were introduced. In order to answer the research questions more extensively, a discussion 

of the findings in relation to the theoretical concepts (see chapter 3) will be done. The purpose of 

this discussion is to give understanding of usability criteria with focus on learnability and 

understanding of the user experience with GIS used in the winery. 

 

The main findings that will be discussed in this chapter are: 

1. The chief problems with the user interface are learnability and functionality issues. 

2.  GIS is overall assessed by its user as useful and so far they have positive experience 

regarding its use for viticulture purposes. 

3. Gaps was found between presumed developers‘ intentions and real use;  GIS‘s developers 

focus on building a product with a wide range of functions versus approximately half of 

the functions were used by the employees.  

4. Visual interface and map-based application affect both -―the user experience‖ and 

―learnabilty‖. 

5. Users score ―Effectiveness‖ as the highest aspect of usability.  

6. Support agreements affect users‘ emotional satisfaction with GIS and its acceptance. 

7. Both Socio-cultural and constructivist perspectives can be applied to learning GIS 

 

These seven findings will be discussed in this chapter according to the following four 

questions:  

 Is GIS useful?   

  How users assess GIS and what is their user experience?  

  How does visualization affects the user experience?  

 Which learning perspective the users have? 
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7.1 Is GIS useful? 

 

Usability evaluation 

 
There are four common techniques used in usability engineering when conducting usability 

evaluation (Nielsen, 1993): 1) User and task observation, 2) Scenarios, 3) Simplified thinking 

aloud, 4) Heuristic evaluation. For this research I chose the user and task observation technique, 

which seemed most appropriate for my case. In a quantitative research, usability is usually 

measured by time to complete tasks and error rate. It is difficult to quantify usability in 

qualitative research, since they usually consist of observations and interviews. The results of 

open questions in assessments are hard to evaluate and aggregate. Therefore in this thesis which 

used qualitative research, usability is operationalized by three aspects: 1) effectiveness, 2) 

efficiency, 3) satisfaction. 

 

Further the ISO (9241-11, 1998) was used for definition of usability (see chapter 3). Users were 

asked to rate usability of GIS according to these aspects and findings show that employees in the 

winery rate ―effectiveness‖ as the most important usability aspect. Next important is 

―efficiency‖, - with ―satisfaction‖ rated as the least important. 

 

This rating is expected as Nielsen (Nielsen, 1993) and Norman (Norman, 2005) mentioned that 

satisfaction is an especially important attribute for devices that are used in a non-work 

environment. Since GIS is used in a work environment for performing work tasks it is natural for 

users to rate effectiveness highest, i.e. the system enables them to reach their goals and complete 

their work tasks. Efficiency, in second place, is also important in job related tasks, for example 

GIS has two quick customizations to speed up work: bookmarks and editing commands. 

 

7.1.1 Learnability 

 

There are several aspects that affect GIS‘s scores on learnability. The fact that the user interface 

is visual and resembles to WINDOWS contributes to the learning process. Butler refers to GUI 

standards in her paper: 
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 “GUI standards are becoming mature and complete enough so that users may 

need to learn only one control model and then apply it to other consistent 

applications.”  

 

(Butler, 1996)   

 

Nielsen also mentions the value of consistency in learning a new system: 

 

“Consistency normally enhances the users' possibility for transfer of skill from 

one system to another.” 

 

(Nielsen, 1993) 

 

He further adds: 

 

“In several studies, consistency reduced training time to between 25-50% of that 

needed for inconsistent interfaces.” 

 

In later paper from, Nielsen regards consistency as one of the most powerful usability principles. 

When things always behave the same, users don‘t have to worry about what will happen. Instead, 

they know what will happen based on earlier experience.  

 

“The more users‟ expectations prove right, the more they will feel in control of the 

system and the more they will like it.” 

 

           (Nielsen, 2007) 

 

Still, the consistency principle works well for simple interfaces with limited operations, and less 

for complex interfaces as GIS which has wide range of functionalities, which affect learnability 

aspect. 
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 Nielsen (Nielsen, 2008) also believes that application usability is enhanced when users know 

how to operate the UI and it guides them through the workflow. Violating common guidelines 

prevents both. As the Jakob‘s second law states: ―Users have several thousand times more 

experience with standard GUI controls than with any individual new design‖ 

 

ArcView has standard GUI controls. The application offers actions through menus and buttons. 

Using standards GUI controls therefore enhance the usability of ArcView application. For 

example In ArcView, visual representation of the function zoom in – zoom out means the same 

as it does in other applications such as Adobe Acrobat Reader, even though they are not always 

named the same. For example, ArcView uses ―find―, but Acrobat Reader uses ―search‖ for the 

same function. 

 

It is known that users prefer to ―learn through doing‖ (Carroll, 1990). Since GIS‘s menus are 

self-explanatory; the basic functions can be learned by doing. Still it is not enough to be able to 

perform work task. This is due to the fact that each task implies using many functions tin 

entering data and analyzing them. Since some of the functions are so complex, it is easy for a 

novice to lose overview and forget about the consequence of calling a function. As one of the 

one user expressed during an interview: “A huge problem is that it seems like ArcView has an 

infinite number of features”. This may indicate that Instead of continuing to add new features to 

GIS, designers should improved presentation of existing features. 

 

Another aspect that affects learnability is the language used. GIS stands for Geographical 

Information System. Users who want to use the system need both an insight in geography 

elements and technical elements. For example, users need to learn geographical elements such as 

exploring spatial relationships, latitude and longitude, map coordinates and spatial location. 

When it comes to the technical aspect, users need to understand the concepts of database, 

organisation of information in tables and attributes, as well as the different data types and 

formats in GIS. Learning both at the same time can be difficult for someone who is not coming 

from either background. As mentioned by one of the users during an interview: ―This was all 

new to me, having a biology background I needed to learn a whole new language.” 
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Nielsen (Nielsen, 1993) believes that a system that gives good novice learning will also be good 

for the experts. ArcView does this by providing a user interface with multiple interaction styles, 

such that the user starts by learning one interaction style that is easy to learn and later changes to 

another that is more efficient for frequently used operations. ArcView achieves this by including 

accelerators in the user interface for the expert user, which allow users to perform frequent tasks 

quickly. An example for this is command name abbreviation.  

 

Butler also explains the role of analogy in GUIs design (Butler, 1996). Recognizing an analogy 

is one of the most important and effective forms of human learning. The role of the analogy is to 

exploit the user‘s prior knowledge of a familiar domain in order to map to the computing 

domain. Familiarity in appearance and relations of screen objects is intended to make the 

interface more intelligible and predictable. GIS uses a wide range of analogies and metaphors. 

This works well for most features, but some of them can be taken too literally by users, thus 

losing its benefit (see chapter 6.1.1 for examples). 

 

Results from expert evaluation shows that the user manuals are written in an easy-to-understand 

language. Each manual has an outline and are both textual and visible. Still, they are perceived to 

be too long, thus, easy for users to lose track.  Tutorials provide exercises, so users can ―learn by 

doing‖ the basic features. The fact that each exercise varies from 30- 45 minutes affects the 

willingness of users to put so much effort in learning the system by themselves. They find it 

easier to attend the training course first. Some manuals exist in both text and visual form (short 

animation file). This makes it easier for user to learn GIS through watching the tutorial.  

 

Another possibility for improving learnability is to provide users with tutorials that are not only 

visual but also include audio. This way learning will be more ―lively‖ and fun. Attaching CD- 

ROM (with visual and audio capabilities) to the application where users can interactively go 

through the exercise might ease the learning process and make it more entertaining, so users will 

actually want to use time and effort learning GIS individually. Users in the winery feel that the 

way GIS manuals are presented in current version, are not easy enough to aid them in learning 

the system by individually. 
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7.1.2 Efficiency 

 

Companies often offer in the next release of product with a wide variety of new functionality. 

Users interviewed for this thesis felt that this does not necessarily imply that tasks can be done 

more efficiently. Often it takes more time to learn or use new features, for example layout 

manipulation features. Employees often use time to create fancy layout that is not always 

necessarily. Alternatively this could point out that maybe they do not need all the features (see 

section 7.2.4). 

 

7.1.3 Memorability: 

 

A well- known memory phenomenon is that people are much better at recognizing things than 

recalling things (Sharp et al., 2007). This fact has made users rely on graphical user interfaces 

rather than command line interfaces. It‘s much easier for user to select and perform a task given 

a text or icon describing the task, than to actually remember the command for that task. In GIS 

one performs tasks by choosing to a command from a menu or through clicking on a visual 

object. 

In his paper from 1982, Norman (Donald, 1982) presents guidelines to system design. One of his 

pieces of advice is that screen displays and menu systems should be organized functionally; this 

way of organisation is reflected in ArcView‘s interface, and is useful for users to comprehend the 

interface.  

 

The WYSIWYG (What You See Is What You Get) principle exists in GIS. Features are not 

hiding in the application by use of abstract commands. Users can see what they need when they 

need it, For example menus present lists of commands so that users can see their choices instead 

of having to remember and type command names. 

 

7.1.4 Error 

 

In his guidelines (Norman, 1982), Norman advice to designers to make it difficult to do actions 

that can lead to operations that have serious implications and that are not reversible. In ArcView 

there is availability of undo, and confirming questions before execution of risky commands. It is 

difficult to delete data such as files, maps and tables without user approval. This is to prevent 
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fatal errors that can occur by accident.  Apple computer (Apple Computer, 1992) refers to it as 

―forgiveness‖ principle. Doing so, users are encouraged to explore the application. Forgiveness 

implies that actions on the computer are generally reversible. Users need to feel that they can try 

things without damaging the system. Creating safety nets for users will make them feel 

comfortable learning and using the product. Users should always be given a warning before they 

initiate a task that will cause irretrievable data loss. 

 

In addition users can use the Help menu in attempt to overcome a problem.  ArcView also 

provides FAQs about geo-processing and a Forum and user community network of GIS 

colleagues that help users grow their expertise. 

 

When users cannot solve the problem with the aid of the help menu they can turn to their online 

support. Without this service users would have a different opinion towards GIS usability as they 

do today. Through my interviews with the users, they put a large emphasis on how important the 

support agreement is for them and the frequency they used it whenever a problem was 

encountered. This again raise the question whether- the help function is not sufficient in helping 

users to solve problem, or whether help manuals are so extensive that users find them inefficient 

to use. Another possibility is that it is much easier for them to ―just ask‖ instead of looking up 

the information. 

 

I am also aware of the fact that in this research ―error‖ criterion was not measured as it is usually 

measured in IS field studies. A better alternative would have been to conduct an analysis of calls 

to support center.  

 

7.1.5 Satisfaction 

 

Satisfaction refers to how pleasant it is to use the device. In this sense, satisfaction relates to 

concepts such as ease of use, user satisfaction and usefulness (Kieran and Mark, 1998). The 

―specified context of use‖ includes users, tasks, equipment and the physical environment. As 

Garrett (Garrett, 2003) mentioned, technology can be just as important functionality in creating a 

successful user experience. Users reacted upon the fact that a powerful computer is needed in 

order to run this application satisfactorily. Often, today‘s applications are heavier and offer a 
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large range of functionalities to the user, sometimes more than what an average user needs. Users 

mentioned that they got the impression that GIS application has features that are ―nice to have‖ 

and not necessarily ―need to have.‖ 

 

Screen size and input devices affect usability. As one of the interviewee mentioned he prefers 

using GIS on a desktop machine rather than on a mobile device. Types of input device also play 

an important role. Users prefer to use a keyboard for entering and manipulating the large amount 

of data. They all agree that using a pen to work with data on a small screen like mobile GIS is 

less efficient and more frustrating. They mean it takes more time entering data with pan than 

with a keyboard. They also mean that a bigger screen gives better overview of the data display. 

The possibility of direct manipulation using mouse to drag and drop features on the screen or 

from the database into GIS application, is also very valuable for them.  

 

At his paper (Nielsen, 2007), Nielsen lists fixed font size as on of the top ten mistakes in design. 

Respecting user‘s preferences and letting them resize text as needed affects usability. The fact 

that features on the map can be zoomed in and out or pan around provide an ―added value‖ for 

users when working with the data,  

 

7.2 How users assess GIS and what is their experience? 

 

Beyond usability 

Design and evaluation in mainstream HCI have often relied on scientific measurements of 

efficiency and error. Although usability and usefulness are still primary concerns for HCI, 

researchers and designers in the field are attempting to move beyond, investigating a variety of 

approaches such as user experience, aesthetic interaction, ambiguity, slow technology, and 

various ways to understand the social, cultural, and other contextual aspects of our world (Huh et 

al., 2007). 

 

Sharp also address usability criteria in her book (Sharp et al., 2007). She refers to them as 

specific objective that enables the usability of a product to be assessed in terms of how it can 

improve a user‘s performance. An example to usability criterion is time to completer a task 
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(efficiency). Such criteria provide quantitative indicators, but do not address the overall quality 

of the user experience. 

 

This study focuses on the knowledge relevant to understand the users‘ needs, and understand the 

needs for further development, from a software development perspective. Therefore in this 

research ―quality‖ of the user experience was of main interest. The reason for this choice was 

that is the first time GIS is implemented in Israel for use in viticulture. I was therefore interested 

to find out about the ―user experience‖ after using it for more than a year. Questions about their 

expectation, needs, motivation of use and experiences so far were natural to ask. These are 

exploring type of questions which address user feeling and opinion, thus best answered through a 

qualitative approach. Qualitative findings add in many cases a deeper understanding of possible 

reasons behind the results found in this study. 

7.2.1  Usefulness  

 

Interviews, observations, and reports reading, gave a base for concluding that GIS is useful when 

used for viticulture purposes. Since the functional was nearly acceptable, and the responses 

agreed that GIS can be considered emotionally satisfying, it was felt that GIS should be regarded 

as a useful tool for mapping and analyzing viticulture data in both wineries. 

The main reason for emotional satisfaction and rating effectiveness aspect highest seems to be 

that GIS satisfies their needs and goals. Creating a quality wine is the goal of the winery and all 

employees share these goals. Since their experience with the system so far has shown them that 

they can reach those goals, they are very content. Such level of precision was not possible to 

achieve prior to GIS.  

7.2.2 Receiving help 

 

Support agreement affects user’s satisfaction and GIS’s acceptance 

The users received training in learning the system, which included a one week course. Based on 

interviews and observations, connections are found between feature use, the assessment of ease 

of use and the amount of user training. This indicates that the training and help received from 

support team, co-workers and forums make GIS easier to use. Users learn the basics at the 

course, but learning new features when exploring the interface on their own. A preliminary 
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explanation by them was that the GIS system is user friendly enough so they gradually can 

explore new features. 

 

Usability applies to all aspects of a system with which a human might interact, including 

installation and maintenance procedures (Nielsen, 1993). The fact that the winery has support 

agreement for ArcView that includes installation and maintenance contribute for how users 

perceive the system.  

 

Previous research (Markus, 1983) discusses different reasons for system resistance. In both 

wineries there were many reasons that contributed to GIS acceptance: 1) The introduction of GIS 

was supported by the management, 2) users received training and ongoing support, 3) Cost of 

GIS are very high, but the benefits are higher, 4) Use of GIS did not entailed power loss for the 

employees in the viticulture department. 

 

7.2.3 Duplicate registration of data 

 

GIS require base-maps at various levels of detail together with a wide range of thematic data 

related to soil and NDVI. At the same time other thematic data related to vineyards treatments, 

harvest data, virus, maturation etc., are stored at the ERP system of the winery. These data are 

expensive to collect and often need frequent updating. Especially in Golan Heights winery with 

its 15 vineyards, the volume of data is high. Storing data in two different data bases involves a 

duplication of effort and a waste of resource, apart from the loss of the synergy which could be 

achieved by storing data in one place. The possibility to analyze different thematic data in GIS 

will help to corroborate what they already can see in the fields or offers new explanation. 

 

7.2.4 Functionality 

 

Gap between development and use 

Through observations and interviews a gap between the functions implemented and functions 

used was found. When referring GIS, expressions as ―infinite number of features‖ that are ―nice 

to have‖ rather than ―need to have‖ were used. 
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GIS embeds a wide range of feature, from a geographical perspective. The users estimated that 

more than half of the functions are not used in their work. At the same time, GIS is used 

frequently by the users, varies from daily use to several times a week. Thus, users must be 

considered frequent users, and the level of knowledge they have achieved on using GIS should 

be considered high. That training received is adequate for using GIS at least for basic tasks; 

therefore it is not likely to explain why so few features are used. However, another explanation 

should also be considered: That not all the functions implemented in GIS are necessary and 

important when using it for viticulture purposes. The latter assumption is supported by two 

factors: First, usability criteria ranged by the users show that effectiveness is rated highest even 

without using a wide range of features. Second, during a ―CIO Forum‖, that was arranged by 

―computerworld‖ 28. September 2007, a marked analyst from YARA gave his positive 

impression on GIS and results achieved at work though a minor set of core functionality was 

used. 

 

Norman also discusses the distinction between ―needs‖ and ―want‖ in his book (Norman, 2005). 

According to him the distinction between the terms needs and wants is a traditional way of 

describing the difference between what is truly necessary for a person's activities (needs) versus 

what a person asks for (wants). He further adds that satisfying people's true needs, including the 

requirements of different cultures, age groups, social and national requirements, is difficult. This 

might also explain why GIS provides a wide range of features. As mentioned in chapter 6, GIS is 

used internationally and in many types of enterprise (for example in business, defence, 

education, engineering, government, healthcare, communication, transportation and natural 

resources). One can imagine that different sectors have different needs. For example, the finance 

sector does not have the same needs as the viticulture sector has. Therefore, by providing a wide 

range of functions GIS designers try to satisfy needs of different sectors around the world. 

 

Findings from earlier research (Walsham and Sahay, 1999) strengthen the opinion that GIS 

functionality is complex: 

 

“It is not desirable to put in complicated GIS software; it is an evolutionary 

process - keep it simple” 
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       (Walsham and Sahay, 1999)   

 

7.2.5 Experience and expectations 

 

As shown in figure 3.2, conceptual model for user experience (Kankainen, 2003), the user 

experience is affected by former and present experiences. These in return affect future 

expectations. Both experiences and expectations affect the user experience.  Users are so far 

having positive experience with GIS since it is effective, i.e. it helps them to achieve their goals 

and assists them with their work tasks. This can be explained by Kankainen highlighting the 

importance of seeing user experience as a motivated action in a given context.  

 

All the parameters mentioned so far in this chapter illustrate the experience users have so far 

with GIS. The experience users had in the winery seemed to be successful and engaging, thus 

valuable to users and can be regarded as ―quality experience‖ (Alben, 1996). Prior to GIS, tasks 

were done manually and were very time consuming. The fact that GIS provides them with a high 

level of precision that was not possible to achieve earlier, is very significant for their positive 

experience with the system so far. 

 

7.3 How does visualization affects the user experience? 

 

ArcMap has the possibility of adding graphics, changing the colour and symbols users use to 

display features and making a graph. Presenting data visually as a graph has a huge advantage 

for the users since Visual graphic containing key ideas and information is easier to remember 

(Apple Computer, 1992).  

 

Presenting information through maps as GIS does has a significant effect on the winery 

employees. GIS require users to adopt a map-oriented approach to their work. The fact that Israel 

has a map- based culture can help explain the success of GIS. In Israel people are brought up 

with maps, and the explicit display of spatially related data is a common feature of daily life. For 

example children are being thought reading maps already at school and people often print out 

maps when they want to go from place A to B.  
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Walsham & Sahay (Walsham and Sahay, 1999) study of application of GIS in India explains 

why GIS was failed in developing country India: 

 

“A second divergence between Indian conceptualizations and those of the west, 

which is of particular relevance to GIS technology, concerns the existence of map- 

based culture. Typical Indians will rarely, if ever, use maps in their daily life”. 

        

They further explain: 

 

“The most difficult part of GIS introduction is getting people to think spatially” 

 

       (Walsham and Sahay, 1999)  

 

GIS reflects the social interests and attitudes of its western developers. In western society, 

explicit data and rational decision making processes are the legitimate bases for planning and 

management. Israel is a western society, so these factors can explain the emotional satisfaction 

users I interviewed had with GIS. GIS outputs were used on a regular basis to support 

management decisions. For example the multilayered nature of GIS systems, where data on 

different characteristics are brought together as overlays in the same map-based system,  aids 

management issues to be addressed in a coordinated way. 

 

GIS has a direct manipulation interface. Direct manipulation allows people to feel that they are 

directly controlling the objects represented by the computer. According to the principle of direct 

manipulation, an object on the screen remains visible while a user performs physical actions on 

the object. When the user performs operations on the object, the impact of those operations on 

the object is immediately visible (Apple Computer, 1992). This direct manipulation affects the 

user experience since users can see their action and consequences to their actions. It provides 

feedback to the users so they know that the command was carried out.  

 

The expert evaluation showed that feedback is sometimes missing. One example is that feedback 

is not given back when creating a bookmark, so user does not know if command execution was 

successful. Improvements in this area will make GIS more users friendly. 
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 The benefits of graphical features are referred to in literature and explain its affect on 

learnability. Benefits of Graphic Organizers (visual representation of knowledge): 1) Focus 

attention on key elements, 2) Help integrate prior knowledge with new knowledge, 3) Enhance 

concept development (Piper, 2005). Scaffolding can be provided for users through visual 

representation with mind maps, graphic organizers, flowcharts, and the use of visual learning 

techniques.  In GIS, organizers are helpful in viewing both qualitative (text) and quantitative 

(numbers) data graphically. Rhyne (Rhyne et al., 1994) describes it as: ―the power of GIS relies 

on its ability to assist in spatial analysis‖. 

 

Much research discusses the power of visual learning: Learning to think and learning to learn. 

These are the essential skills for users‘ success in learning a new system. Research in both 

educational theory and cognitive psychology tells us that visual learning is among the very best 

methods for teaching users of all ages how to think and how to learn. 

 

People often recognize pictures of things and understand them more quickly than they do verbal 

representations of the same things. For example, studies have shown that traffic signs that have 

symbols are more recognizable from a distance than signs that have only words (Apple 

Computer, 1992). Metaphors are broadly used in GIS‘s interface. In most cases they achieve its 

purpose, but in few cases they seemed to be taken ―too literally‖, thus losing its benefits (See 

chapter 6.1.1 for examples). 

 

Users see how ideas are connected and realize how information can be grouped and organized. 

With visual learning, new concepts are more thoroughly and easily understood when they are 

linked to prior knowledge. GIS‘s users can use maps and graphs to display large amounts of 

information in ways that are easy to understand and help reveal relationships and patterns. 

According to Tufte, multiple images reveal relationships and patterns.  Another interesting quote 

from Tufte is: “Clear and precise seeing becomes as one with clear and precise thinking” 

(Tufte, 1998). 

 

It was mentioned by one of the interviewee that seeing data graphically, often affirmed issues 

they saw in the vineyards and sometimes pointed to issues they were not aware of.  
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Maps in GIS organize data in cause- effect relationship. For example dark brown colours 

indicate that the soil has high electrical conductivity. Tufte refers to it as serving the analytic 

purpose at hand: 

 

“If the substantive matter is a possible cause- effect relationship, then graphs 

should organize data so as to illuminate such a link” 

 

                  (Tufte, 1998) 

Linked verbal and visual information helps users make connections, understand relationships and 

recall related details (Healey, 2007). Perceptual properties of colour, texture and photos and 

images have been used in GIS.  

Users often better remember information when it's represented and learned both visually and 

verbally (Piper, 2005), therefore providing an interactive CD-ROM for learning GIS could be 

helpful. 

 

According to Garrett (Garrett, 2003), there are five elements which create the total user 

experience. The surface plan, which concerns the visual design, is only one of them. Therefore in 

understanding the user experience, the four other elements must be taken into account; user‘s 

needs, functional specifications, content requirements and the interaction design.  

 

7.4 Which learning perspectives the users have? 

 

From looking back at the learning perspectives mentioned in chapter 3, it is an easy task to apply 

the socio-cultural perspective when analyzing the learning of new technology in the winery. For 

instance from my interview with the head of the viticulture department one of his expectation 

from the GIS course is that employees attending this course will be brought into the winery‘s 

culture so that they are able to participate and use the resources available in that culture. The 

employees are encouraged to go around asking questions when they get stuck. This way they get 

acquainted with their co-workers and share their knowledge. GIS has brought employees from 

different departures to interact closely together, since it provides them with a common 

management decision tool. As mentioned in one of the interviews: 
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“We work closely together and use images and data from GIS to make 

management decisions. For example decisions concerning treatments and 

watering of a unit.” 

 

The fact that employee can go around and ask help from co-workers or the possibility of getting 

help and sharing experience with other GIS users through GIS forum make them feel ―belong to 

the community.‖ 

 

Another aspect of the socio-cultural perspective is the fact that knowledge is situated in the 

community, in both people and artifacts. This can be seen in the fact that knowledge in the 

winery consists of its employees, various types of documentation, and their use of language; the 

―viticulture language.‖ 

 

One of the employees I interviewed pointed out that she was happy sharing an office with two 

employees from the viticulture department. It is therefore worth asking if having a specific team 

mate, sharing an office with that person, would make the cultural transition easier.  

 

Lesgold and Derry (Lesgold and Derry, 1996) also shares the view that knowledge is situated in 

the environment within which it was acquired. They believe that jobs are performed in specific 

work situations, not generic training centers. This attitude can be seen in the winery since only 

the basic and general tasks are learned at the course, while extended tasks related to viticulture 

data are learned at the workplace.   

 

Another important activity they state is “cognitive apprenticeship”, which denotes the sharing of 

problem-solving experience between novices and one or more mentors. According to cognitive 

apprenticeship novices are accompanied by assistance, or ―scaffolding‖ from mentors (in this 

study it refers to another worker with greater experience and expertise). As novice performance 

improves, the mentor gradually fades support, encouraging novices to work and think more 

independently. This is reflected during interviews I had with the users, they are not assign 

specific mentor but are encouraged to go around and ask for help. All users, both novice and 
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expert users work actively together in conversations/ meetings about problem solving to reach a 

common decisions. 

 

Greeno (Greeno  and Collins, 1996) explains motivation for learning in the socio-cultural view 

as an engaged participation, i.e. engagement that maintains the person‘s interpersonal relations 

and identity in communities in which the person participates. From the interviews I had with the 

employees I understood how important it is to be part of ―the viticulture community.‖ Interaction 

and common decision making is a crucial part of the job. 

 

In combination with the socio-cultural I also find it easy to spot a clear constructivist perspective 

in learning GIS. By doing the courses exercises employees get to have their own experience of 

how it is to work with GIS, actively constructing their own knowledge, both parts of the 

definition of constructivism as put forth by Ben-Ari (Ben-Ari, 1998). The lectured courses go 

through the information that is needed to have a general overview and understand the issues at 

hand, and the employee then is to do related exercises themselves, so one can say that the course 

provides the scaffolding needed for them to be able to work alone (Kolikant, 2004). 

 

 This way of teaching is epitomized in the Holmboe paper (Holmboe, 1999). Holmboe claims 

that teaching should address both practical and theoretical issues in parallel, because they are 

related and both are necessary in order to reach holistic knowledge. 

 

In one of the interviews, an employee mentioned that after the course she was more comfortable 

to try and learn new things by herself. This is a constructivist perspective in the sense that it 

emphasises some sort of trail and error and individual discovery of logical structure.  

 

Greeno (Greeno  and Collins, 1996) explains motivation for learning in the cognitive/ 

constructivist view as an intrinsic motivation, i.e. engagement is often considered to be a 

person‘s intrinsic in a domain of cognitive activity. In this case employees have an intrinsic 

motivation to learn GIS in order to be able to perform their work‘s tasks, in the viticulture 

domain. 
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7.5 Summary 

 

The findings show that users consider ―learnability” and ―functionality‖ aspects to the have the 

biggest usability issues. Use of consistency in GIS interface design perceived to be helpful in 

leaning the system, but this principle is best fitted for simple systems with few operations, and 

less fitted for complex systems as GIS with a large range of operations. The visual interface is 

also helpful in the learning process. It has an interactive aesthetic display and icons, which 

encourage users to try and learn by them selves. Still, in their opinion it is best to get professional 

training in learning the system, before one feels confident enough to explore the interface by 

himself.  

 

Having the possibility to watch a tutorial in addition to text is helpful, since it is easier to loose 

track when reading long tutorials, especially when each operation in GIS involves many steps. A 

suggestion for improvement could be an inclusion of audio to these animated tutorials as it is 

already mentioned earlier that users better remember information when it's represented and 

learned both visually and verbally. Combining both visibility and audio will make learning 

process more lively and efficient. 

 

Users who use GIS for analysis purposes perceive GIS to have ―an infinite number of features‖. 

This is experienced to be a problem because users feel there is a lot to learn before they can say 

they master this software. They also give the impression that there are many functions so called 

―nice to have‖ rather than ―need to have‖. They don‘t experience the increased functionality in 

GIS to be positive; they look at it as rather time consuming and easy to lose overview. Therefore 

instead of adding more functions, GIS designers should rather concentrate of improving current 

interface usability. A possible explanation for having many functions could be that this system is 

used in a wide scale of areas, and not only in the viticulture field.  

 

Visualization and use of maps in GIS affect ―user experience‖. So far their experience with the 

system is positive, due to the aspect of ―effectiveness.‖ GIS fulfils their needs and goals in a way 

that was not possible to achieve prior to applying the system, when their tasks was done 

manually. A crucial aspect that affects the ―user experience‖ and the success of GIS is their 

support agreement. Knowing that they have someone to turn into and get immediate help, aid in 

constructing positive experience with this system. Not having this agreement could have ended 
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with different experience than users possess today. A major explanation is that GIS is a complex 

system with a need to gain an overview in geography terms and technical concepts, which are 

unfamiliar to users with a viticulture background. 
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Chapter 8 
 

Conclusion 

 

 

The purpose of this study was to conduct a usability evaluation of GIS used for viticulture 

purposes. This evaluation was made according to usability criteria where special attention was 

given to the user experience. As recalled, I felt that this was an opportunity for me to conduct 

field studies of GIS used in a vineyard for two main reasons: 1) This is the first time GIS  has 

been used in Israel in the viticulture area,  and it is therefore interesting to learn about the 

experience with the system so far, and based on that to suggest some improvements to the 

software 2) According to the GIS (ArcView) supplier no such usability study on GIS as used in 

vineyards has been conducted before and,  therefore an opportunity to provide  interesting 

insights  into this field through my findings. 

 

Finally, and perhaps of most significance, I believe that this study goes beyond the traditional 

mainstream concerns of usability evaluation, which are often quantitative techniques  that 

measure the performance, retrieval times, success times and failure rates. In my research I was 

concerned with ―beyond usability‖ issues by examining  some of the fundamental user  attitudes, 

perceptions, motivation, their work tasks and user experience that provide the context for GIS 

use. My intentions with this study were to pinpoint usability aspects that need to be improved, 

and thus focus on the technology, as well as conducting a usability evaluation that does not 

follow the traditional methods prevailing in the informatics field. Instead I used ethnographic 

methods to evaluate GIS and the user experience. I believe that the results I achieved through use 

of these methods (participant observation, interview and document reading) helped me to better 

understand GIS users, their needs and experience, then if I had used traditional usability 

evaluation methods such as laboratory testing. By immersing myself in the users‘ daily life at 

work, observing them carrying out tasks and using the technology I have gained a view  of users 

that is different than the one gained  through traditional methods, thus giving an ―added value‖ 

for this research. I believe that my study can be applied to wider fields, by showing that it is 

possible to conduct a qualitative usability evaluation through focus on usability criteria, user 

experience, visualization and in-depth understanding of learnability criterion. 
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Questions that arose when evaluating GIS according to usability criteria and user experience 

were: 

 Can an evaluation of GIS (ArcView) usability be made according to usability criteria: 

―learnability‖, efficiency, effectiveness, memorability, errors and satisfaction?  

 How is GIS assessed by its users and what is the user experience? 

 Does visualization affect the user experience? 

 Which learning perspectives do the users have? 

 

The research was conducted as field studies where I lived in Israel for two months period. A top 

down approach was used in order to learn the field, processes, working tasks and technology 

used. Interviews, participant observations and text reading were the main methods used to 

answer those questions. This was done in order to get a thorough and comprehensive overview of 

GIS as used for viticulture purposes and the user experience with it so far.  The data analysis was 

theory driven, where HCI frameworks and concepts played a central role. A comparative study 

was conducted, where findings were interpreted according to its similarities and differences to 

the literature. 

 

One of the main findings was that users consider ―learnability” and ―functionality” aspects to 

have the biggest usability issues. Use of consistency in the GIS interface design is perceived to 

be helpful in leaning the system, but this principle is best suited to simple systems with few 

operations, and less suited to complex systems such as GIS with a large range of operations. The 

visual interface is also helpful in the learning process. It has an interactive aesthetic display and 

icons, which encourage users to try and learn by them selves. Still, in their opinion it is best to 

get professional training in learning the system, before one feels confident enough to explore the 

interface by themselves. Having the possibility to watch a tutorial in addition to text is helpful, 

since it is easier to loose track when reading long tutorials, especially when each operation in 

GIS involves many steps. A suggestion for improvement is the inclusion of audio to these 

animated tutorials because, as mentioned earlier, users better remember information when it is 

represented both visually and verbally. Combining both visibility and audio will make learning 

process more lively, efficient, and engaging. 
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Users who use GIS for analysis purposes perceive GIS to have ―an infinite number of features‖. 

This is experienced to be a problem because users feel there is a lot to learn before they can say 

they master this software. They also give the impression that there are many so-called ―nice to 

have‖ functions rather than ―need to have‖ functions. They do not experience the increased 

functionality in GIS to be positive; they look at it as rather time consuming to both learn and use, 

and it causes one easily to lose the overview. Therefore instead of adding more functions, GIS 

designers should rather concentrate of improving current interface usability.  

 

The second conclusion is that overall users agreed that GIS is useful when used for viticulture 

purposes and the user experience with the system is so far good. Usefulness is a measure of 

weather the system can achieve a desired goal. Visualization and use of maps in GIS affect ―user 

experience‖, and their experience with the system is positive, because of the system‘s 

“effectiveness‖. GIS fulfils their needs and goals in a way that was not possible to achieve prior 

to applying the system, when their tasks were done manually. A crucial aspect that affects the 

―user experience‖ and the success of GIS is their support agreement. Knowing that they have 

someone to turn into and get immediate help, aids in creating a positive experience with this 

system. Not having this agreement could have ended with different experience than users possess 

today.  

 

Another interesting issue that interviews have revealed is that users also see the negative side of 

GIS usage, which implies that users spend much time in making these reports and analyzing GIS 

outputs. For example, one of the interviewees found it very helpful to use GIS but also annoying 

since it is another tool to use and tasks to perform in addition to his other work responsibilities. 

Especially, data analysis is a demanding activity. This brought up another matter that 

management needs to consider
7
. 

 

                                                 
7
 If the current ongoing project successes and data from the past five years will be entered from the ERP into GIS, data to be 

analyzed will increase significantly. This means that users, who have already much to do at work, will have an increased work 

load. Employees in the viticulture department have a valuable competence for the winery and thus must used their time 

efficiently. In addition their salary is high and it will be economically wrong if they use their precious time to create reports and 

statistics on GIS. Can other office employees take over these map creation and reporting tasks, so employees use their time only 

on an analyzing these outputs and reach management strategic decisions? 
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8.1 Limitation of research 

 

Context 
 

 

Findings have to be seen in a context. First it is a research project from Israel, which is a 

developed country, thus the findings cannot be applied to developing countries. I mentioned 

earlier the fact that Israel is a map based culture and this affects both the user experience and the 

success of the GIS implementation. While research (Walsham and Sahay, 1999) from India, 

which has no map-based culture, showed that the most difficult part of GIS introduction was to 

get people to think spatially. Second, this research focused on GIS used for viticulture purposes, 

thus findings should be seen in this context. 

 

Error criterion 
 

 In this study evaluation according to usability criterion was not conducted in the traditional way; 

i.e. analysis of calls to support when evaluating a system that is already in use. My intention was 

to concentrate on usability criteria in the broader aspect in order to identify main usability issues. 

An in depth evaluation according to these criteria implies that one needs to choose only one or a 

few criteria measurement. Therefore it is important to pinpoint the major usability concerns 

which can give direction to further more specific research. 

 

8.2 Further work 

 

It is important not stereotype the GIS users, bearing in mind that GIS is used as an assisting tool 

for various user types in other sectors. Still, the sample represents an important and large GIS 

user group. Also, much of the information gathered is likely to hold up for users in other sectors 

and contexts of use. Therefore, the suggestions made here may be useful for determining further 

general development and improvement of GIS. 

 

Analysis of call 

  
In order be able to measure more concrete types of error and as a consequence to pinpoint what 

can be improved in the user interface, an analysis of user calls to support center should be done. 
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Previous research (Mishne et al., 2005) describes a system for automating call-center analysis 

and monitoring. Such system can be used for detecting problems in GIS and possibly suggesting 

a solution to those problems, i.e. which concrete features in GIS should be improved. 

 

Different context 
 

It could be interesting to take findings from my research and apply them in a different context. 

Since GIS is used in a wide range of sectors it could be interesting to investigate further about its 

use in, for example, finance. What are the user needs, what is their motivation for use, how do 

they use the data, for which purpose and in which context?  Usability evaluation conducted with 

the aid of interviews, observations and document reading can reveal the user experience and their 

opinions about the system they use in a way that is not possible to measure through quantitative 

methods. 

 

Improving learnability and functionality 
 

The most important work at hand is implementing the software improvement recommendations 

outlined in the discussion chapter. Improving learnability is the central issue. Developing a more 

interactive tutorial, which combines visual and audio features will be more engaging and 

improve learnability, as users better remember information when it is represented and learned 

both visually and verbally. It is also an aim that tutorials will be as easy as possible to learn so 

users can operate GIS without necessarily attending a training course. 

Increased functionality is also a central issue. Developers should concentrate on improving the 

existing standard instead of adding new features to GIS. 

 

Involving the users 
 

It is possible to continue and investigate GIS usability by involving the user in the evaluation. 

Going through the interface with the users and registering all the features that need to be 

improved is one way of improving the system‘s usability. Users can rank problems according to 

standard usability ratings. Experts should also rate those problems according to their 

understanding of users‘ needs, and their design knowledge, thus coming up with a list of 

concrete suggestions as to which features should be improved. 
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I believe that there is much more to be done to improve GIS, and the best way to achieve this is 

to take into consideration the users‘ needs. I am convinced that if users are involved in this 

process they will come up with many useful ideas, since they are the ones who regularly use this 

technology.  
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Appendix A 
 

Acronyms 
 

 

BIS  Business Information System 

 

CEC  Cation Exchange Capacity  

 

CEO    Chief Executive Officer 

 

CSCW Computer Supported Cooperative Work 

 

DGPS  Differential Global Positioning System 

 

EC  Electrical Conductivity 

 

EM  Electromagnetic  

 

ERP  Enterprise Resource Planning 

 

FAQ             Frequently Asked Questions  

 

GIS  Geographical Information System 

 

GPS  Global Positioning System 

 

HCI  Human computer Interaction 

 

ICT  Information communication technology 

 

ID  Interaction Design 

 

IS  Information System 
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ISO  International Organization for Standardization 

 

MMI  Man- Machine Interaction 

 

NDVI  Normalized Difference Vegetation Index 

 

PA   Precision Agriculture 

 

PV  Precision Viticulture 

 

SECS  Soil Electrical Conductivity Scanning 

 

SW  Software 

 

UE  Usability Engineering 

 

VRA  Variable Rate Application 
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Appendix B 
 

Precision Viticulture Technologies 
 

 

B.1 Global positioning systems 

 

Global positioning System (GPS) is an accurate satellite based radio navigation system. It 

provides dimensional positioning information (longitude, latitude and elevation) as well as time. 

Speed can therefore be calculated from GPS data. 

 

The GPS system is an all-weather system with continuous, worldwide coverage. It works by 

using the accurate clocks installed on satellites from which position is calculated based on 

measurements of the time taken to receive signals from several different satellites orbiting the 

earth. GPS receivers can usually report position information in more than one way. The standard 

is an American system known as WGS84 in which longitude and latitude are reported in units of 

decimal degrees and altitude in feet. A number of algorithms to transform these data to units of 

meters are available. 

 

B.1.1 Geographical information Systems 

 

A Geographical Information System (GIS) is computer software consisting primarily of a 

database with mapping capabilities, for the storage, analysis and display of spatially referenced 

data (i.e. data that have a position or spatial reference attached to them). While relationships 

between vineyard attributes can certainly be explored using simple analytical techniques (e.g. 

regressions) or inspection of trends, GIS is considered to be an essential tool in Precision 

Viticulture. 

 

Accessing GIS: 

GIS is available in a range of levels of complexity: 
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 Professional GIS programs (e.g. ArcView. This is the software that is used in Galil 

Mountain Vineyard). It is a powerful processing and analytical application which require 

formal training in its use.  

 Less sophisticated GIS programs (e.g. ViewPoint. ArcReader) which allow the viewing 

of maps and imagery, but with a much reduced processing and analytical capability 

compared with the professional GIS programs. 

 Applications with limited GIS capability provided by some equipment manufacturers. 

While these allow viewing and some limited processing capability, they generally do not 

allow any data analysis to be done (e.g. AgLeader, SMS Basic and Advanced). 

 

B.1.2 Remote sensing 

 

Remote sensing defines any activity that involves observing or measuring characteristics of a 

certain feature or target from a distance. When used in Precision Viticulture applications, 

remotely sensed data can be acquired from either light aircraft (airborne remote sensing) flying at 

altitude ranging from 150m to 3km, or from satellites (satellite remote sensing) operating at 

hundreds of kilometers above the earth. Remotely-sensed imagery of grapevines principally 

provides information about the surface characteristics of the vine canopy rather about the inside 

characteristics of that canopy. 

 

B.1.3 Yield monitoring 

 

Yield monitoring refers to the ‗on-the-go‘ collection of both yield and positional data. ‗On-the-

go‘ describes the fact that data are collected continuously by the yield monitor and Differential 

Global Positioning System (DGPS) as the harvester travels along. Yield Mapping is regarded as 

an essential step in the cyclical process of Precision Viticulture because yield maps greatly 

enhance the ability to make predictive and proactive decisions from which the outcomes can be 

quantified. 

 

Yield map production: 
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Yield maps are generated from the data collected by the yield monitor and DGPS and are the 

most direct method of assessing variation in yield across single vineyard blocks. They can be 

used to help identify distinct zones for both the selective harvesting of fruit and the differential 

application of inputs (e.g. fertilizers, water, mulch and canopy management techniques). Yield 

maps also provide feedback on the effects of changes in vineyard management. 

 

B.1.4 Soil sensing 

 

The fact that soil  varies across the landscape has been known for many years but until recently, 

little progress has been made in identifying and managing this variation for profitable outcomes 

at block or vineyard scale. Soil is a key factor influencing vineyard productivity, along with 

climate and topography. On the ground, physical measurements of soil (and in particular sub-

soil) characteristics have shown that significant variation can exist within single vineyard blocks. 

It has also been shown that the spatial variation in soil characteristics can be associated with the 

spatial variation in vine characteristics within the vineyard (Bramley, 2008). An understanding of 

the variation in soil characteristics within a vineyard is therefore seen as an important aspect of 

Precision Viticulture. 

 

Information gained from soil-sensing surveys: 

Soil information collected at high spatial resolution is an integral part of Precision Viticulture. 

Soil maps generated using sensors are particularly useful when combined with other layers of 

information to help define zones of characteristic vine performance and to understand the 

cause(s) of variation in vine performance. 
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Appendix C 

 

The processes of wine production 

 

 

 

C.1 Wine production -> red wine 
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           Figure C.1: The process of red wine production 

 

Crushing- Crushing is the process of removing the grapes from the rachis, breaking the skins of 

the grapes and crushing the grapes by a special machine. This is how the must is being produced. 

   

Must- This is the result after crushing the grapes. The must contains juice, skins and seeds.   

 

Fermentation- In order to start the fermentation process, wine yeast is added to the must. The 

yeasts feed on the natural sugar, producing alcohol and CO2. Red wines are fermented with the 

skin to maximize their taste, colour and smell. 

 

Pressing- During the pressing process, the seeds and skins are removed from the must. Pressing 

occurs during fermentation or at its end. 

 

Meloluctic fermentation- is a secondary fermentation on the wine that is done by bacteria. 

During this fermentation the wine‘s acid content is reduced and taste and aroma of vanilla are 

added. Not all red wines go through meloluctic fermentation. 

 

Racking Soutirage- is the natural sinking of all the solids to the bottom of the tank and moving 

the purified wine to another tank.  

 

Aging in Barrels- Certain wine types aged in oak barrels (after the fermentation process) for 

several months. Aging in barrels adds to the wine‘s flavour and gives the wine the aroma of oak 

which adds to the complexity of the wine. 

 

Blending- The final wine composition is achieved by mixing different wines from different 

vineyards. 

Red wine: Stay in the 

winery warehouse for 

aging  
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Purification and Cold stabilization - In this process, unwanted components are removed from 

the wine.  

Filtration- At the final stage before bottling, the wine goes through a filtration process and 

becomes clear. In most cases a sterile filtration is done to remove micro-organisms from the 

wine. 

 

Bottling- Filling the wine in bottles and sealing them with corks. 

 

Aging- Most red wines go through aging at the winery cellar (aged in oak barrels) for a period of 

12 months or longer, before sale. 

 

Aging in Bottles- Some wines are aged in bottles for a few months, before sale   

 

C.2 Wine production -> white wine 
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                                   Figure C.2: The process of white wine production  

 

Racking- After the crushing process, the must, including the seeds is moved to a cooling 

system in order to reduce the temperature. This delays the early, uncontrolled 

fermentation and preserves the taste and aroma. 

Racking Soutirage- There are two ways clearing the must: 

1. Separation by centrifuge. 

2. Sinking- The must is transferred to another tank for several hours. Unwanted 

solids are allowed to settle naturally to the bottom of the tank. Then the clear must 

is moved to another tank. 

Fermentation- A secondary fermentation on the wine is done by bacteria. During this 

fermentation the wine‘s acid content is reduced and the tastes and aroma of butter and 

Fermentation tanks  

Bottling 

White wine is aged in 

oak barrels for 3-9 

months  
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vanilla are added. This increases the complexity of the wine. Most white wines do not go 

through this meloluctic fermentation except for chardonnay.   

Purification and Cold stabilization- In this process, unwanted components are  

Bottling- Filling the wine in bottles and sealing them with corks. 

 

 


