
IT16033

Examensarbete 30 hp
Juni 2016

Creating a usable web GIS for 
non-expert users 
Identifying usability guidelines and implementing 

these in design 

Tom Fledderus

Institutionen för informationsteknologi
Department of Information Technology



!



 

 
 
Teknisk- naturvetenskaplig fakultet 
UTH-enheten 
 
Besöksadress: 
Ångströmlaboratoriet 
Lägerhyddsvägen 1 
Hus 4, Plan 0 
 
Postadress: 
Box 536 
751 21 Uppsala 
 
Telefon: 
018 – 471 30 03 
 
Telefax: 
018 – 471 30 00 
 
Hemsida: 
http://www.teknat.uu.se/student 

Abstract

Creating a usable web GIS for non-expert users

Tom Fledderus

Geographical Information Systems (GIS) are a set of tools for users to present,
explore and analyze geographical data. Most of the users are considered professionals
in using a GIS in their work domain. With GIS becoming more and more available on
the internet, known as web GIS, the number of potential non-expert users also
grows. Usability issues arise when the user is not in focus during the development of a
web GIS. This study consists of two parts. Using a literature review I have categorized
a number of usability issues from earlier research into two main groups which act as
guidelines for the second part of this study. These guidelines were applied in a user
centered design process consisting of contextual inquiries, semi structured interviews
and observations, which focused on getting to learn about the user and their tasks.
These methods were part of a case study conducted within a citizen science project,
where people voluntarily report observations about species. Based on these results,
different design hypotheses were created and evaluated through conducting iterative
tests which resulted in a final design hypothesis.
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1 Introduction 
We are living in a world were vast amounts of data are collected daily, we are living in the 
data age [1]. The number of citizen science organizations, programs, and volunteers actively 
recording the location of species is growing faster than the flowers, birds, frogs, wildlife, and 
worms they seek to record [2]. This results in huge amounts of data which are captured 
because it is a potential source of valuable information [3]. With this amount of data 
increasing every year, exploring the data becomes increasingly difficult as the volume grows 
[4]. 
 
Much time and effort has been spent on inventing new ways of visualizing these large 
amounts of data which utilize the human visual capabilities [5]. If the data is presented 
textually, the amount of data which can be displayed is in the range of some one hundred data 
items, but this is like a drop in the ocean when dealing with data sets containing millions of 
data items. Having no possibility to adequately explore the large amounts of data which have 
been collected because of their potential usefulness, the data becomes useless and the 
databases become data ‘dumps’ [3].  
 
A Geographical Information Systems (GIS) is an example of a tool that visualizes data, more 
specifically, geographical data. [6] defines GIS as ‘a computing application capable of 
creating, storing, manipulating, visualizing and analyzing geographical data. Whether you are 
at work, studying or during free time you have probably asked yourself a geographical related 
question. Questions such as: Where can I find the nearest coffee place? Where do high 
concentrations of students live in this city? Or where did we see a change in bike use in 
Sweden?  GIS are used in very different areas of expertise, from weather analysis and urban 
planning to bus route optimization and military intelligence. There are all kinds of 
geographical data that might be interesting to explore. GIS have a particular value when you 
need to answer questions about location, patterns, trends and conditions [7].  
 
Even though GIS have a very wide application domain, it does not mean that everyone is able 
to use it. [8] stated that although the usability of GIS products has improved immensely since 
it first entered the market, they still require users to have or acquire considerable technical 
knowledge to operate them. Participatory GIS (PGIS), Public Participation GIS were labels 
given to a second generation of GIS systems which appeared in the late 90’s [9]. This second 
generation of GIS were context and issue-driven rather than technology-led and focused on 
involving the community in the production and/or use of geographical information. [10]. 
With the rise of the World Wide Web, GIS systems found their way online, where, for 
example, municipalities that used to run GIS saw opportunities to share their geographical 
data with citizens and stimulate public participation in local affairs [11].  
 
Information Visualization & Scientific Visualization 
A GIS is an example of a tool that visualizes information. When talking about visualizing 
information, a distinction can be made between two domains. Information visualization is 
visualization applied to abstract data whereas scientific visualization is visualization applied 
to data from scientific experiments. Geographical data is different from other data because of 
a special characteristic, it refers to objects or phenomena with a specific location in space 
[12]. The three characteristics of geographical data consist of an attribute (what?), location 
(where?) and time (when?). The science of cartography is concerned with visualizing 
geographical data through the medium of a map [13]. The focus within cartography research 
largely lies on translating geographic reality into cartographic symbols which are placed on 
maps. Maps are the most effective and efficient way of communicating geographical data to 
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users while providing them with insights and an overview of the data [14]. “Every map is 
someone’s way of getting you to look at the world his or her way”[13]. Different factors play 
a role which can affect the quality of the communication between the transmitter and the 
receiver (shown in figure 1). These factors are represented in the communication models of 
cartography developed in the late 1960’s and 70’s [14]. A model of cartographic 
communication made by Kolácn! [15] show factors such as the knowledge and experience 
regarding the cartographic language, the needs, interests and aims of both the map maker and 
map user. However, because of the positive effects of the map, the possible “noise” between 
the map maker and the user were seen as part of the bargain [14]. In the years and decades 
after most cartographic research focused on map making, not on the map user. To a great 
extent, this focus was the consequence of the technological advancements such as the 
computer which is now the most important tool of the map maker [14]. 
 

 
Figure 1 The basic map communication model adapted from [13] 

Besides traditional maps which aim to communicate a simplification of geographic reality, 
another type of map emerged in the 17th century. This type of map looked to combine 
cartographic knowledge with statistical data. These maps are called data maps or thematic 
maps in cartography [16]. 
 
An early famous example of a thematic map is one created by Dr. John Snow who, in 1853, 
plotted the location of cholera casualties from a large outbreak on a map [16]. Doing so he 
discovered that most cholera victims lived near a water pump which they probably also drank 
from. By having the handle of the pump removed, the epidemic ended. The data set Snow 
visualized was not a very complex one. Someone who visualized a more complex set of 
geographical data was Charles Joseph Minard. Minard was a pioneer in the field of thematic 
cartography and statistical graphics. One of his most famous works is the visualization of the 
fate of Napoleon’s Grand Army in the disastrous Russian campaign of 1812[17]. Six 
variables are plotted: the size of the army, its locations on a two-dimensional surface, 
direction of the army’s movement and temperature on various dates during the retreat from 
Moscow [16].  
 
These two maps by Snow and Minard are examples of thematic maps that presented known 
information to the map user. With the development of the computer and visual display, the 
ways maps are used is not restricted to static communication anymore. [18] visualized these 
different map uses in the “cartography cube” (figure 2) which has three different axes to 
summarize the distinctive characteristics of modern map use. 
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Figure 2 The cartography cube adapted from [12] 

[18] defines cartographic visualization as “map use in the private, revealing unknowns, and 
high interaction corner of the cube”. [12] share this view, but give a wider interpretation to 
cartographic visualization. They state that in a geographical information system (GIS) 
environment “visualization can be used to explore unknown data, to analyze or manipulate 
known data and to present or communicate knowledge of spatial information[12]”.  
 
A geographical information system (GIS) is a tool that helps users answer geographical 
related questions about location, patterns trends and conditions [7]. Where the first generation 
GIS was mainly used by professional users, the second generation, which was introduced by 
the National Centre of Geographic Information and Analysis around 1996 as Participatory 
GIS, focused on involving the non-expert users into creating or using geographical data [10]. 
These PGIS were used in a wide range of contexts including urban planning and 
revitalization with neighborhoods, managing conflict over access to land and other natural 
resources [10]. With the development of the internet, GIS was able to make its concept more 
open and accessible for everyone with access to a computer and internet. Xerox Corporation 
developed one of the first experimental tools for interactive geographical data exploration 
over the web [19]. These GIS applications accessible over the internet are referred to as Web-
based GIS, Internet GIS, On-line GIS, and Internet distributed GIServices [19]. With the 
availability of GIS on the web, the receiver, shown in the cartographic communication model 
in figure 1, is no longer one specific user group. It is not only cartographic knowledge that is 
required but also knowledge about the other parts of the GIS interface which support 
exploring, analyzing and presenting the data. The system designer is not the end user in terms 
of computer experience, knowledge of the conceptual foundation of the design of the system. 
If these differences are not taking into account, usability problems can occur [20]. 
 
ISO 9241-11 defines usability as: “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” [21]. Empirical methods are the main way of evaluating user interfaces, with user 
testing possibly the most used method. Users testing consists of a number of selective users, 
which are as representative as possible as the intended user of a system, performing a set of 
pre specified tasks. An important note is that the usability measured is relative to the 
specified users and tasks [20]. The usability could be very different if different tasks were 
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performed by different users. For example, a user who writes a thesis might prefer a word 
processor where a book author might prefer a more advanced application.  
 
Because of the exploratory nature of of web GIS systems, defining concrete tasks to test with 
is not always easy [22]. However, taxonomies such as the operational task taxonomy by [23] 
can help with creating a balanced set of tasks that cover a broad spectrum of hypothetical 
goals a user has within a webGIS. There is a number of studies done which describe different 
usability testing use cases which focus on PGIS or web GIS systems [24] [25] [26] [27] [2]. 
Each of these use cases have slightly different user groups and different tasks depending on 
the tool. However, common usability issues can be found in these case studies. A number of 
issues are related to an overload of the cognitive capacity of map users. [28] describes 
cognitive load as “the amount of work needed to acquire and use information”. When the 
users’ cognitive load is high while performing tasks using a map, these tasks are more likely 
to be difficult, take longer to complete, and prevent efficient learning”. [29] identified a 
number of overload scenarios of which some of them are relevant to map usage and therefore 
relevant to web GIS design. Managing the cognitive load experienced by users when using a 
map is key to the learning process and improved user’s performance [28] [30], and therefore 
a crucial component in providing a usable web GIS application. 
 
Another set of usability issues is related to the theories of visual perception, which play an 
important role in cartography, where proper map design and encoding of information using 
various visual variables such as color, size and shape, is crucial to support fundamental user 
tasks such as associating, differentiating and ordering information[31].  
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2 Purpose 
The diversity of the user group that has access to GIS has grown since GIS first appeared on 
the market. The usability of these GIS was not a direct focus in the design process since these 
tools were mostly used by expert users trained to use GIS in a specific domain. The purpose 
of this study is therefore to create a design hypothesis for a web GIS that is usable for non-
expert users. A case study will be used as the main method to accomplish this purpose. The 
case study is carried out at Artdatabanken which is located in Uppsala and is a part of the 
Swedish university of agricultural sciences (SLU).  
 
2.1 Limitations 
This research will be limited to a specific user group, and bird watchers or people with an 
interest in observing birds are the focus of this study. Information coming from other sources 
that do not fit with this profile will not be taken into account. Another limitation is the 
technology for which design hypotheses will be designed. These will be developed for 
desktop use. Even though mobile technology might present interesting functionality through 
different types of sensors (such as the microphone or camera), the website of Artportalen is 
accessible without downloading any apps and therefore the chances of reaching a bigger 
audience are larger. A third limitation is the way the user tests are conducted. The design 
hypotheses for testing will not include actual data and will not be running with a connection 
to the Artportalen database. The last limitation is the amount of participants involved in the 
study. It is a specific group of people and I am dependent on their availability throughout the 
study. 
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3 Literature review 
The purpose of this literature review is to categorize the usability issues found with current 
web GIS through reviewing previously carried out case studies and conclude with a set of 
general guidelines which can serve the purpose of this study. Before going into these issues I 
will clarify usability.  
 
Usability 
Standard ISO 9241-11, which is a suite of international standards on ergonomic requirements 
for office work carried out using visual display terminals, defines usability in the following 
way: “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.” [20] defines 
three more measurement scales: learnability, memorability and errors.  
 

- Effectiveness: How well do users achieve their goals using the system?  
- Efficiency: The system should be efficient to use, so that once the user has learned the 

system, a high level of productivity is possible 
- Satisfaction: The system should be pleasant to use, so that users are subjectively 

satisfied when using it; they like it   
- Learnability: The system should be easy to learn so that the user can rapidly start 

getting some work done with the system 
- Memorability: The system should be easy to remember so that if a user decides to 

stop using the system for a while, it is easy to come back to without having to learn 
everything all over again. 

- Errors: The system should prevent users from making errors using the system. If an 
error occurs, it must be easy to recover from it. 

 
“The two most important issues for usability are the user’s tasks and their individual 
characteristics and differences”[20]. [20] classifies users in three dimensions: knowledge 
about computers in general, expertise using the specific tool and understanding the task 
domain. Non-expert users, as mentioned in the purpose of this study, are considered to have 
some knowledge about computers in general, did not receive any training in GIS and have 
little knowledge in the target domain. Furthermore, [32] mentions culture, sex, age, sensory 
disabilities such as visual impairments, educations, ethnicity, psychology and anatomy and 
socioeconomic status as other factors that might have an impact on the outcome of the 
usability of a tested application. 
 
The usability aspects of GIS received attention in a number of studies. With the development 
of web GIS, the attention for usability aspects has been lower [33]. While early research 
focused on GIS used by expert users who primarily used the system to carry out specific 
work related tasks, web GIS contexts of use usually are more exploratory based in which 
non-expert users experiment with the web GIS [33]. Most previous studies reviewed, use 
standard usability approaches such as user testing, inspection and inquiry methods. Several 
studies point out that more suitable methods need to be developed for evaluating maps, in 
particular with new interactive visualizations [34]. Standard usability testing methods “may 
no longer be suitable for the growing range of map users, usage scenarios, and digital map 
services [24]”. 
Issues found by studies [24] [25] [27] [2] that aim to address the usability of web GIS can be 
divided into two groups. Issues that are related to 1) the user’s cognitive capacity and 2) 
theories of visual perception. The first category I will address covers usability issues which 
are related to the cognitive capacity of the user. 
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Cognitive load  
[35] states that “visual data exploration by itself is an intrinsically complex process. The user 
needs to look at data from various perspectives and at various scales, from “seeing the 
whole” to “attending to particulars”. The hardware and software are not the bottleneck 
anymore, it’s the limited capacity of cognitive processing power of the user [36].  
 
The cognitive system is the system which humans use to process information. 
This system consists of two channels, a channel for auditory input and one for visual input. 
Each of these channels has a limited capacity, which means that only a limited amount of 
cognitive processing can take place in the visual channel at any one time. A substantial 
amount of cognitive processing is needed for a user to learn. In case of multimedia learning, 
which is defined by [37] as, “learning from words and pictures”, there are five cognitive 
processes: selecting words, selecting images, organizing words, organizing images, and 
integrating. 
 
The working memory is the place where incoming material, either through the auditory or 
visual channel, are processed if the user attends to it. Selected words or images are mentally 
organized into a coherent mental model and may mentally integrate the verbal representation 
with a visual representation and with prior knowledge from the long term memory [29]. [38] 
defines the working memory as “a system that allows several pieces of information to be held 
in mind at the same time and interrelated [39].”  
 
There are a number of cognitive issues specifically related to animated map design use [36]. 
One of these issues is called “cognitive overload”, which occurs when the cognitive 
processing demands for learning exceed the cognitive processing[37]. This gives users 
trouble with remembering what they saw and therefore have difficulties integrating it in long 
term memory as knowledge schemata [36]. Knowledge schemata are mental representations 
of aspects of the world and help to organize current knowledge which can include objects, 
actions and abstract concepts. Schemata provide a framework for future understanding [36]. 
An existing schema helps a user solve a particular problem. However, if a user does not 
possess the schema he or she is unable to categorize a problem [40]. A map interface that 
stimulates schemata that a user does not possess might therefore have an effect on the 
efficiency and the effectiveness of the interface [41]. 
 
The cognitive processing demands can be categorized in essential processing, 
representational holding and incidental processing. The essential processing demand, or 
germane load, increases when a user tries to make sense of presented material which include 
the five core processes used for learning. Representational holding or intrinsic load [36], 
refers to cognitive processes that occur because of the complexity of an application or map. 
When a user needs to remember certain elements from the interface during a short period of 
time in working memory, the intrinsic load increases. The incidental processing, or 
extraneous load [36] refers to cognitive processes that are not directly related to a learning 
task. A poor design or distractions such as background music may increase the incidental 
processing capacity [36], [37]. Intrinsic load is closely connected with a second issue called 
“retroactive inhibition” [36]. Because of the dynamic properties of the map, information 
perceived through either the visual or auditory channel will remain in the working memory 
for a couple of seconds. For a certain task, a user often has to remember what came first in 
order to understand what he or she is looking at right now. This means processed information 
from the working memory needs to be transferred to the long term memory to free up space 
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for the cognitive processing demands from the three main categories[42]. By being able to do 
so, more complex learning can take place, since previously learned knowledge schemata can 
be combined and are treated as one item by the working memory system [42]. This is very 
valuable since the maximum number of items that can be hold by the working memory at any 
give time is around 4 [43]. Retroactive inhibition occurs when there is insufficient time for 
the transfer of information, from working memory to long term memory, to happen which 
results in a kind of cognitive traffic jam [36]. Managing the cognitive load experienced by 
users when using a map is key to the learning process and improved user’s performance [28], 
[30]. 
 
Different ways have been explored by researchers to try to reduce the demands on the 
working memory and decrease the cognitive load. One way focuses on more structure in the 
visualization such as pre training, instructions or direct attention using narration [36]. [44] 
mentions instructions are not always effective since there are users that tend to skip 
instructions. [44] suggests introducing novel concepts such as “interactive online tutorials or 
an intelligent (knowledge-based) component for guiding the users in the process of their own 
data exploration and problem solving”. [45] concludes in his research that instructional 
design is likely to be random in their effectiveness if these are not designed following 
according to the functioning of the human cognitive system.  
 
A second way of managing the cognitive load is providing the user with a higher level of 
control over the map, for example by pausing or dividing the animation into smaller parts. 
[42] suggests that this increased level of interactivity increases the essential processing load 
which means more capacity of the cognitive system can be dedicated to learning. However, 
[46] suggest a ‘less is more’ type of interface, reducing the ability to customize colors, zoom, 
pan and other common GIS functionality with the reasoning that such interactions would 
reduce the amount of time users spend engaging with the map and interrupt the knowledge 
construction phase. [2] suggests a similar approach where novice users of the web GIS 
require simple features within their cognitive abilities. They need to experience initial easy 
success. Once successful, they may explore complex questions in more depth and have 
patience for more comes user interface designs and features. However, [44] saw positive 
results of a number of users that liked to learn by doing, exploring functionality and seeing 
what effect it had on their tasks.  
 
Adding flexibility is not only applicable to the user controls. This approach can also be 
applied to the filtering information. Since filtering results in having less information on a 
map, it may reduce the cognitive load. However, most database systems require the user to 
create and formulate a complex query, which presumes that the user is familiar with the 
logical structure of the database [47]. 
 
An interface that supports querying, which is also usable for users without knowledge of the 
logical structure of the database, is the dynamic query interface which has the following 
properties: 
 

- Represents the query graphically 
- Provides visible limits on the query range 
- Provides a graphical representation of the database and the query result 
- Gives immediate feedback of the result after every query adjustment 
- Allows novice users to begin working with little training but still provides expert 

users with powerful features. 
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Some examples of applications with dynamic query interfaces can be found in [5], [48] and 
[49]. [50] and [49] have shown that dynamic query systems have several benefits over 
complex query systems where the users need to be familiar with the logical structure of the 
database. Some of these proven benefits are: quicker creation and fine-tuning of queries, 
direct visible feedback, novices can learn the system without having to remember query 
formulations, no error messages needed since there is visual feedback indicate the ranges, 
actions are incremental and reversible.   
 
Both the increase of user control over a map and an improved way of filtering the data can 
lead to a decreased extraneous cognitive load. However, in addition to the different opinions 
and results on increasing the level of user control over the map, there is another downside, 
which is called is called split-attention. Split-attentions is a form of extraneous cognitive load 
[36].  
 
The split attention effect is defined as ‘‘any impairment in learning that occurs when a learner 
must mentally integrate different sources of information’’ [36]. This integration can happen 
across information separated by space or across time.  It only occurs when the user must look 
at two or more things at once in order to understand either of them. An example is when a 
user user needs to look at a data legend to understand what the symbols on a map mean or, to 
need to use a part of the interface to control the map. During these situations the user misses 
some portion of the animation.  
 
To prevent a user to split their attention, a map designer should physically integrate related 
material (e.g. place labels directly on a diagram, not in the legend). When it is not possible to 
physically integrate related material, visual cues should be provided to link related items 
visually together [37].  
 
A summarized list of principles to design effective multimedia applications, such as 
interactive maps, created by [37], is shown below. This list also contains some of the 
proposed solutions described earlier. 
 
1. When possible, offload work from the eyes to the ears.  
2. Segment content and provide pauses within the animation.  
3. Include pre-training (e.g., a narrated introduction) to familiarize viewers with important 
terms and ideas.  
4. Weed out extraneous material that detracts from the animation (e.g., needlessly complex 
transitions).  
5. Signal to viewers what content is most important (e.g., by placing it highest in the visual 
hierarchy). 
 6. Put related content as close together as possible spatially.  
7. Put related content as close together as possible temporally.  
8. Eliminate redundancy (e.g., use text or narration, not both).  
9. Individualize content for learners of differing abilities.
 
Principle number one recommends offloading work from the eyes to the ears as much as 
possible. However, this might not be possible for every system or context. Also, almost half 
the brain is devoted to the visual sense. This part of the brain is very capable of interpreting 
graphical patterns in many different ways [51]. A basic understanding on the how to brain 
process these incoming visual stimuli and what effect it has on the use of interactive maps is 
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therefore an important factor in lowering the extraneous load and therefore improving the 
usability of a web GIS. 
 
Theories of visual perception 
“When we are awake, with our eyes open, we have the impression that 
we see the world vividly, completely, and in detail. But this impression is 
dead wrong.” [51]. Elaborate testing has been done that provides the same answer: at any 
given instance, we process a tiny bit of the visual information which is usually the right 
information to complete a task we have in that instance [51]. 
 
An experiment carried out by [52] shows how easy it is to fool our vision. The experiment 
was conducted as follows: a trained actor asks a bypassing pedestrian for directions to a 
building. After a while, the interaction is interrupted by two men carrying a door between the 
actor and the pedestrian. While this was happening, another actor, which was wearing 
different clothes and had a different hairstyle, took over the interaction. In many cases the 
“new” actor asking for directions was not recognized as being different by the pedestrian. An 
explanation given to why many people did not recognize the change of person has to do with 
our limited attentional capacity. Information which is not directly related to our task is 
quickly replaced in the working memory with something we need right now, in this case the 
pedestrian was fully focusing on the map. [51] describes visual thinking as “a series of acts of 
attentions, driving eye movements and tuning our pattern-finding circuits”. These acts of 
attentions are called visual queries.  
 
These visual queries are created through a three level model which is influenced by bottom-
up and top-down processes. I will describe the two first levels. At the lowest level of the 
model, features are processed. Features are detected by different parts of the low level system 
which are tuned to look for size or orientation information. Others calculate red-green 
differences, yellow-blue differences, motion and elements of stereoscopic depth. All this is 
done in parallel, with millions of features being processed simultaneously. Pattern finding is 
the middle level within the three level model. Here, the incoming features are combined or 
separated. For example, areas can be organized according to contour information [51]. 
Understanding how the different features are combined or separated into patterns is important 
when designing to support visual queries in an effective way. We can ask ourselves the 
question which of these patterns are easily distinguishable or “pop out”, and for what visual 
queries are they appropriate. 
 
Bertin’s [31] rules of cartographic symbol design are based on seven of these distinguishable 
patterns. These are: position, form, orientation, color, texture, value and size [14]. Each of 
these visual variables is able to communicate different meanings to the user. Bertin identified 
four visual queries common to information visualization: Selecting, associating, ordering and 
quantifying [53]. The seven visual variables can serve one or more of these visual queries, 
see table 1 for an overview. Are all visual variables processed with the same intensity? No, 
the bottom-up processing is constantly being influenced by top-down process which are 
described as visual attention. These are driven by the need to accomplish some goal or task 
[51]. If we are looking for blue spots, the blue spot feature detectors will signal louder. In 
other words, visual attention acts as a filter, so that only the features or patterns related to a 
specific task, are brought into working memory [54]. 
 
 
 



 13 

 
 
 
 
 
 
 
 
 
 
 

 
 

The usability of a web GIS system, and more specifically the data being shown on the map is 
partly determined by: the effectiveness and efficiency with which a user can perform various 
visual queries to solve a cognitive task at hand. [46] stated that GIS systems have great 
customizability in terms of visual variable encoding, for example users can define their own 
color pallets. However, a lot of time is lost when non-expert users trying to figure out the 
right setting which they could instead have spent on gaining knowledge and insight from the 
data.  
 
The purpose of this literature review was generate a list of guidelines that, when properly 
applied, result in a more usable web GIS for non-expert users. The theories of visual 
perception provide a basic understanding of how a user processes incoming visual stimuli. By 
encoding geographical information with the right visual variables, which in their turn make it 
possible for the user to perform basic tasks such as associating, ordering, quantifying and 
selecting shown geographical information as efficient and effectively as possible. The 
guidelines based on the cognitive load theory can have an effect on multiple parts of the web 
GIS such as the structure of the user interface, the way instructions are shown, or the amount 
of information shown on the map. Depending on the tasks and user you are designing the web 
GIS for, the balance of extraneous load, germane load and intrinsic load might be different 
during different user tasks. Making sure the entire design is streamlined to the task at hand 
helps lowering the extraneous load and increases the usability. Understanding the user and 
their tasks is therefore an important process in the design cycle of a web GIS system.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Associative Selective Ordered Quantitative 
Position + - - - 

Form + - - - 
Orientation + o - - 

Color + ++ - - 
Texture o + o - 

Value - + ++ - 
Size - + + ++ 

Table 1 The perception properties of visual variables adapted from[14] 

Perception properties 
Visual variables 
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4 Case study 
A case study was chosen to gain a better insight into the different views and approaches 
birdwatchers have when it comes to observing birds.  “A case study is an empirical inquiry 
that investigates a contemporary phenomenon in depth and within its real-life context, 
especially when the boundaries between phenomenon and context are not clearly evident. 
[55]”.  A number of user centered methods were used in an iterative fashion. Using the 
design principles from the literature review, together with the gathered user insights, a 
number of design hypotheses were created which aimed to serve the purpose of this study: 
creating a design hypothesis for a web GIS that is usable for non-expert users. The methods 
used in each iteration are explained in more detail in section 4.2  
 
4.1 Background 
Artdatabanken is part of SLU and located in Uppsala. Artdatabanken is tasked with collecting 
and processing data on biodiversity. Two particular projects are the focus of case study.  
 
Artportalen 
Artportalen is an online platform that makes it possible for anyone interested in observing 
species to report their sightings. This allows for a very diverse group of potential users. The 
database that holds all the observation entries contains about 50 million fauna and flora 
observations. There is a large group of people reporting different species. Ranging from 
flowers and fish to insects and birds. Bird observations are responsible for the large part of 
the 50 million observations the Artportalen database contains. When reporting a species there 
are a number of attributes that have to be specified depending on the species you want to 
report. Besides reporting observations, users can also view all the observations by creating 
queries to select a specific species, a date or time range, and/or a specific location. 
Artportalen is the place for people with an interest in species observations to keep track and 
share their observations. The observation data provided and used by bird watchers will be the 
focus of the case study. There are a number of possible contexts which might be interesting to 
look at in detail. However, we have chosen a context where the user accesses the Artportalen 
website from. This mostly happens with a desktop computer and therefore the design 
hypotheses are designed for desktop use. 
 
Artfakta 
Artfakta is a platform where you can find more factual information about a flora or fauna 
species. Information about individual species such as a general description, the current and 
previous red listing status, the distribution across Sweden, landscape types and biotopes that 
are vital for a specific species and the food sources they live off can be found on Artfakta. 
 
4.2 Case study using User Centered Design 
A number of methods were involved in the case study, where the user played a central role. 
The entire design process was divided up into three iterations. I will describe each iteration 
and the methods used in section 4.2.1. Before going into each iteration I will describe a 
general model that was used to balance the tasks upon which the design hypotheses were 
based. 
 
Choosing tasks for design and testing 
Because of the exploratory nature of of web GIS systems, it is difficult to define all possible 
tasks a user might perform with the application[22]. There are different approaches to 
defining tasks. The user-centered approach, which is used as the main approach in the study, 
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helps define tasks in terms of cognitive operations that can be performed by the user, for 
example, “locate”, “identify” or “distinguish” [23].  
An approach which is developed by [23] focuses on characterizing a collection of tasks that a 
user may want to complete with an interactive visualization with a focus on spatial-temporal 
data. The variation of tasks can be specified within a three dimensional model. The first 
dimension is the type of cognitive operation a user performs when completing a tasks which 
is simplified in identifying (one data element) and comparing (two or more data elements). 
The second dimension contains the type of questions a user can have which are split up by 
[23] as: 

- Time is given while other types of information (objects, locations, properties, 
relationships) need to be discovered. This type of tasks can be seen as: when -> where 
+ what    

- Time needs to be discovered for given information of other types. This type of tasks 
can be seen as: where + what -> when 

 
Each of these categories can have two different “search levels”, which is the third dimension. 
A search level is the amount of data elements a question refers to. [23] gives two examples: 
 

1. What was the air temperature at this location on each day of the week? 
2. What was the trend of the air temperature at this location over the week? 

 
The first question could be replaced by 7 uniform questions, one for each day of the week, 
since each time moment is addressed individually. The second question is of a different 
nature which cannot be composed into a similar way. It asks about an essential characteristic 
that is applicable to the set of time elements as a whole [23]. The first question has an 
“elementary”, or particular search level, where the second question is of a “general” search 
level. When combining the two cognitive operations with the different search levels, four 
categories can be created which are shown in table 2. The goal is to test at least one type of 
task from each category during the three iterations. 

 

Table 2 Operational task taxonomy adapted from[60] 

4.2.1 Iteration 1 
There are a number of user centered design approaches where the end user plays an important 
role in the entire process. Contextual design in particular does not only have the user in focus 
but also the context in which they perform their work. The contextual inquiry is an important 
first step in understanding the user and their work in a real work environment [56]. Other 
elements that can be used within the contextual design approach are affinity diagrams, 

 Cognitive operation: Identify 
 Search Level: Elementary 
T1 given what? find where? & when? 
T2 given what? & when? find where? 
T3 given where? find what? & when? 
 Search Level: General 
T4 given what? & where? find when? 
T5 given when? find what? & where? 
T6 given where? & when? find what? 

 Cognitive Operation: Compare 
 Search Level: Elementary 
T7 given what? & where? find when? 
T8 given when? find what? & where? 
T9 given where? & when? find what? 
 Search Level: General 
T10 given what? find where? & when? 
T11 given what? & when? find where? 
T12 given where? find what? & when? 
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personas and paper prototypes. The purpose of these methods ranges from better 
understanding the user’s goals to testing the design hypothesis. During iteration 1, contextual 
inquiries, semi structured interviews, affinity diagrams, personas and a paper prototype were 
used. 
  
Contextual design 
3 contextual inquiries and 2 semi structured interviews were conducted as a first step of 
iteration one where the goal was to learn more about the user and their activities. This is an 
important first in the UCD process [56]. Contextual inquiries are mostly one on one 
interviews conducted in the user’s workspace that focus on observations of ongoing work. 
Besides recording the user’s current tasks, you also try to discuss situations that happen in the 
moment with the user [57]. The contextual interviews I conducted took place on a number of 
Thursday mornings and were not one on one. These sessions involved a number of 
birdwatchers which I met around 0600 at a popular bird watching spot in Uppsala, Övre 
Föret. The experience of the birdwatchers varied from beginners which never had been 
actively observing birds to some who had gone out occasionally since a year ago. These 
birdwatchers were contacted through an organization in Uppsala called “Uppsala 
Fältbiologerna”. 
 
Besides contextual inquiry I also conducted two semi-structured interviews where it was not 
possible to discuss moments that occurred during the user’s context. To steer the interview, I 
proposed a number of scenarios related to observing birds to help the interviewees recall 
previous experiences or find out what their interest level was in regards to bird watching. 
There was a difference experience in terms of observing birds. One interviewee went for 
walks and observed birds that could be seen during the walk while a second interviewee went 
out multiple times a week and focused on specific locations and birds.   
 
Affinity diagram & personas  
After having conducted these interviews I created an affinity diagram which is a method of 
bringing insights and issues from users together. The affinity diagram is built from the 
bottom up, grouping individual notes that reveal key themes in the data. The data suggests the 
categories for the groups of notes rather than starting with predefined categories [58].  Based 
on the results from the affinity diagram I’ve created two personas which are made-up, 
specific, concrete representations of the target user group and help make assumptions and 
knowledge about users explicit [59]. 
 
Creating design hypothesis 
Two tasks were the basis for the design of iteration one. These tasks are based on information 
from the affinity diagram and personas and can be connected to category T6 and T9 from the 
model described earlier (see table 2 for overview). 
 

- Task 1 (T6): You observed a bird today, in the forest just south of Håga, Uppsala. It 
was about the same size as a raven. It’s main colors where red and black. Use the 
prototype to narrow down the possibilities. 

- Task 2 (T9): You are curious what “new” bird species you have observed around 
Övre Föret, Uppsala. Compare your observations of today with last Thursday.  

 
Evaluation  
The first design hypothesis was a paper prototype which was tested with three participants at 
Övre Föret (Figure 12) on the 31 first of March. These three participants were the same 
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participants with which the contextual interviews were done. They were all students at 
Uppsala’s agricultural university and one person had followed a course in using GIS. The 
paper prototype was made out of different elements of the interface which were on separate 
sheets of paper. These could be placed on the main view depending on the actions of the user. 
The different elements contained made up data which were relevant to the tasks 1& 2 
described earlier. The participants were asked to solve both the tasks using the paper 
prototype. By telling the researcher their actions or pointing at where they would click, the 
interface elements corresponding to those actions were put on the right place. Participants 
were asked to think aloud while they were trying to solve the tasks. By verbalizing their 
thoughts, the participants help the researcher understand how they interpret each individual 
interface element and this makes it easy to identify participant’s misconceptions [20]. The 
feedback was noted down.  
 
4.2.2 Iteration 2  
Creating design hypothesis 
Iteration two was similar in structure compared to iteration one. Besides a number of task that 
guided the design, the issues and input from the evaluation of iteration one also determined 
the focus of the design. The tasks chosen for the design and evaluation focused fall in 
category T4, T2 and T8 of the task balance model (see table 2). These are as follows: 
 

- Repeating task 1 & 2 from iteration 1 
- Task 3: (T4) On which days where more observations done that are similar to the bird 

observed in task one? 
- Task 4: (T2) You want to find out if you can observe a Fjällpipare in Håga area. If so, 

when do you have the biggest chance of observing one?  
- Task 5: (T8) Compare the location of the observations which have been seen today 

compared to yesterday. 
 
Evaluation  
The second design hypothesis was created as a prototype with the use of Adobe Illustrator 
and Sketch. The result was a set of screenshots of different states of the interface which were 
created to support the tasks for this iteration. The separate screenshots were then imported in 
a website called invision.com. Invision makes it possible to create an interactive prototype. 
Different screenshots of the screen states can be connected through, for example, buttons in 
the interface. By going this, the different interaction possibilities can be simulated without the 
need of the researcher to manually switch the elements which was the case with the paper 
prototype test. If an interface element was not connected to a different screen state, a pop up 
message would notify the user that the element is not active and they were asked what they 
expected to happen when they had clicked.  
 
Three different participants were involved in testing the interface compared to iteration 1. 
One participant was found through a Facebook group called “UOF skådarforum”. This 
participant, who resided in the Stockholm area, had picked up actively observing birds again 
since a period of being less active. The participant had no previous education in using GIS 
but worked as a web developer and had experience with developing user interfaces. This 
participant was instructed over the phone and asked to think aloud while attempting to solve 
the tasks given. Invision has the possibility set up an evaluation session that allows for 
multiple people to see the actions of a test user while he or she is navigating through the 
interface. This was the test setup, where the participant’s actions were followed by the 
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researcher while on the phone. The participant was asked to think out loud during the entire 
test session.  
The second participant was found through an existing contact of the researcher. This 
participant was a quite experienced birdwatcher who went out regularly. An introduction to 
the project and the instructions for the test were send by email. There was no direct contact 
over the phone while the participant was testing the prototype, feedback was provided by 
email and within the prototype. A specific place could be pointed out by the participant 
within the interface which made it easier what interface element caused problems in solving 
the tasks. The last participant involved in the testing had no experience in going out actively 
observing birds. This participant was an existing contact of the researcher and a similar test 
procedure was followed which included instructions over email and feedback provided by 
email and within the prototype. These tests were carried out between the 25th and the 29th of 
April. 
 
4.2.3 Iteration 3  
Iteration three focused on a specific part of the interface with which users experienced most 
problems with during the first two iterations. This was done because of limited time and 
limited access to test persons that could test in person. This iteration was high fidelity but not 
interactive. The design was based on the following tasks   
 

- Task 1: (T10) During which months has the Kattuggla been observed the most? 
- Task 2: (T9) Has there been any species been observed at the blue area which have 

not been observed at the red area, in the month of May? 
- Task 3: (T10) In which weeks has a species from your favorite list been observed? 

 
Evaluation 
Testing the interface elements that were the focus of this iteration was done by printing out 
different screen states on paper. These different screen states made solving the three tasks for 
this iteration possible where the interaction element was taken away. The test was done with 
5 participants in total. 3 participants had not previously been involved in testing and were 
existing contacts of the researcher. These participants were students at Uppsala University, 
had no previous experience in actively observing birds and had not received any training in 
GIS. The tests were done in person at Ekonomikum, a university building in Uppsala. The 
participants were given one scenario at a time with the corresponding task. They were asked 
to think out loud. Feedback was noted down on paper. The two other participants were 
involved in earlier tests. One picked up actively observing birds again since a time of 
inactivity while the other had no previous experience. The screenshots with corresponding 
tasks were send by email and feedback was received over email. These tests were carried out 
between the 11th and 14th of May. 
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Figure 3 Two themes representing the 
collected goals/activities from the contextual 
inquiries and semi structured interviews 

5 Results 
5.1 Iteration 1 
Figure 5 shows a schematic view of the affinity diagram where goals from users gathered 
from the contextual inquiries and semi structured interviews, which have been categorized 
into two themes, “Identify” & “Explore”. Based on the contextual inquiries and semi 
structured interviews, two personas were created.  
 
 

  
  
5.1.1 Personas 
Persona 1: Peter 
Peter is an experienced bird watcher with many reported observations in his name. He knows 
a lot about the birds in his area and is only interested in observing his near surroundings when 
something interesting or unusual is out there. He has a few favorite spots where he likes to go 
and he keeps various lists where he keeps track of observations per location and per month.  
 
Persona 2: Bob 
Bob is a beginning birdwatcher and goes out every now and then. During his summer 
holidays he goes bird watching more actively. He keeps track of the birds he observed with 
the help of a list of most common birds in Sweden. He does not have a particular favorite 
spot and is willing to explore nearby locations if he can cross of a bird of his list. Some birds 
he is able to identify but most of them are yet unknown to Bob. He tries to recognize bird 
species that belong the same family of species. He is not as interested in statistics as Peter, 
but occasionally he does like to know at what time specific bird species have been seen and 
what the first time of the year was when that species was seen at a specific location. 
 
5.1.2 Design hypothesis 
I will describe the design in terms of rules applied from the cognitive load theory and the data 
used with the chosen encoding in terms of visual variables. 
 
General structure 
The interface is divided into three panels (see figure 11 for an overview): 

-  The left panel contains the filter and explorative functions such as an overview of 
hotspots and personal “watch lists”. This functionality is split in two sub panels, one 
is called “Identify” and the other “Explore”. This is done according to the two themes 
found in the affinity diagram. 

- The center panel containing the map with map controls such as zooming in and out, a 
legend and a mini map view to help the user keep track which part of Sweden he or 
she is currently looking at.  
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- The right panel is a contextual panel where detailed information is shown depending 
on the current map view or interactions the user performs with the map (e.g. clicking 
on an observation).   

 
Entering the interface 
When a user enters the application, a window with an overview of the functionality is 
presented. Here, the choice can be made depending what type of questions the user wants to 
solve with the interface. The choices are, just as the left panel divided into, grouped under 
“Identify” and “Explore”. Under each group are a few key words that show the user what can 
be achieved (such as identify a previously observed bird or find bird watching hotspots). By 
doing this the user is guided to the “right” start screen with the corresponding left panel tab 
open. Once in the main interface, the user can switch between the identify and explore 
functionality by simple changing tabs. This duel layer menu structure is a way that helps 
lowering the complexity of the left panel which is advantageous for first time users [60].  
 
After choosing “Identify” 
The user is presented with the main interface consisting of the three panels. If the user 
chooses the “Identify” function, which helps narrowing down the previously seen birds, a 
first time, step by step tutorial, shows the user how to use the function. From selecting a 
location on the map, to selecting the approximate time of the observation to showing the 
results and how to use the filter. 
 
The filter is shown on the left panel which is designed as a dynamic querying interface. On 
the bottom of the panel the observations that match with the filter settings are shown in a 
graph which is updated instantly after each adjustment made by the user. Observations on the 
map that do not match with the filter settings are not removed. Instead, they are brought to 
the background by lowering the transparency, which is one way to differentiate the 
foreground from the background information. The matching observations have a higher 
transparency which makes it easier for the user to focus their attention on [61]. 
 
Overview – zoom and filter – details on demand 
This first prototype aims to follow the visual information seeking mantra of overview first – 
zoom and filter – details on demand [4]. Where the map content changes depending on the 
zoom level. When zoomed out, a heat map shows the user the intensity of observations or 
unique species activity on different places. When zooming in, grouped observations or 
individual observations are shown. Details about objects on the map can be accessed through 
hovering on them which results in a pop up showing more detail about the object, or clicking 
on the object which shows more detail in the right panel.  
 
The overview when entering the application, layer split of functionality, the dynamic filter 
and transparency adjustment are parts of the interface that aim to fulfill the following 
cognitive design principles. 
 

- Including some sort of familiarization of the important functionality (3) 
- The removal extraneous material such as functionality that is not necessary for the 

task at hand (4).  
- Signal to viewers what content is most important (e.g., lowering transparency to help 

focus attention on the matching observations) (5) 
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5.1.2.1 Visual variables 
In order for the tasks tested during this iteration a number of perception properties need to be 
communicated through the use of visual variables. These are: 
 

- Associating (my observations) 
- Selecting (observed or not) 
- Quantifying (number of observations in an area) 
- Ordering (heat map). 

 
Color is used for both selective properties and associative properties. Form was used as an 
associative property as well (showing hotspots and observations on the map, figure 6,7 & 8). 
Size was used to show quantitative properties (Figure 10). The heat map, showing the 
intensity of observations or unique species activity, was created using a sequential color 
scheme (Figure 9). Color can be used to communicate information about relationships 
between categories of data shown on a map and can draw attention to important elements in a 
visual display. The measurement scale of the data is important when choosing a colors for 
data categories [63]. A tool developed by [63] helps choosing the right categories depending 
on the type of data you want to display. A sequential scheme is used for the heat map where 
as a qualitative scheme is used for showing the categories (e.g. “own” vs “other” 
observations, figure 7). 
 

 
 

 
 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

 

 

  
 

Figure 5 Hotspot Figure 6 L: own observations. 
R: other observations 

Figure 4 L: Not 
observed. R: 
Observed 

Figure 7 Increased 
size means more 
observations 

Figure 8 Sequential color 
formation to be used for the 
heat map 
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The idenfication and explore 
functionality 

The map view with 
controls and heatmap 

Information is shown depending 
on the actions performed in the 
map view.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1.3 Evaluation 
Task 1: With the help of instructional steps present in 
prototype which help the user with 1) selection a location 
2) selecting an approximate time of the observation and 3) 
using the filter and viewing the observations in an area, 
task 1 was carried out successful.  
There were two issues: 1) The user did not directly relate 
the filtered observation data on the map to the results 
showing in the right panel. 2) On the result panel users 
could narrow down the results even more by choosing if 
the bird shown was either; the one matching their 

observation, not matching, or the user was not sure. 
Another way to show more similar results was to change 
the temporal view or change the focus through dragging out the circle on the map. The 
options of manually changing the temporal view was something the user would not like to 
perform manually; “the system should be “smarter than me”. 
 

Figure 9 Overview of prototype 1 

Figure 10 Testing session at Övre Förret 
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Task 2: The user managed to zoom into the location and locate the Övre Föret “hotspot”. 
After clicking on the hotspot to see the results in the results panel, the user was confused with 
the meaning of the black and white squares representing if a species was seen today or not 
(Figure 13). Related to this issue was the interest the test users showed in observations done 
by other birdwatchers within a specific area. Something that was not quickly visible from the 
Övre Föret detail view.   
 
 
5.1.4 Analysis 
The results of the tests showed that the users were able to carry out the  
two tasks with relative ease. However, some points in the interface were 
not understood (7 bar activity view in hotspot view). Placing a legend is one 
way of explaining this interface element. Preferably this legend is placed 
closed to the interface element it clarifies which is one way to lower the 
chances for the split attention effect to occur (cognitive design principle 6). 
 
Also, the relation between observations on the map and the results in the 
right panel were not noticed. Visual cues such as highlighting the item in the 
right panel that matches the observation on the map when a user hovers over 
it, is one way to link related items together [38]. 
 
5.2 Iteration 2 
The general design of this prototype is very similar to the one from the first iteration. Due to 
limited access to users that matched with the personas who could test in person, I decided to 
create an online, interactive prototype which was sharable. See section 4.3.2 for more 
information on how this was done. 
 
5.2.1 Design hypothesis 
Within iteration two, the way observations and species were visualized on a temporal 
dimension was shown and test in two different ways (see figure 15). The first option chosen 
was a bar chart which was used to visualize the number of observations matching with the 
filter setting of the user in relation to the total amount of observations where a two color split 
was chosen as the visual variable to make associating possible (green for matching 
observations and grey for other). The cognitive principle of keeping related content close to 
each other was implemented by a) putting the bar chart close to the filter and b) having the 
bar chart move down depending on which step in the filter the user is.  
 
On the right of figure 15, a circular view is shown which is based on the work from [62] who 
aimed to decrease the split-attention effect that might occur when a user needs to look 
elsewhere on the interface to connect a particular phenomenon with the temporal variable. In 
this case that scenario the matching bird observations on the map with the matching 
observations seen on other days. The same view is used when a user wants to view the yearly 
activity of a specific bird species (Figure 16, with a similar color scheme as the heat map 
indicating the activity). These are both design elements that are connected to the dynamic 
query interface which help the user find potentially interesting locations or time periods.  
 
 

Figure 11 Detail pop up window of a 
hotspot with the 7 day activity view 
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5.2.1.1 Visual variables 
A few changes were made in terms of visual variables, in comparison to iteration 1. With the 
use of a circle view that helps the user focus on a specific area, the individual or grouped 
observations were also made circular (figure 14 on the left). The size of the outer circle 
communicated quantitative differences in terms of total observations. The inner circle 
showed the relative number of unique species to the total amount of observations. Texture 
was chosen as a visual variable which helped the user recognize on which day a specific 
observation was made (see figure 14 on the right, see figure 17 for an overview).  
 
 
 
 
 
 
 

  

 
 
 

 
Figure 14 Viewing the yearly activity of a bird 

 

Figure 12 Left: Increased size means more observations. The darker circle represents the 
amount of unique species in relation to the observations Right: The striped texture shows that 
the observations have been done on another day then the non striped ones.   

Figure 13 Two ways of showing dynamic query results of the identify filter.  
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Figure 15 Showing observations of two days, distinguishable by texture 

5.2.2 Evaluation 
Repeating task 1 & 2: Both tasks were carried out successful. The visual linking through 
highlighting the observations on the map with the results in the right panel helped the user 
quickly identify which observation matched the details of the species.  
Task 3: The connection between the filtered results either in the bar chart or in the cyclic 
view was not noticed. A test user did not match the green color to the number of matching 
observations. The colors used for the cyclic view were not seen as part of the circular 
element. The user thought it was a part of the map, similar to the heat map.  
Task 4: The yearly cyclic view was successfully accessed through the calendar icon in the 
bird details view on the detail panel.  
Task 5: The texture difference of the observations where correctly linked to different days. 
Selecting the comparison mode however was difficult since there were two options of 
comparing. One located at the top next to the time bar which made it possible to compare on 
a temporal level. The comparison button on the bottom left of the interface makes comparing 
observations on a spatial level possible.  
 
Unrelated to a specific task but an important issue was that some users had problems finding 
the different functionality that were categorized in “identify” and the “explore” tabs.  
 
5.2.3 Analysis 
In general, most issues were still related to the temporal view and switching between 
different temporal perspectives to find, for example, matching bird observation. Comparing 
on a temporal level was done successfully but users had issues choosing the ‘right’ 
comparison mode. The header text was about the same size and said “Compare” which 
possibly made the user guess. The issue of switching between the tabs on the left panel is 
either due to the user not noticing it is a tab or they did not directly relate the different 
functionality to the two categories. 
 
5.3 Iteration 3 
This third and last iteration focused on a particular part of the interface where the main 
function is to show the total number of bird observations and unique species over time. This 
part of the interface is where the design hypothesis of iteration 3 is focused, on since 



 26 

feedback of previous iterations mainly showed issues with the view of bird observation and 
species over time. 
 
5.3.1 Design hypothesis 
Figure 18 shows the basic interface without the two panels on the left and right which were 
present in iteration 2 and 3. The functions that existed earlier within the two “Identify” and 
“Explore” panel are now accessible through on screen buttons. These are not part of the 
testing during this iteration and therefore not shown. The focus lies on the timeline on the 
bottom of the interface. This timeline is based on work by [63], who created a framework 
developed for visualizing and exploring spatial, temporal and thematic dimensions of data. 
The concept works as follows: 
 
The user has chosen a particular granularity (Years, in figure 18). 5 years are shown with the 
current year on the bottom. These 5 years are represented by 5 individual timelines where the 
horizontal dimension represents the time in relation to the chosen granularity. The black lines 
within these individual timelines represent species which have not been seen earlier in the 
current time frame (5 years), starting from the top. For example, a species that has been seen 
in 2012 for the first time will show up with a black line. All following observations during 
that year and following years are represented by grey lines. When a user clicks on a stripe in 
the timeline, either black or grey, the corresponding observations are highlighted and makes 
it possible to see on what other times the species was observed. Details of the bird appears 
above the species clicked which provides the user with options such as: show details, hide 
observations or show similar species. Users can also pin this species which will keep showing 
the observations of that species regardless of which granular view the user has of the data. 
Figure 19 shows a similar view where two locations are depicted within the timeline by 
highlighting the timeline with the same color as used in the map view. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16 Scenario where the user is asked to point out the month(s) in which the Kattuggla is mostly observed 
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Figure 17 A scenario in which the user is asked to compare species between locations 

 
5.3.2 Evaluation 
Task 1: This was answered correctly by all five test users. The blue lines in figure 18 indicate 
the different observations of the Kattuggla.  
Task 2: This task was partly carried out successful. Two test users did not understand the 
concept of the black lines indicating the unique species and grey lines indicating observations 
of those unique species and therefore could not find the right answer.  
Task 3: This was answered correctly by all test users   
 
5.3.3 Analysis 
This test only focused on the timeline concept which was understood without a detailed 
explanation by 3 of the 5 test users. 2 of the test users did not understood the concept of the 
black and grey lines without a more detailed explanation of the researcher. When the concept 
is understood by the users, it gives them the possibility to perform a number of tasks that 
previously required the user focus on different parts of the interface. For example, checking 
the activity of a bird on two separate locations. Bringing different elements together such as 
the bird information (on hover), unique species and observation data and favorite list 
indicators is one way to lower the chances for the split-attention effect to arise [38]. On the 
other hand, it is visually less appealing than the first two iterations since there are no bird 
pictures shown from the start which might not be in favor of the beginning bird watchers.  
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6 Final design hypothesis 
 The final design hypothesis is based on the feedback and issues gathered from the evaluation 
sessions. The two panels on the left and right have been replaced by a central timeline type of 
view that allows the user to view observations and unique species over days, weeks, months 
and years. This part of the interface was tested in iteration 3. In contrast to the first two 
design hypotheses, observations can be seen individually on the timeline which also makes 
spotting trends possible. By visualizing observations in a less detailed way, more 
observations can be shown compared to the hypotheses that had a ‘detail’ panel. See the next 
page for an overview of the interface. 
 
The functions that were previously located in the left panel, which was separated in the two 
categories “Identify” and “Explore”, are now directly accessible from the main screen. By 
clicking on one of the menu items, the item expands with some instructions which also acts 
as a tutorial in guiding the user through the necessary steps. By removing the categorization 
of functionality, the number of functions shown on the screen at once is larger. However, by 
only expanding on clicking on each function, the information shown to the user at the same 
time remains limited which might prevent a higher extraneous load. 
 
Visual variables 
The square is used in the final design hypothesis to communicate the amount of observations 
and the amount of unique species in relation to those observations. This shape is chosen over 
the circular one because the areas that are in focus are now bordered by a square instead of 
circle, which was the case with iteration 2. The timeline uses both color and size to show the 
difference between unique species (black), highlighted species (blue and slightly longer) and 
observations of the unique species (grey). When in comparison mode, a square represents the 
total amount of observations at a specific location. Within the square, colored squares are 
shown show that indicate how many observations of the group have been done in a particular 
time frame. The tool by [63] indicates that a qualitative color scheme of four colors is the 
maximum amount of colors that are distinguishable by a person with a deficiency in the red-
green spectrum. Green-red color blindness affects approximately 8 percent of men and 0.4 
percent of women [63]. This means that a maximum of four time periods can be compared.  
  
 
 
 
 
 

Figure 21 Square showing number 
of observations and unique species 

Figure 18 Four colors indicate number of 
species observed for each time period (e.g day)  
in relation to the total number of observations 
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Switch between 
viewing or comparing 
observations 

Search for locations 
or species all over 
Sweden 

Put locations into 
your favourites list to 
quickly revisit 

Select which how 
many observations 
you want to show on 
the map 

Pin a year to keep it in view 

Switch between 
days, weeks, 
months or years 

Search observations 
specific to a location 

When in comparison mode, 
the checkbox gets a colour 
assigned that corresponds to 
observations on the map 

 

Pin, favourite, show 
details, hide observations 
or show similar species 

Get notifications 
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matching your 
watch list or a 
specific location 

Short instructions are shown 
when clicking on a function 

Figure 22 Overview of final design hypothesis 
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7 Conclusion & discussion 
Web GIS systems become more available to people who are not trained to use one, the non-
expert user. With the widespread of web GIS and the diversity of users, usability should be a 
key factor in the development process. The purpose of this study was to create a usable web 
GIS for non-expert users. The first part of this study was to identify factors that help make a 
GIS system usable for non-expert users. The literature review conducted, resulted in two 
theories that were related to the usability issues found in existing web GIS systems. The main 
goal of these guidelines, from a cognitive perspective, is to reduce the extraneous load 
experienced by users when using a map. If this load is too high, less cognitive capacity 
remains to focus on learning the interface. Even though there is a set of guidelines, not every 
single one necessarily has to be applied in order to create a usable web GIS. The user plays a 
central role, since their existing knowledge schemata may determine to what extent certain 
guidelines need to be implemented. The theories of visual perception show that through 
proper understanding of the various systems which process incoming visual stimuli, we can 
better support the four visual queries common to information visualization: selecting, 
associating, ordering and quantifying information. The identified usability issues in current 
web GIS and and the guidelines presented in this study can be used in future development of 
web GIS where the end user is not a trained expert in GIS.  
 
The second part of this study focused on applying some of these guidelines in practice 
through a case study carried out at Artdatabanken in order to create a design hypothesis of a 
usable web GIS. Through contextual design as a user centered design method, a number of 
contextual inquiries and semi structured interviews were conducted that resulted in an affinity 
diagram showing the user activities within a bird watchers context. These activities formed 
the basis for the functionality available in the design hypotheses, which were created and 
evaluated in an iterative fashion consisting of three iterations. The operational task taxonomy 
[60] was used to balance the user tasks which were tested during each iteration. The final 
design hypothesis builds on the feedback gathered from the different iterations and provides a 
usable interface with which non-expert users can present, analyze and explore bird 
observation data.  
 
7.1 Discussion  
As defined by [20] and also stated in the beginning of this thesis, usability does not depend 
on one factor, but on a number of factors combined. For a usability score to be relevant, a 
user group and a number of tasks need to be specified on which the design is tested. This 
study mainly created design hypotheses with a focus on learnability and effectiveness where 
the evaluation sessions mostly focused on effectiveness. While it is important that users can 
perform the tasks they want to perform, factors such as efficiency, satisfaction and the 
memorability also play a role in determining the usability of the design concept. Even though 
the users involved in this study did not always match the intended end user group, their 
proved vital in shaping and evaluating the prototypes. A user centered design approach will 
therefore be important in the design of future web GIS to focus on the core functionality in 
terms of presenting, analyzing and exploring geographical data. The case study in which this 
UCD was applied is one of the citizen science projects where volunteers actively record the 
location of species. A growing phenomenon according to [2]. Web GIS play can play a 
central role in being the medium through which communication between the volunteers and 
the science organizations takes place. Having a usable tool, which provides volunteers with 
functionality to explore, analyze and present collected observation data, might stimulate the 
number of volunteers taking part in citizen science. Chances are high that these volunteers do 
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not belong to the expert user group of web GIS systems, which make more studies, similar to 
this one, crucial in ensuring the proper usability level of future web GIS. 
 
7.2 Limitations 
The scope of this study was limited by the number of participants involved in the testing 
phase, who matched the characteristics of the two personas. If the participants, which were 
involved in testing, matched better with the personas, the results could have been different in 
terms of found usability issues and given feedback and therefore have an impact on the final 
design. Another limitation was the way design hypotheses were tested during each iteration. 
These were done in person but also remotely which limited the interaction between the 
participant and the researcher. The test participants might have had problems constructing 
their feedback or issues through email or over the phone which results in leaving potential 
usability issues uncovered.  
 
7.3 Future research 
The literature review conducted in the beginning of this study resulted in two groups of issues 
that could have an impact on the usability of web GIS. With the design principles of the 
cognitive load theory focusing on a broader area, multimedia, future research could look into 
usability design principles according to cognitive theory specifically for web GIS to be used 
by non-experts. Another opportunity for further research could be exploring ways to 
implement platforms, which are used within the context of citizen science, but are not 
directly related to presenting, analyzing or exploring geographical data. An example is the 
Facebook groups used by volunteers to discuss observations or ask questions about a specific 
observation. How does a web GIS look with the integration of the social aspects (e.g. 
communication on social networks) of citizen science? The bird observations are well 
represented in the Artportalen database. One reason for a lower amount of observations of 
other species is the interest of the volunteers reporting them. A larger number of them might 
have a stronger interest towards a specific species. Future research could look into ways (e.g. 
through gamification), how a web GIS could play a role in promoting species other than 
birds.  
The performance of the databases that hold all the data used in the web GIS were not a part of 
this study. However, getting a quick response on the actions performed by the user is an 
important aspect of usability [20]. Continuous research into database performance is an 
important research field that affects the usability of web GIS.      
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