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Abstract 

GIS have been plagued by complicated interfaces for some time but is improving. This thesis 

researches whether an interface with a flattened hierarchy is better suited for a geographical 

information system rather than a ribbon interface. Two interfaces were built for a system used 

to supply geographical data to aircraft and Mission support systems. A pre-study was 

conducted with the existing users and developers to synthesize initial requirements and 

conclude what is troublesome in the existing system and the workflow process. It was found 

that there was a lack of consistency in the current system and that the workflow felt ad-hoc. 

Two prototypes were developed as add-in in Esri’s newly launched ArcGIS Pro and usability 

tested, one using the ribbon interface and one with the flattened hierarchal interface. Using the 

subjective workload NASA TLX questionnaire, time on task and a questionnaire regarding 

the participants’ attitude towards the interface, it was able to see how the workload, efficiency 

and attitude for the different interfaces were. The usability testing of these interfaces showed 

no significant difference in time. There was only one significantly difference for the 

workload, it was in the physical scale. Users that first tested the ribbon interface and later the 

flattened hierarchal interface found the second interface to be significantly more demanding 

physically. An attitude questionnaire showed also that participants felt that the flattened 

hierarchal interface was significantly more overwhelming and would be more discouraged to 

use it compared to a ribbon interface.  
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1. Introduction 

Geographical information systems (GIS) are powerful tools but difficult to use, they often 

require extensive training and knowledge. Imagine having a tool for creating digital, 

interactive and statistical incorporated maps. Maps that can be used for more than just 

visualizations, but for all possible task such as route planning, biology measurements and civil 

statistics. But the system is a pain to use. The simple task of using this tool to create these 

maps is just not that simple.  

Since the 1960’s when GIS started, there have been a rather small focus on usability. At that 

time and also during 1970’s and 80’s GIS emerged as a field with large potential for real life 

application. However during this era when GIS gained popularity and grew bigger, more and 

more functions were added to answer the specific needs by different disciplines and problem 

areas. This led to GIS being developed without a well-defined and established body of theory 

(Goodchild, 2011).  It wouldn’t be until the early 90’s when GIS software was being used 

routinely, that a shift started to occur. The focus had been up to this this point about the 

system and not users. Users who were educated in a new system were estimated to have the 

same cost as the hardware and software itself (Mark & Frank, 1992). Companies doubled its 

software user manuals, which did not have an effect of improvement. There was clearly a 

usability problem in GIS. The general attitude from the GIS community towards usability was 

that if a user could not complete a task in a system, there was something wrong with the user 

and not the system. GIS was stuck in traditional system design (Lanter & Essinger, 1991). 

The focus shift that started in 1990’s turned GIS from the traditional user interface design to a 

more user-centered design (Lanter & Essinger, 1991; Mark & Frank, 1992).   

Traditional system design brings forth a system’s functionality and behaviour. It has no 

greater regard for a user. It presents the functions of a system to the user, most often through 

hierarchal structures in menus. Functions and commands are mapped to logically or 

semantically structured interface and are presented to the user where they have to navigate 

through these structures to find the right action. Both classical Windows Icons Menus Pointer 

(WIMP) interface and the newer ribbon interface utilizes hierarchal structures in their 

interfaces. It has been shown however that a selection process of a desired action could be 

significantly faster with a spatially consistent interface than with a hierarchal structure 

(Kaptelinin, 1993). Yet there are few interfaces that uses flattened hierarchal structures in 

their designs. Joey Scarr (2012) presented his interface CommandMaps (CM), an interface 

that is spatially consistent with a flattened hierarchy. Usability testing of CM against both 
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ribbon interface and hierarchal structured interfaces in Microsoft Word showed that users 

performed faster with CM then both the WIMP and ribbon interface. It was also found that 

users were more negatively set against CM before using it than after.  

Does CommandMaps work as a general interface technique, or did it just work in that type of 

environment? GIS have been plagued by complicated interfaces for some time but is 

improving. Esri recently launched their new software, ArcGIS Pro, which contains a ribbon 

interface. This thesis aims to find out if a CommandMaps-style of interface is applicable in a 

GIS environment. This will help to see if it can be used as a general interface technique. 

 1.1 Aim and Purpose 

The aim of this thesis is to research whether a spatially consistent interface with a flattened 

hierarchy is better suited for a geographical information system rather than a ribbon interface. 

The primary questions asked for this thesis were; 

Q1) is an interface with a flattened hierarchal menu structure applicable in a geographical 

information system?  

Q2) does a flattened hierarchal interface improve performance and efficiency in a 

geographical information system?  

Q3) how do users initially respond to this type of interface compared to a Ribbon interface? 

Q4) is the workload greater when using an interface that utilizes a flattened hierarchal 

structure?  

1.2 Delimits  

No greater focus was put on the back-end of the system; prototyping was hardcoded for the 

desired actions that were used in the usability testing. Due to some complexity in the system 

which will have the new interface, a choice was made to limit the available functions of the 

interfaces. This was balanced so the interfaces contained the same functions and possible 

actions. 

1.3 Document Overview 

Chapter 2, presents systems along with the theoretical framework for this study. 

Chapter 3, covers the pre-study that was conducted for this thesis. Both the method and the 

result is presented in this chapter 
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Chapter 4, describes the methods and measurements used for the usability testing. 

Chapter 5, the results from the usability testing are presented in this chapter. 

Chapter 6, a discussion about the methods that were used, the results that were found and 

what future work needs to be done. 

Chapter 7, presents the conclusion of the thesis. What can we draw from the work done? 
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2. Background 

This chapter presents the background and theoretical framework for this thesis, along with 

descriptions of the current systems and the new system that will be used for implementing the 

design onto. 

2.1 Geographic Information System 

Geographic Information System (GIS) is the discipline of bringing maps and geographical 

data to an information system. Maps have been studied and used for a long time but it has 

only been computerized for the past 40 years (Law & Collins, 2013). In GIS you are able to 

study more than just a map. It allows you for example to be able to study everything that can 

be mapped with a geographical reference such as elevation, weather, wildlife and population 

over time (ibid.). GIS is defined as four sets of capabilities to manage georeferenced data in a 

computer based system (Huisman & de By, 2009; Harrie, 2013). 

The four sets that need to be met for a geographical information system are: 

1. Data capture and preparation 

2. Data management, including storage and maintenance 

3. Data manipulation and analysis 

4. Data presentation 

In such, GIS is a complex field built upon a several fields with a lot of potential use in 

different fields and real world appliances in professions as urban planner, biologist, natural 

hazard analyst, mining engineer and forest manager (Huisman & de By, 2009. P.26-27).  

2.1.1 The Basics of GIS 

Unlike a paper map where the user is unable to add or remove information as cities, oceans 

and lakes as they please, on a GIS map they do have that possibility. This is due because of 

the GIS map structure. A GIS map is made up of layers, or a collection of geographic object 

(Law & Collins, 2013. P.4). A GIS map contains as many layers as one would want of 

different geographical objects. Which are most easily categorized into raster, vector and table 

data, therefore a hierarchal structure is important in GIS for the layers with correlating order 

of visualization.   

Raster data are large geographical objects, often called surfaces, and are usually made of 

pixels in a grid. Raster data are usually data of larger areas such as an ocean or a land cover. 



 

7 

 

Vector data consist of three different kinds of geometric forms polygon, line and point. These 

three geometric forms make geographical objects. Depending on the size of the object a 

different form is used (Law & Collins, 2013). Polygon is used for objects that are large 

enough to have a boundary for example countries and lakes, lines represent objects that are 

too narrow to be represented as a polygon (e.g. roads and lakes). Points represent objects that 

are too small to be represented as either a polygon or a line. The same object could also be 

represented differently in another layer. For example a city could be represented as a point 

when zoomed out in one layer, but represented as a polygon in another layer when zoomed in 

(ibid.).  

2.1.2 Designing for GIS 

GIS have long been for users with extensive knowledge in the area. Early days of GIS usually 

consisted of a command-driven interface on a UNIX computer (Haklay & Zafiri, 2008). Even 

though focus has been on further development and improving functionality, attempts have 

been made to establish a framework for usability in GIS. Workshops where held in both 

Europe and the US during the 1990’s within GIS with an emphasis on usability, books were 

released and a conference dedicated to that matter was made (Conference on Spatial 

Information Theory, COSIT) (Haklay, 2013). Even though it’s been over 25 years since these 

attempts were made there is still no real consensus for designing GIS interfaces. This could be 

because of the rapid development of technology and availability to the novice user (ibid.).  

2.2 Digital Map Generating System 

The Digital Map Generating System (DMGS) is a system for preparing and creating 

geographical information and maps for aircraft and mission support systems. The primarily 

use of the system is to handle and adapt geographical information in formats as vector data, 

raster data and aeronautical data. 

DMGS is developed and produced by Saab AB and is used to supply the Griffin C/D with 

geographical databases and maps for mission planning, training and simulation. This put a 

great deal on the system to be able to produce different types of databases and maps. Those 

are for example 2D and 3D visualization, databases with aeronautical data and landmarks 

along the way.  

The technology for DMGS is built on three main commercial components into one system 

(Ancker, 2008), the components are supplied from three different companies Esri’s ArcGIS 

Suite, ERDAS’s imagine and Oracle’s database.  
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DMGS primarily use three components from Esri’s product suite; these are ArcMap for the 

graphical user interface, ArcObjects class function library for the developing tools and 

functions and the ArcSDE for database management. ERDAS imagine is utilized for raster 

data imaging and geoprocessing and Oracle database is the Relational Database Management 

System which allow DMGS to have correlation output databases and data management in a 

common database (Ancker, 2008; Mårtensson, 2012).  

ArcMap is a geoprocessing tool from Esri in the ArcGIS product suite. It is used for 

geoprocessing and analyzing geodata. ArcGIS for desktop is product suite from Esri. ArcMap 

utilizes the classical WIMP interface. 

DMGS have three main functionalities import, database and export. The data is imported to 

the database and exported in different modules depending on the recipient (Figure 1.). 

 

 

 

 

 

 

 

 

 

Figure 1. Overview of DMGS (taken from http://sesam.smart-lab.se/seminarier/sem070125/Ancker.pdf) 

2.2.1 Import 

DMGS supports import of multiple formats of data, they can however be categorized into 

three categories raster data, vector data and tables (Ancker, 2008). The imported data is stored 

in a common database repository (Mårtensson, 2012).  

2.2.2 Core system 

The DMGS core system consists of the database, all data used in DMGS needs to be in the 

database before usage.  

2.2.3 Export  

There are four main export modules for the DMGS these are the Griffin Moving Map 

(GMM), Navigation Data (NAV), Synthetic Natural Environment (SNE) and Out the Window 

http://sesam.smart-lab.se/seminarier/sem070125/Ancker.pdf
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(OTW) (Ancker, 2008). The different exports modules are used depending on the task at hand 

and to which target system is the intended receiver.  

 Griffin Moving Map 

The GMM produces the electronic moving map for the aircraft. Same as with SNE each layer 

can be specified with which information should be included and the degree of generalization 

should be done.  

 Navigation Data 

The aircraft’s navigation system uses NAV databases for several of its functions. Different 

operations are available in the NAV module depending on which navigation database is 

produced.  

 Synthetic Natural Environment 

The SNE module is used in the Mission planning system. It produces 2D maps or terrain 

analysis as databases. When exporting the SNE database each layer in it can be specified to 

which information should be in included and in which level of detail. 

 Out The Window 

This export module produces visual image terrain databases, which are a database that can run 

with a 3D engine. The OTW module produces databases which are used in simulations and 

training environments.  

2.3 ArcGIS Pro 

ArcGIS Pro is a geographic information systems developed by Esri. The application allows 

the user to create and work with spatial data. It provides the tools to visualize, analyze, 

compile and share data (Esri, 2014). ArcGIS Pro is developed on a 64-bit architecture rather 

than ArcMap which uses a 32-bit architecture (Schutzberg, 2014). The new system features a 

ribbon interface (see Figure 2). The ribbon interface, which was popularized by Microsoft’s 

Office, offers a set of tabs containing large buttons (Dosta’l, Mastorakis, Mladenov, 2010). 

The ribbon is placed at the top of the application. It displays and organizes the functions to a 

series of tabs. This new interface updates accordingly to reflect what the user is currently 

working on. A collection of buttons can be combined into a group. Even with the contextual 

tabs in the pane, there are still some tabs that stand as core tabs in the user interface. 
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Figure 2. Ribbon interface in ArcGIS Pro (http://pro.arcgis.com/en/pro-app/get-started/arcgis-

pro-user-interface.htm) 

 

 

 

 

 

 

 

 

The core tabs are always available and does not hide like other tabs, the five core tabs in 

ribbon interface are Project, Insert, Analysis, View and Share. 

The home tab (“Map” in Figure 2) is a contextual tab; depending on the view the home tab 

will change to match it. For example changing to a layout view the home tab will be replaced 

with “Layout” instead of “Map”.  Contextual tab sets appears at the far right of the tabs, after 

the “Share” tabs. These are highlighted in a different color and change depending on what 

kind of data and what location in the interface the user is standing at.  

2.4 User-centered Design  

To be able to make useful interfaces we need to understand our users. We need to understand 

how they work, where they are coming from and where they are going. As Donald Norman 

(2013) says about the subject: 

It means starting with a good understanding of people and the needs that the design is 

intended to meet – Donald Norman (2013 p.9) 

The philosophy of user-centered design is that the user is at focus. The process starts and ends 

with the user in mind. System requirements are collected from existing or potential users and 

are designed, as greatly as possible to match their conceptual model and needs.  

2.4.1 Discoverability  

Every system that we interact with is an adventure in itself. We test how it works, what it can 

do, how it behaves and so on. We simply discover the system along the way of using it, which 
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is why a system needs to have good discoverability to make the adventure that we partake in 

each system as enjoyable and understandable as possible. Discoverability is made up of 

several concepts such as affordances, signifiers, mapping, feedback and conceptual model. 

The last concept, conceptual model was not apparent in the first description of discoverability 

but it has turned out that this concept is the one that brings the true understanding of the user 

to discoverability (Norman, 2013 p.10).  

Norman introduced the term affordances to the world of design in the first edition of his book 

“The Design of Everyday Things”, he sees affordances as something that says what action is 

possible (Norman 2013). The term affordance was however coined by Gibson in 1979 in “The 

Ecological Approach to Visual Perception”. Gibson sees affordances as something that exists 

relative to the perceiver. An affordance, used in this thesis, is seen in the views of Norman. 

An affordance is a possible action that can be done by the user.  

An affordance is a possible action that can be done, but sometimes the action needs to be 

highlighted or communicated or just simply signified. A signifier does just that, it is an 

indicator of a possible action or a clue for a meaningful interpretation. Signifier can be found 

both in the physical world, interfaces and many other contexts. An example as Norman 

highlights is how an accidental signifier can be found in the physical world is the use of 

people when rushing to a platform to catch the train (Norman, 2008). When rushing to a 

platform to catch the train a clue to if the train has already departed or not is to see whether 

there are a crowd standing on the platform or if the platform is empty. A crowded platform is 

a sign that the train has most likely not departed yet while an empty platform will signify the 

train has most likely departed.  

For interfaces a pointer that changes into a hand will signify that there is an affordance lying 

here, most likely something to do with grab (such as grabbing an object and moving it). With 

the use of signifier we could help the user to find the actions possible by making them more 

perceivable.  

Think of a classroom or an auditorium with many lights in a row and many switches for these 

lights and compare it to the steering wheel of a car. How do we know which switch controls 

which light? The switches should be mapped to correspondent with the layout of the lights. 

Just as how a steering wheel of a car is mapped to the direction of the turn. Turn the steering 

wheel counter clockwise and the car turns left, turn it clockwise and the car steers in the right 

direction. That leads to a natural sense of which switch control which light. These examples 
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show how mapping helps us to complete our task. The car could have easily been designed 

with a solution that does not require a steering wheel, such as a joystick or a rudder but would 

have than extended the mental workload for the driver. But if we look at an excavator or a 

tank, which have tracks instead of wheels, the use of a steering wheel is in that case a more 

confusing and demanding way to steer than using the controls for speed for the separate tracks 

to control the direction (Norman, 2013).   

Mapping helps the user to relate a possible action to the item that it controls, but feedback is 

the communication of a result of an action. Feedback tells you what have happened, using the 

auditorium again, if you switch on the light and nothing happens or something happens. 

Those are both feedback, if the light does not turn on when you switch it on that is an 

indicator that something is wrong with the light (or perhaps the switch). If the light would 

have turned on that would be feedback of a successfully completed action. In a more complex 

system feedback is a truly valuable resource of what have happened, as long as it conveys the 

proper information. Too much feedback until the point till it gets annoying is bad feedback. 

The user would eventually filter it out.  

We never enter a world completely empty, our experiences and expectations help build our 

conceptual mode. The conceptual model is the model that we use when interacting with 

systems and the world. The conceptual model build what we expect and we use it to interpret 

the world. The most widely used conceptual model that an average person uses but perhaps do 

not think about, could be the desktop metaphor. The calling of items on a computer as files 

and folders really does not fill a function except for us to be able to more easily grasp the 

concept of an abstract happening in a machine such as the computer.  

2.4.2 Usability testing 

Professionals in user experience (UX) have different ideas of what makes a user experience, 

however Tulis and Albert (2013) have found three main components to define UX: 

 A user is involved 

 The user interacts with a product, system or anything with an interface 

 The users experience is of interest and are observable or measurable  

Usability is denoted as the user’s possibility to successfully execute a task. UX on the other 

hand has a much wider perspective when it comes to products and system, but a system with 

good usability will tend to also have a positive UX.  
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Usability testing is the method for finding possible problems, strengths and weaknesses in a 

system. The usability testing can in general be divided into two categories, formative and 

summative. The formative testing, which is the most common in usability testing, is used for 

finding and fixing usability problems while summative testing is used for describing a system 

through different kind of measures (Sauro & Lewis, 2012). This thesis uses a formative 

testing. 

Several standardized usability questionnaires have been produced through the years. The use 

of standardized questionnaire comes with a heap of advantages as objectivity, replicability, 

quantifying and scientifically generalizability (ibid.). A big advantage with standardized 

questionnaires is the validity in them, with new questionnaires there need to be a validation 

for ensuring that the questionnaire answers what is being investigated.  

2.5 Flattened hierarchal interfaces 

CommandMaps (CM) is an interface technique that utilizes spatial memory and presents the 

menu in a flattened hierarchal (Scarr, Cockburn, Gutwin & Bunt. 2012; Scarr 2013; Scarr, 

Cockburn, Gutwin, Bunt & Cechanomicz. 2014). The use of a flattened hierarchy and 

spatially consistent interfaces makes it easier for the user to locate an item then it would have 

been with a traditional hierarchal interface. Scarr et al. (2014) evaluated CM against the 

Ribbon interface on Microsoft Word 2010. They investigated how the workload, efficiency 

and subjective preferences are different for the two interfaces. What they found was that it 

took less time for a participant to complete their task using a CM interface than the ribbon. 

The participants were more negative to the CM before use but much more positively to it after 

using it. The subjective workload they measured using the NASA Task Load Index, also 

showed that the CM interface was less demanding physically and temporally, it required less 

effort and the participants felt less frustration using it compared to the ribbon interface. Earlier 

research from Scarr and his team have showed that a flattened hierarchal interface such as CM 

both outperform the ribbon interface and a classical hierarchal interface that is often found in 

WIMP (Scarr et al 2012).  
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3. Pre-study  

This chapter contains the pre-study that was conducted before designing, prototyping and 

usability testing. Both the method and results for the pre-study is presented in this chapter. 

3.1 Method 

A pre-study was conducted to investigate the current process that a user takes when working 

with the existing system. The pre-study also researched the ongoing project for a new system.  

3.1.1 Interview 

The pre-study used interviews as it main form of data gathering. In-depth interviews were 

held with users of the existing system and with stakeholders in the project group. The 

interviews were semi structured and followed the general guideline with no more than 15 

main questions to guide the interview (Boyce & Neale, 2006). The choice to use interview as 

it primarily method was made due to be able to get the participants vivid perspective, and to 

have the opportunity to ask follow up questions based on the participants’ responses.  

3.1.2 Transcription  

The recorded interviews were transcribed before the analyze process started. There are three 

levels of transcriptions (Linell, 1994). The first level is the most detailed, retakes and pauses 

are included, and so is phonetics in the speech. In the second level, the transcription is not as 

detailed with phonetics and shorter pauses are excluded. Retakes are however still included 

and the transcription is written in spoken language. The third and least detailed level does not 

include any pauses or retakes, and the transcription follows the grammar and not the spoken 

language. This thesis followed the third level of transcription. 

3.1.3 Qualitative Analysis  

The analysis for the interviews followed McCracken’s 5-step method (1988, referenced in 

Percy, 2004).  The 5-step method provides a systematically procedure for analyzing 

qualitative data.  

 Step One 

The first step in the process, and the first step in any qualitative analysis is to thoroughly read 

through the transcripts and writing down observation in the data as notes in the margins  

 Step Two 

In this step preliminary descriptive and interpretive categories are made based on the data, the 

observations from the first step, literature review and the theoretical framework for the study.  
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 Step Three 

Step three consists of identifying connections and developing pattern codes for the 

preliminary categories that was made in step two.  

 Step Four 

The connections that were identified and patterns codes that were developed in step three are 

made into themes in this step. A theme is can be defined as statement that is recurring in the 

data or a minor statement that bears a strong emotional or factual impact. This definition is 

supported by both Piercy (2004) and Ely (1991).  

 Step Five 

The fifth and final step was to examine the themes that arose from all the interviews to 

describe the most major themes in the data. These themes will then stand as a basis for 

requirements for the new system.  

3.1.4 Participants 

A total of five participants (n = 5, m = 35) were recruited for the pre-study. All of the 

participants were male and were employed by Saab AB or worked as a consultant for Saab 

AB. Three of the participants worked in the developmental group of the new version for the 

system where two of these three participants were former users of the current version of the 

system. The remaining two participants were current user of the existing system.   

3.1.5 Procedure  

On arrival the participant was greeted and thanked for participating, along with information 

about the interviewers and the reason for the interview. During the interviews there were two 

interview operators, one primary who was leading the interview and a secondary who was 

taking notes and also asked follow-up question.  

After initial information the participant received an “Interview Agreement” stating how the 

data will be used and for what purpose. It also stated that the interview was recorded and the 

participant could quit anytime they wanted or not answer a question if they did not want to. 

The interview ranged from one hour up to one hour and 50 minutes. A script with open 

questions and topics was available to cover the topics that wanted to be discussed (appendix 

A). The questions and topics included how they use the system today, what is troublesome, 

what is working well and how they have been working in project so far. 

3.1.6 Ethics 

All participants in the study were informed that they did not have to fulfill the interview and 

did not have to answer a question if they did not want to. They were also informed that the 
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interviews were being recorded for transcription and analysis purposes. The recording was 

handled confidentially. No individual data was presented that could lead back to the 

participant. 

3.2 Results 

The analysis of the interviews was done with two types of participants. One group contained 

the current users of the existing system and the other group was with the development team 

working on a new system. All of the participants were familiar with the existing system.  

3.2.1 The developmental group 

Change of perspective. During the interviews it was found that the developmental group 

showed a change of perspective in the development methods in regards of how it used to be. 

Even though the current system has been use for nearly ten years and has supplied the current 

weapons system with geographical data, there has been very little focus on the user. The 

system development was made and tested to see that the functionality was working, but not 

that it was working with the user. The changes done this time around for the developmental 

group have been to have a more user-centered approach when specifying the system, a closer 

dialogue have been held with stakeholders and users.  

The developmental group has found that the current system is not optimal; there are some 

major troubles to be addressed in from the old version to the new such as a more coherent 

design when working on different kinds of projects. The system today which is based on four 

export modules, have different interfaces and different process which makes a user niched for 

a specific module or two.  

Decentralization. Another thing that was found was the need to decentralize the system and 

make it more available and closer to the target systems. This will make it quicker to update 

maps and databases. If the system is to be decentralized and spread to a wider user group, it 

puts a greater deal on usability. Users today in the system often work with DMGS as the 

primarily tool in their work. If the change is made to have the system closer to the target 

system the workload will be added on top of potential users that do not use DMGS at all 

today. These users will not use DMGS as a tool for their everyday work unlike the existing 

users. This puts an emphasis on the usability of the new system. The process for updating and 

editing maps and databases in the new system must be easy to use and easy to learn even if 

the user uses it once every month or so. 
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Configurations. There is a need for different configurations, one to take over the central 

system (i.e. the existing system), and other configurations to be with the target systems. 

Different needs for the DMGS system is required depending on what target system is using it. 

The training systems have a bigger need to see and edit for 3D environment while a mission 

support system have a need to rapidly update and edit maps and aeronautical data. The 

configurations near the target systems should emphasize that the user is able to easily update 

and make small changes in a product. Without them having extensive knowledge about GIS, 

while the configuration that will replace the central system will put a greater demand on the 

user. Since this configuration will most likely be the starting point for most maps and 

databases. 

Geodata Package. With the new approach in DMGS E, the developmental team has gone 

away from the “four-modules-think” to introduce the Geodata Package (GP) and Geodata 

Package Configuration (GPC). A GP contains geographical data such as raster and vector 

data. A GPC is collection of multiple GPs. An analogy can be seen between GP and GPC to 

puzzle pieces and a complete puzzle. GPs are the puzzle pieces made for most of the different 

target systems, these GPs (or puzzle pieces) are collected in a GPC. This could need 

additional work to make the different GPs fit in with each other. The GPC, which would be 

the complete puzzle, is delivered to the target systems and where the maps and databases are 

distributed to the Mission Support Systems and aircraft.   

The full themes and pattern codes that were found from the developmental group can be seen 

in table 1.  
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Table 1. Themes and pattern codes from the developmental group (themes in bold) 

 

 

Project 

 

 

Safety 

 

 

Global 

 

User 

Experience 

 

System 

Transition 

 

Working close 

together 

 

 

Preview 

 

 

Multiple Roles 

 

 

Easier 

 

 

Data 

frames 

 

Close development 

with stakeholders 

and user 

 

Documentation 

Multiple 

Program 

Configurations 

More 

streamlined 

 

MXD 

Incremental 

 

Verification Closer to 

Target System 

Intuitive Layer 

Requirements and 

requirement testing 

 

Validation 

Multiple 

Program 

Configurations 

 

Consistency 

 

Projects 

 Traceability Closer to 

Target System 

Simplicity Maps 

 Version 

Control 

 Transparency Metadata 

 

3.2.2 The user group 

For the user group it was found that the system is lacking in the workflow and process, there 

is an overall process for the four different modules NAV, SNE, GMM and OTW. That is 

importing your data to the database, transfer it to the repository and then exporting it to the 

export project.  

Import data to database  Transfer data to repository  Export data to export project 

Abandonment of workflow. The users spoke out about the workflow in the system, an issue 

that mainly occurred when working with large data. It was found that when possible the user 

abandon this workflow to skip the process of importing and transfer the data, this is most 

applicable when working with established maps and databases. This abandonment of 

workflow is most commonly when working with the SNE module because of the continuous 

updates in those products. The abandonment is not as common in an OTW product since it 

barely have any updates to it after completion. For the NAV and GMM module which are 

more critical products flexibility has been reduced and demands that the user to go through 

the required steps to continue the production.   
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Four programs in one. When working with the different modules there is a substantial 

difference among them. In detail the workflow differs, the GUI and available tools are 

different. These have led to user having excellence in different export formats and still are 

novice in other. The full themes and pattern codes that were found from the user group can be 

seen in table 2.  

Table 2. Themes and pattern codes from the user group (themes in bold) 

Workflow Safety 

Import is the same for all modules Documentation 

Export is different for the modules Testing 

Locked to database Preview 

Abandon process when possible Log 

Critical products less flexible Feedback during long process 

 Verification 

 

3.2.3 Requirements 

The interviews gave ground to some key points in what the system needs to be able to do and 

handle. 

 The system should be transparent enough for the user to know what is happening and why 

 The system’s interface should be coherent and consistent, as much as possible, when 

producing products for different target systems 

 The system’s workflow should be similar, in the best possible way, when working with 

products for different target systems 

 The system should provide security for the user so they know that they have an correct 

product 

 The system should provide tools to verify critical databases and maps 

 The system should provide possibility to preview productions as they would be seen in 

target system 

These requirements along with which type of interface (i.e. Ribbon or flattened hierarchy) are 

the two factors that will play the biggest part in the design process.  
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4. Method 

The method used for the usability testing is presented in this chapter. The used method is 

presented as thoroughly as possible for the potential of replication purposes in the future. 

Due to the nature of the thesis a mixed-methods approach for gathering and analyzing data 

was used. Both qualitative and quantitative methods were used. However the quantitative data 

was the primary data source with the qualitative data as secondary data source to back up the 

findings from the quantitative analyze.  

4.1 Prototypes 

The prototypes used for the usability testing were built in Visual Studio as an add-in to 

ArcGIS Pro using C#. Windows Presentation Framework (WPF) was used for both 

prototypes. The icons for the buttons were made in MS Paint with editing in GIMP. This was 

due to restriction in software environment at Saab AB but was not an issue for the usability 

testing.  

The prototypes were mostly hardcoded for the usability testing, functions acted like it was 

implemented. The interfaces were not contextual; this was due to some lack in programming 

and time constraint.  

The flattened hierarchal interface (Figure 3) which is active while pressing the “Ctrl” and 

“Shift” buttons together. The interface stays active until the user either releases a button or 

chooses a function. All the command selections are presented at once when activated unlike 

for the ribbon where the commands are placed under tabs. For the traditional interface (Figure 

4) which is built in the ribbon interface, the user has to navigate between the tabs to find the 

right function. In figure 4 the extended interface can be seen under the blue highlighted area. 

Both interfaces follow a left-to-right flow in their tabs, for the flattened interface it also 

follows a top-to-bottom flow in a broader perspective. Having the most general tab at the top 

and the tabs for the different GPs and ending with the GPC tab. For the ribbon interface the 

overall workflow process goes from left-to-right both in the commands placement and tab 

placement. The flattened hierarchal interface is spatially consistent, always presenting in the 

same place and in the same order.  
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Figure 3. Prototype with the flattened hierarchal interface 

Figure 4. Prototype with the ribbon interface 
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4.2 Usability testing 

The usability testing was of formative nature since the system was still under development. 

The user testing that was executed was to see the strengths and weaknesses of the interfaces 

rather than to see if the system did meet the goals of the project (Tulis & Albert, 2013).  

This study used the NASA Task Load Index (NASA TLX), time on task and an attitude 

questionnaire with a Likert scale to measure the usability and subjective attitude towards the 

interface. These measurements where used to see how demanding each interface was (using 

the NASA TLX), how effective each interface was (time on task) and which interface the user 

found more likeable both before and after completing the tasks with each interface (the 

attitude questionnaire). Along with these measurements smaller interviews were held with the 

participant to gather qualitative data that was used to strengthen the finds in the quantitative 

data.  

4.3 Design 

All usability testing had a within-group design for evaluating the different designs. The 

participants tested both designs. The choice to have a within-group design is because of the 

small number of available users and because of the stronger statistical power that within-

group statistical testing has compared to between-group design (Bellemare, Bissonnette & 

Kröger, 2014). The interfaces were balanced but the participants always completed task 1 and 

task 2 in that order. 

4.4 Measurements 

Different measurements were used to see how well or poorly the different interfaces 

performed. NASA TLX was used to obtain the subjective workload that the participants felt 

during the sessions for the different interfaces. The attitude questionnaire was used to see the 

participants’ attitude towards the interfaces before using it and after. Time on task was used to 

determine the effectiveness of the interfaces. Along with these measurements smaller 

interviews were held with the participants. Using these measurements will make it able to 

compare the results obtained with the studies conducted by Scarr et al. (2014) on Microsoft 

Office and Pinta. 

4.4.1 NASA Task Load Index   

The NASA TLX is a subjective workload valuation method that depends on a 

multidimensional construct to bring an overall workload score on a weighted average of 
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ratings on six subscales. The subscales are mental demand, physical demand, temporal 

demand, performance, effort, and frustration level (Cao, Chintamani, Pandya & Ellis. 2009). 

Participants rate on a 21 gradient 5 point scale how demanding the task was to complete on 

the different scale. There have been different modifications on the NASA TLX most 

commonly is the use of unweighted NASA TLX.  This thesis uses an unweighted NASA 

TLX, each scale will be analyzed separately and one overall will be done without weighing 

the scales. This is primarily due to two reasons, the first reason is because that there is no 

greater advantages to be gained with an weighted NASA TLX compared to an unweighted (or 

raw NASA TLX) (Hart, 2006). The second reason is the have a more accurate workload 

assessment score to compare with the other studies in using a flattened hierarchal interfaces, 

mainly the previous research done with CommandsMaps.  

4.4.2 Time on task 

Time on task is a good way of seeing the efficiency of a system. The time is measured from 

start to end for each task. In general it is that the less time it takes for a task to be completed 

the more efficient is the system. It is usually easier to start the time on a task then to know 

when to stop the time taking. For this study the participant had to verbally announce when 

they felt finished with a task. This also helped see if the participant thought they had 

completed the task but in fact had not completed it. 

4.4.3 Attitude Questionnaire  

The attitude questionnaire was taken from Scarr et al (2014) slight modification was done on 

the phrasing. The phrase “…the full-screen interface” was changed to just “…the interface” 

(appendix b). This was because of this questionnaire was used on both the Ribbon interface 

and CommandMaps-style interface, while Scarr and his team only used it on CommandMaps. 

The change and using this attitude questionnaire made it able to investigate how the 

participants’ initial response of a system was and how it changed after using it, for both the 

ribbon and CommandMaps-style interface. 

4.5 Statistical Analysis 

The measurement collected from the usability testing was analyzed through statistical test. 

SPSS was used for conducting the statistical analysis. Paired samples t-test and independent t-

test were used to analyze the NASA TLX, time on task and the attitude questionnaire. 

Levene’s test for Equality of Variance was conducted to see if normal variance could be 

assumed. 



 

24 

 

The dependent variables used for the usability testing are the different designs. The 

independent variables are the result from the attitude questionnaire, the NASA TLX and the 

time on task.  

4.6 Participants  

The participants were recruited from Saab AB in Linköping. They were either users of the 

existing system, developer and system designers working with it. There were 10 participants 

(n = 10) in total, there were 9 male and 1 female participants, the participants were aged 

between 29 years – 58 years (m = 42,5 years). The participants were all familiar with the 

ribbon interface concept but had not used a CommandMaps style interface before. They were 

all familiar with GIS environments. 

4.7 Procedure 

All usability testing was done in an office environment using a PC with connected keyboard 

and mouse. They were all informed on the setup of the test on arrival. The participants filled 

out a demographic questionnaire and familiarized with the first interface that was presented. 

An attitude questionnaire was filled after familiarization with the interface and then the 

participants started the task. The task was built with several smaller tasks (subtasks). For the 

first task there were seven subtasks and for the second task there were six subtasks (see 

appendix C for full list). The second task used the results that were done in the first task. The 

tasks where not identical but built to be isomorphic, all participants finished task one (the first 

task) and then task two (the second task) in that order, the order of the interfaces however was 

balanced.  

The participants got one subtask at a time, the time started when they said “Start” and was 

stopped when they announced that they had completed the subtask. After a whole task was 

finished they filled out another attitude questionnaire and a NASA TLX questionnaire. 

Smaller interviews and questioning where also held at this point with the participants. This 

procedure was then done again with the second task and the other interface. For the final 

interview after completing the second task and questionnaire, smaller discussions were held 

where the questions were focused on both the second interface that they had just tested and 

testing sessions as whole, with which interface they preferred out of the two. 
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5. Results 

The results from the usability testing are presented in this chapter. Charts and results from 

statistical analyses are presented along with snippets from the qualitative data. The flattened 

hierarchal interface is denoted as “CM” in the charts and tables listed in this chapter. Levene’s 

test for Equality of Variance was done before all testing and showed that there is an equal 

variance for all test cases. Our assumption for homogeneity in the group is verified by this. 

5.1 Attitude Questionnaire 

For the attitude questionnaire it was found that the Ribbon interface got better scores on all 

questions (see Table 3), on both the before and after questionnaire (Figure 5). For question 3 

and 5 a higher score is a worse result.  

 

Figure 5. Mean answers on attitude questionnaire (1 = Disagree, 5=Agree) 

A paired-sample t-test, examining the responses within an interface, showed there was no 

significance between the before and after responses for either the ribbon interface or the CM 

interface. However, performing an independent t-test looking into initial response for question 

3 (Ribbon; M =1.89, SD =0.60, CM; M =3.00, SD =0.82) and the after response (Ribbon; M 

=1.55, SD =0.73, CM; M =2.30, SD =0.48) comparing them against the interfaces the 

participant answered for which gave a significant difference on question 3 (before; t(17) = -

3.34 p < .05, after; t(18) =-3.77, p < .001) and question 5 (before; t(17) =-2.66 p < .05, after; 

t(18)= -2.19, p <.05).   
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The participants felt that the CM interface was significantly more overwhelming (question 3 

in table 4) than the ribbon, this was true both before they had used the interface and after 

using it. The participants would also be more discouraged (question 5 in table 4) on using the 

CM interface in the future compared to the ribbon interface.  

Table 3. Mean values and standard deviation for the attitude questionnaires (1=disagree, 5=agree, inverted for 

question 3 and 5). 

 Before After 

 Ribbon CM Ribbon CM 

 Mean SD Mean SD Mean SD Mean SD 

Q1: It will be/was easy to find controls in 

the interface 

3.89 1.35 3.40 0.84 4.10 0.57 3.30 1.06 

Q2: It will be/was easy to remember the 

locations of controls in the interface 

4.11 1.42 3.40 0.97 4.00 0.47 3.70 0.82 

Q3: The interface is/was overwhelming 1.89 0.82 3.00 0.82 1.60 0.70 3.00 0.94 

Q4: I will be/was able to interact quickly 

with the interface 

4.11 1.42 3.70 0.95 4.00 1.05 3.70 0.95 

Q5: I would be discouraged from using 

software with this kind of interface in the 

future 

1.56 0.84 2.30 0.48 1.40 0.70 2.20 0.92 

 

Table 4. Results from t-test comparing the before and after responses between the interfaces. Significant results in 

bold. 

 Before After 

 T(df =17) p T (df =18) p 

Q1: It will be/was easy to find controls in the interface 1.44 0.17 2.11 0.05 

Q2: It will be/was easy to remember the locations of 

controls in the interface 

1.90 0.76 1.00 0.33 

Q3: The interface is/was overwhelming -3.34 < 0.01 -3.77 <0.001 

Q4: I will be/was able to interact quickly with the 

interface 

1.11 0.28 0.67 0.51 

Q5: I would be discouraged from using software with 

this kind of interface in the future 

-2.66 < 0.05 -2.19 < 0.05 

 

Even though only question 3 and 5 are significantly different in a statistical sense, question 1 

came close to be significantly different between the interfaces in the (t(18) =2.11, p =0.05). 

Between the before (Ribbon; M =3.89, SD =1.35, CM; M =3.40, SD =1.06) and after 
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responses (Ribbon; M =4.10, SD =0.57, CM; M =3.30, SD =1.06) the ribbon interface got 

higher marks while the CM interface mean decreased by 0.1 points. The participants did not 

feel a big increase on ease of finding the controls in the CM interface after using it, while the 

ribbon interface got higher mean value for the after response. The ribbon interface had an 

increase by 0.21 points. Participants were more positive that they would easily find the 

controls in the ribbon interface after using it than before. While for the CM interface there 

was a very small negative difference. 

5.2 Time on Task 

Three different independent t-tests were conducted. One testing the interfaces in the first task 

(t(8) =-0,81, p =0.444), one for the interfaces in the second task (t(8) =-0,60, p =0.568) and 

one for the total time of both tasks (t(18) =-0,34, p =0.735). No significance could be found in 

any of the test (see Table 6).  

The task times shows an improvement for the second task (Ribbon; M =187.83, SD =56.55, 

CM; M =164.33, SD =67.33) compared to the first task (Ribbon; M =172.19, SD =70.75, 

CM; M =210.53, SD =110.75). Both interfaces improved in time although the second task 

was isomorphic it did contain a subtask less than the first task (Figure 6).  

 

Figure 6. Mean task time for task 1 and 2 with standard error bars. 

The biggest mean value belongs to the CM interface in the first task (M =219.53, SD 

=110.75) followed by the ribbon interface in the second task (M =180.01, SD =65.82) (see 

table 5 for full comparison). However the fastest completion was done in with the CM 
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interface in the second task (M =164.33, SD =67.74) followed by the ribbon interface in the 

first task (M =172.19, SD =70.75).  

 

Table 5. Mean task time (sec) and standard deviation. 

 Task 1 Task 2 Total 

 Mean SD Mean SD Mean SD 

Ribbon 172.19 70.75 187.83 56.55 180.01 65.82 

CM 219.53 110.75 164.33 67.74 191.93 87.85 

 
 

Table 6. Result from the t-tests comparing the interfaces in the different tasks and for the total time. 

 Task 1 Task 2 Total 

 T(df) p T(df) p T(df) p 

 -0.81 (8) 0.444 -0.60 (8) 0.568 -0.34 (18) 0.735 

 

5.3 NASA TLX  

The NASA TLX scored similar across the workloads, except for performance. The 

participants rated better performance for the CM interface in the first task (M =1.27, SD 

=0.54) than for the ribbon interface (M =2.6, SD =1.07). Lower score is seen as less 

demanding and therefor better performance. For the second task however CM (M =2.4, SD 

=0.81) was rated worse than the ribbon interface (M =1.47, SD =1.1).  

The combined NASA TLX scores showed no significance when performing a paired samples 

t-test (table 7).  An independent t-test comparing the interfaces in the first task and in the 

second task showed only a significance in task two for the physical scale (t(8)=2.85, p < .05), 

the subjective physical workload was significantly higher for the participants who tested the 

CM interface in the second task. Looking at the mean values of the physical scale for the 

ribbon interface in the first task (M =1.45, SD =0.3) and the CM interface in the second task 

(M =1.55, SD =0.23) it is seen that the physical scale was rated worse by the same group for 

the different tasks. While for the group that used the CM interface in the first task (M =1.33, 

SD =0.26) and the ribbon interface in the second task (M =1.2, SD =0.17) there was a 

decrease for the physical scale. Also looking at the mean values for the different scales, it was 

seen however that the CM interface where more demanding for the participants (table 8). 



 

31 

 

Table 7. Results from t-test comparing the before and after responses between the interfaces, significant results in 

bold 

 Task 1 Task 2 Total 

 T (df = 8) p T (df=8) p T(df=9) p 

Mental -1.75 0.118 -0.20 0.84 -1.43 0.185 

Physical 1.57 0.156 2.85 0.02 -0.45 0.662 

Temporal -0.87 0.408 -0.39 0.71 -0.49 0.635 

Performance 1.42 0.193 0.20 0.85 1.19 0.264 

Effort -1.61 0.146 -0.60 0.57 -0.80 0.443 

Frustration -0.15 0.884 0.00 1.00 -0.10 0.924 

 

Table 8. Mean values and standard deviation for the NASA TLX. ( 1 = Low workload, 5 = High workload) 

 Task 1 Task 2 Total 

 Ribbon/CM Ribbon/CM Ribbon/CM 

      Mean  SD   Mean SD Mean SD 

Mental 1.8 / 2.13 0.14 / 0.86 2.53 / 2.5 0.68 / 0.55 2.09 / 2.42 0.55 / 0.68 

Physical 1.45 / 1.33 0.3 / 0.26 1.2 / 1.55 0.17 / 0.23 1.35 / 1.38 0.29 / 0.27 

Temporal 2.3 / 2.47 0.97 / 0.76 2.6 / 2.5 0.54 / 1.28 2.35 / 2.48 0.72 / 1.01 

Performance 2.6 / 1.27 1.07 / 0.54 1.47 / 2.4 1.1 / 0.81 2.27 / 1.92 0.99 / 0.71 

Effort 1.9 / 2.33 0.51 / 0.73 2.8 / 2.35 0.78 / 0.44 2.14 / 2.36 0.70 / 0.57 

Frustration 2.05 / 1.87 0.94/ 0.73 2.8 / 2.65 0.91 / 0.61 2.24 / 2.3 0.86 / 0.66 

All scales 2.05 / 1.87 0.36 / 0.42 2.20 / 2.19 0.38 / 0.48 2.08 / 2.14 0.40 / 0.28 

 

5.4 Qualitative Data 

After the tasks the participants undertook interviews which showed in alignment with the 

attitude questionnaire. The participants showed a more liking to the ribbon interface rather the 

CM interface.  

- More used to this kind of UI 

- Spontaneously this feels more of a part of ArcGIS Pro 

- Feels logical  

- Feels safe that  it’s [ribbon interface] built in Esri’s interface   
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Several participants however showed a liking for the idea of CM interface, but spoke out 

about the small use of such an interface compared to the ribbon interface.  

- Like the idea 

- I think this idea would work  

- I think I would be faster using the CM interface 

- Think I would be more efficient with CM 

Answer given by the participants were not all positive, an issue which was found for both 

interfaces was the wanting of a contextual interface. Contextual interfaces are more of a 

standard in interfaces today.  Especially for the CM interface, participants felt they wanted a 

little guidance on what functions are more relevant.  

- Contextual ribbons would have been better 

- Want contextual ribbons 

- Had to look for the function every time I opened the CM interface 

For the CM interface the participant also expressed that the keypress which activates the 

interface was little of a hassle. They would rather have seen it as a toggle option where the 

interface can be activated and deactivated.  

- Have the window open rather than having to press the keys to have it open 

- Want to be able to lock the screen 

- Don’t like that I have to press down the buttons 

The subjective answers go in line with what was found in the other measurements. Seven of 

the 10 participants chose the ribbon interface in front of the CM interface. Two participants 

could not decide between the interfaces and one participant chose the CM interface. 

Approximately half of the participant liked the idea and saw the potentials in it.   
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6. Discussion 

This chapter discusses the strengths and weaknesses of the thesis focusing on the method and 

results. It also discusses possible design improvements that were found and future research 

work that need to be done. The research questions for this thesis were   

Q1) is an interface with a flattened hierarchal menu structure applicable in a geographical 

information system?  

Q2) Does a flattened hierarchal interface improve performance and efficiency in a 

geographical information system?  

Q3) how do users initially respond to this type of interface compared to a Ribbon interface? 

Q4) is the workload greater when using an interface that utilizes a flattened hierarchal 

structure? 

6.1 Results 

The pre-study found similarities to what have been seen before in the GIS development. 

While the usability testing showed more difference to previous research.   

6.1.1 Pre-study 

The result from the pre-study goes in line for what is currently happening in the GIS 

community. The shift from traditional system design to a more user-centered design has been 

applied by the developmental group (Lanter & Essinger, 1991; Mark & Frank, 1992).  The 

need of decentralize the system and provide it closer to the target systems does not only 

reduce time from creating a map to loading it to an aircraft. It also follows the trend in the 

GIS development, with having the systems more available to the novice user (Haklay, 2013).  

6.1.2 Usability testing 

The results from usability testing gave no significance for time on task. Unlike what has been 

found previously with flattened hierarchal interface and selection time on spatially consistent 

interfaces (Kaptelinin, 1993; Scarr, 2014).  There was no efficiency increase when using it in 

a GIS environment. For the subjective mental workload only the physical scale in the NASA 

TLX for the CM interface in the second task was significantly different. For the attitude 

questionnaire only significance that were found was in question 3 and 5 for both the before 

and after responses.  
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For the second research question regarding performance and efficiency, the results were 

inconclusive. It cannot be said whether a flattened hierarchal interface improve performance 

and efficiency in a GIS environment. A flattened hierarchal interface did however not show  

For the third research question about how the users will respond to a flattened hierarchal 

interface compared to a ribbon. It was found that the participants felt significantly more 

overwhelmed and more discouraged to use a flattened hierarchal interface compared to a 

ribbon interface. The qualitative data also back this up, where most participants told that they 

would rather use a ribbon interface but could see the strengths in having a flattened hierarchal 

interface. Therefore, initially the response to a flattened hierarchal interface is more negative 

than to the ribbon, but this could be due to being used with a ribbon interface. This could be 

seen in line with was found by Dosta´l et al (2010) that found that experienced users of a the 

WIMP interface were less satisfied with the ribbon interface for Word. Since all the 

participants were familiar with the ribbon interface and not the CM interface these results are 

understandable and could have been different if the users had used the CM interface over a 

longer period of time.  

The fourth and last research question, whether the workload would be greater when using a 

flattened hierarchal interface. There was only one scale in the NASA TLX scores that was 

greatly different between the interfaces. That was for the physical scale in the second task, the 

participant that had tested the ribbon interface in task one had a significantly higher physical 

workload for the CM interface in the second task. Mean values for the other scales showed no 

greater difference between the interfaces. The total workload was deemed as the same when 

using the interfaces. Compared to previous research we did not found the significantly 

difference in the temporal scale. The only difference that was found was in the physical scale. 

Where they found the CM interface to be less demanding it was found that it was more 

demanding compared to a ribbon interface.  

Our first research question whether a flattened hierarchal interface is applicable in a GIS 

environment can be answered with a yes and no. The technique does work in a GIS 

environment, there was however no substantial benefits of using a flattened hierarchal 

interface than a ribbon interface. The users where more positive towards the ribbon interface, 

but it is hard to say if this is an effect of being more used to it than with the CM-style 

interface.    
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6.2 Method 

The methods used in the pre-study and usability were deemed adequate to gather the data 

needed to answer the research questions. Different methods were thought of but ruled out in 

favour for the ones used in this thesis.  

6.2.1 Pre-study 

Using interviews as the main source of data collection for the pre-study seemed most suitable 

for this study and it did lead to important insights and needs that the future system needs to 

fulfil. There was a brief demonstration at the start of this thesis work for one to get more 

acknowledgeable with the system, that demonstration was not included in this thesis or in any 

data analysis. However in hindsight, deep observations could have been done to complement 

the interviews. This would have not only lead to a greater insight in the real workflow process 

but also shown how the users really use the system. There were a couple of factors that 

hindered the observations to be made such as security issues, lack of time and getting users. 

This could perhaps be suggestion for future research or design research in general than for just 

this thesis in specific. That observation is a powerful tool. After the pre-study a continuous 

discussion was held with former users of the system throughout the development of the 

interfaces.  

6.2.2 Usability testing 

The use of NASA TLX as measurement in the usability testing was made to see how 

demanding the interfaces were and also to be able to compare the results in this study with the 

one done by Scarr et al. (2014). There was a moment when the idea to use the System 

Usability Scale (SUS) or IBM’s Post-Study System Usability Questionnaire (PSSUQ). Which 

would have led to instead of measuring the mental workload of the user, one would have 

measured the user satisfaction and usability. The NASA TLX though is an accepted form of 

measurement in the HCI community and has been widely used for nearly 20 years. In some 

sense this thesis is a replication study of Scarr et al (2014) study but in a new environment. 

Instead of a word processing or image editing software, it was tested in a GIS environment. 

The NASA TLX along with attitude questionnaire is however a strong indicator on the user 

experience and user satisfaction. It is believed that the ease of use along with positive rating 

on the attitude questionnaire leads to a more positive rating on both the SUS and PSSUQ, but 

testing needs to be done before that statement could be seen as fact.  
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The prototypes where build in Visual Studio using C# and XAML, and where installed as 

add-ins in ArcGIS Pro 1.2. This worked enough for usability testing but took longer time than 

expected, which took time from both usability testing and redesigning phase. The redesigning 

phase was more or less taken out in the adjusted planning. One could ask why a rapid mock-

up or prototype tool was not used instead of Visual Studio. This was due to the realistic sense 

we achieved with having the prototypes as add-in in the real system. Studies have already 

shown the positive effects an interface like CommandMaps can have, now we just need to see 

if those effects are found in different environment and how we can improve the issues that 

users are having with it.  

The usability testing always the structure of completing task 1 and then task 2 with the second 

interface. We believe that this had no effect on the user which could lead to compromised 

result since the order of interfaces was balanced. The tasks were not balanced since we 

wanted to resemble a complete workflow process from making a geodata package and adding 

them to a geodata package collection. It is hard to generalize tasks in GIS since different 

application areas of GIS use it differently (Law & Collins, 2013). For this geodata supply 

chain to aircrafts and aviation, these task was deemed satisfactory. This decision was made 

with the supervisor from Saab.  

Instead of interviews one could have instructed the participants to write down their thoughts, 

like and dislike about the interface after a task. Our experience in the field tells though that 

you will receive much more feedback with interviews due to it being less demanding and 

more organic for the participant. The experimenter also has the opportunity to ask follow up 

questions on comments. The backside is there could be an experimenter expectancy effect, but 

this would have been countered by the attitude questionnaire. 

6.3 Interfaces 

The designing of the interfaces was heavily influenced by Norman’s principles of 

discoverability (2013). Signifier were added to signify affordances, mapping was done for the 

functions to resemble a left-to-right workflow, leaving users to know what is expected of 

them to do. Some of what Scarr (2014) had found also laid as a foundation for the flattened 

hierarchal interface mainly the use of not only having the “Ctrl”-button to activate the 

interface.  

Making the interfaces contextual was something that wanted to be implemented but was not 

able to do. Changing the flattened hierarchal interface from an “activate when keys pressed” 
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to a toggle or being able to lock the interface. The change could be done from having “Ctrl” to 

activate the interface and locking the interface by pressing “Shift” when interface is active or 

just change the activate function to a toggle function.  

Rather than just using one of the two interfaces, there could be an idea of combining them 

together. Either by having the CM interface act like a favourites window with user defined 

functions and panels then having all of the functions presented. This is somewhat 

contradicting to the idea of removing hierarchal structures but could be a step on the right way 

to getting the user to know the interface technique better before jumping straight to the new.   

6.4 Implications 

The air force is a pillar in a country’s military defence and security. Using the air force for a 

great variety of missions such as surveillance and reconnaissance. It put great importance that 

the geographical information handed to them is as updated and correctly as possible. This put 

great emphasis on being able to make quick and accurate updates to the existing maps and 

databases, so that the aircraft can take off with a clear view of what is ahead.  

Maps and visualization are not only needed in the aircraft and mission supper systems. It is 

also needed for training in simulators. To be able to train for a mission in a realistic 

environment before executing it or practicing maneuverers without requiring a physical 

aircraft is an important tool to improve the pilot’s skills.   

If a country is at war every second counts. Sending off aircrafts with outdated maps due to 

time shortage is not acceptable, not only is it dangerous since it could lead to the pilot flying 

into enemy territory. It could also lead to sending of an aircraft with not enough fuel due to 

faulty calculated route planning on outdated maps. To send out an aircraft under these 

circumstances could have a catastrophically outcomes.  

6.5 Future work 

For future research work a longitudinal study should be done with the user exposed to the 

interface for a longer period. Since one of the strengths of the interface is its spatially 

consistent place on the screen, a longitudinal study should be conducted with focus on 

memory.  

Usability testing the flattened hierarchal interface with a change to the activation button, such 

as having it on mouse or another key. Also see how the interface is accepted when used as a 

toggle rather than an active on press menu. 
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7. Conclusion 

This thesis found that a flattened hierarchal interface does not show any improvement in 

performance or efficiency compared to the ribbon interface in a GIS environment.  However 

in the same time it does not show a deficit in performance or efficiency either. The subjective 

response of the interface did not improve significantly after use and user were more 

discouraged and overwhelmed by the flattened hierarchal interface. The mental workload did 

not show any significant differences between the interfaces, this is true for both individual 

scales and a total score.  

The conclusion is that a flattened hierarchal interface can be applicable to a GIS environment, 

though it does not show any difference in performance, efficiency and workload. Users will 

tend to be discouraged and overwhelmed by the interface. This is believed to be an initial 

subjective feel that could change over time.  

We cannot say that the technique is an improvement in the desktop system interfaces, but it is 

also is too harsh to deem it out. When the ribbon interface was introduced it wasn’t received 

with roses, it got harsh criticism. But after been in use it is now rather common seeing the 

ribbon used instead of a classical hierarchal menu structure. Who knows, if the 

CommandMaps technique is utilized properly and left with the user for over some time it 

could in the future seen as the standard of desktop interfaces. 
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Appendix A 

Interview questionnaire for pre-study with DMGS users 

Participant information 

- Age 

- Name 

- Education 

- Working in Saab 

- Experience in GIS 

- Experience in DMGS 

Work 

- Describe your role as a DMGS user 

- Do you work equally with the different modules 

o If not, which is the main module in your work 

- How much time do you spend in the system 

- Are most projects the same  

o If not, what is it that variates between them 

- What is the most time consuming in your work with the system 

Latest project 

- Could you describe your latest project or a project that you remember 

- What was the purpose of that project  

- How long did you work with that project  

o What took time and why 

- Did you need any support from a co-worker, manual or something similiar  

o Who/what and how 

- What was difficult in that project 

- Did you encounter and problems 

o Which, and how did you handle them 

- Was the results what you expected 

Feeling 

- Which functions do you think work well 

o Explain why 

- Which functions do you think work poorly 

o Explain why 

  



 

 

 

Interview questionnaire for pre-study with developmental group 
Participant information 

- Age 

- Name 

- Education 

- Working in Saab 

- Experience in GIS 

- Experience in DMGS 

 

- Describe your role in the developmental group 

- How will the workflow process differ in the new compared to the old system 

- Describe what the fundamental components and functions are 

- In which way are they imported for the new system 

- Do they fit in the existing workflow 

- Have you encounterd any problems during the project 

- Which, and how did you handle them 

- Describe what functions you think work well (For ArcMap 9/10)? 

- Explain why 

- Describe what functions you think work poorly (For ArcMap 9/10)? 

- Explain why 

- Describe your work methods in the project 

- How much time have been put on the design and documentation 

- Which design choices have been made 

- How have the needs been gathered to take a design decision 

- How will the new interface in ArcGIS Pro effect the new system 

 

  



 

 

 

Appendix B 

Attitude Questionnaire 

1= Disagree 

5= Agree 

 

1. It will be/was easy to find controls in the interface 

 

1  2 3 4 5 

 

 

2. It will be/was easy to remember the locations of controls in the interface 

 

1  2 3 4 5 

 

 

3. The interface is/was overwhelming 

 

1  2 3 4 5 

 

 

4. I will be/was able to interact quickly with the interface 

 

1  2 3 4 5 

 

 

5. I would be discouraged from using software with this kind of interface in the future 

 

1  2 3 4 5 

  



 

 

 

Appendix C 

Task used in usability testing 

Task 1 

- Make a new Vector GP for Weapon System 20, name it with your name and ”GP” 

- Add the data layer “roads_Linkoping” to the GP 

- Add the data layer “railways_Linkoping” to the GP 

- Zoom in to the selected layers 

- Change the symbol of the layer “railways_Linkoping” to “Railroad” 

- Calculate the Validity of the GP 

- Change the state of the GP to “Locked for documentation” 

Task 2 

- Make a new GPC for MSS target system, name it with your name and “GPC” and 

version “1” 

- Assign the vector GP you made in the first assignment to the GPC  

- Open the metadata pane and write “Test GPC” in the description  

- Open the project folder through DMGS 

- Calculate the Validity of the GPC 

- Change the state of the GPC to “Locked for documentation” 

 

 


