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Definition of GIS 
The concept of E-Participation ladder was introduced to 
categorise the different levels of online user interactions 
(see Figure 1). At the bottom of the ladder, the 
communication is purely one-way. This level of interaction 
is, in fact, no interaction at all. The users act merely as the 
passive viewers of the online system and the system allows 
no external inputs. Comparatively, at the top of the ladder, 
there is an effective two-way communication between the 
system and the users [2]. One of the major difficulties of 
testing GIS applications is the fact that GIS has not found a 
stable and widely accepted position on the E-participation 
ladder. In other words, many GIS applications are purely 
one-way, providing maps without any means of interaction, 
and some GIS applications are highly interactive, allowing 
the users to choose from such communication methods as 
text, visual, voice and gesture [7,8]. Clearly, it is a pointless 
exercise to create a universal definition of GIS as different 
GIS applications will have different levels of interaction 
requirements. For example, GIS for emergency 
management used at large hospitals may require voice 
recognition in order for them to quickly locate a 
geographical location but websites that provide online maps 
of local city areas need not be interactive at all. However, in 
order to ensure the effectiveness and the accuracy of 
usability test outcomes, an average position of GIS on the 
E-participation ladder must be defined [2]. The definition 
should outline the minimum set of functions and the 
minimum level of interactions of a common GIS 
application. 
 

Study Criteria 
GIS systems have heterogeneous groups of users and, 
therefore, must be easy to use [2,5]. However, the general 
usability criteria for software engineering, such as the 
Nielsen’s usability heuristics, do not apply to the GIS 
applications [2]. This is largely due to the fact that most 
GIS applications are not meant to be trivial in its operations 
and the users are expected to know, to some extent, the 
purpose and the functions of the tools provided by the 
application [4]. This problem has resulted in many 
researchers trying to define the test criteria for GIS 
[1,2,3,4,5,6] and it is now imperative to summarise the 
suggestions of different studies to generate a general list of 
usability test criteria.  
 

Public Participation 
In line with the definition problem, GIS applications must 
define the level of public participation according to the 
level of interactions allowed [2]. For example, if a GIS 
application allows a high level of user interaction and relies 
on the users to enter in bank locations on the map, then 
public participation is crucial for that particular function to 
become useful. Although there has not been any detailed 
studies proving the existence of any correlation between the 
level of public participation and the level of GIS application 
success, it is believed that an appropriate level of public 

participation is required for a GIS application to become 
useful [2]. 

 
METHODOLOGIES 
The following sections describe the approaches used by the 
different studies. Each category is supported by multiple 
studies, where appropriate, in order to thread the different 
outcomes together for the overall view of the current 
usability study status.  

 
 

Criteria Study 
The usability study that defines the criteria for further 
testing is essential. The participants for one such study were 
the analysts from the Population Division of the U.S. 
Census Bureau. All the participants had prior exposure to 
one or more GIS applications and, as part of the study, they 
were asked to come up with the appropriate criteria for five 
different categories [1] (see Figure 2). As this was the study 
designed to formulate a list of common study criteria for the 
GIS applications in general, no one particular GIS 
application was used. Instead, the participants were given 
the freedom to base their inputs and opinions on any GIS 
application with which they were familiar [1]. 
Comparatively, in other studies that attempted to define the 
common study criteria, the participants were asked to 
comment on a specific GIS application [2,3,4,5,6]. These 
studies often had other main purposes such as comparing 
different GIS applications, measuring the performances and 
testing a particular set of GIS functions. Nonetheless, the 
criteria outcomes of these supporting studies are useful in 
deciding what should be included in the general list of GIS 
usability study criteria. In summary, the general approach to 
criteria study was asking the participants to write down 
what they think should be included in the criteria after 
having some exposure to GIS applications. 
 

Comparison Study 
The comparison study explored twelve GIS applications on 
eight different categories (see Figure 3) [2]. Among these 
twelve GIS applications, seven were developed in the US 
and five in Europe. One of the interesting focuses of this 

Figure 2. Criteria Categories 

Types of data

Analysis tools

Types of analysisDesired 
functions

Desired 
characteristics



 

study was h
countries had 

 

For example
descriptions o
possible expl
and difficult
Nonetheless, 
functional asp
test, each of 
participants in
be asked to a
for all twelve
‘very good’ a
this scoring s
This categor
supported som
marked with a
and, due to th
and median v
inspecting the
the most impr
is clear that 
qualitative as
functional as
categories ca
complete list 
 

Function Stu
The specific
overview fun
additional wi
provides a v
overview win
area. The ov
control. How
reduced main

1. Suitab

2. Data s

3. User g

4. Under

5. Data d

6. Gener

7. Qualit

8. 3D fun

ow GIS app
d varying level

e, GIS in U
of public faci
lanation is th
ty in obtain
the main focu
pects of the t

f the eight ca
n detail so the
assess the sys
 GIS applicati

and 5 being ‘v
system was th
ry was simpl
me level of 
a ‘no’. The re
he small numb
values of eac
e results table
rovement can 

the first ca
spects and the
spects of G
an be combin
of criteria for 

udy 
c function te
nction allow
indow, on to
iew of the en

ndow, the user
verview can 
ever, it may a
n map area, 

bility of web a

suitability

guidance

rstandability

description/m

rations of per

ty of visualisat

nctionality

Figure 3. Eva

lications dev
ls of strengths

US may cont
ilities than the
e differing le

ning the req
us of the study
twelve applic
ategories wer
ey fully under
stem. Each ca
ions, on a sca
very bad’. Th

he last categor
ly marked ‘y
3D functiona

esults from the
ber of particip
ch category w
e, the aspects
be identified 

ategory of stu
e second cate
IS. The resu

ned together 
future GIS us

ested was th
ws the users 
op of the ma
ntire map. B
rs can quickly
also give the
also have adv
difficulty in 

application for

metadata

sonalised view

tion

aluation Categ

veloped in di
s and weaknes

tain more d
e GIS in Euro
evels of avail
quired inform
y was compari
cations. Prior 
re explained 
rstood how the
ategory was s
ale of 1 to 5, 1
he only except
ry, 3D functio
yes’ if the s
ality, and oth
e test were com
pants, only the
were calculate
s of GIS that 
[2]. Addition
udies explore
egory looked
ults of these
to produce a
sability studie

he overview
to have a 

ain window,
By manipulatin
y pan across a
e users a sen

verse effects s
switching be

r the task

w

gories 

3

fferent 
sses. 

 

etailed 
ope. A 
lability 
mation. 
ing the 
to the 
to the 

ey will 
scored, 
1 being 
tion to 

onality. 
system 

herwise 
mpiled 
e mean 
ed. By 

needs 
nally, it 
ed the 
at the 

e two 
a more 
es [1,2]. 

w. The 
small 

which 
ng the 
a large 
nse of 

such as 
etween 

vi
ov
as
to
an
ta
an
lo

 

ta
lo
T
pa
w
tim
hy
hi
ha
pr
an
th
pr
co

 

 

iews and incr
verview [3].
ssumptions, 3
o perform on 
nd overview-d
asks belong to
nd navigation
ocating specifi

asks ask the p
ocate an objec

The performan
articipants, ac

were accuracy
me and num
ypotheses sta
igher accurac
ave difficulty 
refer the over
nd the overvi
he tasks [3]. 
resented in t
ontradict the h

F

reased navigat
In order t

32 participants
both overview
deactivated G

o two main cat
n task categor
fic landmarks o

participants to
ct or a buildin
nce on all the 
cross four diff
y, preference
mber of pan
ated that no-
y because res
integrating m

rview interface
ew interface 
The statistic

he findings s
hypotheses. 

Figure 4. Map 

Figure 5. Map

tion time thro
to prove an
s were given 
w-activated G

GIS (see Figu
tegories; brow
ry. The brows
on the map an

o scan throug
ng that fits cer

tasks was me
ferent categori
e/satisfaction, 
n actions. T
-overview int
search has sho
multiple views
e as it gives th
would be fast
cal analysis 
section, will 

with no Overv

p with Overvie

ough the misu
d quantify t
ten specific 

GIS (see Figu
ure 5) [3]. Th
wsing task cate
sing tasks inv

nd the navigati

gh a large are
rtain requirem
easured, for th
ies. The categ

task compl
he three pre
terface will 
own that the u
s, participants
hem more con
ter for compl
of the outco
either suppo

view 

ew 

use of 
these 
tasks 

ure 4) 
e ten 
egory 
volve 
ion  

 

ea to 
ments. 
he 32 
gories 
letion 
e-test 
have 
users 
s will 
ntrol, 
leting 
omes, 
ort or 

 



 

 

MULTIMODA
This categor
discrepancies
multimodal i
interactions 
emergency m
through keyb
gesture recog
this report thr
and motion. A
input will be
applications. 
studies that te
criteria are 
therefore, exe
the same con
of one anothe

  
FINDINGS 
The outcome
section are di

 

 

Criteria Sugg
Almost all st
should be use
Some of the 
study involvin
the Census B
categories we
indicated tha
housing-unit 
and net-migr
applications [
of future ana
map migratio
altitude level
military, etc
category, des
tools, identi
interface and
crucial impro
applications. 

•Qual

•Usab

•Ease

•Ease

•User

F

AL STUDY 
ry of studie
 of differe

interface allow
[6]. For ex
management 
board and m

gnition as inpu
ree domains w
Along with th
e considered 
It is beneficia

est specific fun
in line with 
emplifying ho

ncept can supp
er. 

es of the stu
scussed and c

gestions 
tudies attemp
ed with GIS u
interesting fi

ng participant
Bureau, US, 
ere identified. 
at the users w

counts/numb
ration informa
[1]. For the se
alysis tools, th
on rates, flow
ls, types of 
) and agricu
ired usability 
fied process

d more interes
ovements to 
Since most o

lity of Visualis

bility of visual 

e of data inter

e of use

r satisfaction

Figure 6. Comm

es compares
ent multimod
ws more than
ample, a G

supports vi
mouse, speec
ut methods [7]
will be consid
he overview fu

as a specifi
al to compare 
nctionalities to

h the first tw
ow studies at
port and emph

dies mention
compared to on

pted to define
usability testin
indings are as
ts from the Po

preferences 
The first cate

wanted previo
bers, in-migra
ation incorpo
econd categor
he users want
ws of each 
buildings (e.
ultural inform
characteristic

ing speed, 
sting interacti

be made to
of the particip

sation

components 

pretation

mon Usability 

 the perfor
dal interface
n one way o
IS applicatio
isual manipu

ch recognition
]. For the purp
dered; visual,
unction, multi
ic function o
the outcomes
o see if the us
wo categories
t different lev
hasise the out

ned in the pr
ne another. 

e some criteri
ng [1,2,3,4,5,
s follows. Fro
opulation Divi

for three di
egory, types o
ous census fi
ation, out-mig
orated into th
ry, desired fun
ted the capabi

country to o
.g. home, ho
mation. The 
cs of future an
visually app
ion methods 
o the curren
pants utilised

 

Criteria 

4

rmance 
es. A 
of user 
on for 
ulation 
n and 

pose of 
verbal 

imodal 
of GIS 
 of the 

sability 
s and, 
vels of 
tcomes 

revious 

 

ia that 
,6,8,9]. 
om the 
sion at 
fferent 

of data, 
figures, 
gration 
he GIS 
nctions 
ility to 
others, 
ospital, 

third 
nalysis 
pealing 
as the 

nt GIS 
d some 

G
fu
H
th
ov
of
us
to
w
a 
se
us
tr
te
a 
w
T
fi
by
ap
fu
us
ta
in
th
fu
an
m

 

 

C
P
F
V
St
fo
in
a 
w
pe
ho

GIS applicatio
unctions and 

However, many
he results fr
verlapping cri
f visual comp
se and user sa
o the usability

was considered
tool and reco

eparate issues
sage during th
ranslate to su
esting phase. T

whole depen
when the tools
This is a crucia
indings of dif
y most of t
pplications ar
unctions and 
sability criter
aken to ensur
ntroduce easy
hey may kn
unctionalities 
nd only then,

measures of us

Comparative R
ilsen Project
lorida, Resou

Virtual Slaith
tatistics Proje
or the compar
ndicated that D

personalized 
with the highes
erforming cat
owever, since

Criteria 

Suitability of w

Data suitability

User guidance

Understandabi

Data descriptio

Generations of

Quality of visu

3D functionalit

Table 1. Re

on at a pr
characteristi

y of the findin
rom other s
iteria were qu
ponents, ease 
atisfaction (se
y of function
d that being ab
ognizing when
s [4]. This m
he pilot testin
uccessful tool
The usability o
nds largely up

are useful and
al piece of in
fferent studies
the studies m
re tested but 
the tools of t

ria. The most 
re the usabilit
y and effectiv
now how 
[4]. If GIS ap
 the common
ability status o

Results 
t, Orange Co
rce Managem

hwaite Projec
ect were some
rison study [2
Data descripti

view of info
st mean values
egories (see T
e the samplin

web application

y 

ility 

on/metadata 

f personalised v

alisation 

ty 

esults of Usabil

ofessional le
ics are detai
ngs from this 
tudies. The 
uality of visu

of data inter
e Figure 6) [2

ns and interpr
ble to understa
n that tool ca
meant that th
ng phase does
l usage in th
of tools and G

pon individual
d how the too

nformation tha
s. The genera
may unify th

they will no
these applicat
effective me

ty of tools an
ve ways to tr
and when 
plications can

n criteria will 
of GIS applica

ounty Interac
ment Mapping 
ct and Brad
e of the GIS 
2]. The outco
ion/metadata 
ormation wer
s, meaning th

Table 1). It is i
ng pool was s

n for the task 

view 

lity Test on GI

evel, the de
iled and spe
study overlap
most comm

alisation, usab
rpretation, eas
2,6,8,9]. In reg
retation of da
and the purpo

an be used are
he successful 
 not automati

he actual usab
GIS applicatio
l understandin

ols can be used
at links the cr
al criteria acce
he ways the 
ot ensure tha
tions meet ce
easure that ca
nd functions 
rain the users

to use spe
n achieve this,
 become effe
ations. 

ctive Mappin
Service – Illi

dford Commu
applications 

omes of the s
and Generatio

re the two cr
ese were the w
imperative to 
small in size 

Mean 

2.29 

2.44 

1.98 

2.25 

3.13 

3 

2.44 

4 Yes/8 N

IS Application

esired 
cific. 
 with 

monly 
bility 
se of 
gards 

ata, it 
ose of 
e two 

tool 
ically 
bility 

ons as 
ng of 
d [4]. 
iteria 
epted 

GIS 
at the 
ertain 
an be 
is to 

s that 
ecific 
, then 
ective 

ng – 
inois, 
unity 
used 

study 
on of 
iteria 
worst 
note, 
such 

No 

ns 



 5

that it was only appropriate to calculate the mean and the 
median values for each criterion, there may or may not be a 
statistically significant difference between the score of 3 
and 2. Therefore, for the purpose of this report, the 
assumption is that the two worst performing categories are 
the aspects of GIS that require most improvements. The 
first criterion, Data description/metadata, refers to the 
degree to which the application can provide the users with 
the correct information about the data it presents. For 
example, if a GIS application can display public facilities 
on the map, it is desirous to be able to tell apart public 
libraries from city halls. This is indirectly related to the 
findings from the criteria studies. The reason for the 
absence of correlation between successful pilot test 
outcomes and successful real usability test outcomes is lack 
of understanding of the system functions [1]. If the level of 
data and metadata description was sufficiently high such 
that the users are able to understand the purpose of GIS 
functionalities more clearly, then the outcomes of 
comparative study would be different. The second category 
was Generation of personalised view of information. The 
users wanted the option to be able to change the layout of 
the applications [2]. Being able to personalise the view 
gives the users a heightened sense of control and, therefore, 
the users feel more comfortable using the system [2]. The 
findings of this category should be incorporated into the 
future GIS usability studies to ensure an appropriate level 
of data description and personalization. 

 
Criteria  Results  Hypothesis

Accuracy  F(1,28)=0.144, p>0.5  False

Preference/ 

Satisfaction 

X2(1,N=32)=12.5, 
p<0.001 

True

Task Completion 
Time 

F(1,28)=5.27, p<0.05  False

Number of Pan 
Actions 

F(1,28)=10.90, p<0.01  N/A

 

 

Overview Function 
Based on the hypotheses previously established, ANOVA 
and p-value analyses were conducted on the outcomes (see 
Table 2) [3]. The first hypothesis, which stated that no-
overview interface will have higher accuracy because 
research has shown that the users have difficulty integrating 
multiple views, was proven to be false. There was no 
statistically significant difference in accuracy between the 
overview and the no-overview interfaces. The second 
hypothesis, which stated that the participants will prefer the 
overview interface as it gives them more control, was 
proven to be correct. Among the 32 participants, 26 
preferred the overview interface as it was easier to keep 

track of the current position, easier to navigate and helpful 
when scanning a large area. Interestingly, the other 6 
participants preferred the no-overview interface because 
locating objects felt faster with the no-overview interface, 
overview window was taking up too much space on the 
screen and, for that reason, the map appeared much larger 
without the overview screen. The third hypothesis was also 
disproven. It stated that the overview interface would be 
faster for completing the tasks. This hypothesis was based 
on the outcomes of prior GIS usability studies [3]. However, 
the results indicated that the no-overview interface was 
much faster in completing a given task. Possible 
explanations are that overview may be distracting, 
switching between views takes time, coarse control on the 
overview window decreases accuracy and increases task 
completion time and the users never really become 
competent in utilising the added complexity of the overview.  
As it can be seen from this study, there are clear advantages 
and disadvantages to using a particular function. The 
function must be properly designed and, as it was 
concluded from the second category, it must be 
accompanied by proper user training and description so it 
can be utilised effectively and efficiently by the end users 
[2,3,4].  

 

 
 

 

Multimodality 
The point of interest for the multimodal studies is the task 
completion time. The outcomes indicated that the 

Table 2. Results of Overview Study 

Figure 7. Results of Multimodal Study 
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multimodal GIS applications are much faster in completing 
the tasks within the visual/spatial map domain (see Figure 
7). In other words, using both speech and visual 
manipulation through keyboards and mouse resulted in 
quicker response times for an average user [8]. In line with 
the findings from the first category, using multimodality not 
only has the potential to decrease the task completion time 
but it can also increase the usability of GIS applications 
through allowing more natural methods of interactions such 
as speech and gesture [1,7].  
 

CONCLUSIONS AND FUTURE WORK 
This report defined the current status of GIS usability 
studies. There are various kinds of tests with different 
approaches to suggest what should be included in the GIS 
usability study criteria. The comparison study, overview 
interface study and the multimodality studies all generated 
interesting results about the GIS applications at different 
granular levels. From the outcomes of these studies it can 
be concluded that the most important aspects of GIS 
applications are visual appeal, ease of use, description of 
data, description of functionalities and personalization. 
Having more sophisticated tools may increase the 
capabilities of GIS applications but, since knowing what a 
tool does and knowing when and how to use that particular 
tool are unrelated issues, it must be accompanied by 
effective ways to train the users that they may be able to 
fully utilise the functionalities. Therefore, in summary, the 
level of support provided by the GIS applications to quickly 
and efficiently train the users to use specific functions 
should be one of the core aspects of future GIS usability 
studies. Future studies should also explore the effectiveness 
of functionalities such as 3D visualisation, user 
participation and new interaction methods to determine how 
they affect some of the core study criteria identified 
throughout this report. Therefore, the ultimate goal of future 
usability studies should be to clearly identify where an 
average GIS application is located on the E-participation 
ladder and what specific requirements must be included in 
the study criteria. This will ensure that the GIS application 
usability studies are carried out properly and the outcomes 
of such studies can be considered as a valid indicator of the 
usability of GIS applications.  
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