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Abstract — With the increased release of Open Government 

Data (OGD), several problems hinder the breakthrough of the 

Open Data agenda into the mainstream. One of these problems 

is the slow acceptance of OGD by non-expert end-users. They 

do not have the technical skills and prefer a human-readable 

format compared to the experts who demand machine- 

readable data. Recently, some OGD portals added interactive 

visualizations to ease the use of OGD by non-expert users. 

However, the question of human-usability or what makes it 

easier for non-experts to interact with OGD visualizations, 

remains open. With the aim to answer this question, we report 

results on the evaluation of OGD visualizations from the field 

experiment conducted with non-expert users. We discuss 

results and insights to inform designers and OGD providers.  

Keywords - data visualization; empirical evaluation; open 

government data; non-expert users. 

I.  INTRODUCTION  

This paper is an extended version of [1]. In this paper we 
provide more detail on the conducted field experiment; 
explain how the Visualization Evaluation Design 
Constructor (VEDC) was applied and provide more detail 
about experiment results and observations, including 
informal comparisons with Data USA portal and an 
extension to the previous discussion.  

The current number of released datasets is now over 18 
million [2]. According to dataportal.org, there are 520 
registered government portals [3]. On the International Open 
Government Dataset Search, there are 192 catalogs in 24 
languages, representing 43 countries [4]. These numbers 
represent a growing supply of OGD for users.  However, 
there are many barriers preventing OGD breakthrough into 
the mainstream [5].  One possible barrier, which we 
investigate, is the limited usability of open data.  

A study on barriers to Open Data Agenda, found that the 
initial focus has been on the supply side, followed by a focus 
on data discovery and integration; only recently, with the 
increased development of data applications, the concern has 
been raised on the demand side [5]. Additionally, the desired 
format of the data is one that is machine-readable. The 
motivation is based on the principle of completeness so that 
the community has access to raw information from datasets 
[6].  

A downside to this motivation is that it is only usable by a 
small percentage of the community, those with technical 
computer skills, such as computer programmers and data 
analysts, i.e. the experts in data creation, modification, and 

manipulation. The focus on machine-readability has limited 
the human-usability of open data. The users with a lack of 
technical skills, particularly common citizens, will find using 
OGD in the form of reports, visualizations and applications 
more usable [7]. On the other hand, informed citizens can 
view visualizations and analytical results [8]. 

Several studies addressed the question of OGD demand, 
its consumption and the lack of user’s technical skills. 
Shadbolt et al. [8] listed several lessons that can form part of 
a roadmap to move away from raw government data to a 
Linked-data Web (LDW) that can be regularly consumed by 
citizens.  Ding et al. [9] developed the Semantic Web-based 
Tetherless World Constellation (TWC) Linked Open 
Government Data (LOGD) portal to support LOGD 
production and consumption. They concluded that LOGD 
must provide service to a diverse set of stakeholders, 
including average citizens.  The MIT Media Lab created the 
free software portal DataViva, as an information 
visualization engine, to make open government data more 
comprehensible for the average user [10].  

Furthermore, the MIT Media Lab, in partnership with 
Deloitte and Datawheel, released “the most comprehensive 
website and visualization engine,” Data USA, to make it 
easier to use OGD for people without technical skills [11].  
Graves and Hendler [7] proposed use of visualizations to 
deal with a lack of technical expertise and developed a 
prototype tool to simplify the creation of visualization based 
on Open Data for non-expert users.  

Though, none of these studies had provided a formal 
evaluation of human usability of OGD, they acknowledged 
the need for visualization [8], its potential to lower demand 
on technical expertise [7][9][11] and the need to evaluate 
how citizens can participate, and what makes it easier for 
them to consume OGD [7].  We characterize a common 
citizen, an average user or a user without technical skills as a 
non-expert user. 

This paper is organized as follows. First, we investigate 
what stops non-expert users utilize OGD. Secondly, we 
evaluate what limits usability for non-expert citizens in using 
existing OGD visualizations incorporated into portals [1].  In 
Section II we provide an overview of the identified problems 
and challenges in visualization and its evaluation.  

Next, motivated to better understand the complexity of 
visualization evaluation, we conceptualized the Evaluation 
Method Mapping (EMM) approach. This approach and how 
it was applied, is described in Section III. In order to access 
possible evaluation methods and techniques, we developed 

355

International Journal on Advances in Software, vol 10 no 3 & 4, year 2017, http://www.iariajournals.org/software/

2017, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



the Visualization Evaluation Design Constructor (VEDC). 
The VEDC is a framework that consists of four, essential for 
any evaluation, elements: general goals, evaluation methods, 
theoretical implications and practical aspects. The VEDC 
was applied to construct a task-based field experiment. The 
use of VEDC is also explained in Section III.  

A formal experiment was conducted to evaluate the 
usability of three different visualizations: 1) TreeMap, which 
represents data in percentage terms; 2) Map, which 
represents the spatial distribution of variables, and 3) 
Stacked, which represents growth of a variable over a period 
of time. The results and findings are shown in Section IV. 
Furthermore, we discuss significance and implications of the 
results in Section V. Finally, Section VI contains our 
conclusions and offers directions for future work.    

II. BACKGROUND 

A. Multi-disciplinary fusion of Visualization 

 
Visualization is an effective technique for the 

communication of data, due to our natural ability to 
understand patterns. Ware [12] provides a scientific 
explanation:  

“The human visual system is a pattern seeker of 
enormous power and subtlety. The eye and the visual cortex 
of the brain form a massively parallel processor that 
provides the highest bandwidth channel into human 
cognitive centers.”  

Ware [12] views the role of visualization in cognitive 
systems as small but crucial and expanding. Though, Ware 
highlights several capabilities of information visualization, 
including its ability to help humans comprehend large 
amounts of data; he takes a view that all people have the 
same visual system, which can only perceive presented data 
in a particular way. Thus, he argues, if we can understand 
how we perceive data, we can build better visual displays. 
Shneiderman [13], from the field of Human Computer 
Interaction (HCI) views information visualization as a 
subfield. There is no strict formula for a successful interface 
but only a few basic approaches.  The computer is seen as a 
‘tool’ to extend the user’s body, in order to create experience 
where the user is in control, confident and focused on their 
goal. This optimal experience is achieved through a balance 
when the interface is simple, not confusing, but at the same 
time—not boring.   

Two decades ago, Butler, Almond, Bergeron, Brodlie, 
and Haber [14], in their discussion of the general 
understanding of visualization, asked if visualization is a 
general process or “a collection of unique, unrelated 
techniques?” They queried if the scope of the visualization 
reference model should include related domains: visual 
perception, computer-human interface and computer 
graphics? Who should use it—providers, developers or 
users? Would they use it to learn techniques, to evaluate 
systems, to design systems or to define standards? Since 
then, several visualization reference models and taxonomies 
of visualization techniques were developed, including: a 
data-oriented taxonomy by Card and Mackinlay [15] and a 

type-by-task taxonomy by Shneiderman [17].  Also, Khan 
and Khan [16] have published a collection of all 
visualization techniques, giving each a brief introduction to 
guide young researchers through their work in visualization. 

A decade ago, Lengler and Eppler [18] overviewed the 
discipline of visualization studies and found it a highly 
unstructured domain of research in the context of applicable 
visualization methods.  To provide assistance for researchers 
and practitioners, a user-centered periodic table of 100 
visualization methods was created as a prototypical example 
based on Shneiderman’s Visual Information-Seeking 
Mantra. In their table of visualization methods, they 
highlighted the fact that there is not necessarily one 
appropriate method but rather a few different methods that 
could be applied for a particular requirement. By using this 
table, a designer could see which methods are providing 
overview, overview and details on demand, and which 
methods are good at providing additional details.  

They also categorized visualization methods according to 
cognitive processes: convergent and divergent thinking. For 
example, an area chart, which is a type of data visualization 
method and a data map, which is another type of information 
visualization method, can both be used to overview an entire 
collection of items (Shneiderman’s design principle [17]). 
The treemap, an information visualization method, can be 
used for simultaneous overview and detail (Shneiderman’s 
design principle [17]). These three methods of visualization 
are applicable to the cognitive process of convergent 
thinking. Lengler and Eppler [18] used several selection 
criteria before a specific method was included in the table: a 
method must be fully documented, must be put into practice 
in real-life, must illustrate complex issues, must be 
applicable by non-experts and previously evaluated.  

These criteria reflect the underlining multi-disciplinary 
fusion of visualization in general, and the information 
visualization field, which originated from low level 
perception and statistics, and in modern times includes [19]: 
“color theory, visual cognition, visual grammars, interaction 
theory, visual analytics, and information theory.” This 
inherited multi-disciplinary fusion causes a challenge for 
scientists to define a unified theory of visualization. 

Traditionally, a general theory can be formulated through 
the process of eliminating or unifying competing and 
complementary theories, from determined domains [20].  In 
regards to data and information visualization, some possible 
theories were discussed by a group of scientists from Brown 
University in the US [20]. Demiralp [20] identified a need 
for specific and restricted theoretic models that would 
provide explicit methods for effective visualizations. He 
concludes that the question of how to measure and construct 
effective visualizations, in general, is an unsolved problem.  
Laidlaw [20] observed a controversy in identifying what 
defines a theory of visualization.  Wijk [20] stated that the 
discipline of visualization is a technology and not a science. 

In order to understand what works and does not work, 
there is a need to develop methods and techniques and a need 
for cross-cutting insights as a guide in searching for new 
visualization solutions. Ware [20] argued that the reason why 
visualization works is in its transformation of data, which 
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creates visual patterns. These patterns, due to natural human 
perception skills, then help to solve problems. Since theory is 
based on generalized experimental results, then, in “the case 
of data visualization in large part this has to be the theory of 
perception” [20]. Thus, applied perception and distributed 
cognitive algorithms are all that is needed for the theory of 
visualization design.  In addition, the panelists argued [20] 
that evaluating visualization with user studies is insufficient 
and inefficient when an inductive approach is used.   

B. Evaluation challenges 

However, the advantage of evaluating visualization has 
many different values for other researchers. Plaisant [21] 
sees evaluation value, particularly by potential adopters or 
new users, in the discoveries of the same data through new 
perspectives i.e. in answers to questions “you didn’t know 
you had” and even possible changes in work practices. She 
argues that controlled experiments and usability studies help 
to recognize the tool’s potential and limitations. Lam et al. 
[22] define evaluation as a complex science which aids in the 
detailed understanding of a tool or system and their 
supportive processes. This includes “exploratory data 
analysis and reasoning, communication through visualization 
or collaborative data analysis.”  They specified evaluation as 
an assessment of the visualizations themselves and 
contributed a new, scenario-based approach for the 
information visualization research community [22]. 
Carpendale [23] emphasized the importance of empirical 
research and called for more convincing evaluations to 
encourage wider adoption of information visualization tools.   

Despite the difference in opinion on the benefit in 
evaluation of visualization and the existing lack of a unified 
theory, in terms of design principles, significant and well-
established work has been done in the fields of data and 
information visualization and HCI.  

Shneiderman [17], the inventor of treemap visualization, 
developed a type-by-task taxonomy to guide designers of 
advanced graphical user interfaces: overview first (“Gain an 
overview of the entire collection”); zoom (“Zoom in on items 
of interest”) and filter (“filter out uninteresting items”); then 
details-on-demand (“Select an item or group and get details 
when needed”). He defined these as basic principles, 
commonly known as the Visual Information Seeking Mantra. 
He used this mantra as a starting point to propose a type-by-
task taxonomy (TTT) of information visualization, adding 
new tasks: relate, history, and extract. These seven tasks 
represent a high level of abstraction based on the user’s 
problems, to be solved in seven data types: “1-, 2-, 3-
dimensional data, temporal and multi-dimensional data, and 
tree and network data” for controlled exploration by users 
[17]. Shneiderman [14] also laid the philosophical 
foundation for designers to make systems comprehensible, 
the interfaces predictable and controllable, and the features 
understandable for the tasks.  The design must amplify user’s 
capabilities and make users feel like masters who can 
accomplish their tasks with pride.  

To achieve this, the theory of visualization needs 
methodologies to integrate its rules into visualization 
software [19]. The designers of visualizations need a 

reminder that serving a human need is the purpose of 
technology [24]. Information visualization needs new 
evaluative methodologies for usability studies, with a 
learning-centered perspective [25]. The evaluators need 
improvement of usability testing. This will help to conduct 
more rigorous empirical research, where the methodology 
fits a proposed research question, a given situation and a 
research goal [23]. Plaisant [21] recommends evaluations 
where tools are matched with users, tasks, and real problems. 
She describes recorded observations of users as “the basis for 
refinement or redesigns, leading to better implementations, 
guidelines for designers and the refinement of theories.” 

Additionally, there are still ten major unsolved 
information visualization problems [25]. They are usability; 
understanding of elementary perceptual-cognitive tasks; 
prior knowledge in operating devices and domain knowledge 
to interpret content; education and training through 
accessible tutorials for the general public to promote 
awareness of the potential and problems of information 
visualization; quality metrics to enhance advances in 
evaluation and selection of visualizations; the enduring 
scalability problem; understanding interaction of insights and 
aesthetics; necessity to distinguish visualization processes 
with built-in trend identification mechanisms and without; 
algorithms resolving conflicting evidence; and the challenge 
of knowledge domain visualization (KDViz) [25]. These 
unsolved problems [25] add complexity to information 
visualization in general and its evaluation.  

Finally, there is an important element in the process of 
evaluation—the human factor [16]. Since the evaluation of 
visualization is directly related to human-computer 
interaction and interaction with an interface to complete 
tasks, finding an appropriate sample of participants can be 
challenging [23]. In Graves and Handler’s [7] paper which 
evaluated tools and visualization techniques for OGD 
visualization, the majority of users had some technical or 
domain expertise.  In the papers that investigated multiple 
cases of evaluations, concern was raised on the overreliance 
on students [22][23]. The reasons are varied.  In some cases, 
the expertise of the participants is necessary [23] and in 
some, it is simply difficult to find the intended users, have a 
large enough sample and conduct an effective empirical 
evaluation. The most challenging part is to relate [23] “a new 
set of results to previous research and to existing theory.”  In 
our case, we could not find any related formal evaluation of 
OGD interactive visualizations by non-expert users, nor 
could we confidently use one general theory.  

However, to evaluate OGD visualizations, we identified 
our intended users. We found and adopted two simple 
arguments made by Barrence [10] and Hammer [27]: 
“There’s not a lot of value for data without the right 
visualization,” and “Open data has little value if people can’t 
use it.” 

III. METHODOLOGY 

Our overall approach was based on systematic 
investigation of what was clearly understood and what was 
not in the evaluation of visualizations.  However, through 
our literature research, we realized that all problems 
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surrounding OGD can be divided into two types: inherent 
and accumulated.  

A. The Evaluation Method Mapping approach 

The inherent types are interoperability, scalability, 
accessibility, integrity, reusability, integration, visualization, 
production, quality, and interaction. These are not new 
problems for researchers and some of these problems can be 
defined as general problems. These problems have already 
been investigated and their evaluation methods can be easily 
found through literature research.  

The accumulated problems or the new problems are 
transparency, social barriers, cultural barriers, participation, 
technical barriers, legislative barriers, regulation, supply and 
demand, economic impact, cost of release, maintenance cost, 
management and resource allocation, which occurred 
recently with OGD release or are directly related to OGD. 
However, when both inherent and accumulated problems are 
broken down into specific issues, the similarities of these 
issues can be matched. Then, through the matching of issues, 
the methods of evaluation can be found much easier by 
viewing directly related sources. This is how we arrived at 
the idea to conceptualize the EMM approach and created the 
first version of a manually compiled repository (See 
Appendix A).  

For example, Martin [5] investigated: implementation 
barriers and barriers to use in relation to the open data 
agenda.  One of the found issues/barriers [5] is “limited 
interoperability between government ICT systems.”  If we 
look at the inherent general problem in our repository as 
shown in the Table I, we find a list of investigated specific 
issues, including “system interoperability.” 
  

Table I. Partial excerpt from Appendix A repository. 
 

Accumulated 
Issues 

Inherent 
problems 

with 
specific issues 

Known 
evaluation 
methods 

Source with 
links 

 
Limited 

interoperability 
between 

government 
ICT systems 

 
Interoperability 

(general 
problem) 

Specific issues: 
System 

interoperability 

 
System 

Interoperability 
Framework 

 
Authors and 
links to the 

source 

 
These listed issues are directly related to the next column 

and its known evaluation methods, including practiced and 
proposed methods, models, frameworks, measures, metrics, 
and evaluation criteria. These methods are connected to the 
subsequent column, which provides a source of information 
and a link. If a researcher decides to proceed with evaluation, 
they will find actual links as shown in Appendix A (not 
shown in Table I for brevity). There, they can find the 
examples of methods and examples of how to collect and 
analyse data.  

Initially, we used this repository to find methods for our 
evaluation of interactive visualizations.  In the inherent 
problems of visualization is a list of 18 different known and 
investigated issues. It is easy to see the listed methods in the 

next column: high-dimensional data visualization analysis, 
practice of evaluating visualization, evaluation methods, user 
interface evaluation, simple visual prototypes and task sets 
based on a visual taxonomy, heuristic evaluation and an 
evaluation of several quality predictors for model 
simplification. For our empirical evaluation of interactive 
visualization techniques, we chose a field experiment, which 
is usually conducted in a realistic setting and allows an 
experimenter to have some degree of observation [23]. The 
provided sources of information revealed several challenges 
for information visualization empirical research: difficulty in 
finding the right focus, asking the right questions and 
working out sufficient and precise procedures for data 
collection.   

B. The Visualization Evaluation Design Constructor 

Further investigation uncovered that evaluation of 
information visualization is closely related to HCI 
evaluations, when tasks are based on interaction with an 
interface: overview, zoom, filter and getting necessary 
details [17]. Furthermore, it relates to the usability of a 
system, interface or device. Thus, the challenge is to 
understand results clearly in order to identify where the 
problem is: in the application, in a specific technique [23] or 
in the design of device.  

To overcome these challenges, we obtained inspiration 
from Lam’s et al. [22] suggestion to reflect on goals and 
questions prior to a decision of applying specific methods.  
As a result, we used meta-data analysis to generalize 
research questions into more generic groups These groups 
were further classified into general research goals based on 
their strategic orientation: problem-oriented, theory-oriented, 
product-oriented, process-oriented and user-oriented. On a 
higher, conceptual level, their complex interrelation allowed 
us to classify them based on their key strategic focus. 
Furthermore, by analyzing and generalizing theoretical 
implications [23] and practical aspects [22] of evaluation, we 
defined four essential elements common to all related fields. 
These are general goals, evaluation methods, theoretical 
implications, and practical aspects. Based on these elements 
we developed the VEDC framework as shown in Figure 1. 

 

 
 

 
 

Figure 1. Visualization Evaluation Design Constructor (VEDC) 
framework. 
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The VEDC emphasizes the interconnectedness and 
interrelation of the essential elements for evaluation of any 
visualization. We argue that for any evaluation there are at 
least four essential elements: a general goal with a particular 
strategic focus, one evaluation method or combination of 
different methods, an underlying theory or a set of theories 
and subsequently, some practical aspects.  

Our overall approach to this study is a combination of 
qualitative and quantitative approaches which complement 
one another [23] in order to find potential usability issues 
and inform designers [22]. The general goal was strategically 
focused on the user (user-oriented). Based on the general 
goal, we overviewed the literature related to the users’ 
requirements, needs, wants, desires and user interaction with 
systems, devices, applications, interfaces and visualizations, 
and their evaluations [7][17][21][23][24].  

This helped us to choose our method – a field experiment 
to obtain empirical evidence with an emphasis on realism 
[16][17][22][23]. The perception of data visualization [22], 
the choice of design [28], the Visual Information-Seeking 
Mantra principles of information visualization application 
design [17], and the usability test for use of data 
visualization tool [22] provided theoretical background.  
Subsequently, we could not avoid the consideration of 
practical aspects such as: procedures and techniques 
[21][22][23]; sample size [22][23][26]; data collection and 
analysis [21][22][23]; research ethics; and observer-
experimenter-evaluator effects [21][22][23].  

The VEDC was created to overview the Literature on the 
existing evaluations and their analysis. We view the VEDC 
framework as an advanced method for organizing literature 
related to evaluation research. The VEDC is currently 
limited but can be used as a guide (See Appendix B, C, D 
and E) with the existing four repositories of collected 
information and related sources.   

Each repository has a set of the most common goals with 
related (most) common research questions (See Appendix 
B), a set of related evaluation methods with related possible 
theoretical implications (See Appendix C), a set of 
theoretical implications with direct relations to the theories 
(See Appendix D) and a set of practical aspects that could 
have implications on the research (See Appendix E). 

The first repository has four strategically-oriented goals. 
Each goal has generically grouped problem question(s) 
directly related to the common research questions. These 
generic questions lead to the directly related existing sources 
of information. The information in the sources includes 
solutions and recommendations, helping to clarify research 
questions.  Once the research question is clarified, the next 
step is to look for evaluation methods.   

The second repository represents existing evaluation 
methods:  a perception based evaluation, empirical studies, 
quantitative and qualitative evaluations, etc. Each method 
has information on possible known theoretical implications 
and specifically related descriptions of the existing methods. 
These are: a controlled user study, scenarios for 
understanding data analysis, quantitative experimental 
research, etc. The provided descriptions indicate what can be 
found in the existing sources of information.  

The third repository classifies theoretical implications 
and existing theories under interrelated fields. They are: data 
visualization, information visualization, human-computer 
interaction, cognitive psychology, computer graphics, etc. 
The descriptions of theoretical implications lead directly to 
the existing sources of information.  

The last repository defines practical implications in 
evaluations under general titles. These are: procedures and 
techniques, evaluators, participant’s sample sizes, data, 
observer (or experimenter or evaluator) effect, tools for data 
collection and research ethics. Each general title has more 
specific descriptions. Each description leads to the existing 
source of information.  

As an example, researchers can find how to compare 
heuristic evaluation and cognitive walkthrough, etc. The 
steps from one repository to another are not essential which 
makes the VEDC more flexible in use.  

C. Web-based field experiment 

Our overall method is based on a set of task-based 
experiments and observations.  

To evaluate the usability of open data interactive 
visualization techniques, we performed a web-based field 
experiment using the DataViva [10] as a tool for interaction 
with visualizations. DataViva is a web portal for Brazil's 
open data developed in partnership with the MIT Media Lab 
[10]. Since starting this investigation, the MIT Media Lab 
has also launched the Data USA open data portal, which 
contains updated visualizations [11].  

We evaluated Data USA informally in an attempt to 
compare our findings. The field experiment focused on three 
visualization techniques provided by DataViva: TreeMap, 
Map (data map), and Stacked (area chart). All three belong to 
the category of descriptive applications. Figures 2, 3 and 4 
showing examples of these visualizations.  

 

 
 

Figure 2. DataViva TreeMap visualization. 
 

We engaged our users at 7 different locations around 
Gold Coast city, Australia, in public places where Wi-Fi 
access was freely available. To conduct the experiment, we 
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used a MacBook Air laptop for internet access; DataViva 
website created specifically for OGD of Brazil to evaluate its 
visualizations; and software Debut as a tool for video and 
audio data collection. The software Debut allowed to capture 
audio and video recordings for every single task conducted 
by our participants in parallel with actual observations.  Our 
goal was to test at least 10 participants as this is a suitable 
number according to Faulkner [26]. He showed that for 
usability testing, 10 users are sufficient enough, to find 80% 
of the problems.   

To balance the control between observer and the users 
and to balance the trade-offs between generalization, 
precision, and realism [23], the experiment was broken down 
into two stages: a preliminary stage and a controlled-testing 
stage.  

 

 
 

Figure 3. DataViva Map visualization. 

 

 
 

 
Figure 4. DataViva Stacked visualization. 

 

The preliminary stage included presenting the participant 
with an information sheet about the study. This was followed 
by conversational questioning, to find out what stops non-

expert users from using OGD. This stage was concluded 
with the formal signing of the consent form.  The controlled-
testing stage included 5 minutes of device and interface 
familiarization. This was followed by performance tasks 
designed as a motivational scenario based on an envisaged 
real situation. Tasks were designed to solve real problems 
with real data, in a real setting. This was designed in such a 
way, that the participants would always interact with a new 
interface, with every new task.  

The user’s interaction was captured with screen recording 
software and audio that were later analyzed to calculate 
completion time. We used an unenforced think-aloud 
protocol [23] to support the identification of possible 
usability issues. Specifically, for visualizations, the users 
were given 3 tasks to complete, each using a different 
visualization technique and a different task for that 
visualization. 

The controlled tasks were designed on data about high-
school teachers in Sao Paulo.  The flow of all tasks mirrored 
Shneiderman’s [17] visual mantra: overview first, zoom and 
filter, then detail-on-demand.  Task 0 was designed to find a 
specific area to evaluate navigation through the DataViva 
web portal. The participants needed to start with the Home 
page, find Occupations, then find the High School Teachers 
page. On this page, they needed to find the Preview area for 
Wages and Jobs and then click on the Municipality under 
WAGES BY title to open a drop-down list of visualizations: 
TreeMap, Map and Stacked. It did not have a predicted 
completion time but it was measured later via video 
recordings. This task had three different possible paths, 
leading to the same information. Each path was mapped by 
the number of clicks: first – four, second – five and last – six, 
averaging at five clicks.  

Tasks 1, 2 and 3 were designed to search for specific 
information in order to give a correct answer.  The answers 
for Tasks 1, 2 and 3 were located in the listed visualizations. 
Task 1 required finding the total amount of jobs, where 
hierarchical data was graphically represented by TreeMap 
visualization, based on 2014 data. The correct answer was 
“7.08 k.” The predicted time was 30 sec.  

Task 2 required users to find the nominal wage growth, 
visually represented by Map (similar to choropleth/thematic 
or data map) visualization and based on 2014 data. The 
correct answer was 11%. The predicted time was 30 sec. 
Task 3 required users to find total monthly wages, visually 
represented by Stacked (similar to area chart/stacked area 
graph) visualization. It was based on the volume of an 
aggregated summary of 2012 data. The predicted time was 
20 sec. The predicted time for Task 1, 2 and 3 included 
average download times. 
 

This was followed by rating based on user’s preferences 
to quantify user’s subjective opinion for overall assessment 
of each single visualization interface. The participants’ 
subjective judgments were turned into numbers, with the use 
of a rating scale:  first choice = 1, second choice = 2 and the 
last choice = 3. Finally, the participants were asked a single 
open-ended question: “Why do you prefer this particular 
visualisation compare to others?   
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In addition, the experiment observer was provided with 
the designed templates to make observational notes of the 
participant behavior and to confirm the accuracy of the 
information found by participants in all tasks. These notes 
(qualitative data) were analysed and compared to the tasks’ 
measured results (quantitative data) in order to obtain 
insights into the process of evaluation and the participant’s 
interaction with visualizations. 

IV. RESULTS 

Our experiment sample was based on 12 users, selected 
randomly, at seven pre-defined locations with free access to 
the Internet via Wi-Fi, to achieve realism of a pre-defined 
scenario for a realistic setting, with realistic tasks and real 
users. The target number was 10. First, we knew [23] that 
with a realistic setting it would be difficult “to get a large 
enough participant sample.”   

Secondly, we were familiar with reported successes of 
usability tests to evaluate a data visualization tool with eight 
[22] or ten [26] participants.  Thirdly, we were not 
generalizing our findings to make statistically significant 
statements. Also, the practical part of research was 
conducted by a novice investigator taking on the role of 
experimenter and observer [23]. However, we do understand 
that with only 12 participants there is a high rick of bias.  

The participants average age was 54 years. As shown in 
Figure 5, 33% had a university degree, 42% had a college 
education and 25% were educated at TAFE (a technical 
training institution). 80% of the participants were female.  

 

 
 
 
 

Figure 5. Distribution of participants occupations. 

 
Their professional occupations were very diverse: an 

international shipping company accountant, a business 
consultant, the CFO of a mid-sized engineering company, a 
fashion designer (single operator), special needs teacher, 
administration clerk from a small company, administrator of 
small reselling company, retired real estate consultant, 
kitchen equipment installer, private college administrator, a 
retired construction worker and a retired nurse. 

A. Results from preliminary stage 

The time spent per participant to complete the tasks took 
on average 11 minutes, excluding 5 minutes given to 
participants to familiarize with the DataViva interface and 
the time spent to answer the open-ended question. More than 
80 hours were spent on the preliminary stage by the novice 

investigator on approaching random people and conversing 
in order to select and sign up participants. This means that 
the time to find one suitable participant took considerable 
time. 

At the preliminary stage, we approached participants 
with conversational questioning to find out what stops them 
from using OGD. The presented results reflect an analysis of 
the answers from the 12 selected participants. 83.2% of 
participants answered that they had never heard of OGD; did 
not know OGD existed; or what it meant.  However, after 
their interaction with open data, 66.6% had expressed an 
interest to know more.  

The average completion time for Task 0 (navigating from 
the home page to the visualization) was two minutes and ten 
seconds, and on average took 7 clicks. Only two participants 
were familiar with how to operate the laptop. 66% of 
participants failed to remember that one click is sufficient to 
select an item and 75% forgot to scroll with two fingers. 
Some users blamed their double-clicking habit on primarily 
using a mouse instead of a touch pad. It was our assumption 
that the participants were familiar with the Mac look-and-
feel, but the majority were not. This wrong assumption might 
severely have influenced the results of our study. 

However, the size of the Mac screen compared to often 
bigger sized displays of personal home computers is likely to 
had affected the visibility of the title Explore our database, 
which can be seen only when scrolled down. It was observed 
that more than 80% of participants did not use the Get 
started button, located in the middle of the screen or the 
Search option, located on the top bar of the Home page. As 
shown in Figure 6, only a few participants commented that 
they could not see it clearly or that the background image 
was too busy. 

 

 
 
 
 

Figure 6. DataViva Home page.  

B. Results from Controlled-testing stage 

        
No user errors were recorded through Tasks 1, 2 and 3. 

The average time to complete each task as shown in Table II, 
was calculated and linked to ratings.  
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The Map visualization was the quickest, followed by 
Stacked, and then TreeMap.  Participants were asked to rate 
the visualizations in order of preference. Figure 7 shows the 
results of the preferences rating. The participants then were 
asked open question: “Why do you prefer this particular 
visualisation compare to others?” Their comments were 
recorded, later analysed and compared with our observations. 

 
Table II. Correlation between time performance and rating. 

              

Visualizations Average time 
per participant 

 

Rating 

Map 1 min 
 

First 

Stacked 1 min 13 sec Second 

TreeMap 1 min 19 sec Last 

 

The Map visualization was rated as the first choice, it 
was also the most frequent second choice; not one participant 
rated Map as their last choice. The ratings of TreeMap and 
Stacked were very similar. Stacked having one extra rating 
for second place and one less for the last. As a result, the 
order of preference for the participants was Map, Stacked, 
and TreeMap, as shown in Table II, which correlates with 
the time it took to complete each task.  

Participants also provided reasons why they gave 
visualizations the particular rating. The Map visualization 
was chosen because it was perceived as a familiar shape, that 
of a geographic map, and easy to use. The Stacked 
visualization had contradictory perceptions. Some perceived 
it as easy to understand and clear. Others found it confusing 
and reported that it “didn’t make sense.”  Participants that 
rated the TreeMap first, found it easy to find information. 
Those that rated it second stated that it was “not clear.” 
Those that rated it last said it was confusing, busy, and more 
difficult to find information. 

 

 
 

Figure 7. Rated preferences for each visualization type. 

Through analysis of observational notes and recorded 
comments, the participants revealed their perceptions on 
shapes, sizes, color contrast, and features in the visual 

presentation of data. “Easy to find info,” “I like TreeMap 
screen” and “The TreeMap was the easiest one” - were the 
most favorable comments for TreeMap visualization. The 
majority of participants complained: “Not clear enough” (in 
regards to color contrast), “… busy, visually it is busy” (too 
many areas), “… small to find and navigate” (in regards to 
headings), “confusing” (in regards to low contrast between 
headings and colored areas), “Boarders between small 
squares unclear,” “Hard to read headings,” and “more 
difficult” (to find information).  

The recorded comments: “The Map is similar to the 
world map…” or “…map is easy to see” and similar 
comments, clearly demonstrated favorable preferences for 
Map visualization due to its shape familiarity.  

With Stacked visualization, the perceptions were 
polarized: from “clear” to “confused.” This was due to the 
inability of some of the participants to read the graph.  

The popup box interference was the major reason for 
slowing down task completion in Tasks 1, 2 and 3. The 
recorded comments and observational notes confirmed this 
as a major issue for all three visualizations. 

The results of the controlled-testing stage, which 
measured our participants’ performance with three 
visualizations are conclusive even if they are not statistically 
significant to make generalizations. Furthermore, the 
performance results, shown in Table II, which are supported 
by their ratings of preferences shown in Figure 7. However, 
the participants’ comments and our own observations of 
what had affected their performance gave us a more 
insightful picture revealing usability issues.  

One might assume that these results reflect familiarity as 
a single contributor to the performance, supported by ratings. 
Though the familiar shape was perceived more favorably and 
more likely contributed to better performance, it was not the 
only factor.   

The average downloading time for each visualization was 
calculated into the predicted performance time. The 
TreeMap and Stacked downloading time was between 7-8 
seconds, more than twice longer than Map (about 3 seconds). 
Taking into consideration that the majority of participants 
were already getting frustrated with navigation, the slow 
downloading of TreeMap and Staked increased their 
negative perception.  

The downloading time is a usability issue and more likely 
contributed to the negative perception of TreeMap and 
Stacked visualisations. This means that the familiarity of the 
Map shape was not necessarily the only factor for user’s 
perception. Furthermore, shape and size of the display, color 
and color contrast, the size of text and the use of features are 
usability issues. They are meant to enhance usability of 
visualizations and not frustrate or confuse. However, 
according to participants’ comments, the TreeMap and 
Stacked were perceived as confusing, cluttering (visually 
busy) and unclear. These contributors to usability are matters 
of display layout and the effectiveness of style. 

The uncontrollable popup boxes, incorporated into each 
visualization, were a major usability issue. Users did not feel 
in control of this feature which appeared unexpectedly on the 
mouse rollover in each evaluated visualization. The details 
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should have been given when they are needed.  That is why 
they referred to as details-on-demand [17] appearing when 
one clicks on the selected item and not during the overview. 
 

C. Data USA Comparison 

MIT Media Lab also produced the Data USA portal. We 
overviewed the portal to see if it could be compared with our 
findings. From our perspective, the Home page of Data 
USA, as seen in Figure 8, is much clearer on where to start 
searching.   

 

 
 
 
 

Figure 8. Data USA Home page. 
 

In contrast, the DataViva Home page has the Search 
option in the header bar, the Get started button in the middle 
of the left side of the page, the Explore our database option 
and the additional several icons are located at the bottom of 
the page, as shown in Figure 6. This confused the 
participants, as there were too many options for the same 
outcome. With regards to visualizations, we found that the 
TreeMap on both portals looked almost identical, however 
geographical maps appear differently. We did not find 
stacked charts, only line charts.  

V. DISCUSSION  

The goal of this investigation was strategically focused 

on users who had no technical skills in data creation, 

modification, and manipulation and no knowledge in data 

domain. Also, we realized that the majority of the 

participants were not familiar with the Mac look-and-feel 

and unaware that OGD existed. In addition, each participant 

had different cognitive limitations, age, gender and level of 

education.  

These factors, including differences in external noise and 

lighting in various cafes and factors that we might not yet be 

aware of, had some effect on the participants’ performance 

and perception. What then is the point to report the results 

from a field experiment which had a questionable number of 

sample size, diminishing its statistical significance?    

The point is to learn and to inform about potential 

usability issues of mainstream applications for general users 

such as OGD portals with incorporated interactive 

visualisations.   

First, for the concern that has been raised on the demand 

side of utilizing OGD by non-expert users. Only two 

participants had previously heard of open data. However, 

the majority of participants demonstrated their interest to 

know more about OGD. After completing their tasks, they 

asked what OGD represents, where to find existing portals, 

and how to use OGD for their benefit.  

This indicates that if citizens were more aware of OGD it 

might increase their interest to utilize OGD potentially 

contributing to the increase of its demand [5]. Though this is 

not a statistically meaningful conclusion, it is a possible 

indicator on the issue of awareness that could be further 

investigated by OGD suppliers and developers.  

Secondly, TreeMap is a very common visualization tool, 

often used in data journalism, however, we found that 

participants had the most trouble with it, both in terms of 

taking the longest time to complete the task, and also in 

response to the open question. This can be explained by 

non-expert users’ unfamiliarity with TreeMap visualization 

compared with Map and Stacked.  

Additionally, this visualization represents a significant 

amount of information in one space, increasing demand on 

the end-users to find specific information. The demand to 

find specific information, under constraint, could be a 

second explanation for difficulties experienced. If 

participants were asked to explore data at their own pace 

and interest, their opinion and overall experience with 

TreeMap visualization could have had a different outcome. 

Furthermore, if we take into consideration that when 

TreeMap was first prototyped 27 years ago, it required 

training for effective use [21]. The current version, deployed 

in DataViva, was used by people without technical skills, 

for the first time.  The 100% correct answers, found by 

participants in 1 min and 19 secs on average, without any 

preliminary demonstration gives us a different perspective.  
The interactive choropleth map was first prototyped 24 

years ago. At the time, novice users reported difficulties in 
even starting to use it, perceiving it as too complicated [21]. 
The modern version, the Map, deployed by DataViva, was 
perceived by our participants as the easiest to use. Though 
only one person used zooming, and none of the participants 
noticed a slider.  

The stacked chart is a kind of area chart, which was first 
published in 1786 [28]. However, the average completion 
time for the task was more than three times over the 
predicted time. Several participants did not know how to 
read a chart. The majority had a substantial level of 
education and according to their professional occupations, 
one could assume they would understand how to navigate 
through a chart. Further analysis revealed that those who 
understood a chart, completed their task faster, compared to 
those who did not.  

Also, there was confusion with the differences in the area 
sizes. The participants did not understand why some areas 
were too narrow, compared with others. None of them 
acknowledged the slider, but later, one participant, after 
completion of their last task asked what it was. When the 
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experimenter explained, the participant commented that she 
had no idea that such a feature exists. 

However, for TreeMap and Stacked, the slow time of 
downloading; the small size of visualization in contrast to the 
size of display; the difficulty of some users to see a contrast 
between neighboring areas; and the low contrast between 
headings and colored areas indicate that these are usability 
issues that could be improved by designers. These are well-
known usability issues in conveying information. 

The most significant usability problem with all three 
visualizations was a feature known as the tooltip plugin or 
more commonly known, as a popup box.  With all three 
visualizations, the popup box was blocking the overview. 
Taking into consideration the extended principles for 
designers of data visualizations: overview first, zoom and 
filter; then details-on-demand [17], we demonstrated, as 
shown in Figure 2, 3 and 4, that this feature was blocking 
overview with details even before they were demanded by 
the users.  

The problem with the feature is that it appears on a mouse 
rollover and cannot be controlled by the users [13]. Thus, 
this very useful feature is poorly implemented.  As the user is 
navigating to interact with the visualization, the popup box 
occludes the area they want to interact with. We have 
provided possible solutions to the popup box issue for each 
of the visualizations, shown in Figures 9, 10 and 11. The 
solution is generally to display the popup box to the side or it 
should only appear [17] when the area of interest is clicked 
on. Overall, the usability issues with the DataViva interface 
might appear to be insignificant to designers, but it had a 
negative effect on the non-expert end-users. Also, our own 
experience in conducting this field experiment proved how 
difficult it is to find intended users, chose the right sample 
and conduct an effective empirical evaluation [23].  

In summary, we assumed that if we could find and 
describe potential usability issues we could inform designers 
and help them to understand what can be improved to make 
interactive visualization more user friendly and easier to use.  

Other usability issues were not new and are avoidable by 
designers if they would follow basic approaches for 
successful interfaces [13] and well-established design 
principles [17] for interactive visualizations. 

 

VI. CONCLUSION AND FUTURE WORK 

The OGD movement is maturing with large quantities of 

data being released by governments around the world. The 

embracing of the open data agenda has not necessarily 

translated into uptake by OGD consumers. We propose that 

this is because of the focus on machine-readability rather 

than human-usability. Recent efforts are focusing on 

providing interactive visualizations of OGD to make it 

easier for non-expert users to get engaged with OGD.  

In this paper, we evaluated three visualizations from one 

OGD portal, to identify strengths and weaknesses of 

visualization techniques, specifically for non-expert users, 

which currently has not been investigated in literature. Even 

though our participants were unfamiliar with OGD, after a 

short introduction they were able to answer the problems set 

before them, under 2 minutes on average. This demonstrates 

the advantage visualizations have over technical and raw 

data. This serves as a strong argument for OGD portals to 

provide visualizations to increase end-user uptake by non-

expert users.  

Comparing three different methods of OGD visualization, 

the clear preference was for Map visualization which 

represents data on a geographical map. The basis for Map 

being the greatest preference, both qualitatively and 

quantitatively, is more likely due to its shape familiarity to 

the non-expert user. Concrete concepts are quicker to grasp 

than abstract concepts. However, we cannot dismiss other 

usability factors that contributed to the performance of 

participants and their rating based on their perception.   

The TreeMap and Stacked visualizations represented data 

more abstractly, which requires a greater conceptual leap for 

non-expert users to make. However, other usability issues 

did not help the ease of use.  Therefore, to encourage end-

user uptake of OGD, visualizations should be selected that 

are concrete and familiar to end-users, such as Map 

visualizations. The more abstract visualizations containing 

large amounts of information in one space, need to be 

simplified further. It is in line with the basic purpose of 

visually representing data, that insight must be represented 

as easily as possible [16].  

Note that visualizations such as TreeMap have been 

designed to address many usability and visualization factors, 

however, we have found that for non-expert users, 

concreteness and familiarity are important factors. However, 

with resolved usability issues with TreeMap and Stacked, 

the overall perception by non-expert users could be much 

more positive.  

 

 
 

 

Figure 9. Non-occluding popup box for TreeMap visualization. 

 

Our study also identified an issue with popups, where a 

simple and useful feature, when poorly implemented, can 

grossly impact the effectiveness of a visualization. This 

reinforces the need not just for visualizations, but for end-
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user testing to verify the effectiveness of the visualizations’ 

features.  

 
 

 
 

 

 
Figure 10. Non-occluding popup box for Map visualization. 

 
 

 
 

Figure 11. Non-occluding popup box for Stacked visualization. 
 

     Our study supports the argument for the need of an 

optimized visualization that is easy to use, with a 

comprehensible information visualization language. These 

usability issues should be tackled with the consideration of 

several fields, including the human factor [16]. What we 

observed is that users are primarily concerned with ease and 

simplicity of use, which supports the argument that usability 

is all about ease of use [13]. This also supports the argument 

that the value of data is in the right visualization [10] and if 

people cannot use open data, then it does not hold value for 

them [27]. 

     Subsequently, if non-expert end-users will not use it, 

then the uptake of OGD would remain limited. 
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Appendix A - Evaluation Method Mapping (partial presentation). 
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Appendix B – VEDC: General goal based on strategic focus. 
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Appendix D – VEDC: Theoretical Implications Repository (partial presentation). 
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Appendix E – VEDC: Practical Aspects Repository (partial presentation). 
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