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Chapter 1 Introduction

1 INTRODUCTION

1.1 Background

Dashboard is defined as visual display for Information Visualization (Info Vis) built on
Business Intelligence (BI) platform [16] to change raw data into valuable information to make
decisions. The purpose of dashboard is to provide their user right information at right time. The

goal is to provide useful information for gaining vision and understanding in a dataset [1].

Business Intelligence applications are consulted to gain information that contributes in making
business assessments. Besides that, it gains a deeper understanding of the business and its
developing forces. The benefits that can be derived from the use of business intelligence
applications include quicker and easier access to information, saving time in information
technology, more customer satisfaction and enhanced competitiveness of enterprises [2].
Similarly, the importance of dashboard is that it provides the most meaningful and specific
information to the users with accuracy. Moreover, the benefits of dashboard includes right
information at right time, better flexibility, less time, less cost, quick decision making and it

reduces the workload [1,2].

User interfaces are evaluated in order to notice interaction and layout design issues [25]. In
information visualization, usability problems of interface and quality of visual representation
are very important [25]. Hence, we performed usability evaluation to check the quality of user
interfaces [25]. We divide the usability evaluation into two major categories [26] [27]. 1)
Usability Inspection 2) User Testing [26] [27].

Usability inspection is a generic name for a set of methods that are Heuristic Evaluation,
Cognitive Walkthroughs, Formal Usability Inspections, Pluralistic Walkthroughs, Feature
Inspection, Consistency Inspections and Standard Inspection [13][26][27]. In this method,
experts analyses the user interfaces [13, 26, 27]. In cognitive walkthroughs, feature inspection
and standard inspection, only single evaluator, inspect the interface at a time. Besides that,
pluralistic walkthroughs, consistency inspection are group inspection methods [13, 26, 27].
However, heuristic evaluation involves group of individual evaluators to form a set of usability
problems. Out of these set of assessment methods heuristic evaluation can find some usability
problems more cost effectively [14]. A heuristic evaluation includes evaluators in order to
inspect a system with respect to guidelines or heuristics that are appropriate for the designing

P - T P~
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of the system. Similarly, expert heuristic evaluators found more problems than any method and
predicted about half of the problems found in a usability test [14]. It can be used both in design
and evaluation phases of development and can even be applied to paper based designs before

the first working prototype is created [3].

Evaluation involving user testing include laboratory studies, think Aloud, cooperative
evaluation, protocol analysis, post task walkthrough, interviews and questionnaires and
physiological measurement [26]. While in user testing, usability problems are reported with
the help of observation and user interaction [26]. In this method user perform some tasks and

give their feedback about the design of the interface and its usability [26].

While heuristic evaluation has been part of the HCI set of evaluation tools for long time, it has
not been utilized for evaluating dashboard to some extent. It is hard to determine which set of
heuristics are best for designing web dashboard. This leads to the challenge of composing the

best set of heuristics that report the most important or common dashboard issues.

Hence, the main focus of this research was to first compose a set of usability heuristics that
were appropriate for designing web dashboard. Therefore, we implemented the dashboard
based on the set of composed usability heuristics. Similarly, to evaluate the implemented
dashboard we performed user testing. At the end, user testing of our dashboard concluded the

results.

1.2 Research Motivation & Challenges

Usability heuristics are most commonly used to design the interface and to improve the user
interaction with an application [4] [3] [17). From the analysis of literature, it can be seen that
there are many authors that used the heuristic evaluation technique to assess the usability of
their applications. Besides that, they compare their user interface with Nielson’s 10 usability
heuristics [32] [6] [4]. But no exact set of heuristics or guidelines exist for designing web
dashboard. Users faced a lot of problems like contrast issues, lack of information in tooltips,
difficulty to perceive relationships, failure to express information, navigation issues and
difficulty for users to locate relevant information [3][1][5][2]. So, in this research study we are
filling this gap by composing an optimal set of heuristics that are helping the user in designing

the web dashboard.
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1.3 Research Questions

Q 1) What usability heuristics exist for designing web dashboard in theory?

Q 2) What is the optimal set of heuristics for designing web dashboard?

1.4 Research Contribution

Primary contribution of this research is to compose an optimal set of usability heuristics. By
providing these set of heuristics, we are helping the users in designing the web dashboard. We
collected the heuristics from the literature by performing systematic mapping study. These
heuristics were based on information visualization and business intelligence applications.
Hence, the heuristics that were commonly used for information visualization and business
intelligence™ application are mapped in heuristic set 1 i.e. ‘common heuristics. While, the
heuristics that were not commonly used are mapped in heuristic set 2 i.e. common + other
heuristics. In this research, we need to identify whether the dashboard designed with heuristic
set 2 is better than the dashboard designed with heuristic set 1? Therefore, we conducted an
experiment and designed two p_"glio information web dashboards. One dashboard is designed
using heuristic set 1 while other is designed using heuristic set 2. At the end, we evaluated both

the dashboards from the users. The users gave their feedback which dashboard is better.

1.5 Research Methodology

1.5.1 Research Process

The research process and its diagrammatical representation are as follows:

e Research Question

e Systematic Mapping Study

o Collect Heuristics

e Develop Optimal Set of Heuristics
e Develop Dashboard '

e Test Dashboard

o Perform User Testing

e Results

e Future Work
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Chapter 2 Systematic Mapping Study

2 SYSTEMATIC MAPPING STUDY

Systematic mapping study was conducted to build a classification in the field of interest i.e.
usability of web dashboard. It is very important to summarize the results if a research area in
particular field matures. Therefore, Systematic Mapping Study is the method in which we go
through the existing results and get an overview of the research area [21]. Systematic mapping
basically arrange the results and contents of a research area into a structured category and a

visual summary. Therefore, it requires less effort to overview the results {21].

2.1 Systematic Mapping Process

We have adopted the systematic mapping in our research and we detailed its process

Process Of Steps Outcome

Research Question > ldentify Scope

4

Search Plan — 3 Search String +

Databases
2
Study Selection Criteria »{ Relevant Papers
\
Data Extraction > Classification
y
Execution of Mapping - Systematic
Study “1 Mapping Study
A 4
Resuits

Fig 2: Systematic Mapping Process
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2.1.1 Research Question (Identify Scope)

The purpose of systematic mapping study is to identify how many results are available in a
particular research area and to provide overview of that results. In this mapping study, we
studied the trend of publications of our research question with the frequency of time. The
definition of research question focused the aim and objective of the research. The aim of this
research was to determine usability heuristics for designing web dashboard. Here, is the

research question due to which we have conducted this systematic mapping study.
Q: What usability heuristics exist for designing web dashboard in theory?
2.1.2 Search Plan (Search String + Databases)

First of all, we made a search string because it’s very important to design the string before
conducting the search. We used that search string in different online libraries i.e. IEEE, ACM,
Science Direct, Google Scholar, Wiley and Springer. Through these search strings we
identified our primary studies. The structure of search strings depicted the research question.
A good way to create the search string is to structure them in terms of population, intervention,
comparison and outcome [21]. First, we performed the pilot testing by using different search
strings in different online libraries and then we got the optimal string. These search strings
were applied on full papers. The following were the search strings used in different online

libraries for pilot testing:
Search String Used for Dashboard

1. Usability AND (Heuristic OR Guideline) AND (Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND Dashboard
Results: 17

2. Usability AND Heuristic AND (Guideline OR Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND Dashboard
Results: 7

3. Usability AND (Heuristic OR Guideline OR Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND Dashboard
Results: 11

Search String Used for Information Visualization

Usability Heuristics For Designing Web Dashboard 23
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1. Usability AND (Review OR Analysis OR Assessment OR Evaluation OR Inspection)
AND Information Visualization

Results: 77

2. Usability AND (Heuristic OR Guideline) AND (Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND ((Data OR Information) AND
Visualization)

Results: 641

3. Usability AND Heuristic AND (Guideline OR Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND ((Data OR Information) AND
Visualization)

Results: 264

Search String Used for Business Intelligence

1. Usability AND (Heuristic OR Guideline) AND (Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND Business AND Intelligence .
Results: 39 !

2. Usability AND Heuristic AND (Guideline OR Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND Business AND Intelligence
Results: 412

3. Usability AND (Heuristic OR Guideline OR Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND Business AND Intelligence
Results: 44

Optimal String
Usability AND (Heuristic OR Guideline) AND (Review OR Analysis OR Assessment
OR Evaluation OR Inspection) AND Web AND Information AND Visualization AND

Business AND Intelligence
Results: 525

2.1.3 Study Selection Criteria (Relevant Papers)

We used inclusion and exclusion criteria to get only those studies that were relevant to our

research question.

Inclusion Criteria Exclusion Criteria

Studies that were relevant to web | Papers that didn’t report usability
Dashboard, Information Visualization and | heuristics w.r.t dashboard, information

Business Intelligence
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visualization and business intelligence

were excluded

Only journals and conferences papers were | Literature  that was  available in
considered presentation and idea papers were
excluded.

Grey literature, PhD thesis, master thesis

and technical reports were not included

we considered studies from 2000 to 2014 | Research articles that were not written in

English language.

Studies that discussed usability heuristics
for dashboard, information visualization

and business intelligence were included

Table 1: Selection of Papers

} Science

77 36 159 253
Records Records Records Records
Total = 525

v

After Discarding Duplicate Papers =513

v

inclusion/Exclusion Cntena

v

Finally Included Papers = 17

Fig 3: Selection of Papers
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2.2 Data Analysis

There are lot of studies available in literature that argued the guidelines for designing
information visualization and business intelligence applications. Following section provides
the overview of these studies and presents the existing state of art related to usability heuristics
for designing information visualization and business intelligence applications. Besides that, we
tried to find the limitations in these studies to contribute in the area of the study by developing

the optimal set of heuristics for designing web dashboard.

2.2.1 Animated Transitions in Statistical Data Graphics by [Jaffrey Heer et al,

2007

Due to the intuitive and engaging nature in user interface, animations has proven popular [28].
Similarly, in order to increase understanding and interactions animations may be used. In this
study, Jeffrey Heer et al [28], examine the efficacy of animated transitions among common
statistical data graphics such as scatter plots, bar charts, pie charts etc. To create effective
transitions, author proposed the design guidelines. Ideally, the transitions would be that the
viewer can understand the relation between current and previous views. Authors applied these
guidelines on Dynamic Visualization. In order to determine the effectiveness of animated
transitions they performed two controlled experiments. They took 24 participants for this
experiment balanced across profession, age and gender [28]. The study provided strong
evidence that by using our proposed design principle animated transitions can improve
graphical perception of changes between statistical data graphics [28]. The subjects of this

study felt that animated graphics enhanced interaction and understanding [28].

2.2.2 Usability Evaluation Guidelines for Business Intelligence Applications

[Chrisna Jooste et al, 2013]
Chrisna et al. [1] develop a set of business intelligence usability evaluation guidelines for
business intelligence applications. In order to extract an initial set of criteria for business
intelligence applications general usability criteria were compared and contrasted with issue
based usability evaluation criteria. To validate the initial set of criteria a self-reported metrics
were compared from the sur\;ey and heuristic evaluations done on the same business
intelligence applications. To counter the effects of self- reporting and researcher involvement
a standardized questionnaire with independent data analysis was used. The questionnaire did
not cover all the criteria identified in the initial set of criteria for business intelligence
applications were the major disadvantage. Overall the study [1] confirmed the importance of

P ey e ey e e e e e e e
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efficiency, effect, learnability, helpfulness and control but highlighted the focus on information
architecture, reporting format and data quality. The major contribution of the study is to
develop a set of business intelligence usability heuristic evaluation guidelines. Identification of
issues for business intelligence usability, evaluation of applications and development of
business intelligence heuristic evaluation questionnaire is the secondary contribution. Proposed
set of guidelines need further verification using other evaluation methods and other business

intelligence applications.

2.2.3 Heuristics for Information Visualization Evaluation [Torre Zuk et al, 2006]
In HCI, heuristic evaluation is a very well-known technique but in information visualization it
has not been used to the same extent [3]. For information visualization, there are lot of
heuristics that exist in literature but which heuristic is suitable for which problem is still not
known. Therefore, Torre Zuk et al. [3] propose the issues of heuristic evaluation for information
visualization and perform a meta- analysis on it. The issues are related to the selection,
organization and process of heuristics. Three sets of already published heuristics were used to
assess the visual decision support system. In this study, author applied three different set of
heuristics to a single visualization and then analysed and evaluate the results. The approach
provided very useful results and revealed some characteristics i.e. redundancy and conflicts.
The meta-analysis shows that the evaluation process and results have a high dependency on the
heuristics and the types of evaluators chosen [3]. Author argued that it may be more efficient
in finding problems and suggesting solutions if we gone through different organization of

heuristics and different processes.

2.2.4 An Heuristic Set for Evaluation in Information Visualization [Camilla

Forsell, 2010]
Camilla Forsell et al [4] argues that there were lot of authors who have been proposed the set
of heuristics for information visualization techniques. But still there is no consensus as to which
heuristic address which specific visual display issues. Therefore, Camilla Forsell et al. [4]
empirically proposes a new set of heuristics first time for usual and significant usability
problems in information visualization techniques. Author took 6 participants who rated 63
heuristics against 73 usability problems in information visualization technique. The aim of this
study was to find a set of heuristics that provided the coverage to all of the 73 problems [4].

These heuristics provides a larger coverage than heuristics that has already been proposed.

AN LG o T A S A N Y+ SN M=, I 0 A T M 5 5= 4 ]
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Authors suggest that for future improvement and validation these set of heuristics should be

used but they don’t claim that this is the final and optimal set of heuristics.

2.2.5 Jambalaya: The Closest Visualization Fit for the Protégé Ontology

Conceptual-Relationship Tracer [Muthukkaruppan Annamalai, 2010]
Besides that, Muthukkaruppan et al. [5] argues that the Conceptual-Relationship Tracer (CRT)
has been developed as a front end application for the Protégé ontology editor [5]. They
considered three plugins: TGViz, OntoViz and Jambalaya to provide the visualization support
for the CRT [5]. The objective was to conclude which plugin is best at providing the support
of visualization to the CRT. This paper compares the utility and usability of candidates by using
the set of visualization factors and concludes that Jambalaya is the nearest visualization fit.

But, still jambalaya lacks effective support in many cases for query expressiveness [5].

2.2.6 Query Graph Visualizer: A Visual Collaborative Querying System [Dion

Hoe-Lian Goh, 2008]
Popular means of obtaining information on the web are through search engines. But, the search
engine and information retrieval system users faced several challenges. First, it is difficult for
user to locate relevant information because of the explosive growth of web. Unable to express
the information require is another major challenge. The performance of IR systems can be
accomplished by the automatic query expansion or query recommending in which related
queries are presented to users as alternatives to the original query by Dion et al. [2]. The study
[2] describes the design and implementation of the QVG, a collaborative querying system
designed to help users to formulate queries to an IR system. Evaluators who used QVG
performed their tasks quicker than the evaluators who used search engine only [2]. Evaluation
described the agreement that the system obeys Nielson’s ten usability heuristics and
recommends the visibility of using it. Author suggest that to validate our results larger scale
evaluation is needed and documentation is needed to ensure that the users are aware with the

features and terms of the systems.

2.2.7 Visualization of Web Based e-Learning Activity [Ana Patricia Oliveira, 2010]
Another study, Ana Patricia et al. [6] report visual methods and techniques in order to monitor
the community that participates on Thinkster e-learning platform. It is a monitoring application
that supports teachers to take into account the student’s activity. The following research has
two independent components: one for the development of prototype to allow teachers and
system administrator the visualization and analysis of the user interaction, other for the
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evaluation of prototype to reveal the user expectation, opinion and satisfaction related to the
application interface [6]. The evaluation is based on heuristic evaluation and proposes six

heuristics but these heuristics were extracted from the Nielson’s 10 usability heuristics.

2.2.8 Ergonomic Criteria for Evaluating the Ergonomic Quality of Interactive

Systems [Dominique L. Scapin et al, 1997]
In this study, Dominique et al [29] introduced the issues related to ergonomic dimensions in
order to evaluate interactive systems [29]. Similarly, the research work conducted on the design
was summarized as well as set of usability dimensions called ‘Ergonomic Criteria’ was
assessed in this study [29]. Each individual ‘Ergonomic Criteria’ was discussed in detail. This
paper also discussed the limitations of the method, potential users of the method, notion of
ergonomic quality and differences in perspective compared to empirical testing [29]. In order

to further improve the method this study also identified the issues in it.

2.2.9 Beyond Guidelines: What Can We Learn from Visual Information Seeking

Mantra? [Brock Craft et al, 2005]
“Visual Information Seeking Mantra” is a remarkable development in the field of information
visualization. Mantra basic;lly guide the user to design information visualization software.
‘Overview first, zoom and filter, than details on demand’ of mantra explains how data should
be presented on the screen to make it most effective for users [30]. The purpose of this study
was to view the existing literature who refer the Mantra. The study noticed what different
authors have found useful about mantra and why they site it [30]. The results indicate that there
is a need for empirical validations of mantra and for method such as design patterns, to inform
the holistic approach to visualization design [30]. It is analysed from the study that mantra is
important for designing the tool but many authors don’t specify how they use it and don’t cite
particular to their application [30]. The implementer who develop their new information
visualization tools identify that mantra is very significant for their work while those who
discuss the method and taxonomy recognize that it is only a single component in a much larger

puzzle [30].

2.2.10 Guidelines for Using Multiple Views in Information Visualization
[Michelle Q et al, 2000]
In this study, Michelle Q et al [31] focused on multiple views in information visualization.
Multiple view systems uses two or more distinct views to support the investigation of a single

conceptual entity [31]. In this study author present eight guidelines in order to design the
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multiple view systems. To address the issues specific to multiple view system, author present
general guidelines as well as guidelines that are more unique to multiple view system [31].
Author explain the guidelines through examples. But they cannot review all the multiple view
systems due to the lack of space. The first four guidelines are for the selection of multiple views
while the last four guidelines are for the presentation of multiple views. Author derived these
guidelines from the analysis of existing systems and participation in CHI 98 workshop on

information exploration environments.

2.2.11 An Extended Set of Ergonomic Criteria for Information Visualization

Techniques [Paulo R.G. Luzzardi et al, 2004]
User interfaces are evaluated to identify the design issues while interaction with the users.
Interface usability problems in information visualization is related to the expressiveness of the
visual representation [32]. So, they need to be evaluated to verify how much a visualization
support user’s task [32]. In this study, Paulo et al [32] provided specific criteria to evaluate
information visualization technique. This criteria is categorized by visual representation
characteristics and usability factors [32] and it reports different aspect of issues from other
published literature [32]. In this study, author conducted a case study to demonstrate the
benefits of the criteria. The criteria was tailored for hierarchical information visualization and
was based on two set [32]. One set for usability testing of visual representation and other for
evaluating interaction mechanism [32]. Author compared the criteria with the traditional
Nielson’s and Bastein’s sets. Results from the evaluation performed by students show that more
problems are detected while using our proposed set as compared to the Nielson and Bastein’s

sets. Hence, the study proved that our set provided much coverage to usability problems.
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Chapter 2 Systematic Mapping Study

2.3 Gap Analysis
User interfaces are evaluated to identify design problems in the layout as well as while
interaction with the user [32]. Heuristic evaluation is the most commonly used technique to
assess the usability of the applications [4] [3] [17]. From the analysis of literature, it can be
seen that there are many studies in which authors proposed their heuristic sets to design
information visualization and business intelligence applications. Similarly, some authors
compare their heuristic sets as well as user interfaces with traditional Nielson’s, Bastein’s and
Scapin’s heuristic sets. But no exact set of heuristics or guidelines exist for designing web
dashboard in theory. So, the study is filling this gap by composing the set of heuristics that are

helping the user in designing of web dashboard.

fe
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Chapter 3 Mapping of Usability Heuristics

Chapter 3: Mapping of Usability
Heuristics for Web Dashboard

Designing

.
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3 Mapping of Usability Heuristics for Web Dashboard Designing

3.1 Data Collection
The data was collected by conducting Systematic Mapping Study through different digital
libraries. From the study of literature, it was concluded that the heuristics for designing web
dashboard doesn’t exist in theory. But, there are many authors who discussed heuristics for
designing business intelligence applications. Similarly, many authors proposed guidelines for
information visualization. We collected all the heuristics either they were for business

intelligence applications or information visualization.

3.2 Heuristic Set 1 (Common Heuristics)
As Nielson and Schneider were the founder of usability, so we took their heuristics as major
category and mapped all the other collected heuristics under these categories. There were many
heuristics whose meaning was same but used by different authors in different way. Hence, we
mapped these kind of heuristics once under the category. The purpose of doing this was to
compose an optimal set of heuristics for designing web dashboard. This optimal set of
heuristics was named as Heuristic Set 1 i.e. Common Heuristics. These heuristics were used

commonly while designing business intelligent applications and information visualization.

e e e T
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Chapter 3 Mapping of Usability Heuristics

3.2.2 Details of Common Heuristics

3.2.2.1 Category: Visibility of System Status & Informative Feedback
3.2.2.1.1 Covering Heuristics:

e Prompting

¢ Immediate Feedback

3.2.2.1.2 Explanation: Prompting is a way to guide the users while performing some
particular tasks. When there is a possibility to make several actions, prompting will guide the
user to know the alternatives depending on the context. Prompting concerns the status
information of the system such as loading, updating, saving etc. Moreover, it concerns the

information regarding help facility and its accessibility.

Besides that, Inmediate Feedback is how long the system response to the actions of the user.
These actions may be simple keyed entries or more complex transactions such as stacked
commands [29]. Dashboard must have to provide the response along with the details on the

requested transactions. These responses should be fast, appropriate and with consistent timings.
3.2.2.2 Category: Match between System and Real World
3.2.2.2.1 Covering Heuristics:

e Match user characteristics with task characteristics
¢ Significance of codes

* Information coding

3.2.2.2.2 Explanation: Match user characteristics with task characteristics basically
concerns with compatibility of the application with its environment. User characteristics
include memory, perception, age, skills, customs, expectations {29] etc. Hence, this criterion
refers to the match b/w user characteristics and task characteristics as well as organization of

the output, input and dialogues for a given application [29].

Moreover, Information Coding is the major aspect in information visualization. Perception of
information would be easier if we map the data elements to visual objects. This can be
improved by using realistic characteristics and additional symbols [32]. Another important

aspect is the use of alternative visual attributes or object to represent information [32].

.5 U
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Significance of Codes: In information visualization we can present the information by using
codes. These codes and names should be significant to users because the more the codes are
significant the more they are easier to identify and remember. Similarly, non-significant codes
may lead to errors e.g. we should use F for female and M for male rather than 1 for female and

2 for male.
3.2.2.3 Category: User control and freedom & Permit easy reversal of actions
3.2.2.3.1 Covering Heuristics:

e Undo & redo of actions

e Explicit user actions to initiate process
o Allow extraction of items

e Design for easy navigation

e QOverview, zoom and filter

¢ Control of system processing
3.2.2.3.2 Explanation:

Undo & Redo of Actions: In order to support undo, replay and progressive refinements we
should keep the history of actions. It is rare that a single user action produces the desired
outcome [33]. Information exploration is a process which have many steps, therefore we should
maintain the history of actions so that user can retrace their steps. Designers should design the
system in such a way that users can retrieve their information and system preserve the sequence

of searches rather than reflecting the current state of GUI only [33].

Allow extraction of items: System should be that it allow the users to extract their desired set
of items. Moreover, when they extract their desired set they should be able to save that set into
a file that would facilitate their other uses such as sending by email, printing, graphing or

insertion into a statistical or presentation package [33].

The criteria explicit user action refers to the relationship b/w the computer processing and the
user actions. This means that when user request the system to do the particular action, computer
must have to process only that action. Only user should have right to initiate the process by
pressing Enter rather than initiating the process as side effect (e.g. updating a file) of some

other action (e.g. printing a file).

. S |
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Overview, Zoom & Filter: System should be that user can gain the view of the entire
collection. Dashboard interface should support this overview strategy. The overview contains
a moveable field of view box to control the contents of detail view [33]. Similarly, users may
show interest in some portion of the system therefore, they should be facilitate with zoom in.
Moreover, system should facilitgte the user to filter out uninterested items [33]. System should
allow the user to filter the items that are unwanted. By filter users can control the contents of

the display and quickly focus on their interest [33].

Control of System Processing: This refers to the fact that the processing of the system should
always be in control of the user e.g. user can interrupt, pause, cancel and continue the system
processing [29]. Every possible action by a user should be anticipated and appropriate options

should be provided [29].
3.2.2.4 Category: Flexibility and efficiency of use & Enable frequent users to use shortcuts
3.2.2.4.1 Covering Heuristics:

e Interface customization
e User experience

o Use of acceleration keys & shortcuts

3.2.2.4.2 Explanation: In interface customization we provide the user flexible displays.
When some displays are unnecessary, users should be able to remove them temporarily [29].
In other words, it is the capacity of the interface to adapt to the users particular needs [29].
While designing dashboard, we should consider the level of user experience. There are two
type of users experienced users and inexperienced users. They both have different information
needs [29]. For experienced users there should be proper dialogues and simple step by step
actions. But these things may be boring for the experienced users, hence there should be
shortcuts for these users so that they can do their work more rapidly. The interface should be

designed to accommodate the varying levels of user’s experience.
3.2.2.5 Category: Consistency and standards & strive for consistency
3.2.2.5.1 Covering Heuristics:

» Interface for multiple views consistent
e Consistent response rate

e Maintain consistent interface design choices

b |
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3.2.2.5.2 Explanation:

Interface for multiple views consistent: system should be that the interfaces as well as their
states must be consistent. We must have to balance the complexity introduced by multiple view
by ease of learning, which is facilitated by consistency [31]. When states are consistent their
comparisons would be easier. While, inconsistent views can lead to false cognitive inferences

by user [31].

Application should increase the efficiency of user through a consistently rapid response rate

[1]. The application behaviour should be consistent [1].

Maintain consistent interface design choices: If the format, location and syntax of
procedures, labels and commands are stable from one screen to other or from one session to
other they would be easily identified, used and recalled [29]. Through consistent interface we
can reduce the errors and facilitate the learning [29]. If we lack the consistency that means we

are increasing the search time [29].
3.2.2.6 Category: Error protection & Error handling
3.2.2.6.1 Covering Heuristics:

e Error protection
e Conciseness

o Exceptions & Alerts
3.2.2.6.2 Explanation:

Error Protection: System should be that it detect and prevent error that can cause destructive

consequences. It would be better to detect the errors before the validation [29].

Conciseness: This criterion concerns that more concise the items, the shorter the reading times
[29]. If the items on dashboard would be concise, then the probability of making errors would

be better.

Exceptions & Alerts: System should be that it provide the alert notifications to users. These
alert notifications should be given to users when they make mistakes while performing some

specific actions.

3.2.2.7 Category: Help users recognize, diagnose and recover from errors

e e e e e
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3.2.2.7.1 Covering Heuristics:
¢ Quality of error messages

3.2.2.7.2 Explanation: The content given in error messages should be relevant, readable and
specific about the nature of error [29]. If the error messages would be of good quality they will
promote the learning and teach the users how they could solve their errors. Messages given in
the error should not be lengthy, they should be brief and informative [29]. In error messages,

don’t blame the users for errors, therefore adopt the neutral wordings.
3.2.2.8 Category: Recognition rather than recall & Minimize memory load
3.2.2.8.1 Covering Heuristics:

e Intuitive mappings

3.2.2.8.2 Explanation: Display of the system should be that the users have not to remember
anything. Display should add minimum cognitive load as well as display should be intuitive

[34].
3.2.2.9 Category: Help & documentation
3.2.2.9.1 Covering Heuristics:

e Orientation & help
e Details on demand

e Include annotations to help understanding
3.2.2.9.2 Explanation:

Details on demand: Display should be that users can get the details of items or groups when
desired or on demand. The typical approach is to simply click on an item to get a pop up

window along with detail [33].

Include annotations to help understanding: There is a need to include important annotations

in a dashboard i.e. title, lead in paragraph or sentence, data source call out etc. [37].
3.2.2.10 Category: Aesthetic and minimalist design
3.2.2.10.1 Covering Heuristics:

e Legibility

- |
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o Useful and relevant information
3.2.2.10.2 Explanation:

Useful and relevant information: Dashboard should include only that information that is

useful and relevant to the users. Information should be specific to the nature of the application.

Legibility: We should present the information in such a way that it increase the readability of
that information. It include character brightness, contrast between the letter and background,

font size, interword spacing, line spacing, paragraph spacing, line length etc. [29].

3.3 Heuristic Set 2 (Common + Other Heuristics)
There were few heuristics that didn’t lie under the Nielson and Schneider categories therefore,
we separated these heuristics from Set 1. We arranged these heuristics under the categories
made by ourselves. We gone through the details of heuristics given by their authors and mapped
the same heuristics under the suitable categories. These heuristics were not commonly used.
As, we needed to implement two dashboards, one with common heuristics and other with
common + other heuristics. So, the participants that were given the heuristic set 2 were given
both common + other heuristic matrix and their details. This optimal set of heuristics was

named as Heuristic Set 2 i.e. Common + Other Heuristics.

3.3.1 Matrix of Other Heuristics

Effective Dashboard should | Grouping and spatial Information reduction
euristics Transitions ensure organization of layouts | for easy observation
understandability
Coverings
1 Maintain Valid | Decision support [1] | Grouping/distinction of | Provide multiple levels

data graphics items by location [29] of detail [3]

during

transitions [28]
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Use consistent | Space/time resource | Grouping/distinction of | Cognitive complexity
semantic- optimization [31] items by format [29] [32]
syntactic

mappings [28]

Respect Self-evidence [31] Spatial Organization [32]
semantic
correspondenc

e [28]

Avoid Information density | Spatial orientation [32]

ambiguity [28] | [29]

Group similar | Sufficient
transitions [28] | information design
[34]

Minimize

occlusion [28]

Maximize
predictability
(28]

Use simple

transitions [28]

Use staging for
complex

transitions [28]

10

Make
transitions as
long as needed

[28]

Table 6: Matrix of other heuristics

3.3.2 Details of Other Heuristics
3.3.2.1 Category: Effective Transitions

3.3.2.1.1 Covering Heuristics:

e Maintain valid data graphics during transitions
. S |
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* Use consistent semantic-syntactic mappings
e Respect semantic correspondence

o Avoid ambiguity

¢ Group similar transitions

e Minimize occlusion

e Maximize predictability

¢ Use simple transitions

e Use staging for complex transitions

o Make transitions as long as needed

3.3.2.1.2 Source: Heer, J.; Robertson, G.G., "Animated Transitions in Statistical Data
Graphics," Visualization and Computer Graphics, [EEE Transactions on, vol.13, no.6,

pp.1240, 1247, Nov.-Dec. 2007

3.3.2.1.3 Explanation: Transition means change of state e.g. a business analyst is viewing the
product sales in a bar chart may want to review relative percentages by switching to pie chart
or compare sales with profits in a scatter plot [28]. Therefore, dashboard should be designed in
such a way that data in graphics (pie chart, scatter plot, bar chart etc.) remain valid and
maintained during transitions to understand the relationship between current and previous
view. Use consistent mappings to avoid ambiguity in dashboard transitions. To respect
semantic correspondence syntax should not violate semantics. Similar transitions should more
likely to be grouped to maximize the predictability; complex transitions should break into
simple sub transitions in order to observe the multiple changes more easily. Make transitions

as long as needed i.e. not too long and not too short so that they perform faster.

3.3..2.1.4 Example: This is the online CensusInfo India 2011 web portal dashboard to view
aggregated demographic data from the 2011 census such as population, education etc. In first
transition i.e. Fig 8 the total population size is presented in bar chart, while in other transition
i.e. Fig 9 it is presented in scatter plots. In fig 8 and fig 9, relation between axis and data marks
is valid and remain same in both transitions. In fig 8 and fig 9, marks that represent specific
data points are not reused to depict different data points to respect semantic correspondence.
In both figures, same colour and semantics are used to keep both transitions consistent. In Fig
9, the covering minimize occlusion is voilated because scatter dots occlude with eachother so
they are more difficult to track and result in harming perception. In fig 8 and fig 9, transition

time i.e. the change of population from bar chart to scatter plot is not too long and not too short.
e e
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3.3.2.2 Category: Dashboard should ensure understandability:

3.3.2.2.1 Covering Heuristics:

e Decision support

e Space/time resource optimization
o Self-evidence

e Information density

o Sufficient information design

3.3.2.2.2 Source: Dominique L. Scapin & J. M. Christian Bastien, “Ergonomic criteria for
evaluating the ergonomic quality of interactive system”, behaviour and information

technology, volume 16, pages 220-231, 8 Nov 2010.

3.3.2.2.3 Explanation: Dashboard should promote understandability of information to help the
user in making decisions. Therefore, use multiple views of data to assist user in making
business decisions. Multiple views should be that it takes less time and space. There are two
types of views i.e. simultaneous view and sequential view. Simultaneous view could result in
information overload and it can increase the density of information because the user would not
be able to view all the data at once. Another disadvantage of simultaneous view is that it
increase the loading time of data and takes much space. Besides that, sequential views are
shown one at a time i.e. 1-day, 1-week, 1-month, 1-year etc. Moreover, sequential views takes
less loading time and space because they are showing one at a time. So, use sequential views
because they are likely to win over simultaneous views and result in sufficient information
design. Furthermore, use self-evident relationship among multiple views to ensure
understandability of information. For that, designer should use perceptual cues. Perceptual cues

can be highlight, aligned and spatially arrange the information in dashboard.

3.3.2.2.4 Example 1: This is the live stock market dashboard that share market statistics,
prices, global markets and others. In fig 10, the data is presented in multiple views, one view
is tabular view and other view is graphical view. In this example, graphical view is helping the
user in making business decision because graphs are used for decision purpose. Graphical view
is sequential view and tabular view is simultaneous. 1D, 5Day, 3Month, 6Month, 1Year is used
for sequential views in graph as it takes less loading time and space. If designer present the
graphs simultaneously it can overload the dashboard and increase the density of information.
It is designer’s responsibility to decide which view should be sequential and which view should
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4 EXPERIMENT DESIGN & IMPLEMENTATION

4.1 Experiment Definition
The purpose of definition phase is to define the goals of experiment in terms of the defined

framework

4.1.1 Goal
Goal is needed to define the important aspects of the experiment before the planning and

execution phase of the experiment. The goal is defined according to the framework

“Analyse the dashboards implemented with heuristic set 1 and heuristic set 2 with respect to

usability from the point of view of the participants of user testing”

The objective of this empirical study is to determine the differences between two dashboards
implemented with two different set of heuristics. Similarly, the experiment is motivated by a

need to understand the variances in each set of heuristics in terms of usability within the

dashboard.

4.1.2 Definition framework

Object of Study

Purpose

Quality Focus

Perspective

Context

Polio Information
web dashboards
designed with
heuristic set 1 and

heuristic set 2

Evaluation

Usability on
following scales i.e.
Attractiveness,
Perspicuity,
Dependability,
Efficiency,
Stimulation and

Novelty

Participants

1. Size and
complexity of
dashboard

2. Experience, Team
Size and workload

of participants

Table 7: Definition Framework

4.1.2.1 Object of study:

Entity is the object which we are going to study in our experiment. Polio information web

dashboard designed with heuristic set I and set 2 is the object that is studied in the

experiment.
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4.1.2.2 Purpose:

Purpose concerns with the intention of the experiment. Our intention is to evaluate the impact

of two different set of heuristics on the polio information web dashboard.

4.1.2.3 Quality Focus
When we evaluate the dashboard with two different set of heuristics, it effect the usability and

its scales. This effect is basically the quality focus.

4.1.2.4 Perspective
The experiment results are interpreted from the participant’s point of view. This viewpoint is

the perspective from which the results of experiment are interpreted.

4.1.2.5 Context

Context is the environment in which the experiment is run along with the subjects and objects
characteristics. We need to select two BS Students randomly from the same session, having
good understanding in PHP and CSS and will give them task to implement the dashboard of
polio information domain. Both students will be given the dashboard of same size and same
complexity. After the implementation, we need to evaluate both the dashboards. Traditional

testing is the environment in which we evaluate them.

4.2 Experiment Planning
After the definition, planning phase of the experiment takes place. The definition phase defines
why this experiment is conducted while the planning phase describes how this experiment is
conducted? In order to control the experiment, there must be the plan of the experiment. If the
experiment is not properly planned, than the results can be disturbed or destroyed. The problem

due to which the experiment is conducted is as follows:

“We want to determine the effect on usability and its scales when using two different set of

heuristics on the polio information web dashboard”

4.2.1 Hypothesis Formulation
In the planning phase of the experiment, goals are translated into hypothesis. Hypothesis is
stated formally and we can draw conclusions from it, if they are rejected. Two hypothesis have
to be formulated i.e. null hypothesis and alternative hypothesis. Null hypothesis Ho assumes
that there is no significant difference between two treatments with respect to the dependent
variables [24]. While, alternative hypothesis H; assumes that there is a significant difference
between two treatments with respect to dependent variables [24].

o
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Hence, the goal and hypothesis related to this experiment is as:

“Analyse the dashboards implemented with heuristic set 1 and heuristic set 2 with respect to

usability for the purpose of evaluation from the point of view of the participants of user testing”

Ho: ‘There is no significant difference between dashboards implemented with heuristic set 1 and
heuristic set 2 in terms of usability’
Hi: ‘There is significant difference between dashboards implemented with heuristic set 1 and

heuristic set 2 in terms of usability’

Table 8: Hypothesis Formulation

4.2.2 Variables Selection
In variable selection, we have to select dependent and independent variables before the design
of experiment starts. Those variables that we can change and control in our experiment are
independent variables while in dependent variables we can measure the effect of changes [24].
It is not the easy task to choose the right variables because it requires lot of domain knowledge.
Independent variables will be usability heuristics set 1 (based on common heuristics) and set 2
(based on common + other heuristics) for evaluating web dashboard as well as experience,
team size and workload of subjects. Similarly, usability along with its scales i.e. attractiveness,

dependability, perspicuity, stimulation, efficiency and novelty will be the dependent variable.

4.2.3 Pilot Study
Before executing the real experiment, a pilot study is conducted to assess whether the details
given in the heuristics document are understandable and necessary enough for the layman. 6
BS level students of SE are requested to participate in pilot study. The outcome of pilot study
suggested some changes in details of heuristics. After discussion, we considered some of the
changes while few of them are not necessary and irrelevant. In some guidelines, participants
are not satisfied with the given examples. They wanted more examples for better

understanding. Therefore, we added more examples in the details of heuristics.

4.2.4 Selection of subjects
While conducting an experime'ht it is important to select the subject. Selection of subject is also

called selection of sample from population [24]. In order to generalize the results to the desired

-
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population, the selection must be representative for that population [24]. Choice of sample size

from population may affect the analysis of results in experiment.

For implementation, we planned to select 2 students from BSSE degree of same session having
good understanding in PHP and CSS. While, for user testing we will select 30 students of BSSE
degree of same session. We planned to select the students randomly. In order to remove the

biasness, we will not implement the dashboards by ourselves.

3.2.5 Object Selection
Objects are the programs to be developed. In this experiment, object will be polio information
web dashboard and will be implemented by the subjects. We will implement 2 web dashboards.
1 will be implemented using heuristic set 1 while, another will be implemented using heuristic

set 2. The experiment plan diagram is shown below:

Gbjects
Usabitity Heuristics Set 1 and Set -
3 .
' “ le:::;lg;;;b 3 Report aptimal set of Outcome
. = heurislics
Independent Variable
Students and their characteristcs
{E-penence team size workload;
Subjects
. Usability
Dependent Variables=————1 (Ease ot Use
Students
A I
Treatment
Usabulity Heunistics
Set1
Usabiiity Heuristics Set 2
. J

Fig 18: Experiment Plan

4.3 Experiment Design

4.3.1 General Design
In this experiment, subjects will be selected randomly as well as assignment to each treatment
i.e. heuristic set 1 and heuristic set 2. We will arrange the subjects into groups i.e. Group A and

Group B and each group will have 1 participant. Group A will be given the heuristic set 1 while
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Group B will be given the heuristic set 2. Both groups applied their given set of heuristic to the

object i.e. polio information dashboard while implementation.

Besides that, in evaluation of both the dashboards we will again make 2 groups. Group A will
have 15 random participants and will be given the dashboard implemented with heuristic set 1
while, Group B will also have 15 random participants but will be given the dashboard
implemented with heuristic set 2. Both groups will evaluate them according to their
observations in terms of usability and its scales i.e. Attractiveness, Perspicuity, Dependability,

Efficiency, Stimulation and Novelty.

4.3.2 Design Type
In this experiment, we have one factor (Usability Heuristics) and two treatments (Usability
Heuristic Set 1 and Set 2) therefore, we used “One Factor Two Treatment” design type. We
want to compare the two treatments against each other [24]. The aim of this experiment is to
investigate the dashboard implemented with heuristic set 2 is much better than the dashboard
implemented with heuristic set 1. In this design, both the participants will apply the set of
heuristics given to them to the dashboard while implementation and it is a completely
randomized design. Similarly, in evaluation both groups will be given the different dashboards

implemented with two different set of heuristics.

Participants Usability Heuristic Set 1 Usability Heuristic Set 2
Group A v
Group B v

Table 9: Completely Randomized Design

4.4 Implementation
After the experiment is planned, we need to implement the dashboards based on the composed

set of heuristics.

4.4.1 Subject Selection
For implementation of polio information web dashboards, we made 2 groups having 1
participant each. For that, we selected 2 random BSSE degree students of same session i.e. 8%
semester. Group A was given the heuristic set 1 while group B was given the heuristic set 2.
As, the students were selected randomly so, we were totally unaware about their intuitive
thinking and intellectual abilities. After selection, a presentation regarding the domain of the

object was given to them by our supervisor. It was about 1 hour presentation, in which they
b e
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were given the necessary details and requirements of the domain system i.e. polio information
web dashboard. In order to remove the biasness, we didn’t implement the dashboard by

ourselves. The requirements to implement the dashboard is given in Appendix.

4.4.2 Object of Study
Polio information web dashboard was an object of this experiment. Polio is a very critical and
merging issue in Pakistan and there is no dashboard on web which shows the polio situation of
Pakistan. We tried to present the dashboards as same as the polio campaigns are working in the

real environment.

2 random participants were selected to implement the object. Both the participants
implemented the dashboard using PHP, CSS as a programming language and PHP MyAdmin
as database. We gave the participants 2 different set of heuristics along with their details. They
were also given the requirements of polio information dashboard in a presentation. Every
participant must had to fulfil the requirements of the dashboard. They were insisted not to miss
any single heuristic. The time duration of this implementation was about 1 month. Every
participant must had to complete the implementation within the time duration. The

requirements to implement the dashboard are given in Appendix.

When the implementation was completed, we tested both the dashboards thoroughly and
reported the bugs and issues to participants so that they could fix them. After the fixing of bugs,
we deployed the dashboard to the URL i.e. www.itestbuddy.com/poliodashboard . The

advantage of deploying to URL was that we have not to configure the dashboards in every
computer of user while the user testing of that dashboards. The screenshots of both the

implemented dashboards are shown below:
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S USER TESTING

After the implementation of dashboards based on our composed optimal set of heuristics, we
need to evaluate the usability of that dashboards. In this chapter, we discuss the details of user

testing of dashboards and get the feedback from the participants.

5.1 Subject Selection
For user testing of both implemented dashboards, we selected 30 participants randomly. They

all were the BSSE students of the same session. 15 participants were given the dashboard
implemented with heuristic set 1 and other 15 were given the dashboard implemented with
heuristic set 2. All the 30 participants were given the same tasks and same questionnaires for

evaluation.

5.2 Test Design
In evaluation of both the dashboards we made 2 groups. Participants of each group were

selected randomly. Group A had 15 random participants and were given the dashboard
implemented with heuristic set 1 while, Group B also had 15 random participants but were
given the dashboard implemented with heuristic set 2. Testing was completed in two sessions
in two different days, 1* session was with Group A and 2" session was with Group B. Testing
was conducted in lab in traditional environment. Both groups evaluate them according to their
observations in terms of usability and its scales i.e. Attractiveness, Perspicuity, Dependability,

Efficiency, Stimulation and Novelty.

5.3 Tasks
In order to understand what works and what doesn’t in an implemented dashboard is to watch
people use it [23]. In order to notice participants of user testing, we have to give them some
assignments to do [23]. These assignments are referred to as tasks [23]. Tasks were used to
guide the participants properly and to train them. This is how we did user testing. We selected
30 BS students randomly, gave them some realistic activities i.e. tasks and we gain qualitative
visions into what is causing students to have trouble. We gave the tasks to user testing
participants because we must had to engage them with the interface so that they gone through

almost all the necessary links of the dashboards.

The tasks are constructed for the usability evaluation of polio information dashboard. It is
essential for the user to complete all these tasks in getting familiar and experience with the
polio information dashboard. These tasks will further pointed as an input for the usability
evaluation questionnaire. User testing participants have to give the written answers that they

TR e L. St B e el TR o e e e e g
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observed while using the polio information dashboard. Participants have to perform the steps
in a sequence and their experience will help them in filling the usability evaluation
questionnaire accurately. The time duration given to participants for the completion of tasks

was only 30-45 mins.

Task 1: In the polio vaccination Pre-Campaign, the vaccination teams are given the
“Training”. You need to write down which training indicators has highest Yes% for month

September in district Rawalpindi? Also mention the year (if any) ?

Task 2: -

a) Post-Campaign activities include the “Log Books” of the polio vaccination campaign.
You need to find the trend of “status of missed children at SM level” is increasing or
decreasing for month June in district Rawalpindi?

b) Mention the chart and ):ear (if you have option to select it by yourself) for above task
a)

Task 3:

a) Extract (download) the 1 week (if any) information of “Cold Chain” given in Intra-
Campaign for district Multan and month December. After downloading, you need to
calculate from excel sheet total Yes and total No and write down your answer?

b) Mention your selected year (if any) ?

Task 4: Browse the “Microplan” in the polio vaccination Pre-Campaign menu. You need to
write down the individual Yes and No% of indicator “Clear Boundaries between two Union

Councils” in district Rawalpindi, June by using Bar Chart? Select the year 2013 (if any)

Task 5: Search the “Recording Missed Children” in polio vaccination Intra-Campaign’
menu. Figure out ‘is the team recording the expected date of return of the missed children

or not?’ for month June in district Abbottabad? Select the year 2015 (if any)

Task 6: In polio vaccination Post-Campaign menu browse the “Status of Missed Children

at UCO Level” in district Khairpur? Mention the selected month and year (if any)
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5.4 Pilot testing
Before executing the real user testing, a pilot study was conducted to assess either the details
in tasks are understandable and necessary enough for the layman. 5 students of BS degree were
requested to perform the pilot testing. The purpose of tasks were to engage the users and to
train them. Hence, we need to know the tasks are enough for the users to get familiar with the
dashboard. Similarly, we need to know using these tasks we will get correct feedback from
users or not. The outcome of pilot study suggested some changes in tasks. After discussion, we
considered some of the changes while few of them were not necessary and irrelevant. Some
tasks were not understandable for the user how is using the system first time. Besides that, user
get bored while performing tasks. Therefore, we tried to make the tasks in such a way that they
are understandable for the users. Moreover, we tried to make only few important tasks that are

enough to train them and take their less time so that they won’t get bore.

5.5 Measurement
In an experiment, measurements are collected through data collection [22]. This experiment
uses questionnaire to get the feedback from the participants. Measurement of both dashboards
for usability was performed by semantic differential questionnaire. In semantic differential
scale we asked the participant to rate the dashboard in terms of usability and its scales. This
questionnaire was based upon a seven point rating scale that has two bi-polar adjectives at each
end [22]. When the students successfully performed the tasks, we gave them the questionnaire
so that they evaluate the dashboard according to their observation. The questionnaire has 26
items and 6 scales [39]. The scales include Attractiveness, Perspicuity, Efficiency,
Dependability, Stimulation and Novelty [39]. The screenshot of the questionnaire is given

below as well as the questionnaire is given in Appendix
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5.5.3 Efficiency
In efficiency, we gone through that the dashboard is efficient or not? Can users effortlessly

answer their tasks with the dashboard? Efficiency include the following items of questionnaire

o Fast/slow

o Efficient/inefficient

o Impractical/practical

o Organized/cluttered
5.5.4 Dependability

In dependability, we check whether the dashboard is in control of the user or not. It include the

following items of questionnaire

o Unpredictable/predictable

o Obstructive/supportive

o Secure/not secure

o Maeet expectation/ does not meet expectations

5.5.5 Stimulation
In stimulation, we need to check user feel excited and motivated to use the dashboard as well

as the dashboard is interesting. Following are the items of stimulation given in questionnaire

Valuable/inferior
Boring/exciting

Not interesting/interesting
Motivating/demotivating

O 0O O O

5.5.6 Novelty
In novelty, we gone thorough that the dashboard is attracting the user through its creative and

innovative design. The items of questionnaire that are considered for novelty includes

o Creative/dull
o Inventive/conventional
o Conservative/innovative

5.6 Validity

5.6.1 Internal Validity
Internal validity is used to determine either the outcomes observed were due to the treatment

or other factors. We tried to control the threats to validity as much as we can because it is
impossible to control all the 100% threats. Therefore, we strictly followed the random selection
of subjects and random assignment of treatments for both evaluation and implementation in

order to remove the threats of biasness and learning effects of participants that may cause
T T . 3. s . St
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internal validity. While user testing, we organised the sitting arrangement of users so that they
were not communicate with each other and we monitored the testing session by ourselves. We
provide the same questionnaire and same tasks to the participants of user testing. There was no
time pressure on participants to complete the tasks. Hence, we can claim that the results of

experiment are not effected by content bias and time pressure.

5.6.2 External Validity

External validity is the way in which the conclusions of study would hold for other persons in
other places and at other time. The sample was divided into 2 groups and each group had
different people. For each situation i.e. dashboard designed with set 1 and dashboard designed
with set 2 followed the same procedure but the session was different. The group A of situation
dashboard designed with heuristic set 1 was performed in one day but the Group B of situation
dashboard designed with heuristic set 2 was performed in next day. Both groups were given
the different treatment to remove the learning effect. In order to remove the threats of
individual’s personal abilities, we randomly selected the sample and assignment of participants
to the groups. We maintained the motivation of participants by giving them refreshment after
the completion of the session as well as we considered their availability on the basis of their

convenience.

R B
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Items Skale means per person
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Fig 28: Transformed Data
6.2 Results

MS Excel tool [39] individually calculated the results of both dashboards. It gave each item a

scale i.e. Attractiveness, Perspicuity, Efficiency, Dependability, Stimulation and Novelty. The

questionnaire does not produce the overall score, so we needed to interpret the values properly

by means of scales. If two different items having same scale shows a large deviation in

evaluation, this means that the item is misinterpreted by most of the participants. The value

between -0.8 to 0.8 means neutral evaluation, values >0.8 means positive evaluation and values

<-0.8 means negative evaluation. This tool automatically calculates the mean, variance,

standard deviation, scale values and graphs for the better interpretation of data.
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The following table shows the individual results of both dashboards in terms of scales

Scales Dashboard Designed with | Dashboard Designed with
Set 1 set2

Attractiveness 0.722 1.378

Perspicuity 0.033 1.167

Efficiency 0.833 1.583

Dependability 0.333 ’ 0.283

Stimulation 0.617 1.267

Novelty 0.400 — 0.667

Table 10: Results in terms of scales

6.3 Comparative Analysis ‘
In order to test hypothesis i.e. null hypothesis (mean for both groups are equal) versus
alternative hypothesis (mean for both groups are not equal), we performed t-test for the
difference in means. Hence, we used independent sample t-test to compare the mean between
two dashboards. Significance value of 0.05 was selected to assure validity of results and SPSS

tool was used to perform this test.

Scale means per person values calculated in excel sheet are entered in SPSS and applied
Independent sample t-test on them. We have 2 groups in this evaluation, group 1 that evaluated
the dashboard designed with-heuristic set 2 and group 2 that evaluated the dashboard designed

with heuristic set 1.
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Group Statistics
Std. Error
Group N Mean Std. Deviation Mean
Attractiveness aﬁﬂgﬁgﬁgiﬂfgea 15 | 13773 73792 19053
aﬁﬂgﬁir:ﬁgess;ﬂ'“ 15 7213 88092 22745
Perspicuity 3;:222?2“29558'?2“ 15 | 1.1667 92421 23863
aﬁrfm?{:ﬁge:ei?:md 15 0333 1.28823 33262
Efficiency aﬁﬁml;ifigigesse?ge“ 15 | 15833 81650 21082
aﬁﬁmngir:tigise??ed 15 8333 92903 23987
Dependability Sﬁﬁw’ei‘:{sdﬁgiﬂfged 15 2833 85496 22075
Sﬁ,fmﬁirsdﬁge:;tg?e" 15 3333 82195 21223
Stimulation aﬁﬁmﬁi‘:{:ﬂgiﬂfgw 15 | 1.2667 78186 20188
3;;?‘"&%‘:{;515;??9“ 15 6167 91059 23611
Novelty %ﬁmiﬂfﬂgesﬂfged 15 | 6667 92421 23863
335'::’8?1%5?;??“ 15 4000 65329 16868

Fig 31: Group statistics

Group statistics table in fig 32 give us some important and related information. N represents
the no of participants in each group. In this evaluation, no of participants were 15 for each
group. Mean of groups are very important because it tell us the extent of difference in scale

between two groups. Hence, we can see which group has highest mean.

A o — |
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hdependent Samples Test
Levena's Testfor Equality of
Variances Hest for Equality of Means
45% Confidance Interval of th2
Mean Std. Error Difference
F Sig t df Sig. (2-tailed) Difference Difference Lower Upper
Afractivensss  Equal variances
assumed 150 702 2211 28 035 65600 20671 04822 1.26378
Equal variances not
assumed am 27.165 036 85600 .29671 04738 1.26462
Perspicu Equalvariances
pleuty a:sumed 2567 120 2769 28 .010 113333 40936 29479 1.97188
Equal variancss not
assumed 2.769 25.393 010 113333 40936 29089 1.97577
Efficienc Equal variances
4 asqsumed 1.221 279 2348 28 026 75000 31435 09584 1.40416
Equalvariances not R
assumed 2349 27.548 026 75000 31935 .09536 1.40464
Dependabil Equal variances
pe &) agsumed 000 1.000 -163 28 8N -.05000 30622 -87726 577126
Equal varlances not
a:sumed -163 27.957 an -.05000 .30622 -67730 57730
Stimulation Equalvariances
! agsumed 2522 A24 2.098 28 045 65000 .30989 01522 1.28478
Equal variances not
a:sumed 2.098 27.374 045 65000 30989 01456 428544
Novelty Equalvariances
v a:sumed 1.429 242 913 28 369 .26667 129223 -33193 .86527
Equal variances not
assumed 913 25195 370 .26667 29223 -.33495 86828

Fig 32: Levene’s test for equality of variances

Levene’s test for equality of variances in fig 33 is a test that determines if the two groups have
about the same or different amounts of variability between scores [20]. If the sig. value in
Levene’s test is greater than 0.05 this means that variability of scores in both the groups is
almost the same. Hence, the scores of both groups do not vary much and variability is not
significantly different in both groups [20]. In this evaluation, sig value is greater than 0.05

which shows the scores don’t vary and is a good thing.

Independent Samples Test
Lavena's Tesi for Equality of
Variances 1831 for Equality of Means
95% Confidence Interval of the
Mean Std Eror Differance
F Sig 1 af Sig (2-talled) Differance Difference Lower Upper
f Equalvariances
Aaceness o e 150 702 2211 28 035 65600 20671 04622 126378
Equal variancas not
a:sumed m 27.185 036 85500 28671 04738 1.26462
P icui Equalvanances
erspicuity mosumed 2567 120 2769 o8 010 113333 40038 28479 197188
Equal variances not
a:::mgd 2769 25.393 010 1.13333 40938 .29088 1.87577
Eficiency Equal variances
assumed 1 279 2348 28 026 75000 31835 05584 1.40416
Equal variances not
assumed 2349 27.548 028 75000 31938 08534 1.40484
Dependabilly  Equalvariances N
assumed 000 1.000 -183 28 an - 05000 30022 -87720 57726
Equal variances not )
assumad -163 27.957 871 - 05000 30622 - 67730 57730
Stimulation Equal variances
assumad 2.522 124 2.008 8 045 65000 30889 01522 1.28478
Equal variances not
assumsd 2.098 27.374 045 65000 30980 01456 1.28544
Tovelty Equalvariances - N
assumed 1.429 242 913 8 59 26667 29223 -33193 86527
Equal variances not N
assumed 913 25195 370 leae7 2823 -.3345% 86828

Fig 32: T-test for equality of means
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Chapter 6 Results & Analysis

Now, look at t-test for equality of means in fig 34. These results will show if the means of two
groups were statistically different or if they are relatively the same [20]. If the value of sig (2-
tailed) is greater than 0.05, that means that there is no statistically significant between two

groups.

Statistical findings in fig 34 reveal that significant difference between two dashboards is
observed [t (28) =2.211, p=0.035] in situation of dashboard designed with heuristic set 2 in
terms of attractiveness. It shows that difference is significantly proven and performance of
dashboard designed with heuristic set 2 is better in terms of scale attractiveness. As, p is less

than 0.05% so we reject (HO) null hypothesis and accept (H1) alternative hypothesis.

Similarly, statistical findings in fig 34 reveal that significant difference between two
dashboards is observed [t (28) =2.769, p=0.010] in situation of dashboard designed with
heuristic set 2 in terms of perspicuity. It shows that difference is significantly proven and
performance of dashboard designed with heuristic set 2 is better in terms of scale perspicuity.
As, p is less than 0.05% so we reject (HO) null hypothesis and accept (H1) alternative
hypothesis

Moreover, statistical findings in fig 34 reveal that significant difference between two
dashboards is observed [t (28) =2.349, p=0.026] in situation of dashboard designed with
heuristic set 2 in terms of efficiency. It shows that difference is significantly proven and
performance of dashboard designed with heuristic set 2 is better in terms of scale efficiency.
As, p is less than 0.05% so we reject (HO) null hypothesis and accept (HI) alternative

hypothesis.

But, statistical findings in fig 34 reveal that no significant difference between two dashboards
is observed [t (28) =-.163, p=0.871] in terms of dependability. It shows that difference is not
significantly proven and performance of dashboard designed with heuristic set 2 is equal to
dashboard designed with heuristic set 1 in terms of scale dependability. As, p is greater than

0.05% so we accept (HO) null hypothesis and reject (H1) alternative hypothesis.

Besides that, statistical findings in fig 34 reveal that significant difference between two
dashboards is observed [t (28) =2.089, p=0.045] in situation of dashboard designed with
heuristic set 2 in terms of stimulation. It shows that difference is significantly proven and

performance of dashboard designed with heuristic set 2 is better in terms of scale stimulation.

O
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Chapter 7 Conclusion & Future Work

7 CONCLUSION

Dashboard is defined as a single screen display for information visualization. Dashboard
provides only the important information to the users to make business decision quickly.
Dashboard is like a control panel in which we organize and present the information in such a

way that is easy to navigate and easy to read.

From the study of literature, we concluded that no optimal set of heuristics exist for designing
web dashboard. But there were many authors that proposed their heuristic sets for designing
information visualization and business intelligence applications. Hence, in this study we
composed an optimal set of heuristics for web dashboard designing from already existing
heuristics for information visualization and business intelligence. In this regard, an experiment
was conducted to implement the dashboard based on the composed set of heuristics. Besides
that, we evaluated the usability of that implemented dashboard with user testing. We got the
feedback of testing participants through semantic differential questionnaire. We considered the
usability with its scales i.e. attractiveness, perspicuity, efficiency, dependability, stimulation

and novelty.

Statistical findings reveal that there is a difference between two dashboards in terms of usability
on following scales i.e. attractiveness, perspicuity, efficiency and stimulation while no
difference is observed on following usability scales i.e. dependability and novelty. From the
analysis of results we conclude that dashboard designed with heuristic set 2 (common + other
heuristics) is better in terms of usability than the dashboard designed with heuristic set 1
(common heuristics). As, the heuristics given in common heuristic set were commonly used by
most of the studies to design the information visualization and business intelligence application
which means that these are important heuristics. But, if we consider the heuristics mentioned
in other heuristic set along with the common heuristic set the design of the dashboard would
be better. So, it is proved that other heuristics are also important to some extent for web

dashboard design.

7.1 Discussion
Dashboard designed with heuristic set 2 (common + other heuristics) provides more
information to its users. Users can view the polio information w.r.t days, week, month and year.
Similarly, users have option to view the polio information on different type of charts.
Navigation is easier and information is well organized as compared to dashboard designed with

heuristic set 1. Moreover, it shows proper error messages. Besides that, users of dashboard
i . AR |
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APPENDIX

TASKS FOR EVALUATION OF POLIO INFORMATION DASHBOARD
http://www.itestbuddy.com/poliodashboard

This document defines the tasks constructed for the usability evaluation of polio information dashboard in
Pakistan. It is essential to complete all these tasks in getting familiar and experience with polic information
dashboard that is given to you. It will further pointed as an input for the usability evaluation questionnaire.

o Give the written answers that you have observed while using the polio information dashboard.
o All the steps should perform in a given sequence

o Your experience will help you in filling the usability evaluation questionnaire accurately

This will take about 30-45 minutes of your time only.

Participant’s Name:

Participant’s 1D:

Task 1: In the polio vaccination Pre-Campaign, the vaccination teams are given the
“Training”. You need to write down which training indicators has highest Yes% for month

September in district Rawalpindi? Also mention the year (if any) ?

Task 2:

¢) Post-Campaign activities include the “Log Books” of the polio vaccination campaign.
You need to find the trend of “status of missed children at SM level” is increasing or
decreasing for month June in district Rawalpindi?

d) Mention the chart and year (if you have option to select it by yourself) for above task
a)

P S -4 |
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Task 3:

¢) Extract (download) the 1 week (if any) information of “Cold Chain” given in Intra-
Campaign for district Multan and month December. After downloading, you need to
calculate from excel sheet total Yes and total No and write down your answer?

d) Mention your selected year (if any) ?

Task 4: Browse the “Microplan” in the polio vaccination Pre-Campaign menu. You need to
write down the individual Yes and No% of indicator “Clear Boundaries between two Union

Councils” in district Rawalpindi, June by using Bar Chart? Select the year 2013 (if any)

Task S: Search the “Recording Missed Children” in polio vaccination Intra-Campaign
menu. Figure out ‘is the team recording the expected date of return of the missed children

or not?’ for month June in district Abbottabad? Select the year 2015 (if any)

Task 6: In polio vaccination Post-Campaign menu browse the “Status of Missed Children

at UCO Level” in district Khairpur? Mention the selected month and year (if any)
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Questionnaire

Please make your evaluation now.

For the assessment of the product, please fill out the following questionnaire. The
questionnaire consists of pairs of contrasting attributes that may apply to the product. The
circles between the attributes represent gradations between the opposites. You can express
your agreement with the attributes by ticking the circle that most closely refiects your
impression.

Example:
attractive O ® O O O O O unattractive

This response would mean that you rate the application as more attractive than
unattractive.

Please decide spontaneously. Don't think too long about your decision to make sure that you
convey your original impression.

Sometimes you may not be completely sure about your agreement with a particular attribute
or you may find that the attribute does not apply completely to the particular product.
Nevertheless, please tick a circle in every line.

It is your personal opinion that counts. Please remember: there is no wrong or right answer!

S S |
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