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Abstract 
Recently, the whole-genome expression analysis – which is analyzing most or all of 

the genes in biological systems, and is a rich and powerful way to discover gene 

pathway - has become increasingly affordable because  of the increasing amount 

of microarray data available in public databases. Additionally, due to the enormously 

available information content in these repositories, researchers have to spend large 

amount of time to decide on the right information to proceed. There should be an 

application to assist biological researchers reducing the time in finding good data sets 

to analyze. In this project, a thorough study in HCI, Information Visualization, 

interaction design and development methodologies are carried out in order to build a 

web-based user interface that enables searching and browsing gene expression data 

and their correlation (web-based). Findings from literature review are applied to 

create a web-based user interface in large-gene expression analysis. Then, a survey is 

carried out to collect and analyze pilot users‟ feedback. The questionnaire shows that 

the users are very interested in using the system and they would like to spend more 

time interacting with it. They give positive feedbacks about interactive data 

visualization in the website help them to save time on viewing, navigating and 

interpreting complicated data. Besides, it is easy to navigate and learn how to use the 

system to achieve interesting findings in biology. The questionnaire shows that the 

author is successful in applying findings from literature review to build the website. 

Besides, from the results there are suggestions for improvement such as the flexibility 

in the website by automatically recognizing the alias gene names from different 

databases, filling-in gene symbols using first few characters, narrowing down a search 

to a particular species such as human or rat, etc. 
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1 Introduction 

1.1 Background 

Human-computer interaction is the study that discovers how users and computers interact 

(Tripathi K.P., 2011). One definition of HCI is: “a discipline concerned with the design, 

evaluation and implementation of interactive computing systems for human use and with the 

study of major phenomena surrounding them” (ACM SIGCHI Curricula for Human-Computer 

Interaction). In order to achieve success in an Information System that involves human-computer 

interaction, the designers must take into account related concepts and disciplines. One important 

aspect of HCI is information visualization which includes both representation and interaction. 

Presentation aspect of information visualization has received a lot of attentions from researchers 

and interaction is often neglected (Yi S.J , 2007). There are few papers mainly focus on 

interaction aspect and prove that interaction is an important element in information visualization.  
 
Web-based user interface is an area in Information Visualization. Flavian Carlos et al. (2009) 

explained how a website must be designed to best match the users‟ needs. Therefore, within any 

disciplines, the designers should follow the criteria in HCI, information visualization and user 

interface. Besides, integrating science into web design (or designing website to support science) 

has been common in ICT. Over the last decade, ICT tools have proved their usefulness in 

biology field. Additionally, the publicly available proliferation of data repositories in 

bioinformatics has led to the development of numerous systems especially web-based user 

interfaces that allow scientists to browse, search, view, manipulation the data that they contain.  

 

One of the popular information systems that support biology is BLAST (Basic Local Alignment 

Search Tool - NCBI) to find regions of similarity between biological sequences. With BLAST, 

the users can use different algorithm to search for nucleotide, protein, translated nucleotide or 

translated protein queries. This is a commonly used tool in biology. 

 

The second example is UCSC Genome Bioinformatics Site that “contains the reference sequence 

and working draft assemblies for a large collection of genomes” (UCSC website). The website 

includes a lot of functionalities such as genome browser, table browser, genome graphs, etc. 

 

The other example is HDAPD developed by Lin Y. et al. (2010), it is a web-based tool which 

can be easily initiated by keying keywords of a disease, protein name/type or PDB for searching 

the disease associated protein structures.  

1.2 Statement of problem 

As described in the above section, in public database shows that the gene data sets have been 

increasing rapidly and there are tremendous amount of genes that researchers know nothing 

about. Besides, the bioinformatics community increasingly encourages researchers to produce 

and share data sets to other members. The researchers should provide very comprehensive 
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description of the data sets when uploading in public repositories. The question raised is: how do 

researchers know which data sets are relevant to them? Therefore, there is an urgent need to 

create a data driven method to identify pattern among genes in the data sets.  Since there is large 

volume of data and complexity, the main challenge is how to display the result in a cognitive 

way.  

 

Developing an effective user interface in the field of bioinformatics requires a lot of 

consideration due to the limitations imposed by the nature of the users‟ working environment in 

which the interface is designed and developed. Biologists are personnel who receive expertise in 

their domain (biology) science but they are rarely trained in computers. Besides, the goal of this 

web-based user interface is to publish as a publicly available service for everyone in the World 

Wide Web. Therefore, the study must focus on concepts and disciplines in HCI, Information 

Visualization, interaction design, user interface and development methodologies especially these 

concepts and disciplines should relate to bioinformatics to suit into the users‟ environment.  

 

The background study will be the basis to initialize, design and develop such a system that 

satisfies essential requirements in the field of HCI. In more specific term, the problem in this 

study can be defined as: how to design and implement a user-friendly interface to satisfy the 

goals of human computer interaction in form of website that display the relevant data in 

bioinformatics. 

 

1.3 Purpose of the study 
In many cases users (molecular biologists) experiences difficulties in searching for good datasets 

to work on their studies about gene expression. Firstly, the study focuses on human-computer 

interaction (HCI) as a background for further investigation and development of the web-based 

user interface in this project. Secondly, this study also discusses the role of interaction in 

information visualization which has two main components: presentation and interaction. Thirdly, 

the author discusses the key factors for web design to get high level of satisfaction with the 

website. 

 

The purpose of this research is therefore to create an understanding for some important design 

principles that can be used when linking and displaying biological data – large gene expression 

analysis results in this project – to help biologists to save time on looking for good datasets for 

their researches. 

  

1.4 Terms used 

 

A presentation in clear-cut terms the purpose that guides the researchers. 

Term  Explanation 

 

Microarray A microarray is a multiplex lab-on-a-chip. It is a 2D array on a 

solid substrate (usually a glass slide or silicon thin-film cell) that 

assays large amounts of biological material using high-

throughput screening methods. 
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IT Information Technology 

 

IS Information Systems 

 

KI Karolinska Institute 

 

Omnibus Gene expression data http://www.ncbi.nlm.nih.gov/geo/ 

 

CSS Cascading style sheet 

 

ICT Information and communication technologies 

 

BLAST Basic Local Alignment Search Tool 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) 

 

UCSC Genome Browser Site (http://genome.ucsc.edu/) 

 

HDAPD A web tool for searching the disease-associated protein structures 

(http://www.biomedcentral.com/content/pdf/1471-2105-11-

88.pdf) 

 
 

Table 1: Acronyms 

1.5 Research questions 

In the book Researching Information Systems and Computing, Oates (2006) discussed 12 

reasons for doing research. Based on that, the aim of this project is both to 

 

- To come up with a better way in displaying large-gene expression from a rich datasets 

in gene expression Omnibus. 

 

- To contribute to other people‟s well-being as to make it much easier for molecular 

biologists (who are working with gene expressions) to find good data sets to support 

their current searchers. 

-  

To achieve the above goals, the project has to satisfy the criteria of HCI in bioinformatics fields. 

The research question in this project is: 

 

- Integrating biological data into web-design: How is it possible to link 

and display result data of large-gene expression in a biological data 

website that satisfies the essential criteria of human-computer 

interaction?   

 

http://www.ncbi.nlm.nih.gov/geo/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://genome.ucsc.edu/
http://www.biomedcentral.com/content/pdf/1471-2105-11-88.pdf
http://www.biomedcentral.com/content/pdf/1471-2105-11-88.pdf
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In order to answer the above research question, the following sub questions should be addressed 

and answered: 

 

1. What is HCI? What do users expect from a HCI website? 

2. What is the role of interaction in information visualization?  

3. What are the essential criteria of good user interface, especially in the field of 

bioinformatics? 

4. How can those criteria be applied to build a web application? 

5. What can be done to improve the system? 

 

1.6 Target group 
 

The target group directly addressed in this project is molecular biologists in Harvard Medical 

School who will be the test pilots as well as final users (biologists) of the system in the future. In 

this project, the target group of this master thesis in practice is not experts in IT or IS because 

they have a limited knowledge in Information Technology. Their expertise is biology (gene) and 

they do not understand comprehensively about the information system or how website work. 

They only have some skills in using computers as well as navigating website (this is an important 

aspect to consider the website design so that the users are not “lost” in the amount of information 

and tedious navigations). The target group is interested in large-gene expression analysis and the 

correlations among genes in huge amount of datasets and they are keen to use the system as a 

fast method to discover new insights within gene expression area.    

 

Additionally, because this project focuses on HCI, Information Visualization, within the field of 

Informatics, from the academic point of view the study is targeted towards researchers in the area 

of HCI, Information Visualization and interaction design. In other words, one of the target 

groups in this study are researchers who are studying about how people design, implement and 

use interactive computer systems and how the computers affect personnel, organizations and 

individuals. Additionally, researchers who have knowledge and interested in web design in 

general and website for science especially for bioinformatics will find interest in this study as 

well. Besides, one artifact of this project is the web-based user interface which applies step in 

one of the system development methodologies, researchers in this field may also find this study 

interesting because the users of the application are biologists – who do not have deep knowledge 

in software engineering. The results of this study can be used as a basis for further research in the 

field of web design for bioinformatics. 

 

This study can be a guideline for students who are keen in the field of information systems that 

apply to biology. Besides, researchers in biology filed can also use the result of this research to 

suggest new ideas for applications in bioinformatics. Teachers in informatics bioinformatics can 

also use the results of this research for further studies in information systems or bioinformatics. 

 
1.7 Delimitations 

 

At the end of this study, the first version (prototype version) of a web-based user interface is 

launched including a graphical display of large data sets and correlation structures. Only few 

users are given a right to access this system so the number of users is very limited in the first 
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version. This creates difficulty in generalize users‟ feedback on the web-base interface. 

Therefore, one limitation of this project is a study to evaluate users‟ satisfaction in this web-

based user interface on a larger users‟ group. In the future, the application will be publicly 

available to all users in all over the world so it will be feasible to have more users and receive 

more of users‟ feedback to analyze the system. Since the system will be up running within a 

short period so the number of biologists participating is not as much. However, when we extend 

the system to larger user group, the feedback can give better evaluation of the system - our focus 

in the future. Besides, this study only concerns about the impact of users‟ academic background 

(biological background) on creating the user interface, it does not consider the impact of culture 

and geography.  

 

Since there are not so many users in the first version of the web-based user interface and due to 

the time limit of this project, the author left out the step of exploring different approaches to 

optimizing web sites based on users‟ references.  The optimization in this web-based application 

only uses the key factors in web design and the suggested key factor for web design. 

 

Another limitation of this study is it is not going so deeply into discussing model-driven user 

interface for bioinformatics data resources as studied by Garwood K. et al. (2006) due to the 

scope of the current web-based user interface.  

 

Some limitations on the web-based user interface that will be improved in the future are:  

 

- The  graphical display of the cluster tree is not included in the website – this 

functionality can be as future improvement; with the visualized cluster tree and the 

ability to zoom in to have closer look at the tree, biologists will have a better view of 

the existing datasets. 

 

- There is limited number of users can access simultaneously. The systems has to work 

with a huge amount of data (2.5 GB of data) and the memory location required for the 

result is around 500 MB which takes quite much hard disk if the number of users 

increases. Due to the limitation of the current server, the number of users is limited to 

20. In the future, when the system is extended, there will be more servers added to 

share the work load and the number of users can be increased. 

1.8 Expected outcome 

This project is a thorough study on HCI, Information Visualization, interaction design especially 

on web-based user interface in bioinformatics field and software development methodologies. 

The result of the above study will be applied to develop a website which includes a graphical 

display of large data sets and correlation structures as well as a function to browse for examining 

primary expression data.  

 

The first outcome of the research is the goals of HCI; the reason and goals of users when they 

use HCI. This is the study of how to design, implement and use web-based user interface; and 

how the computers affect the users. HCI assists not only the ease of user but also provides new 

interaction techniques for supporting user‟s tasks, better way to access the information (Tripathi 



 

- 6 - 

 

K.P., 2011). Therefore, the study of interaction between users and computers is important in 

providing a better application.  

 

The second outcome relates to information visualization such as Information Visualization 

Taxonomies and categories of interaction in Information Visualization. More specific, this 

research discusses the role of interaction in information visualization that includes two main 

components namely presentation and interaction. Even though they are known and discussed as 

two different components, presentation and interaction are not mutually exclusive. Interaction 

plays an importance role in information visualization and through interaction the designers can 

overcome some limitations of representations. Besides, an interaction design on web-based user 

interface used in bioinformatics is covered in this study. 

 

 Next, an overview of available methodologies and an analysis of the methodology use in this 

development are discussed. Last but not least, the analysis of interactions in the developed 

website and the result of pilot users‟ evaluation are discussed in this report.  

 

1.9 The authors’ own experience and background 
 

The author has a bachelor degree in Computer Engineering from Nanyang Technological 

University (Singapore) in June 2007. Right after her graduation, the author joined Yokogawa 

Engineering Asia (Singapore) in R&D 1 Department from June 2007 till June 2009 as a Software 

Engineer. During the time working with Yokogawa, she worked in a development team which 

designed, implemented, and tested a core project of Yokogawa called Plant Resource 

Management (PRM). Besides, the author also worked with different products such as Portfolio 

Generator (PG: generate the list of available devices in the fields) and Partial Stroke Scheduler 

(PST: the application to test the availability of devices in the fields periodically). The author has 

skills in programming languages such as C/C++, C#.Net, Perl, etc. and database such as SQL. 

Besides, the author is interested in the field of bioinformatics and user interface. Her bachelor 

thesis was titled “Tongue Analysis” which studied the characteristics of the tongue to predict the 

disease the patient had using data mining method. Additionally, the result of that bachelor thesis 

was an application taking inputs from users, computing and displaying the result. Therefore, the 

author was very interested when there was an opportunity for her to work on this master thesis 

with KI - it will be useful experience for her in both programming and bioinformatics 

knowledge.  

 

Currently, the author is taking master degree in Informatics at Högskolan i Borås. From the 

knowledge gained from her course, the author has better knowledge in research methodology and 

informatics which is very crucial and practical in this master thesis. For example, the author is 

more confident in research design using a suitable research perspective, strategy, and evaluation 

and presentation methods. 

1.10 Structure of the thesis 

This thesis report is divided into 6 chapters that cover the overall research design and execution 

of this study. The below table summarizes the content of each chapters. 
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Chapter 1: Introduction This chapter gives an introduction to the research area 

based on the previous study – HCI, Information 

Visualization, Interaction Design and system development 

methodologies. The research question is also discussed in 

this chapter together with the target group, delimitation, 

expected results and the author‟s own experience.  

  

Chapter 2: Research design In this chapter, the methods and perspectives that the 

author applies in this research are discussed. Additionally, 

the chapter describes the data collection and data analysis 

procedures. The author also discusses the strategies for 

validating the findings and results.  

 

Chapter 3: Background This chapter discusses the most important concepts that are 

used in the thesis. From that, the subject areas relevant for 

the research are included in this chapter. Discussion about 

the previous research, relevant literature resources are also 

presented in this chapter. 

 
Chapter 4: Empirical study This chapter starts with the purpose and discussion about 

sampling methods used in this study. The questionnaire 

preparation and presentation are presented and discussed in 

this chapter.  

 

Chapter 5: Analysis and 

results 

Using the method discussed in chapter 2, the analysis and 

results are presented in this chapter. The chapter uses the 

results from both theoretical and empirical study to relate 

the analysis to the research question. 

 
Chapter 6: Discussion In this chapter, the conclusions of the results and the 

implications of the results to informatics are presented. 

Besides, the chapters presents the method evaluation and 

result evaluation that have been carried out in this research. 

In the end of the chapter, the possibilities to generalize, 

ideas for continual researches and speculations for the 

future are presented. 
 

Table 2: Structure of the thesis 
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2 Research design 

This chapter describes the research design that the author uses in this study. Firstly, this chapter 

discusses the research perspective and the research strategy that the author adopted. Secondly, 

the procedures for data collection and data analysis are presented. Then, the author describes the 

strategies for validating the findings from literature review. Last but not least the author 

discusses how to present results in this project.  

2.1 Research perspective 

Two traditions in scientific thinking are hermeneutics and positivism.  According to the 

literature, hermeneutics is often related to qualitative research (Gummesson, 1991) while 

positivism is often related to the quantitative research (Silverman, 1993). 

 

Hermeneutics emphasizes on constructivist approaches and is rooted from the Western world 

(Gummesson, 1991). Cassell and Symon (1995) discussed that in hermeneutics perspective, there 

is no clear-cut about objectivities or reality. Besides, achieving insight and development of 

understanding are the main tasks of researchers who follow hermeneutic approach (Clarke and 

Dawson, 1999). Additionally, Silverman (1993) pointed out that the interpretative social science 

research solves the problems with observation and description. The main aim of interpretative 

social science research is to generate hypothesis from the field of research.  

 

In the meanwhile, positivism concern with testing the correlation between variables and it is 

based on quantitative method (Silverman, 1993). The positivism research perspective assumes 

that there is the existence of an objective truth. The emphasis is to measure the relationship 

between existing variables in order to reveal that truth using a systematic and statistical way. 

Cassell and Symon (1995) discussed that the main focus of positivism scientific perspective is 

reliability, validity and generalization of those measurement to predict the cause and effect. 

Moreover, according to McNeill (1985), the outcome of this perspective is achieved by using 

quantitative methods. 

 

In the hermeneutic thinking, texts are interpreted from the readers‟ view but not necessarily 

determinable upon the author‟s view. Thus, two different understandings of a subject area can be 

achieved; this does not mean that any of the views is false. Words are the horizon of different 

meaning (Gadamer, 1979). By using text, the reflection of the world can be represented – the 

readers can create a picture of the world in their minds accordingly to what it is described in the 

text (Flick, 2002 cited in Lind, 2005). In this research, the author applies hermeneutic thinking in 

order to emphasize the overall picture of the main problem. Even though a web-based user 

interface is one of the outcome in this result, the process of implementation of this web-based 

includes a lot of different factors and phases such as understanding better from the related 

researches. In order to achieve better results, the author should have good consideration of the 

overall of implementation process as well as the key factor in HCI, Information Visualization 

and interaction design. A quality approach is most appropriate research approach because the 

hermeneutic perspective is chosen for this study. Section 2.3 discusses more about qualitative 

approach used in this study.   
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2.2 Research strategy 

Theoretical and empirical studies play very important role in research because they can help 

researchers indentify and select the right research strategy. Particularly, theoretical material can 

be use to investigate and influence the researchers in selecting data. In this research, theoretical 

study elaborates key factors in HCI, information visualization, and interaction design – this 

provides a ground basis for this research; then the analysis the website and the questionnaires 

verify the theoretical studies. For example, in this study, theoretical study provide useful findings 

that the author can utilized for investigating a suitable web-based user interface specifically for 

large-gene expression analysis that can satisfy criteria of HCI, information visualization, and 

interaction design. 

 

The research approaches current studies in informatics especially in the field of HCI and 

information systems to achieve a set of guidelines to develop web-based user interface. The 

author continues with this study by applying findings from literature review to create a web-

based user interface in large-gene expression analysis. When using information systems  in 

general or website in specific, the users have to interact with the system, the designers or 

researchers should have a thorough understanding on HCI to identify different factors about the 

users and how to create the information systems that serve the users‟ needs. Theoretical study 

elaborates the influent factors on users‟ reaction on the system – this is a good basis in designing 

a web-based application which can maximize usability.  

 

Additionally, theoretical study on system development methodologies is also useful for the 

author to plan the development process in order to use the allow time efficiently and provide a 

good quality system. The theoretical part plays as a basis in this research in order to build up list 

of key points to design and develop a real-world web-based user interface that will be used 

publicly among biologists. 

 

To validate findings from literature review and verify the usefulness of developed system, the 

author analyzes the web-site using the theoretical findings in order to make sure the system 

satisfy all the found criteria. Additionally, in order to achieve more valid result, a survey is done 

at the end of this project to receive and analyze pilot users‟ feedback. Survey is a good strategy 

to collect information from a sample of individuals to collect large amount of feedback within a 

short period of time (Bhatti F.A and Khan H., 2010). In this study, there are three phases of the 

survey: 

 

- Plan and develop survey 

- Collect data by handing out to pilot users of the system 
- Analysis of data 

 

There are three main purposes in this project namely: theoretical study in the field of HCI, 

Information Visualization, interaction design; web-based user interface which includes a 

graphical display of large data sets and correlation structures and an empirical study which 

collects users‟ feedback on the system to analyze and give suggestions for improvements. 

Therefore, the research strategy in this study follows Design and Creation research as this project 

focuses on the development of a new IT product. 
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March and Smith (1995) listed four different types of IT artifacts are constructs, models, 

methods and instantiation. The artefact of this project is an instantiations as it is a working 

system (website). In order to develop the website, a thorough study is done on user interface, 

available graphical libraries based on current researches on interaction design and the open-

source library for drawing images. 

 

Additionally, the website will be run and tested by 7 biologists from Harvard Medical School 

and Karolinska Institute for duration of 2 weeks. There will be a questionnaire to get their 

feedback on the system. In the survey, the questions are handed out through email and responses 

are also collected through email. The author uses email as the communication channel because of 

the distance with the sample individuals and the convenience of using email. As mentioned 

earlier, the target group of this master thesis in practice is not experts in IT so their user point of 

views are possibly different from the author‟s. Therefore, the system can be improved from their 

feedback to make it available for the users in a more intuitive way. 

2.3 The Design and Creation Process 

Vaishnavi and Kuechler (2004) discussed about an iterative process of the problem-solving 

approach in a typical design and creation in 5 steps namely: awareness, suggestion, development, 

evaluation and conclusion. 

 

The author supervisor at KI, Dr Roland had recognized the importance of analyzing large gene 

expression to apply in other biological researches. As mentioned in section 1.2, there is an urgent 

need to discover the pattern and meaning lying under the huge set of microarray data. There must 

be a way to assist the biologists in fining the data so that they can find a pattern or extract useful 

information within a huge amount of publicly available data.  

 

From the articulation of the problem, Dr Roland had some suggestions on how proceed with the 

ideas of large-gene expression analysis. He developed an algorithm which ran on a big set of 

data to generate the top score dataset and the relate genes based on a set of input gene. However, 

the algorithm took up to 3000 CPU hour to run with one set of input – this is extremely long in 

practice. In order to refine the algorithm, he recomputed the binary tree in each dataset and ran 

the algorithm on the binary tree (more detail will be discussed in section 4.2.2). The time was 

reduced to 4 seconds to run the algorithm. Using this suitable algorithm, there must be a way to 

display the result in an intuitive way so that the users can visualize and analyze with ease. 

Besides that, the users from all over the world should be able to access the system at any time – 

so the idea of having a web-based system to display graphical results raised. 

 

From the awareness and suggestions given, the author joined in the project in development stage 

which she designs and implements the idea. The author takes in to account the usefulness and 

aesthetics during the development process. To do that, she had extensive research on human-

computer interface as well as interaction design. Additionally, the research on open source 

library for graphic displays was also carried out to find the most optimized (in term of time, 

representation and ease of usage) library can be used in the system. The website is a client part of 

a bigger project – which includes also a server module that takes care of the communication 
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processes. The server module is taken care by another master student from Chalmers University. 

Therefore, during the development of the website, the author communicates closely the other 

student and her supervisor to update the communication methods and testing. 

 

When the system is up running as a proof of concept, the website will be evaluated by a group of 

biologists from Harvard Medical School and Karolinska Institute as pilot users. They will use the 

system in 2 weeks to examine the artefact and give their own assessment of its worth as well as 

give their own suggestions to improve the system. Since every individual has different opinions 

on the situation from different angles, in order to receive concrete feedback and reduce the big 

derivations from pilot users, the author prepares a set of questions in a form of a small survey. 

 

After having feedback from pilot users, the author then analysis it and improve the system within 

the allowed time. The aim of the bigger project is to extend this system to www where every 

biologist can access and use it. Therefore, the first evaluation of the system is very essential to 

plan and set up the following steps in the next development process. 

 

2.4 Data collection procedures 

2.4.1 Text in theoretical study 

There are different approaches to collect data in informatics research such as textual analysis, 

interview, questionnaire, observation, etc. (Oates, 2006). Textual analysis is the process of 

reading and analyzing the written material (Repstad, 1999 cited in Lind, 2005). This method is 

useful in theoretical study step of this project. Interview is the process of communication 

between one party (interviewer-ask questions) and another party (interviewee – answer 

questions). Due to the limit of geography distance, the interview method is not used in this 

research. 

  

In the beginning of the project, the author identifies the current topics that relate to the listed 

fields to achieve thorough understanding and comprehensive knowledge in the fields. The 

findings from literature review falls in the topics of HCI, Information Visualization, and 

interaction design in web design for bioinformatics. The project does not only focus on 

Informatics but also on biology – the system to support biologists in their researches. The author 

collects findings from thoroughly readings related researches and discusses to show essential 

guidelines for the next step. The knowledge shows what the author should consider to develop a 

website for bioinformatics, what and how to carry out to achieve a web-based user interface for 

large-gene expression analysis. The author applies the findings from literature review the into the 

development of a web-based user interface which includes a graphical display of large data sets 

and correlation structures as well as a function to browse for examining primary expression data. 

Thus, this research uses Hermeneutics research perspective which develops understandings on 

HCI, Information Visualization, interaction design in semantic web-based user interface in 

bioinformatics and how to apply those findings to create a good website in general and in the 

field of bioinformatics in specific. 

                                                                                                                                                                                                                                                                                                                                                                                             

The author accesses previous researches on HCI, information visualization, interaction design for 

website in bioinformatics, and system development methodologies using available resources 
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from University of Boras library. This resource has sufficient amount of available scientific 

literature. Kuhn, (1996, cited in Lind, 2005) pointed that results of previous researches in 

scientific literature with good amount of examples can be used as a basis for further researchers. 

Therefore, it is very essential for the author to find and create the link between knowledge from 

literature within the related research area. In order to achieve useful findings to apply in web-

based user interface in bioinformatics field, it is essential to investigate literature in HCI, 

information visualization, interaction design, development methodologies. It is important to 

sample literature for text analysis using previous researches that are most related to the current 

study based on the statement and purpose of this research. The literature review is discussed in 

chapter 3 .The author uses resources from scientific conferences, research papers, textbooks and 

online material (from reliable sources) by using Google search engine in the background section. 

The databases the author uses for accessing previous researches are IEEExplore, Scitopia, 

Scopus, etc.  

 

2.4.2 Empirical study: System analysis and Questionnaire  

 

Oates (2006) discussed that there are two data generation methods in an empirical study namely 

quantitative (representing numeric data) and qualitative method (representing all other types of 

data such as words, images, sounds, etc.). This research follows Hermeneutics research 

perspective so the qualitative method will be used. In qualitative method, the knowledge is 

assumed to be valid, independent of time and place and the respective of the discoverer (McNeill 

P., 1985) – the feedback from pilot users on a new system in order to get suggestions for 

improvements. The basis to carry out qualitative method in the research is both literature review 

on HCI, Information Visualization, interaction design in web design for bioinformatics and 

users‟ feedback for a web-based user interface (which is built based on the findings from 

literature review). Therefore, the background in this research acts as a strong basis to develop 

and validate an information system. 

 

Questionnaire is used in order to receive users‟ feedback to verify the theoretical background and 

the usefulness of the system. With questionnaire collection data method, the author can gather 

large amount of responses with less efforts (Oates, 2006). A drawback of this method is that 

there is a risk that the respondents interpret the questions differently from the initial purpose of 

the researcher. To reduce the disadvantage of questionnaire, the author carefully designs and 

prepares the set of questions and receives feedback from other researchers such as her 

supervisors from school and KI. 

 

There are two sections in the empirical study namely: analysis the web-based user interface 

developed after thorough literature review and the questionnaire to generate evaluation from 

pilot users. 

 

In the analyzing section, the author uses findings from literature review to analyze the steps in 

developing web-based user interface for large gene expression analysis. In addition, a detailed 

analysis of the website will be carried out in order to verify if the application satisfies the criteria 

in HCI, information visualization and web design. This part of the empirical study is purely 

using literature findings and one example of the system to analyze. 
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Additionally, to achieve more solid and validated results, a questionnaire will be done to collect 

users‟ evaluation when using the first version of the system. Since this is the very first time the 

system is available to users, there is a high chance that unexpected faults exist in the system. The 

author includes both open-ended and close-ended questions in the questionnaire. The close-

ended questions are used to get more specific answer while open-ended questions are to gain 

deeper opinion, feedback of certain question.   

 

2.5 Data analysis procedure 
 

Analyzing research data requires high attention from researchers because it is always an 

important task to be used in future researchers. There are two types of data that the author should 

analyze in this study namely the theoretical findings and the empirical ones.  

In theoretical findings, the author analyzes the concepts from different perspective and different 

resources – in order to validate the findings and draw important ones. The author pays attention 

to the deep meaning in literature researches instead of the overall perception (Davidson, S. and 

Heineke J., 2007). More specific, the author uses Ricoeur´s Hermeneutics research approach to 

analyze theoretical background – the approach contains three phases 

 

- Pre-configuration: the author analyzes the structure and values in the previous 

researches 
- Configuration: the author focuses on analyzing the written text with special attention 

to the real world scenarios presented 

- Re-configuration: the outcomes of the previous two phases are merged to achieve the 

interpretation (Heather, 2009).  
 

Next, the author analyzes the website that she develops based on a thorough study on HCI. 

Information Visualization, and interaction design and development methodologies. Each related 

criteria found in theoretical study will be used to analyze the website by comparing what is 

specified in the literature and what is available in the application. To analyze the questionnaire, 

the same method used in analyzing literature review is used. 

2.6 Strategies for validating findings 

The quality of a research depends a lot on the research evaluation choices in order to judge the 

trustworthiness before applying in further researches. The explicit criteria to validate a research 

study can highlight and strengthen the result generate from researches. Criteria mentioned on 

research evaluation are the basis for readers to determine the quality of research results to show 

the facts achieved from research determine truth value. Larsson (1994, cited in Lind A., 2005) 

described 3 criteria to validate and evaluate research findings 

 

- Criteria for validity are important aspects in hermeneutic research, for example 

consistency, heuristic value and the value achieved from the empirical study. To 

validate the results of this research, the author connects the materials from literature 

review.  
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- The quality of outcomes: how theoretical contributes to the empirical study, the 

structure and richness of meaning are important in the qualities of result. 

Additionally, the outcomes should be built on previously developed knowledge and 

they contribute to knowledge pool. 
 

 

- The quality of presentation: how well the text is presented to convey the outcomes. 

This concern the structure of the project and report and the accuracy terms used. 
 

One main aim of a research is value-added which can increase the validity. The author believes 

that if the fact can convey meanings to the study, the validity of that fact can be tested. In order 

to validate the outcomes of this research, the author chooses the listed above criteria and the 

followings to evaluate findings: 

 

- Relevance: if the subject is relevant to the study area and if the choices of theoretical 

findings are relevant connection to the subject. 
- Validate if it is an original work 

 

2.7 Result presentation method 
 

The quality of the research is directly influenced by how the results are presented to target 

groups and how efficient the results are presented to add value to future researches. In this study, 

the results are presented using different methods to model different scenarios (such as theoretical 

findings, describing the web-based user interface, or analysis of empirical study, etc.) – textual 

description, graphs and tables are used as presentation methods.   

 

Textual presentation method is the most common used and most useful form to describe facts 

achieved from previous and current researches. Text is the main form in the research to elaborate 

what are shown graphs, diagrams, figures, tables and screenshots. Textual presentation is used to 

describe theoretical study, description of empirical section, discussion, analysis, etc. 

 

Graphs and figures are also used in this research to present the findings from theory and 

empirical study. With visualized form of representation in the study, the research can conveys 

information more effective. 

 

Besides, tables are included in this report to show some comparison (for example listing 

outcomes of different researches in information visualization or interaction design, comparing 

different development methodologies, etc.) 

 

One outcome of this project is an artifact which is a web-based which will be publicly available 

to all users. Additionally, screenshot of the website will be included in this report. 
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3 Background 
 

3.1 Key concepts 
 

3.1.1 Human Computer Interaction criteria 
 

“Human-computer interaction is a discipline concerned with the design, evaluation and 

implementation of interactive computing systems for human use and with the study of major 

phenomena surrounding them.” (ACM SIGCHI, 1992, p. 6). This topic has been around in 

search area and corporations for about half a century (Myers B.A, 1998). Nielsen, J et al.(1990) 

and Nielsen, J, 1994) discussed 10 HCI criteria: 

 

- Availability of system status  

- Match between the system and the real world 
- User control and freedom 
- Consistency and standards 
- Way to prevent error 

- Recognition rather than recall 
- Flexibility and efficiency  

- Aesthetic 
- Help users in recovering from errors 
- Comphrehensive help and documentation 
-  

3.1.2 Information Visualization and taxonomies relevant to interaction technique 
 

Information Visualization deals with abstract data with high dimension and complex structure 

which the users of data have difficulties in finding the lying patterns (cited from Kosara R. and 

Hauser H., 2003). The visualization of data in science usually contains certain features to look 

for example the character of relationships to be discovered in data are not obvious. In order to 

succeed in visualizing data; the designer should create a method that be able to deal with data to 

reveal the valuable information. There are 4 levels of taxonomies relevant to interaction 

technique namely: taxonomies of low-level interaction techniques, taxonomical dimensions of 

interaction techniques, taxonomy of interaction operations, and taxonomies of user tasks. More 

detail will be discussed in section 3.6.2. 

 

3.1.3 Interactive User Interface 
 

The interaction between human and computers happens at the user interfaces such as monitors 

which can display show the presentation of data. Thus, the interface between the users and the 

systems play a key role in Information System in order to achieve the objectives in system 

development. Recently, interactive data visualization has become one of the most exciting areas 

in HCI. With interactive data visualization, the information system can have increased effective 

screen and give users a feeling of engagement. In this study, interactive user interface is 

examined using the followings criteria: overview, details-on-demand, relate, arranging views, 

highlighting and focus, accessing extra information, same presentation, changing parameters, 

visual attention, and visual sequence (section 3.7). 
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3.1.4 Usability and quality of web-based user interface 
 

Interface usability was defined by Uldall-Epersen and Frokjer (2007) as design principles to 

improve the interfaces and account for end user interests. Usability and quality of user interface 

are an essential part of IT applications with graphical user interfaces (GUI) and web-based user 

interface (Web-UIs). Success factors in usability are consistency, efficiency, ease, format, and 

flexibility (section 3.9) 



 

- 17 - 

 

3.2 Subject areas relevant for the research 
 

The figure below describes the relation between the relevant subject areas and research 

questions. The figure shows the mapping between research question (sub-questions) and their 

relevant subject areas in order to provide a visualized description about their relationship. 

 

 
 

Figure 1: Subject area 
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3.2.1 Human Computer Interaction 
 

HCI is the term that shows the interaction between humans (users) and computers to support 

users‟ tasks. In HCI, both hardware and software play roles in providing the interfaces for users 

to interact with computers. In this subject area, the author has brief introduction about HCI, the 

reason that users use HCI and how users and computing systems use data in HCI (section 3.5). 

 

3.2.2 Information Visualization 
 

Performing visualization in information visualization is difficult because most of the time, users 

do not have clear preconception on how such data could look or the meaning behind the data. For 

example: the data of gene score and dataset weights in this study are represented in float numbers 

which do not make clear sense if users look at the raw data. In this subject area, the visualization 

taxonomies relevant to interaction technique are presented. 

 

3.2.3 Interactive User Interface 
 

A graphical user interface (GUI) that combines HCI, Information Visualization has become a 

dominant platform for HCI because it can act as simpler and easier tool for user to interact with 

computers. Depending on users‟ needs and requirements, the GUI can vary from simple display 

on screen with simple interaction to intuitive interaction using touch screen or voice 

reorganization. Different techniques in this subject area will be discussed in section 3.7. 

 

3.2.4 Key factors for the web design 
 

To be successful in website means that having good evaluation and satisfaction from users and 

the number of users increases over time. Here in this study, the author discusses some of the key 

factors to achieve that goal when designing and implementing a website based on the previous 

studies. 

 

3.2.5 Usability of web-based User Interface 
 

An attractive design website can evoke users‟ pleasure feelings when they use the website 

(Flavian C. and Gurrea, R. 2008). As a result, an adequate degree of usability can create a 

positive bias from users – for example, it can lead to higher levels of satisfaction, trust and 

loyalty in using the website (Flavian et al., 2006; Kim and Eom, 2002; Chen et al., 1999). This 

study will discuss different main studies that focus on the clear relationship between usability 

and web design that extracted from Flavian C. et al. (2009). 

 

  



 

- 19 - 

 

3.2.6 System Development Methodologies 
 

This is a design and creation research so the methodology that author applies in order to build the 

artifact is an important element of the research. There are several methodologies in developing 

information systems; depending on various factors such as size of the project; budget, allowed 

time, etc. In this subject area, different methodologies are discussed in order to argue for a 

suitable one to build the artifact.  

 

3.3 Previous research 
 

3.3.1 HCI 
 

The outcomes of HCI are functional systems that can both support users‟ needs and improve the 

interaction between users and computers. The fundamental goals of HCI are “to develop or 

improve the safety, utility, effectiveness, efficiency, and usability of systems that include 

computers” (Interacting with Computers, 1989, p. 3). Safety is an essential goal for designing of 

life-critical systems such as air-plane application. Utility means the functionalities that systems 

provide. Effectiveness and efficiency relate to how quickly a system is able to provide users with 

the output they require. Usability characteristic make the systems easy to learn and use. Since the 

main purpose of HCI is to support users in their tasks, the developers of HCI should put their 

first priority as the people using a computer system. Therefore, the developers have to possess 

good knowledge about users‟ needs, capabilities, and references in order to design the systems 

because this information can direct developers to create good HCI systems. The systems should 

be designed to match users‟ requirements. At initial stage, the developers must put their efforts in 

understanding the level of skills that users possess; available tools and techniques to enable 

building systems. The final outcomes should be systems with efficient, effective and safe 

interaction with users.  

 

Consequently, the developers achieve the followings (Tripathi K.P., 2011): 

 

- Methodologies and processes for designing interfaces by designing the best possible interface 

with optimization to increase the learning ability or efficiency to use from a given users‟ task, the 

developers/designers reach.  

 

- Methods to implement interfaces such as software toolkits and libraries; platform, languages 

used, etc. using the methodologies and processes to create the interfaces. 

 

- Techniques to evaluate and compare available possibilities to build the interfaces.  

 

- New interfaces and interaction techniques are developed based on the techniques. 

 

- Descriptive and predictive models and theories of interaction are developed. 
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3.3.2 Interaction in HCI 
 

Finding a solid definition of interaction is challenging – in a context of HCI, Dix A. and Ellis G. 

(1992) simply describe interaction as “the communication between user and the system” (p. 124). 

Spence R. (2007) describe that interaction can occur with even a static image. In the meanwhile, 

interaction is designed as direction of manipulation and instantaneous change (Becker R.A. et al, 

1987). Even though there are many aspects of Interaction in information visualization, it 

generally serves one purpose: user can understand the information better.  

 

Even though it is challenging to find a solid the definition of interaction, its techniques are less 

difficult to define – for example: the user can interact with static image (rotate, have closer look, 

jot down notes) but there is no interaction techniques associate with static image. Foley J.D. et al. 

(1995) define interaction techniques as the way to perform a generic task in a human-computer 

dialogue using physical input/output devices. In the context of information visualization, the 

definition of interaction technique should be extended; for example the amount of data flowing 

from information visualization systems to users is greater than from users to systems (Ware C., 

2000 p. 382). An important aspect of interaction in HCI is to design the techniques that have 

more designed for changing and adjusting visual representation than showing only data into 

systems.  

 

Interaction techniques act as the features to assist users to directly or indirectly manipulate and 

interpret the representations (Yi S. J et al., 2007). For example, an interface to show tooltip of an 

area in a static image allows users to understand better the static image. Many interaction 

techniques (methods) are simple such as linking and focusing, scatter plots and relatives, 

multiple views of data, etc. In this study, the author will discuss more about interaction 

techniques used in the developed web-based user interface in section 3.7. 

 

3.3.3 Usability of web-based user interface 
 

Usability is one of the key concepts in HCI. In both types of application, UI deserves adequate 

attention and in-depth considerations in order to create graphical user interfaces that have highly 

interactive abilities. Thus, the systems can increase the level to learn and use. Nielsen J. (1994) 

defined website usability as the ease that users can learn to use and manage the system. 

Additionally, usability also means that users can memorize the basic functions, they find the 

website is efficient to use, the degree of error is low and user are satisfied with the website 

generally. There are five dimensions or quality attributes to identify the usability of a website 

namely learnability, efficiency, memorability, errors and satisfaction (Nielsen, 2003). When the 

users find it easy to use the system or website, they can improve or enhance to a more complex 

learning path and reach to higher ability to anticipate how the system will respond or perform. 

Thus, usability enables users‟ understanding of the contents and tasks to achieve their final goal 

in using the system. Therefore, the probability of error is reduced and levels of trust are increased 

(Muir B.M and Moray N., 1996). Ranganathan C. and Ganaphthy S. (2002) reported that the 

usability can be used as a tool to measure the quality of a website.  

 

3.4 Relevant literature resources 
 



 

- 21 - 

 

To achieve a better plan in developing the alpha version of the web-based user interface, the 

author carefully studies from various different publications. These ones are well-known such as 

“The design of everyday things: Basic Books” (Norman D.A., 2002). The author gains essential 

key concepts in Human Computer Interaction from the book “Human Computer Interaction” 

(Preece J., 1994). In Toward a deeper understanding of the Role of Interaction in Information 

Visualization, Yi J. S. et al. (2007) have put attempts to put it into on coherent and complete 

taxonomy in information visualization - the author can achieve a brief overview in this subject 

area in order to gain key findings in this area. For example, the different taxonomies discussed 

are taxonomies of low-level interaction techniques, taxonomical dimensions of interaction 

techniques, taxonomy of interaction operations, and taxonomy of interaction operations. Besides, 

from those findings in taxonomy in information visualization, the author develops further to the 

key techniques interactive user interface in previous researches. Some of the key techniques to 

consider to design and implement an interactive user interface from previous studies are 

overview, details-on-demand, relate, arranging views, highlighting and focus, accessing extra 

information, same presentation changing parameters, visual attention, and visual sequence. In 

addition, in the paper “Web design: a key factor for the website success” Flavian C. et al. (2009) 

summarized some of the main studies that focus on the clear relationship between usability and 

web design - their paper provides a comprehensive view in usability that are currently discussed 

in Usability of Web-based User Interface subject area. 

 

Other then all published literature resources, the author also uses Google search engine in order 

to gain good understanding about the literature review in related subject areas or to search for 

relevant research papers. Besides, the lecture slides from the course content also play important 

roles when the author studies usability of web-based user interface and system development 

methodologies subject area. 

 

The following sections present in more detail the subject areas that are relevant to this study. 

 

3.5 HCI 
 

This section is an attempt to introduce about HCI in literatures. The section includes an 

introduction to HCI, goals of HCI, the reason and goals of users when using HCI and how users 

and computing systems use data in HCI. 

 

3.5.1 Introduction in HCI 
 

Recently computers have been more commonly available in our society; there is an increasing 

need to create the link between computers and human. Therefore, human computer interaction 

(HCI) has gradually played an essential role in our daily lives – HCI does not only provide the 

ease of use but also gives users new interaction techniques that can greatly support their tasks, 

give users better access to information, or create more effective forms of communication. When 

technologies (such as hardware, computing, display technologies, communication, etc.) reach 

more advance stage, HCI may be the bottleneck in the effective utilization of the available 

information flow (Pavlovic V.I., Sharma R., and Huang T.S., 1997). The most common mode of 

HCI is mouse and keyboard – which enabled us to interact with the computers even though they 

had some limitation in speed and the way of support. However, the limitation has been overcome 
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with the emergence of technologies over time. Thus, there has been a tremendous push in 

research area toward devices and techniques to support HCI bottleneck (Pavlovic V.I., Sharma 

R., and Huang T.S., 1997). 

 

HCI is the study of how human can interact with computes, if computers are developed to 

achieve successful interaction with human beings or not, and to what extent. So, there are two 

main purposes of human computer interaction – the first one is the study of how people can 

design, implement and use interactive information systems in order to support their daily work. 

There is significant number of academic institutions and corporations who are studying HCI. 

Some of elements that form HCI (Tripathi K.P., 2011) 

 

- Input and output devices  

- Interaction techniques to use input and output devices 

- How to request and present information 

- How to control and monitor computers‟ action 

- Support in using interaction techniques (documentation, training) 

- Tools used to design, build, test, evaluate 

- The process to create HCI techniques, etc. 

 

Since HCI is the study about interaction between human and computers; there are two main 

actors in HCI: Users and Computer. Besides, interaction is an important part contributing to HCI. 

Users are individual ones or a group of users working together. It is important to note different 

users have different ways of thinking about their interaction to learn and keep knowledge – 

therefore, the cultural difference play an essential part in create HCI systems (Preece, J., 1994). 

In this research, the author does not only focus on user interface in general but we also consider 

the working environment from that targeted users are. Thus, HCI is also the study about 

behavioural sciences. The second part of HCI is computer – about hardware, software, 

technology for desktop or large scale computer, intelligent devices, etc. Therefore, computer is 

closely related to computer science such as techniques in computer graphics, programming 

languages, operating systems, developing environment, etc. Human computer interaction occurs 

at the point that the communication between human and computers happens. Obviously, there 

are differences between computer and human in terms of action, mental models (computers do 

not have mental model at all) and interactions with different factors. HCI attempts to build the 

connection from computers to users so that two actors can interact successfully (Preece, J., 

1994). In order to achieve that, the designers of HCI should gain knowledge from both human 

and computers sides thoroughly and consult with likely users in the design process. Turban E. 

and Aronson J.E. (2003) and Newell, A. and Simon (1972) define the loop interaction is the flow 

of information between human and computers. Six aspects of a loop interaction are (cited from 

Tripathi K.P., 2011): 

 

1. Task Environment: the environment that users are working with – the conditions and goals 

that users set. 

2. Machine Environment: this is the environment that computers are connected to – for 

example embedded systems or network server, etc. 

3. Areas of the Interface: there are two types in areas of interfaces namely non-overlapping 

areas and overlapping areas. Non-overlapping ones do not concern with the processes of the 
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human and computer not pertaining to their interaction. In contrast, the overlapping areas 

only involve in processes that pertain to the interaction. 

4. Input Flow: from task environment, users have tasks which have something to do with 

computers so the input flow is initialized. 

 5. Output: The machine environment produces the flow of output information.  

6. Feedback: the flow of information from human to computer and vice versa – the 

information is through the interface and it represents evaluate, confirm, and moderate 

processes.  
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3.5.2 The reason that users use HCI 
 

With the ever increasing role of computes in our society, HCI has become an essential part of our 

daily lives – most of us use computers everyday with our studies and work. Additionally, we also 

have a chance interacting with computers while taking train/bus or even using ATM machines. 

Information systems are the latest and arguably most complicated tools that human beings have 

ever created and possessed. The information systems keep evolving and growing in speed and 

capability with the development of hardware (Tripathi K.P., 2011). In the early time, when 

computers were still huge machines and uncommonly available to the public; they were used for 

scientific, engineering and cryptographic computations. Humans had to read and write 

information in bits that computers could understand – the level of HCI was not that high. 

Nowadays, with the development of programming languages and translators and hardware, 

humans can input devices such as mouse and keyboard to instruct the computers what to do. 

Humans view the output from computers as reflections of their ability on what to do. Moreover, 

computers can produce meaningful messages that human can understand – that is simple form of 

human computer interaction. Humans use computers to communicate, interact, and share 

(Tripathi K.P., 2011) such as:  

 

- To write and talk to each other 
- To exchange personal or work-related information  

- To create artefact to give more support in HCI (IS applications, website, etc.) 
- etc. 

 

Humans use computers to meet their desires and needs as long as computers provide easy 

methods to do so. When what computers can offer to users meet those needs and desires, humans 

will continue their learning process to use computers and make use of HCI. It seems like a never-

ending cycle, there are new computer-enabled capabilities, devices, and environments for use by 

ever larger, more diverse, and more demanding populations. It leads to greatly expanded 

computer usage through these human activities (Simon, H.A., 1957).   

 

HCI is important for human beings because it can offer efficiency and safe product system. The 

introduction of new technology or information system can support the work and reduce 

unnecessary time users spending on certain task. In this research, the author also mentions about 

productivity of the built application comparing to the traditional method that users perform 

previously.  

 

Some examples on what humans use HCI for: the workplace, education and training purpose, 

health care, manufacture, R&D, national security, etc. 

 

In this research, HCI is discussed within research and development (R&D) in science because 

the end users are molecular biologists who are interested in large-gene expression analysis. 

Besides, researchers in the field on HCI also can find this research‟s outcomes interesting in 

order to apply into other research in bioinformatics. 

 

3.5.3 How users and computing systems use data in HCI 
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Humans and computer systems use data differently based on two aspects: form of 

data/information and the way of processing is applied to the data or information. For example, 

content presented from computer based system is in the forms that are totally different from the 

forms computers use internally. Besides, human process that information differently from 

computers and humans do not aware of information in the form of computers. To best serve 

human needs, we should understand the functional capabilities and limitations of humans and 

computer systems.   

 

Humans collect information through their sense – perception (Lecture slide, Human Information 

System) by induction (reaching the general principles from certain instances or facts) and by 

deduction (reasoning from general to specific – dictionary). There are five steps in human 

information processing (Lecture slide, Human Information System) namely: process information, 

store information, retrieve information, distribute information, and compare information. 

Processing information involves the creation consciousness through of thoughts and mental 

processes. Then, the information is converted into knowledge which will be stored in the 

memories. When there is a need, humans retrieve information from getting earlier knowledge 

from memories and then they create the information (through remembering). The communication 

process occurs when humans distribute information and their views of the world can be validated 

through experimentation, theory, or even computer-based modelling and simulation. The new 

impressions are compared to the earlier knowledge – it involves the process within brain and 

memories. Only humans can validate the truthfulness of information resulting from human 

information processes (Rasmussen, J. Pejtersen, A., and Goodstein, L.G, 1957; Simon, H.A, 

1957).  

 

Humans use information to (cited Tripathi, 2011): 

 

- Get more understanding about the world and learn about it from direct observations 

and/or artifacts (offline such as books, online such as digital representation in www)  
- Communication and share with other human beings and information systems 

- Create new information to explain, inform, and teach to make decisions. 
- Etc. 

 

Any operations that computers performed are initialized by humans – the inputs and output of 

computers are bits – which represent the data or information. The operations that are needed to 

be done and the locations of data and information are verified before execution. Computer can 

carry the following tasks: 

 

- Connect with other computers to: collect and search data/information from or send 

instructions to www or other computer-based systems 

- Reason deductively about data/information by using mathematical logic, performing 

numerical calculations 

- Compare data sets and find statistical patterns 

- Etc. 

 

However, computers cannot create new information, new ways to communication (only humans 

can specify how computers perform communication), and validate the output.  



 

- 26 - 

 

 

Interaction is particular important in information visualization to enable exploring, analyzing and 

presenting of data. Information visualization deals with techniques to deal with abstract data that 

users have not so much or less preconceived mental model about the data (Kosara R. and Hauser 

H., 2003). In order to visualize a set of data, an image is produced from it with the goal of 

showing the character of the data and deriving insight hidden in data. The following section 

discusses about information visualization relevant to interaction technique. 

 

3.6 Information Visualization 
 

In this chapter, the author review prior research on information visualization and interaction to 

know how other researchers have defined and characterized their virtues. 

 

3.6.1 An introduction to Information Visualization 
 

There are two aspects in information visualization namely presentation and interaction. The 

presentation concerns with mapping data to presentation and how to render the data in display. 

The interaction involves the dialog between users and the system to enable the users to explore 

the data. Interaction has an essential role in information visualization – it has many aspects but 

serves one goal: to make user understand the information better – the information does not only 

show in static image but also includes functions that users can interact with. The static images 

clearly have analytic and expressive value (Bertin J., 1983, Norman D. A, 1993, and Tufte E.R, 

1990). Even with static image (“passive interaction”), the user‟s metal model on the data set is 

changed or enhanced (Spence R., 2007). Additionally, through interaction, the limits of 

representation can be overcome and the system designers can further amplify the cognition of a 

user (Dix A. and Ellis G., 1998 and Norman D. A., 1993). 

 

Thomas J.J. and Cook K.A. calls for further research on interaction: “Recommendation 3.3: 

Create a new science of interaction to support visual analytics” (Thomas J.J. and Cook K.A., 

2005). The question raised is that “What does it mean to create science of interaction in visual 

analytics and information visualization?”. The recommendation means that there is a need to 

develop taxonomy in interaction techniques and identify the under-explored areas in further 

researches. In the context of information visualization, the question raised is what interaction and 

interaction behaviour are. Examples of interactive behaviour are operations such as changing the 

focus view by selecting different point in a fisheye (Rurnas G.W., 1986) or narrowing down the 

shown dataset (C. Ahlberg, C. Williamson, and B. Shneiderman, 1992).  

 

3.6.2 Information Visualization Taxonomies relevant to interaction technique 
 

A lot of research papers in information visualization have put attempts to put it into on coherent 

and complete taxonomy (Shneiderman, 1996; Chush and Roth, 1996; Dix and Ellis, 1998; etc.). 

“Taxonomies of interaction techniques would be helpful to achieve a better understanding of the 

design space of interaction” (Yi J. S. et al., 2007). The taxonomies of interaction in information 

visualization in previous researches have significantly different levels of granularity even though 

there are many studies have the same units (Shneiderman, 1996; Buija, Cook and Swayne, 1996; 

Dix and Ellis, 1998; etc.); some describe interaction techniques by providing dimensions 
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(Spence, 2007; Tweedie, 1997); some focus on a taxonomy of interaction operation (Wand and 

Yang, 2004); and some provide taxonomies of user tasks (Zhou and Feiner, 1998; Amar, Eagan , 

and Tasko, 2005). Norman‟s action cycle describes interactions between a user and the world 

through multiple steps: from forming the goal and interaction, specifying and executing action, 

perceiving and interpreting the state of the world and evaluating the outcome (Norman, 2002).  
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Publications Taxonomic units 

Taxonomies of low-level interaction techniques 

Shneiderman (1996)   Overview,  zoom, filter, details-on-demand, relate, history, 

and extract  

Buja, Cook, and Swayne (1996) Focusing , linking and arranging views 

Chuah and Roth (1996) Basic operations of visualization interaction: graphical, set 

and data 

Dix and Ellis (1998)  

 

Highlighting and focusing, accessing extra 

Information, same data and changing representation or 

parameters, etc.   

Keim (2002) Interactivity in filtering, zooming, linking and brushing, 

and zooming 

Wilkinson (2005) Filtering, navigating, manipulating, brushing and linking, 

animating, rotating, transforming 

Taxonomical dimensions of interaction techniques 

Tweedie (1997) Interaction types such as manual or automatic; and 

directness of manipulation (direct and indirect)  

Spence (2007) Modes of Interaction modes such as continuous, stepped, 

composite or passive 

 

A taxonomy of interaction operations 

Ward and Yang (2004)  Interaction operators, interaction spaces and interaction 

parameters  

Taxonomies of user tasks 

Zhou and Feiner (1998) 

 

Relational visual tasks and direct visual organizing and 

encoding tasks  

Amar, Eagan, and Stasko 

(2005) 

Retrieve value, filter, determine range, cluster, correlate, 

etc. 
 

Table 3: Information Visualization Relevant to interaction techniques(Yi J.S., 2007) 

 

3.7 Interactive user interface 
 

The graphical user interface of a highly interactive system or the user interface of a web-based 

application forms an essential part of the whole information system and has a big impact on the 

effectiveness and maintainability. The designers should pay more attention on the attitude and 

approach of users since they are not aware of other components in information system that they 

do not have any interaction with (Oka M., 2009). The interface is not a “later problem” in system 

development. Products and systems cannot be developed and designed based on the developers/ 

designers perception about the system because in the end, users are the ones who use the 

systems. Besides, users are not so interested in and aware of technology - they rarely read 

manual and instruction.  

There are two main steps in modelling a user interface requirements (Behrens H. et al., 2003): 

 

- The use cases (work units - tasks) users perform using the system 
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- The description that relates to functionality “is complemented by a model of the 

fundamental characteristics of the user interface”, for examples: the basic behavior, 

usability aspects, and the static structure. 
 

In this study, the author focuses on the user interface aspect of web-based user interface. Many 

studies have identified that the web design is a key factor for developing a good interface that 

can satisfy users‟ requirements and needs in order to get the best results.  

 

The web-based user interface in this study strictly follow two steps described above in order to 

build a good user interface which is accessible and useful for molecular biologists in finding 

interesting results in large-gene expression analysis. 

 

The design of a user interface requires a comprehensive knowledge and experience in system 

development as well as the knowledge about the users such as users‟ needs, knowledge, 

background, experiences – to have better support in the system.  Different users form different 

conceptions or mental models about their interactions and have different ways of learning and 

keeping knowledge. In addition, cultural and national differences play an important role in 

developing a web-based user interface. The following sections discuss about key factor for web 

design. It is followed with an interactive data visualization and usable characteristic of web-

based user interface.  

 

In this study, the data is organized not only to provide techniques for low-level of interaction 

focus on the tasks that users wish to perform during visualization of information but also high 

level of visualization. This section discusses interaction data visualization techniques in previous 

research that are useful in this study. The power of using computers in a more visual/ graphic 

manner indicate the success of direct-manipulation interfaces (Shneiderman B., 1996). A picture 

worths more than a thousand words: a visual presentation lets user perceive information easier 

than using a textual description or spoken report. 

 

- Overview: with overview in data visualization, the users can gain overview of the 

entire collection. The users are able to view the entire dataset and control the contents 

of details view.  

 

- Details-on-demand: from the overview, the users can select one item or group of 

items to get details when needed. This characteristic allows the users browse the 

details about the individual or groups of information from the overview. This is 

normally approached by a pop-up message, tool tip or window with values of item of 

interest.  

 

- Relate: besides the user can gain related information among items and view 

relationships among items. For example, in FilmFinder application (Ahlberg and 

Shneiderman, 1994) users could sort the director name alphabetically or display only 

films by a certain director. In LifeLines (Plaisant et al., 1996) users can view the 

related visit report, prescription and lab test by clicking on a medication. Designing 

“relate” functionality that specify relationship among items in user interface is still a 

challenge. Tweedie et al. (1996) emphasizes the relationship among attributes by 
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exploration. Meanwhile, Rao and Card (1994) insisted on the correlations among 

pairs of numerical attributes. 

 

- Arranging views: different views are displayed in different windows or tabs such as 

scatter plot matrix and conditional plot. 

 

- Highlighting and focus: the important point in highlighting and focus is that it 

should provide various established techniques to allow rapid visual discrimination 

through the use of color, different shapes. Interaction is important and good in 

visualization but still eye movements and visual recognition are good (Dix and Ellis, 

1998).    

 

- Accessing extra information – drill down and hyperlinks: in information 

visualization techniques, a certain features of data items are represented by any 

specific visualisation technique. Rather than represent all available data 

simultaneously, the users are able to access extra information with drill down 

(browsing) or hyperlink. 

 

- Same representation, changing parameters: the display is still the same but with 

different parameters – this allows users make comparisons among data or even within 

the data itself with the input parameters. 

 

- Visual attention (Zhou and Feiner, 1998): Cognitive psychology studies have proved 

that people normally draw attention to special visual features when they view visual 

presentation (Goldsmith E., 1984 and Treisman E., 1982). The process of recognizing 

special visual features does not require any conscious attention; therefore, it is 

important for designers to know what types of visual tasks imply such presentation 

features. Using this knowledge, the designers and developers of information 

visualization systems can employ these visual tasks to achieve related presentation 

intents. Goldsmith (1984) summarized 8 important visual factors that have syntactic 

emphasis namely: color, position, size, isolation, complexity, tonal contrast, 

directionality, and implied motion. In this study, the author examines whether a 

purposely used visual task (using one or more of these eight factors) can attract or 

direct attention from users.  

 

- Visual sequence (Zhou and Feiner, 1998): human can perceive multiple visual 

characters simultaneously; studies have shown that successive processing is still 

needed in some pattern recognition and interpretation (Treisman E., 1982). Thus, the 

visual sequence plays an important role in information visualization. When visual 

elements are organized in the right sequence, the presentation can guide users in 

viewing data and information more efficiently. In contrast, when the presentations are 

organized poorly in sequence, the organized presentations will impair users/viewers‟ 

performance (W. Winn and W. Holliday, 1982). Depending on what visual features 

produce the order, there are 2 types of visual sequence namely spatial and perceptual 

sequence. Spatial sequence focuses on the presentation‟s elements‟ position to allow 

users to successively scan a presentation. In the meanwhile, perceptual sequence 
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indicates how users can order features or patterns of elements by using their visual 

appearance. The following visual tasks imply a visual sequence (Zhou and Feiner, 

1998): 

 

o “Emphasize: emphasized objects and the rest are ordered 

o Identify:  identifier and objects being identified are ordered 

o Rank: objects are ordered by rank” 
 

The interactive data visualization is important in designing a graphical user interface (or web-

based user interface). The findings in this section will be applied in developing the web-user 

interface in this study. The following section discusses about usability of a website in order to 

decide if the developed website satisfies basic requirements in design. 

 

3.8 Key factors for web design 
 

The starting point of key factor is to understand what users want. Developing an effective 

interface in bioinformatics fields to display biology resources requires consideration of the 

limitations imposed by users – the working environment of users where the interface is used. 

This web-based user interface normally begins as a prototype service (Galperin M., 2004). The 

designer notes that users of a bioinformatics system are biologists or laboratory personnel who 

have very good training and experiences in their domain science. However, they have very 

limited knowledge in software engineering – in another words, they have limited skills in using 

very complex systems.  

 

The second key factor for a web design is the quality of website from users points‟ of view 

(Aladwani and Palvia, 2002; Van der Heijden and Verhagen, 2003). It is important to obtain high 

satisfaction level with the website and increase more intention in using website in the future. 

 

Huizingh (2000) focused on the design and content of the website in order to develop a technique 

to analyze the success of the website. In his research, the search functions or perception about the 

quality of website‟s structure, image, and presentation style are components to form web design.  

 

Usability plays an essential role in web design with reference to the design factors of a website – 

meanwhile, beauty and appeal are also important aspects to consider. An attractive design can 

evoke feelings of pleasure when the users use the website (Flavian and Gurrea, 2008). A well 

designed website contains both beauty aspect and usability which highly influences the effective 

usage (Desmet and Hekkert, 2007). Many studies have proved that with a good level of 

perceived usability in website, the users have higher levels of satisfaction, trust towards the 

website (Flavian et al., 2006; Kim and Eom, 2002; Chen et al., 1999). Section 3.9 discusses more 

in detailed the web-based user interface usability to reach web design. 

 

The website should have user interface that developed in such a way that reduce the 

memorization by the users. Meanwhile the operations should be optimized in such a way that the 

number of steps users have to navigate is minimized to perform their tasks. This can increase the 

efficiency of the users‟ works. 
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3.9 Usability of web-based user interface 
 

Usability is “an overall evaluation of how a system performs in supporting a particular user for 

a particular task” (System Analysis and Design lecture slide, 2009). Shackel, B. (1991) 

defined usability as capability of the artifact in human terms to be used easily, effectively and 

satisfactorily for specific task and in specific environment. There are three characteristics of 

usability (System Analysis and Design lecture slide, 2009) namely speed, accuracy and 

satisfaction. In term of speed, the question should be answered is that “Can the users complete 

the task efficiently without waiting long?”. In term of accuracy, the correctness of output is 

considered based on the users‟ expectation. In term of satisfaction, the question is “Do the users 

like using the system?”. 

 

The designers should considers some of the aspects in order to create a usable system name the 

user (experiences, skills, motivation, education, and personality), the task the users perform (if 

there is any time pressure, the cost created when error occurs), the platform, and the 

environment.  

 

Keeker, K. (1997) provided guidelines for the website designers in order to enhance the usability 

and appeal of websites. This case study presented five different factors that essentially contribute 

to the usability and appeal of the websites namely: content quality, ease of use, promoting 

content, made-for-the-medium content, and emotional response. Having similar factors such as 

content, ease of use, promotion, specific content, and emotion involvement, Agarwal, R. and 

Venkatesh, V. (2002) developed an instrument to measure the usability of a website using 

heuristic evaluation from experts and questionnaires delivered to the users. They concluded that 

the characteristics of the website content are the most important. Meanwhile, through protocol 

analysis (experiential evaluation) Benbunan, R. (2001) evaluates the e-commerce website 

usability using 3 different factors namely content, navigation and interactivity. The results he 

achieved were the problems related to website content, navigation and interactivity; in order to 

achieve the users‟ pleasure, it is important to offer an efficient navigation; and more successful 

interaction implies better usability. Palmer J.W. (2002) proposed and validated some 

measurements of websites‟ usability and design by using some features such as: download delay, 

the ease of navigation, the content of the website, responsiveness, and interactivity.  His used 

longitudinal study of corporate websites in users‟ role, rating from third party and software 

experts to achieve the results as there is high correlation between web design, usability and 

media richness (interactivity and responsiveness) to achieve success in website. 

 

Having different factors aside the other studies, Hu et al. (2004) examined the relationship 

between users‟ impression and the website‟s visualized display. The factors they considered are 

title format, title position, menu size, clipart size, the brightness of the background color and the 

harmonization of color. They concluded that in order to create an optimal visual design, the 

designers have to consider the trade-offs between different design combinations. 

 

To summarize, the success factors in usability from previous researches are (System Analysis 

and Design lecture slide, 2009) 
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- Consistency: in term of terminology use, the format, the titles, the ways of navigation, 

and the response time. 

- Efficiency: user actions are minimized. 

- Ease: it is easy for users to use the interface by having self-explanatory outputs and 

labels. 

- Format: the display of data and symbols are appropriate display 

- Flexibility: maximize user options for data input according to preference. 

 

Some criteria to measure the usability are the time taken for users to learn the system; the speed 

of performance; the errors rate occurs in the system; the retention over time; the satisfaction from 

users; the consistent layout of information and the display of the message to be delivered 

(output). 
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3.10 System development methodologies 
 

3.10.1 Overview of available methodologies 
 

As the project involves the development of a web-based user interface which includes a 

graphical display of large data sets and correlation structures, the system development method is 

important. Oates (2006, pg 112) insisted that “this is not be confused with your research 

methodology”.  

 

Waterfall model (Royce, 1970) 
 

This is a sequential design process which is often used in software development process. The 

process is a steady downwards like a waterfall. This model was developed by Royce (1970). His 

original model contains the phases: System requirements, software requirements, analysis, 

program design, coding, testing, and operations 

 

 
Figure 2: Waterfall model (Royce, 1970) 

 

In waterfall model, the progress flows from the top to the bottom just like a waterfall.  Royce 

presented this waterfall model as an example of a flawed, non-working model (Royce, 1970). 

Some problems raised when using this model are: the system requirements are locked in after 

determined – the stakeholders of the project are not able to change system requirements any 

more. This leads to inflexibility in developing the system and there is a risk of calling the project 

off due to the change in requirements but inability to update. Additionally, with waterfall model, 

there will be limited users‟ involvement because they only participate during the requirement 

phase – the new needs and requirements from users will not be considered after the requirements 

phase. Besides, waterfall model has too much focus on milestone deadlines of SDLC phases 

which are time consuming especially for a short-period project. Therefore, in this study, the 

author choose different development model to develop a web-based user interface. 

 

Spiral Model (Boehm, 1988) 
 

This is a software development process that combining elements in both design and prototyping 

so that it can combine the advantages of the top-down and bottom-up concepts. This model is 
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intended for large, expensive and complicated projects. Thus, this model is unsuitable for the 

project in this study. 

 

 
 

Figure 3: Spiral Model (Boehm, 1988) 

 
Prototyping  
 

This is an iterative development process that converts requirements quickly from requirements to 

a working system. The initial requirements are used to identify the problem. The developers 

develop a prototype from the defined problem. After that, the developed prototype is used to 

implement to a working prototype. The working prototype is continuously revised and enhanced 

in order to produce an operational system. In this model, the system is continually revised and 

there is close collaboration between users and analysts. However, with the limited time in the 

project, prototype model is not so suitable to develop a web-user interface in this study. The 

author proceeds to other options of development methodology. 

 

 
 

Figure 4: Prototyping (System Analysis and Design slides) 

 
Joint Application Design (JAD) 
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Joint application design is a process that combines both management and users. It is used in the 

prototyping life cycle area of the Dynamic Systems Development Method to collect new 

business requirements in order to development new information systems (Wiki). This is a 

structured process that involves users, analysts, and managers during the development. Since 

there are a lot of parties involving the development process, it takes several-day intensive 

workgroup sessions in order to specify or review the systems requirements (Systems Analysis 

and Design slides, Björnabelli, 2009). This is a time-consuming development model which is not 

suitable for this project. 

 

Agile Methodology 
 

This methodology is “motivated by recognition of software development as fluid, unpredictable 

and dynamic” (System Analysis and Design lecture slides, 2009). This method is based on 

iterative and increment development with three key principles namely adaptive rather than 

predictive; emphasize people rather than roles and self-adaptive processes. 

 

 
 

Figure 5: Agile development (Wiki) 

This is a very good candidate for developing the web-based user interface in this study. 

 

 
eXtreme Programming 
 

This methodology includes short, incremental development cycles which have automated tests. 

Normally, there are two persons in the programming team to develop the system – they code, test 

and operate together in the collaboration basis in order to produce information systems. 
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Advantages of this method are that: since there are only two (or 3) in the development team, it is 

easy to communicate between developers. Thus, this method has high level of productivity with 

high quality code.  

 

In this study, the project has 2 students working on the server and web user interface – this 

requires a lot of communication between the two developers. Thus the author considers this 

methodology as one option for her development process of the web-based user interface. 

 

Rational Unified Process (RUP) 
 

This is an object-oriented systems development methodology which includes four phases in the 

development process: inception, elaboration, construction, and transition. Besides, each phase 

also includes a number of separate iteration. Therefore, this methodology requires a long 

development period which is not the case of this project.  

 

 
 

Figure 6: Rational Unified process (Rational 2002) 

 

3.10.2 The methodology used in this development 
 

The section above reviews a number of available system development methodologies which can 

be good candidates for developing a web-based user interface in this project. The author 

considers agile methodology and eXtreme programming due to the characteristic of this study. 

Both of the methods include good features that are suitable in this project – good 

communication, flexible, high level of productivity, etc. In eXtreme programming, the automatic 

tests are used during the development process – it is difficult to apply in this project because the 

most of available test tools are commercial products and the developers should spend an 

adequate time in setting up suitable test cases especially for GUI. Manual testing is applied in 

this project due to the lack of time. Therefore, the author decided to use Agile Development 

methodology.  

 

The characteristics of this method are (System Analysis and Design slides, 2009):  

 

- Value individuals and interactions over processes and tools 

- Put higher priority on working software than one comprehensive documentation 
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- Emphasize communicate with users (the evaluation step which users give their 

feedback on their own experience working with the website) 

- Respond to change – the changes are updated almost immediately when there are new 

requirements or suggestions. 

 
 

Figure 7: Agile Manifesto 

 

Due to the above characteristics, agile is chosen as its flexibility and high efficiency focusing on 

developing by minimizing what is not directly contributes to the product, respond to change by 

inspecting and adapting, increment development. Figure 8 shows that Agile method builds on 

success not hope. During the development process, the author is flexible to change based on the 

users requirements. 

 

 
Figure 8: Waterfall Vs. Agile    
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3.11 Summary of theoretical findings 
 

The theoretical findings are the basis for answering part of the research question (sub-questions): 

 

1. What is HCI? What do users expect from a HCI website? 

 

HCI is the study about the interaction between humans (users) and computers to support 

users‟ tasks – how humans can interact with computers, if the computers are designed to 

achieve the goal of successful interaction or not and to what extent. The elements that 

form HCI are also discussed. Humans use computers to write and talk to each other, 

exchange information, create artifact to support HCI, etc. Humans can use the 

information provided by HCI to gain more understanding and learn about the world, to 

communicate and share with others or to create new information to make decisions, etc. 

Computers cannot create new information, ways of communication without human so 

humans play essential part in HCI. 

 

2. What is the role of interaction in information visualization?  

 

Presentation and interaction form interaction in information visualization. The role of 

interaction in information visualization is to make user understand the information better 

– the information does not only show in static image but also includes functions that 

users can interact with. “Taxonomies of interaction techniques would be helpful to 

achieve a better understanding of the design space of interaction” (Yi J. S. et al., 2007). 

The interaction techniques are divided into 4 different levels namely: taxonomies of low-

level interaction techniques, taxonomical dimensions of interaction techniques, taxonomy 

of interaction operations and taxonomies of user tasks. From the taxonomies, some of the 

interactive visualization techniques are achieved such as overview, details-on-demand, 

relate, arranging views, highlighting and focus, accessing extra information, same 

presentation changing parameters, visual attention, and visual sequence. 

 

3. What are the essential criteria of good user interface, especially in the field of 

bioinformatics?  

 

In order to design usable and useful interactive web-based user interface, designers need 

to ensure that the design features incorporated into the systems are good based on the 

users‟ need, background and experience. The techniques in interactive information 

visualization should be used. Understanding users‟ needs and the working environment 

also play important role in designing and implementing a good user interface. Some 

criteria for good user interface from literature studies are understanding what users want, 

the quality of website from users points‟ of view, the design and content of the website, 

and usability. 

 

4. How apply can those criteria be applied to build a web application? 

 

The system development methodologies are the plan for creating an organized way of 

developing the software products. Different methodologies are evaluated and the author 



 

- 40 - 

 

chooses Agile method because it builds on success not hope and the author is flexible to 

change based on the users requirements during the development process. Besides, key 

factors in web design are applied to build this web-based user interface.  

 

5. What can be done to improve the system? 

 

From the theoretical findings, the evaluation of the web-based user interface from the 

author‟s point of view and users‟ feedback; the author can conclude what is missing in 

the website in order to give suggestion for the future. 

 

3.12 Arguments for an empirical study 
 

With only the study from literature such as published materials, it is not enough to form 

complete results in this study so empirical study is always needed to validate theoretical findings. 

There are some reasons for empirical study in this research because one of the aims is building a 

web-based user interface that support large-gene expression analysis using key findings from 

literature discussed above.  

 

The first reason for empirical study is to practically apply findings in the subject areas in this 

study into practice – design and develop a real web-based user interface that assist molecular 

biologists in analysing large-gene expression. 

 

The built web-based user interface acts as an artefact to validate if the findings in the literature 

review if they are valid. The questionnaire in empirical study is to find out users‟ feedback about 

the built website to understand the interactivity, usability factors in the website. 

 

Besides, from empirical study, the author can discover interesting findings in the subject areas 

that will be useful for further studies.  

 

Lastly, findings from empirical studies provide valuable way to validate theoretical findings. 

Therefore, the author adopted empirical study to validate theoretical findings in this study. 
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4 Empirical study 
 
This chapter verifies the theoretical findings with the use of empirical findings. The application of 

theoretical findings to build the web-based user interface and the questionnaire purpose, sampling, 

the presentation and results are presented.  

 

4.1 Purpose  
 

From the theoretical study, the author has identified important findings that can assist the process 

of designing and implementing a web-based user interface to analyze large-gene expression. The 

basic purpose of this empirical analysis is to create the implementable knowledge by applying 

and verifying theoretical findings. Facts from literature review are very valuable to the purpose 

of this research but they were built from the perception of researchers which are different from 

the authors or the users of the system. Applying theoretical findings in building a web-based UI 

is one of the ways to view the facts from different angle – from the author‟s point of view on the 

subject areas. 

 

 
 

With the empirical survey, the author identifies and elaborates the important aspects in HCI and 

interactive user interface when users use a web-based user interface. One important point to 

consider is that the users in this project are molecular biologists who have limited knowledge in 

software engineering. The results of this empirical survey will be analyzed to verify findings that 

were collected from the theoretical section. The theoretical knowledge adds on valuable 

significance to this research‟s purpose because this knowledge is a basis to build a web-based 

user interface with high level of visualization and interaction. The system was built based on the 

author (developer)‟s point of view about HCI and interactive user interface. The developer might 

have different angle in viewing the concepts of HCI and interactive user interface from the users. 

In order to improve and enhance the system, the author designs a set of questions to get users‟ 

feedback about the alpha version of the website. From the users‟ point of view while using the 

system, the author can view in different angles to enhance the web-based user interface – this is a 

co-design process which more than one person can contribute to design. 

 

The following section discusses about the development of the web-based user interface in this 

study. The section presents the database structure in the server side, the algorithm and the results 
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displayed in the website. Section 5.1 will discuss in more detail how the theoretical findings are 

applied into building the website. 

 

In section 4.3 a questionnaire acts as the second verification factor of the theoretical findings – 

questionnaire does not only verify the facts from literature or the author (designer)‟s view but 

also provides the opportunity for creating new knowledge. The author emphasizes on getting 

new knowledge from the empirical questionnaire getting users experiences, and their point of 

view about the website. 

 

4.2 The application 
 

4.2.1 Database structure 
 

The database used in this application is the gene expression database that is available in Omnibus 

(http://www.ncbi.nlm.nih.gov/geo/). There are total 10 data structures (we call it platform in the 

implementation) downloaded from Omnibus but the currently system only covers 5 main data 

structures that include the most number of datasets (row in black in Figure 9) 

 

 
Figure 9: Data statistics 

 

In this application, we only consider datasets with more than 5 micro arrays are considered in 

order to get more reliable correlation structure (will be discussed shortly in this section). In their 

paper, Xing Q. Et al. (2006) believed that the size of sample should substantially reaches to a 

certain value in order to produce reliable and biologically meaningful results. It does not only 

have something to do with calculation but with an exploration of the microarray by its nature. 

Therefore, with the number of at least 6 microarrays per datasets can be general enough to cover 

a wide range of possible situations. The numbers of microarrays in each datasets differ from 

different data structure. Some datasets have few dozen microarrays and some have up to more 

than 1000 ones. As shown in Figure 9, the application covers more than 20 000 genes and 3 000 

datasets – which shows that the database is extremely big and the processing time is an important 

aspect to consider. 

 

http://www.ncbi.nlm.nih.gov/geo/
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With the raw data set represents with coefficients, the datasets are represented by pair-wise 

correlation coefficients as shown in the correlation matrix in the below  

 

 
Figure 10: Example: GSE1133/U133A, Human tissues atlas (Red = +1, Blue = -1) 

 

On the right figure, the rows and columns display the genes available in the dataset 

(GSE1133/U133A), the more red color on the square show the more correlation the two genes 

corresponding on row and column is (in another word, the higher value of coefficient). In 

contrast, the bluer the spot on the square is the lower value of coefficient between two genes. Let 

say the number of genes in each datasets is n; we need n
2
/2 of memory to store this matrix. 

 

As the size of memory used to store the matrix is extremely large – with 20 000 genes per 

dataset, we need 400 millions memory to store, besides we also have to consider the number of 

dataset is 3000. The first version of the algorithm ran on the correlation matrices from a set of 

input genes, it took more than 3 000 CPU hours to generate the results – which was somehow 

unpractical for biologists. Therefore, the method was refined and updated to reduce the 

processing time significantly to 3-4 seconds. Instead of running the algorithm on the correlation 

matrices, cluster trees are generated using clustering algorithm and the algorithm will run on 

those trees. Each binary tree corresponds to a data set so approximately, there are 3 000 binary 

trees in the system. Each leave of the binary tree represents one gene that is available in the 

dataset. If the dataset includes 20 000 genes, with a binary tree, the memory needed to store is 

(2n-1) 

 

 
 

Figure 11: Represent the correlation matrices using cluster trees, GSE1133/U133A, Human tissues atlas 
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4.2.2 The algorithm 
 

The algorithm runs on the available pre-computed binary trees to generate outputs. This section 

briefly describes how the algorithm works using the help of graph and text descriptions. The 

explanation of the algorithm is on one dataset (one binary tree), in order to get the final result, 

the same operation is applied into all available datasets.  

 

At beginning, the leaves of binary tree are noted as Figure 12: Algorithm (1). The black leaves 

represent query genes and the white leaves show the other gene in the dataset. The algorithm 

uses upward propagation to assign values for leaves in the binary: the covered leaves (query 

genes) are assigned to 1 and value 0 is assigned to other leaves as in Figure 13. 

 

After assigning values for leaf nodes, the algorithm continues with upward propagation to 

calculate the purities of connection nodes up to root node. The purity value on each connection 

node is the sum of left and the sum of right part of its 2 intermediate nodes (Figure 14). 

 

The next step is downward propagation to calculate the gene score of each gene in the dataset. It 

is the purity of smallest parent cluster with at least d genes shown in Figure 15– where d is one 

of the user‟s inputs. 

 
Figure 12: Algorithm (1) 

 
Figure 13: Algorithm (2) 

 

 
Figure 14: Algorithm (3) 

 
Figure 15: Algorithm (4) 

 

4.2.3 What are the results display in web-based user interface 
 

So far this report has discussed the background, state of problem, research questions, expected 

research results and data structure but it does not include what are the results that will be 

displayed in the web-based user interface – in order words, what are the results generated from 

the algorithm.  
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The input of this application is a set of query genes and the minimum number of cluster 

considered. The algorithm runs on all available binary trees in database to generate the following 

based on the set of query genes: 

 

- Data sets where the query genes are strongly correlated – this is called “Top data sets” in 

the web-based user interface. 

- Other correlated genes in those data sets – this is called “Top genes” in the web-based 

user interface. 

 

Using the above result from the algorithm, the web-based user interface generates two graphs 

and one table: 

 

- The first one displays the scores of query genes (user inputs) matrix with relation with 

top datasets and the calculate gene scores in the all datasets. 

- The second graph is similar as the first graph. Instead of display the query genes; it 

displays the scores of genes which have most number of score in the top datasets with top 

datasets and gene scores. 

- The detailed information of the top datasets – accession number and description.  

 

This information can assist the users in finding more detail about the dataset or the raw dataset 

from public available database (such as Omnibus).After running the above algorithm on all 

available datasets, the dataset scores and final gene scores will be calculated as following 

• Dataset score = average of present query genes scores in the dataset 

• Final gene score = weighted average scores of a particular gene in all datasets  

  
Figure 16: Calculation of dataset scores and final gene scores 

 

The above graph is one real screen shot of the graphic display in the web-based user interface 

using the input genes of branched-chain AA (HIBADH, EHHADH, HIBCH, HSD17B10, 
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ACADS, IVD, ALDH6A1, MUT, PCCA, PCCB, AUH, MCCC1, BCKDHA, BCKDHB, 

MCCC2, MCEE) 

 

4.2.4 How the web-based user interface is built 
 

After a thorough study in literature, the author proceeds with developing the system. This is the 

stage which the author must decide which libraries, platform, language, etc. to use to implement 

the system. At initial stage, the author put her efforts in understanding the level of available tools 

and techniques to build the website. This section discusses the evaluation of libraries used in the 

developed website. 

 

Graphic libraries 
 

Due to the limited development time and to avoid “re-creating the wheel”, the author decided to 

search for a suitable graphical library to support the generation of result graphs. The script is 

written in C++ so that the proposal libraries are limited to that programming language. Since it is 

a publicly available system on the www, the cost of the application is also considered – the open 

source libraries are studied. Currently, there are few libraries support graph generation such as 

CImg, Image Magick, gnuplot++, koolplot, GDToolkit and much more. In this report, the author 

only discusses 5 different libraries. 

 

CImg 

 

This library defines classes and methods for the developers to manage their own images in C++ 

code. It is useful in many applications that have to deal with graphs. It is portable to different OS 

(Window, Unix, etc). One of our goals is to develop the application (including website solution) 

which is portable with different OS. Besides, it is very simple to use (lightweight) – there is only 

one single header the users should include in their code. The running time of the library is 

reasonable .The author uses this library as part of graphic generation. 

 

Image Magick 

 

CImg is a powerful library to use but it does not support anti-aliasing text generation so there is a 

need to include one more library to do the tasks. Image Magick is a suitable library for this 

because it supports anti-aliasing text drawing as well as rotating text with a specific angle. Since 

the whole package is really big and it gets confusing to use, in order to keep simplicity, the 

author decides only use this library to generate the text. 

 

Gnuplot++ 

 

This library is similar to CImg – uses to plot 2D, 3D images and simple drawing such as lines, 

points, boxes, surfaces, etc. The drawbacks of this library are that: it is difficult to use in the 

development code (the author had difficult times configuring how to use this library) and it does 

not support anti-aliasing. Therefore, this library is not considered. 

 

Koolplot 
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This library is mainly use for drawing graphs based on pre-defined functions (such as 

mathematical functions) therefore it is not suitable for generating the graphs. Besides, there is not 

comprehensive documentation on the usage of this library – the created difficulties for the users 

(the author). 

 

GDToolkit 

 

“GDToolkit (also known as GDT) is a Graph Drawing Toolkit designed to efficiently manipulate 

several types of graph and to automatically draw them according to many different aesthetic 

criteria and constraints”. However, it focuses on the drawing, not on graphics which is not the 

main purpose of displaying gene-expression result in this project. Besides, the graphic library 

does not support anti-aliasing text generation – which is one of the purposes of the graphs. 

Therefore, the author decided not to use this library. 

The chosen libraries are CImg and Image Magick. The CImg library is used to generate the 

squares and rectangles in the 2 graphs, the Image Magick library is used to generate the gene 

symbols‟. 

 

 

Usercake 

 

This is a simple user management that developed in PHP. The author found ease in using this 

library because of its simplicity and fully open source. Besides, this library is clearly written with 

very well comments. It is really straight forward and fast to use. The feature list of this library: 

 

- Login 

- Register 

- Lost password recovery 

- Update password 

- Update user email 

- Email templates (optional) 

- SHA1 security + Salt / Hash 

- Account activation (optional) 

- Resend activation email (optional) 

- User groups (Basic, id - group_name) 

- Multilingual support 

 

The findings in previous researches in HCI, information visualization, interactive user interface 

are applied in developing a web-based user interface in large-gene co-expression analysis. This 

section discusses about how those findings are used in the website.  

 

Overview of the application  
 

This user interface also visualized useful discover about the unknown genes that might be in 

relevant to some researches. The discovered knowledge can provide interesting insights of genes 

and their related group. The algorithm was constructed in advance. The project focuses on 
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designing and developing a web-based user interface that displaying result sets generated from 

the algorithm in intuitive graphs. On other words, the project is to design and implement a web-

based application that shows the results of large-gene expression based on a set of genes a user 

inputs in a timely manner. 

 

Results from this study will allow researchers to quickly and effectively interrogate all available 

published mammalian expression data. Besides, a survey is carried out to get users‟ evaluation 

after using the system. Their feedback is analyzed to update and suggest for a better website not 

only in usability but also in aesthetic aspect. 
 

In the end of the project, applications in cellular metabolism and atherosclerosis are being 

pursued in-house and in collaboration with other groups.  

 

There are three modules of the larger project: 

 Pre-computation: the built trees on each data sets whose every node represents a gene 

 Algorithms: the core algorithms run on pre-computation to generate the top genes, top 

data sets and the score matrix based on the required inputs 

 Server: perform data transfer between the core algorithm and the web application. 

Besides, the server module also takes care of the scheduling, assigning nodes jobs to 

achieve the fastest communication. 

 Client (web application): graphically display the results from the algorithms in a user 

intuitive way. 

 

Web application: this is the module which is reported in details in this report. In other words, the 

outcome of this project is a website application designed to meet graphically display large-gene 

expression (top datasets, top matched genes and the group of related genes) by running a pre-

implemented algorithms based on a set of data. Three main features of the user interface are: 

 

- User account management 

- Data-driven search for gene expression experiments 

- Identification of genes with particular expression patterns (primary data expression). 

 

This web-based application project is part of the bigger project (computational data analysis 

project), the main purpose is to create a user interface where usability is the most important 

aspect to consider. Besides, the aesthetic aspect also becomes increasingly important in the 

outcome website as Tractinsky N. et al. mentioned in “What is beautiful is usable” research 

paper. Therefore, this project focuses on the important characteristics of user-interface concept 

and the aesthetic aspect especially when we apply the concept to bioinformatics (human- 

computer interactions) – which also the main purpose of this report. As a result, the project 

should provide an intuitive website where the users‟ feedback is taken into account with 

consideration. 

 

The outcome of this thesis is a website application that graphically displays the result of large-

gene expression based on the set of genes user inputs. Therefore, in this study, the author 

investigated different methods and libraries to generate the graphical displays that can satisfy the 

following criteria: 
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- Total running time is optimized to reduce the waiting time: the algorithm takes 

around 4-5 seconds to generate 400MB result data so the whole website solution 

(client-server communication) cannot take more than 10 seconds to execute. There 

are 2 graphic displays, each of them generate a graph with 50x50 matrix, 2 arrays of 

50 values and 50 text to display. Each value in the matrix represents different colors 

that show different values of the gene core (the meaning of the values in the matrix 

and arrays will be discussed in the background session). The graphical libraries used 

should be fast enough to generate the graphic within allowed time (approximately less 

than 1 second). 

- The text displayed in the graphs should be anti-aliased to extend readability regarding 

the presentation of the text in the graphs.  

- The display of user interface in the website which includes both aesthetic and 

usability. 
 

4.3 Empirical survey 
 

The literature reviews form findings in HCI, information interaction, and user interface – these 

findings are used to design and develop a web-based user interfaces that support large-gene 

expression analysis. The website will be used by molecular biologists. After the alpha version of 

the website, it is sent to few pilot users to test and evaluate the usability. An empirical survey is 

done after a testing period. This section discusses the method used to carry out empirical survey. 

This survey is to verify if findings in literature review are properly used in developing the web-

based user interface. This section includes the purpose, sampling, survey preparation and 

empirical research results. 

 

4.3.1 Sampling 
 

The sampling step is important in empirical study because a wrong selection of respondents can 

lead to insufficient of data to analyze the results. The author targets pilot users who are 

molecular biologists with very deep knowledge in biology but not so good knowledge in 

software engineering. The pilot users are very interested in using the system because it has been 

an urgent need to analyze large-gene expression. In this study, the author uses convenience 

sampling because this technique is an inexpensive approximation of the truth. This sampling 

technique is selected in this research because it is convenient. The pilot users to use the system 

and give feedback are the author KI supervisor‟s colleagues who are very keen in using the 

system. The pilot users are mainly from Harvard Medical School and Karolinska Institute. There 

are 7 of them who use the web-based user interface in large gene expression analysis. The link of 

alpha version of the website is sent out to each pilot user with a login account by using email. 

Together with the link, the author includes a set of questions in order to get feedback from users. 

After 2 week running the website, pilot users send feedback about the website back to the author.  

 

The pilot users‟ satisfaction and perception about the website can give suggestions for 

improvement and enhancement of the website. After collecting feedback from users, the author 

analyzes the empirical data to verify if the website has been developed by applying important 
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aspects in HCI, information visualization, and interactive user interface. Additionally, the author 

also verifies the empirical facts with theories discussed in the literature review.  

 
4.3.2 The questionnaire 
 

The author uses email as main communication channel to collect questionnaire from pilot users. 

When the alpha version of the system is ready, the author‟s supervisor sends out emails to 

different molecular biologists who have good contact with him. The email is used to invite users 

to try the first version of the website and to get response from users to know if they are interested 

in using the system. There are emails sent out to 10 molecular biologists and 7 pilot users 

expressed interest in using the web-based user interface for large-gene expression analysis. The 

link of the website with login account and set of questionnaire are sent to each user. Users have 2 

week to run the system before sending back feedback about the system by email to the author. 

 

It is common sense that humans tend to avoid long and complex texts or questions; so the author 

made the questionnaire simple, short and precise in order to attract the audience attention. The 

questions are prepared focusing on aspect of HCI, Information Visualization and interactive user 

interface which is important to verify theoretical findings. The author uses simple language and 

avoid IT jargons which are not so popular for people who are not into IT field. 

 

A problem with questionnaire is that the questions can be viewed differently among the 

audiences; therefore, the author avoids any double-meaning words that can mislead the pilot 

users. The questions include both open-ended and multiple choice ones. Besides, users are able 

to input more comments if they wish to. After the questionnaire is prepared, the author sent to 

her KI and school supervisor to get general feedback from them to revise and make sure that they 

will not be misinterpreted by the audience. 

 

The introduction of the questionnaire is short and simple – it briefly describes the purpose so that 

readers can get a general idea about the study. The text is short to reduce frustration in reading 

long text. The introduction takes up 2 lines; there are 7 questions in the questionnaire. In the end 

of the questionnaire, a thank you note is included.  

 

4.3.3 Questionnaire presentation 
 

The results of the questionnaire are presented here: 

 

1. How long did it 

take you to complete 

you first query? 

5 users chose: less than a minute 

2 users chose: less than 5 minutes 

Additional comments:  

“Less than 5 minutes. But this is just for a simple search, to work 

it out takes definitely more than 5 minutes.” 

“Less than 1 minute to run, less than 5 minutes to read through 

the results” 

 
2. How long did you 

spend browsing the 

1 user chose: 5-15 minutes 

3 users chose: 15 minutes – 1 hour 
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website, per day, 

during the evaluation 

time? 

 

3 users chose: 1 hour or more  

 

3. What features of 

the website do you 

find most useful? 

 

“It is very useful for picking unknown genes (whether it is totally 

new gene or a known gene with unknown function in that 

particular context). Also for designing experiments involving the 

genes around the query genes to see if or how strong their 

expression is connected to the query genes. Discovering new 

possible biological connections.” 

 
“Would put a link to the Help section on the query page. 

 The heat map could use some clarification...I am assuming that 

each box represents the relative co-expression of a given gene 

with all the other query genes in a given data set?  Also, do the 

bars on the right indicate some summary score of co-expression 

of a given gene across the top data sets, and the bars on the top 

indicate a summary score of co-expression of all query genes in 

one data set?” 

 
“The top gene list: to find correlations with new genes. The top 

datasets: it‟s important to know from which sources the results 

are generated” 

 

“Top data sets + top genes. It‟s a nice presentation you get” 

 
4. What features of 

the website were 

difficult to 

understand and/or 

not useful? 

“Generally, it is a very useful website. One problem was that it 

did not automatically recognize the genes synonyms as some 

other databases (for instance PubMed). It would be useful if the 

researcher does not need to go back and search for alias name. 

Also, many people use explorer, it will be useful if it becomes 

explorer-friendly.” 

 
“It would be great to be able to search the resulting co-expressed 

genes for some set of genes for which I want to interrogate a 

possible connection to the query gene set (pathway).  For 

example, if I enter in a query gene set corresponding to the ER 

stress response, can I then input a list of candidate type 2 

diabetes genes from GWAS to see if there is a connection to this 

pathway? 

 
Also, it would be great to be able to click on a bar representing a 

data set and immediately find out where that data set came from, 

instead of needing to click on the ”top data sets” tab and find the 

data set with the right name.” 
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“Data set weight? For example, what does GES107SE.GLP1261 

mean?“ 

 
“I think it was generally easy to understand” 

 
5. Is there any other 

functionality you 

would like to add 

into the website? 

“It may not be practically possible, but having more options, for 

instance, narrowing down your search to a particular species 

would be useful. I also think it would be better if in „Top data 

sets‟ section, you included a column with gene symbol on the 

side of other descriptions. The gene symbols are not always easy 

to remember, and it will be difficult to go back and forth to 

search for the symbols. Following the genes of interest to dataset 

values becomes s difficult to follow in black color as you scroll 

down the list (at least to my eyes). Perhaps it is better to leave 

columns and rows of expression values visible to make it easier 

to trace.” 

 
“Explain more information about data set weight and how to 

measure the level of co-expression.” 

 
“Hyperlinked help from all concepts (e.g. click “cluster size” on 

page 1 and get information on what it is) 

 
Ability to download tab-sep files with results 

 
Links to gene information, perhaps? (Or did I just miss that 

functionality?)” 

 
7.Additional 

comments 

 

“It will be very useful if in the help section you define briefly 

how the data set weights and gene score weights are decided and 

what do they mean and measure so that the user does not need to 

read the references to understand.” 

 
“This site should increase the link in query result to other data 

for more description of co-expression.” 

 
 

Table 4: Questionnaire result (Comment) 
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 1 2 3 4 5 Comment 

Did you get a good overview of 

the data presented on the 

website? 

   5 2   

Did you get enough details-on-

demand (gene scores, dataset 

scores and information)? 

 1 3 3  “More info on background 

datasets would be helpful- such as 

are there any datasets related to 

specific tissues in the body” 

 
“More hyperlinks from things – 

also to GSE-sets from the “top 

genes” folder for example, instead 

of just having a mouse over text 

tell me what set it is” 

 
Did you discover interesting 

relationships between genes from 

your results? 

 

  3 4 1 “It was just a test run” 

Do you think the results are 

arranged in a logic way? 

 

   3 4  

Was the external links to other 

website useful? 

 

  1 4 1 “What links?” 

Were the important features of 

the data easy to locate using the 

graphs? 

 

   6  “I do not understand this 

question” 

Was the navigation functionality 

(next 50 genes, next 50 datasets) 

easy to use? 

 

   2 4 “I do not understand this 

question” 

Did the co-expression results 

obtained recapitulate known 

biology? 

  2 4  “Yes, in the areas I am familiar 

with.” 

 
“Seemed to pull out other stress 

response genes” 

 
“It‟s difficult to answer this 

question since regulation can take 

place on other levels than diff 

expression, and it would require 

you to have an overview of the 

regulation” 
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Did you learn of any new 

interesting findings from the co-

expression data? 

  2 5  “I saw several genes I was not 

aware of, around my queries.” 

Was the website easy to learn?   1 2 4 “Help section could have a bit 

more detail” 

 
 

Table 5: Questionnaire results (Statistics) 

4.4 Empirical research results 
 

There are two types of results in this study namely a web-based user interface that the author 

applies findings from literature review and the questionnaire results that verify the findings in 

previous study in HCI, Information Visualization and interaction user interface were properly 

applied to the website. This section overviews the results of 2 empirical studies; in addition, the 

section also shows how and to what extent the results have answered the research questions. 

 

The findings from literature review, existing of newly built web-based user interface and the 

results from questionnaire have verified the first sub research questions “What is HCI? What do 

users expect from a HCI website?”. The first part of the question is answered by a thorough 

literature review and the alpha version of a web-based user interface – an artifact of Human 

Computer Interaction. The pilot users were longing to use the application which enables them to 

interact with computers and pull out useful result in order to analysis large-gene expression. 

They are willing to spend a significant amount of time (up to 1 hour) to use the system every 

day. This shows a strong interest of the users. In this study, the pilot users use web browser to 

input query genes and be able to view results. The questionnaire results also show that pilot users 

do not have much difficulty in using the system. 

 

The second sub research question “What is the role of interaction in information visualization? 

What are the techniques in Information visualization?” is answered mainly from the literature 

review and the built web-based user interface. The information visualization in the website plays 

an essential role in assisting users visualizing the returned results. The author also applies a lot of 

information visualization techniques in order to support users with better understanding about the 

results data – this is discussed in more detailed in section 5.1. 

 

The third sub research question “What are the essential criteria of good user interface, especially 

in the field of bioinformatics?” deals with “good” user interface that can be verified from the 

evaluation of pilot users. This question can be answered by keeping in consideration in both 

technical and social aspects. In technical aspect, the author designs a website which is simple to 

understand and has a lot of functionalities for users to interact with. The results from 

questionnaire also show that users are satisfied when they use the system: most of them 

(strongly) agreed that they had good overview of the data presented on the website, enough 

details-on-demand, and results were arranged in logic way and the results can recapitulate known 

biology. In addition, they also think this is an-easy-to-learn website. 

 

The fourth sub-question “How apply can those criteria to build a web application?” is 

comprehensively answered when the author applied findings from literature review to build the 
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alpha version of a web-based user interface which pilot users can test and give evaluation. More 

details on how the important criteria were applied are discussed in section 5.1.4. Additionally, 

the pilot users also verified that the criteria in HCI, information visualization, interactive data 

visualization, key factors in web design and system methodologies were applied in the website. 

 

The results from questionnaire answer the sub question 5 “What can be done to improve the 

system?”. There are a lot of useful comments from pilot users which the author/designer can 

keep in consideration to enhance the website such as more descriptive help file, an ability to 

download raw result data, or functionality to view the primary expression data, etc. However, 

due to the limit number of respondents in the questionnaire, this sub question cannot be 

completely answered. Besides, from Agile development methodology‟s point of view, the system 

is developed continuously after getting users‟ feedback on the system.  

 

The following chapter includes an analysis of theoretical findings and empirical results in more 

details. 
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5 Analysis and results 
 

5.1 Analysis 
 

In this section the theoretical findings and the empirical results in the research are analyzed and 

compared in order to validate the theoretical results. In other words, the findings in chapter 3 are 

discussed in relation with the developed website in order to verify that the author has applied 

important guidelines to implement the website to achieve usable and good quality web-based 

user interface. The basic objective of this section is to set the ground for conclusions on research 

questions in this study. In this analyze, the author uses Ricoeur´s Hermeneutics approach which 

includes pre-figuration, configuration and re-figuration to map between the theoretical findings 

and the empirical results. The analysis of empirical study is related to the research (sub) 

questions in section 0. 

 

5.1.1 What is HCI? What do users expect from a HCI website? 
 

In human computer interaction, different users form different conceptions or mental models 

about their interactions and have different ways of learning and keeping knowledge. Thus, 

background and knowledge play an important role in designing an information system. In this 

study, there are so many public available data in gene expression and there is an urgent need to 

analyze gene from huge amount of data, therefore there is the urge for a system that can generate 

large-gene expression analysis within a short time. The users of this web-based user interface are 

molecular biologists who have expert knowledge in biology. They spend most of the time doing 

research in molecular level of genes so their skill level in computers might be limited. 

Understanding that, the website is designed in an easy and simple form with minimum steps and 

actions in order to get the results. In the whole system, the algorithm and the communication 

channel between web client and server are very complication. However, the complication is 

hidden from the users as a black box so that it is easy for the users to use the website. From the 

background, in HCI the systems should be designed to match users‟ requirements and to support 

users in their tasks; there are 3 respondents agree that they will spend more than 1 hour per day 

to use the system in the future, 3 would like to spend 15mins – 1 hour per day and 1 would use 

the website 5-15 minutes per day. The result show great interests from the users in exploring 

about large-gene expression by using the website.  

 

Section 3.3.1 states that one of the fundamental goals of HCI is “to develop or improve the 

safety, utility, effectiveness, efficiency, and usability of systems that include computers”. In this 

project, the web-based user interface does not contain any safety fact because it is used to 

analyse large-gene expression across more than 3000 data sets. Effectiveness and efficiency 

relate to how quickly the system is able to provide the required outputs to the users – this is one 

of the main focuses in this project. The initial system took up to 3000 CPU hours in order to run 

one query because it ran in datasets that contain coefficient matrices which needed n
2
/2 memory 

(n is the number of genes in each dataset) for each dataset. In the current application, the 

algorithm runs on a pre-computed binary tree which only requires a factor of 2n of memory for 

each dataset. Thus, the algorithm runs the whole more than 3000 datasets within less than 4 

second. This is very efficient and effective when molecular biologists want to explore any 

interesting path ways without having to wait few hours or even few days to get results. Besides, 
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the author also optimizes time taken to generate graphs in the query genes and top genes. In fact, 

the result matrix contains some of zeros which indicate the genes do not score well in certain 

dataset. In order to reduce the time drawing zero values in graphs (which are shown in black 

squares), the author sets the background of the graph as black and checks if the value is zero – 

skip drawing. The time taken to draw the top gene graph without optimization is around 0.8 

second and the time taken to draw the same graph with optimization is 0.6 second which is 

reduced by 25%. Therefore, the total time taken to generate result page is 1-1.2 seconds which is 

more efficient and effective for the users to view the results. Besides, the efficient characteristic 

of the application also indicate the reduced time to find interested pathway or genes for their 

studies. The traditional method is to use the public database and find useful dataset using 

keyword which takes a lot of time and does not warranty to be successful. 

 

In the questionnaire, there are 6 respondents said that it took less than a minute to complete the 

first query (question 1). This is the expected result because the algorithm, the data transferring 

and the graphical generation have been optimized in order to achieve the fastest speed. Working 

with such a huge amount of datasets and number of genes, optimization is an important goal to 

achieve. Even though most pilot users agree on the effectiveness of the website, they need to 

spend more time viewing the results – 3 of them mention that “To complete the first query, it 

takes less than 1 minute. But this is just for a simple search; to work it out; it takes definitely 

more than 5 minutes”. Since the results display a lot of information about top genes, top data sets 

and gene scores (in 3 tabs of a result page) – the users need to spend time to understand and 

interpret the data.  

Section 3.5.3 mentions that “computers cannot create new information, new ways to 

communicate and validate the output” and only humans can “get more understanding about the 

world and learn about it from direct observations and/or artifacts”; therefore, when the users 

interpret the data, they can create new knowledge and have interesting findings about the field 

they are studying in biology – 5 respondents agree that they learnt new interesting findings from 

the co-expression data. One user commented that “I saw several genes I was not aware of, 

around my queries”. This shows the prospect of good insight in biology by using the website. 

However, the author expects the result to be higher however one explanation is this is an alpha 

version of the system and some users have not used and interact with the system long enough in 

order to find out interesting findings.  

 

The previous researches presented that “Only humans can validate the truthfulness of 

information resulting from human information process” (Rasmussen, J. et al., 1957; Simon, 

H.A., 1957), there are 1 pilot user strongly agrees that the co-expression results obtained 

recapitulate known biology; 1 user strongly agree, 3 users agree on that and 2 users are neutral. 

The ones that (strongly) agree on the question actually commented the results make sense to 

them in the areas that they are familiar with. One user (who is neutral) commented that “It‟s 

difficult to answer this question since regulation can take place on other levels than different 

expression, and it would require you to have an overview of the regulation.”. The background 

mentions that it is essential to note different users have different way of thinking and interact 

with HCI – the result of this question in the survey has shown that. Thus, it is essential to have 

careful study about the display results to achieve the final goal of publishing the website to larger 

group of users. This will be discussed in ideas for continued research section. 
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5.1.2 What is the role of interaction in information visualization? What are the 
techniques in Information visualization? 

 

In information visualization, the developers should use interaction techniques which act as the 

features to assist users to directly or indirectly manipulate and interpret the presentation. The 

interaction aspect of information visualization acts as the dialog between users and system to let 

the users explore the data (section 3.6) – the author chooses website as the dialog that supports 

interactions. The main reason is that WWW is commonly used and it is accessible regardless of 

users‟ location. 

 

Dix, A. and Ellis, G. (1998) and Norman, D.A. (1993) reported that by using interaction, the 

limitation of presentation can be overcome by further amplifying the cognition of a user. With 

interactive data visualization, the users can have effective screen and feeling of engagement 

using the system (section 3.1.3) – the interactive data visualization also can show the users 

results in intuitive ways. In this project, the web-based user interface is designed in such a way 

that users do not have to spend so much time on viewing, navigating and interpreting the data. 

Section 4.2.3 discusses what the results should be displayed in the website; with these results, 

there are many methods of presenting them for example in text form, table form or graphic form. 

Below text form and figure give better explanation why we display the results as it is: 

 

Weights of top 50 dataset and top genes in table form:  

 
 Dataset  Weight Genes Gene scores  Dataset  Weight Genes Gene scores 

GSE1479.GPL1261 0.0666667 ATP5O 5.10353e-005 GSE8642.GPL339 0.0304751 NDUFB11 3.53473e-005 

GSE6798.GPL570 0.0514373 ATP5J 5.05772e-005 GSE14415.GPL1261 0.0298513 NDUFB9 3.5141e-005 

GSE2361.GPL96 0.0430108 COX5B 4.8363e-005 GSE5086.GPL570 0.0294118 NDUFV2 3.48427e-005 

GSE2148.GPL81 0.0428571 ATP5C1 4.63137e-005 GSE14901.GPL570 0.0293164 UQCRC2 3.41632e-005 

GSE16012.GPL1261 0.0404287 COX6B1 4.5307e-005 GSE10760.GPL96 0.0286117 ATP5L 3.40937e-005 

GSE7014.GPL570 0.04 COX6C 4.48358e-005 GSE19954.GPL1261 0.0268542 UQCRFS1 3.38367e-005 

GSE9954.GPL1261 0.0399671 NDUFAB1 4.40764e-005 GSE5406.GPL96 0.0263388 NDUFA3 3.37271e-005 

GSE460.GPL81 0.0398403 NDUFB8 4.28242e-005 GSE2882.GPL339 0.0255602 ATP5J2 3.35177e-005 

GSE10714.GPL570 0.0392157 NDUFB2 4.17973e-005 GSE4065.GPL339 0.0253165 NDUFB5 3.30919e-005 

GSE17478.GPL1261 0.0392081 NDUFA1 4.15716e-005 GSE3858.GPL339 0.0252435 NDUFA8 3.28165e-005 

GSE3307.GPL96 0.0387097 COX5A 4.06235e-005 GSE4799.GPL1261 0.0250787 USMG5 3.27343e-005 

GSE4463.GPL339 0.0377358 COX4I1 4.0555e-005 GSE6891.GPL570 0.0250741 ATP5A1 3.26319e-005 

GSE1806.GPL1261 0.0377358 ATP5G3 3.94968e-005 GSE18216.GPL1261 0.025 NDUFA2 3.23223e-005 

GSE13367.GPL570 0.0377358 COX7A2 3.8629e-005 GSE12251.GPL570 0.0248171 ATP5B 3.21441e-005 

GSE13302.GPL1261 0.0371759 UQCRQ 3.78836e-005 GSE3067.GPL1261 0.0247871 NDUFA6 3.1367e-005 

GSE13379.GPL1261 0.0370871 ATP5F1 3.75886e-005 GSE10192.GPL1261 0.0246914 CYC1 3.11973e-005 

GSE3526.GPL570 0.0367188 NDUFS3 3.7107e-005 GSE8367.GPL1261 0.0246296 UQCRB 2.99371e-005 

GSE2109.GPL570 0.0363636 C14orf2 3.70619e-005 GSE13070.GPL570 0.0245176 NDUFS5 2.99243e-005 

GSE6011.GPL96 0.0357143 ATP5I 3.68948e-005 GSE8044.GPL1261 0.0245045 NDUFA9 2.9837e-005 

GSE16110.GPL1261 0.0344828 UQCR10 3.66746e-005 GSE8441.GPL96 0.0244643 NDUFB3 2.98268e-005 

GSE5081.GPL570 0.0338983 NDUFA12 3.66474e-005 GSE17170.GPL570 0.024 MDH2 2.95256e-005 

GSE1551.GPL96 0.0334218 SDHB 3.64209e-005 GSE14580.GPL570 0.0236516 NDUFS1 2.90871e-005 

GSE14691.GPL1261 0.0333333 NDUFC1 3.62617e-005 GSE11291.GPL1261 0.0235988 COX7B 2.88965e-005 

GSE7553.GPL570 0.0333333 UQCR11 3.5723e-005 GSE11466.GPL96 0.0235294 NDUFB6 2.88819e-005 

GSE10246.GPL1261 0.0310869 NDUFA13 3.54603e-005 GSE9419.GPL570 0.0232149 NDUFB10 2.84302e-005 

 

Table 6: Raw data in table form 
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In graph forms with top 50 datasets and genes with the gene score of each gene in the data set 

(50x50 matrix) 

 

 
 

Figure 17: Graph result (to compare to raw data) 

 

As we can see from the example of results represented in table form, the users cannot interpret 

the results easily – they appear to be a large bunch table of data. However, with this form of 

visualization, users can interpret and understand the results data easily. The black columns show 

the dataset weights in relation with each other – sorting from largest weight to lowest. The black 

bars on the left show the genes score in relation with each other from highest to lowest values. 

From the above graph, the users can visualize the relation of values between datasets and genes – 

it might take a while if the users read the results in table form and to understand relationship of 

each value with the other ones.  

 

Bertin, J. (1983), Norman, D.A. (1993) and Tufte, E.R. (1990) discussed that the static image 

clearly have analytic and expressive value. In order to enhance the expressive value in the result 
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graphs, the author use different color schemes to make the visualized part with black and yellow 

color squares that show the gene score of individual gene in the dataset. The display shows the 

following: 

 

- Values of gene scores in relation with dataset the genes belong to. The users get to 

know if a particular gene has good score in the dataset or if the gene is missing 

(grey square box) 
 

- Relative value of gene scores with other gene scores. The gene scores are sorted 

from highest values to lowest values. Therefore, the users can compare the 

difference if the genes are active or inactive in the dataset. Besides, from the 

graph, the users also are able to group a set of genes that are active or have strong 

relationship. The newly discovered genes that also active in the pathway (with the 

set of query genes). The users also can discover if the genes in a set of query 

genes are not so active comparing to the other ones (a black square in the graph 

shows 0 values which mean the gene is not active in a certain dataset). 
 

 

- The genes that are part of the query genes are shown with (X) sign in the graph.  
 

Currently, the results are represented in 2D graphs because the outputs from the algorithm are 1 

and 2 dimension matrices. In the future, the system will support 3D graphs to achieve more 

intuitive representation. 

 

In this study, the author mainly focuses on taxonomies of low-level interaction techniques to 

enable communication between users and the web-based user interface to let users have better 

understanding about the underlined data. Besides, the author also includes some methods in 

interactions that focus on user tasks such as associate, compare, correlate, rank, reveal, retrieve 

value (will be discussed in section 5.1.4). It is important to put more efforts interaction 

techniques into a structure that is oriented towards how the users work with the data provided by 

information visualization.  

 

5.1.3 What are the essential criteria of good user interface, especially in the field 
of bioinformatics? 

 

Section 3.8 discusses 4 characteristics for web design which are: understanding what users want, 

the quality of website from users points‟ of view, the design and content of the website in order 

to develop a technique to analyze the success of the website, and website gives proper feedback. 

The main point of creating HCI system is to understand what users want. Overall, the pilot users 

evaluate that the quality of the developed website is high – by the fact that they would like to 

spend more time on using the system (3 users will spend more than 1 hour per day, 3 users will 

spend 15mins -1 hour per day) and they have good feedback about the data presented on the 

website, details of result, external links, logical arrangement of result, ease to navigate and learn, 

achieve interesting findings, etc.  
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Over this last decade, bioinformatics has rapidly become an important field of study. There are a 

large number of researchers and organizations have focused on information systems that support 

bioinformatics field. The evolution of WWW permits the data to be understandable and 

accessible by the use of information systems especially databases and tools have been made 

available on the WWW. There are a lot of repositories in bioinformatics available publicly 

recently (for example PubMed, BLAST, GenBank, etc.) – this leads to the development of 

numerous interfaces that allow scientists in biology to browse, search and analyze the data that 

resides in repositories. Therefore, web pages are common interfaces which support accessing to 

the proliferation of data repositories. 

 

The design and content of the website are based on what the users want and the users‟ 

background and expertise in using computer. The author designs using familiar font, the colors 

used in the website are mainly black and white that are neutral colors – let the users get familiar 

faster. There are 4 pilots users strongly agree that this website is easy to learn, 2 agree and 1 is 

neutral. The user who was neutral in this question commented that “Help section could have a bit 

more detail”. The result shows different users‟ point of view in using the system – most of the 

users find the system is easy to learn and one user requires more support from help section 

(comphrehensive help and documentation). When the website is published to larger group of 

users, the designer should think about more detailed help file in order to assist user with lowest 

computer skills. 

 

The user is given a login account in order to access the system. When logging in, the search web 

page is displayed with two fields for users to enter namely: query gene symbols and cluster size 

fields. When the algorithm is running and all the communication messages are being sent back 

and forth, the waiting sign is displayed notifying the user that the result will come out soon: 

 

 
 

Figure 18: Waiting for processing 

 

This makes the user feels more comfortable when using the system because he/she knows that 

the application is processing and the result will be displayed. Feedback of the system is very 

important when the users do not have deep knowledge in software engineer or website. After 

logged in, the system directs the users to a search page – in this page, the title includes users‟ 

account .  

 

In the main result page, the query gene page is displayed at first – this is what the users are 

familiar with – the query genes are the ones users input. The users can view the gene scores of 

query genes and the 50 highest scoring datasets. After viewing the first page, the users can 

explore the other results by choosing the top genes or top datasets tabs. The content of the 

website is arranged in an order that the users can view results from familiar inputs to the more 

general results which users can explore interesting findings (genes that have close relation with 
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query genes in the pathway, more results by using the scroll buttons, the description of dataset, 

etc) 

 

In the graph, black and yellow colors are chosen. Black is used to show the dataset weights, gene 

scores and the low gene scores ( such as 0). When the gene score gets higher, the color is lighter 

and close to yellow – to get more attention from the users because higher values of gene scores 

indicate more active the gene in the dataset. The black bars of dataset weights and gene scores on 

the top and the left of graphs are to highlight the visualized form of displayed results. Besides, 

the display of the graph is balanced with the dataset weights are on the top, the gene scores are 

on the left (ordering from highest to lower values) and the gene symbols are on the right. 

 

The results of questionnaire show that most of the users agree that they can get a good overview 

of the data presented on the website (2 strongly agree and 5 agree) – therefore, it is verified from 

the website and questionnaire result that “the users can gain overview of the entire collection 

with overview in data visualization” (section 3.7) 

 

During the development of the web-based user interface in this project, the author takes into 

account feedback provides to the users when there is wrong input or the processing (algorithm) is 

running. With feedback, the users have better idea what to do and that helps them in the learning 

process. Current feedbacks from the website to the users are: 

 

In login page, when users leave both 

username of password fields empty 

 

In login page, when users leave password 

field empty 

 
 

In login page, when users leave username  

field empty 

 

When the combination of username and 

password is invalid 

 
 

In the search page, if users enter invalid gene In the search page, if users enter more than 

50 genes 
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In the search page, if users enter negative 

cluster size field (enter alphabets instead of 

integer value) 

 

In the search page, if users enter very large 

cluster size field (more than the number of 

genes ~20 000) 

 

While wait for the results in new search or 

browse 

  
animated gif file is used to indicate the system 

is running 

If the connection to the server fails 

 

 

Table 7: Feedback provided by the website 

 

In this website, the users are given very clear, informative feedback about invalid inputs or what 

actions are being run or the actions are run successful. The website offers high-quality 

functionality with clear feedback. Besides, it is also user-friendly that users can understand and 

learn how to use quickly through interactive data visualization and user interface – this is 

discussed shortly.  

 

To ensure that the website is user friendly, the author simplifies the ways users can navigate in 

the website – navigate with different tabs positioned alongside with associated text. In the 

website, the alignment of every item is well taken care to make sure every html element is 

aligned correctly and correspondingly to the related items. In order to assist the user in inputting 

cluster size value, the default value is set to 50 to ensure that users do not have to type in values 

if they use the system the first time.  
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The text font throughout the website is large and clear and the color scheme used in the website 

provides high contrast between the text and background in order to increase the legibility of the 

information. 

 

In summary, with the website users can: 

 

- Browse the full collection of genes and datasets using scroll buttons 

- Interact with the graphs to view dataset names, dataset scores and gene scores 

- Explore detailed information about each data set from the gene expression 

Omninbus  

 

5.1.4 How apply can those criteria be applied to be in a web application? 
 

In HCI, usability characteristic makes the systems easy to learn and use based on the level of 

skills that users possess – the author takes this fact in mind to design a web-based user interface 

which is simple and requires minimum number of steps involve. The user interface is designed as 

simple as possible so that users can understand what it means immediately. For example, in the 

search page, there are only 2 inputs the users have to enter namely query genes and cluster size – 

which do not make any confusion. In the result page, the 3 different results are arranged in three 

different tabs which are easy to navigate and view. The easy-to-use web-based user interface 

assists the learning process of users. Humans use information to get more understanding and 

learn about the world from direct observation and/or artefacts – this web-based user interface is 

an artefact to assist users (molecular biologists) to understand and learn more about co-

expression analysis across thousands of datasets within few seconds. By using the developed 

web-based user interface, the users can “reconstruct transcriptionally regulated pathways and 

identify relevant biological contexts with high precision” (poster in Uppsala). Additionally, with 

the understanding about regulated pathways and relevant biological contexts, molecular 

biologists are able to use new information to explain interesting insight. One example is with the 

case study of heme biosynthesis (Nilsson R. and Schultz IJ, et al., 2009). 

 

Using the website, the users can view an overview result in data visualization by navigating to 

different tabs and using the scroll buttons to view the next block of data. 

 

Consistency is an important aspect of the website design because it can assist users in getting 

familiar with the system and increase the speed of learning to improve efficiency and 

effectiveness of HCI and significantly reduce error (section 3.9). The author ensures consistency 

and standards by designing the same look and feel in all the pages (login, search, results, waiting, 

and help). For example, each pages includes a header with a logo, the content panel that display 

the main content in the page (login detail, results visualization, etc.) and a footer which contains 

link to help file or the logout function (if the users logged in). The consistency also makes it 

easier for users to learn using the website – this is verified from the high rate of pilot users who 

are (strongly) agree that the website is easy to learn. 

 

The website is responsive and interactive through feedback from the system to the users (discuss 

above) and sufficient level of interaction with the users. The responsiveness is done by 

optimizing the algorithm, communication channel and graph generation time. It is important to 
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reduce the processing time because the users associate long response time with poorly designed 

website and poor service (J. Nielsen, 2000). All users evaluated it takes less than 5 minutes to 

complete their first query (5 evaluate it takes less than 1 minute, 2 feedback it takes less than 5 

minutes). This result from questionnaire shows the flexibility and efficiency of the websites. 

Besides, by having 3 different tabs in the result page, the user actions are minimized – users do 

not have to go through long and tedious steps to view the results. 

 

In the data visualization presented with graphs, the users are able to interact with it in order to 

view more detail information about the results (details-on-demand). For example, by moving the 

mouse over a dataset weight bar, the bar is highlighted with red color and a small tooltip displays 

to indicate which dataset it is and what the weight is . Similarly, when the users 

move the mouse cursor to a gene score bar, the bar is highlighted with red color and a small 

tooltip is displayed showing the value of gene score . Additionally, the users also can 

interact with the graph by moving the mouse cursor to the square box in the result graph to view 

the corresponding dataset and the gene the users are viewing (the square is red-highlighted and a 

tooltip displayed) . The system reacts immediately when the users move the 

mouse cursor to different location in the graph. 

 

Besides the users can gain related information among items and view relationships among items 

when the results are displayed in this visualized way. For example, the users can view if the 

genes are related in graphs (having closer scores means stronger co-expressed) and the dataset 

are arranged in order. The users also can access extra information from the hyperlinks to 

National Center for Biotechnology Information (NCBI) website provided in each dataset row in 

the last tab. In the question “Did you discover interesting relationships between genes from your 

results?”, the data from questionnaire is that: 3 users are neutral 2 users agree, 1 user strongly 

agrees and 1 user left it empty. This result does not show very comprehensive information 

therefore it is hard to interpret. The author‟s thought about the level of showing relationships 

among the item is high in the website; however, the empirical data does not show it clearly. One 

explanation can be the limited time users have spent to interact with the system during the test 

period – they have not got enough time to compare and explain the result thoroughly. One 

possible solution to receive more inclusive result is letting more users spending more time on 

testing the system. This will be the ideas for continued researches. 

One of the information visualization technique discussed in the background section is “Same 

representation, changing parameters”, in this website, the first and the second result tabs apply 

this characteristic. Basically, they are in a same form which shows the 50-highest scoring dataset 

and list of genes, gene scores and the average gene scores in the dataset. The difference between 

the two graphs is the gene lists. In the query gene graph, the gene list is the query genes which 

users enter. While in the top genes graph, the gene list is the 50-highest scoring genes. With 

same presentation and changing parameter technique in the results, the users not only can view 

the each individual result but also be able to compare between the graphs. In the question “Was 

the navigation functionality (next 50 genes, next 50 datasets) easy to use?”; there are 4 users 

strongly agree, 2 agree and 1 left the answer blank. The next 50 genes, next 50 datasets result 

graph is actually the same presentation but with different parameters comparing to the query 

gene graph. Almost users (strongly) agree on this function, the questionnaire result confirms this 
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functionality of the website and the finding in literature review. The only user who left the 

answer empty was the same user who left the question “Were the important features of the data 

easy to locate using the graphs?” – in fact, this user spent less than 2 days navigating the system 

and gave out his evaluation – it was high chance that he did not have sufficient time using and 

evaluating the system to give more comprehensive feedback. 

 

In the developed web-based user interface, there are a lot of attention in implementing 

highlighting and focusing to get users attention on the important results. For example, the dataset 

bar/average gene score bar/ gene score square are highlighted when the users moves the mouse 

cursor to that location. In the search page, when the users have invalid input, after an error 

message, the invalid input field is focused so that the users know where goes wrong – this shows 

the availability of the system status (Nielsen, 1990).  Besides, the error message is displayed in 

red color to get more users‟ attention. In the top dataset table, the background color changes 

alternatively between 2 rows to make it easy for users to read and follow the sequence. Due to 

the limited size of the description column, the descriptions are cut when they are longer than 90 

characters. Therefore, in order to assist users to view whole description, when the users move 

mouse cursor to each description, a tooltip appears displaying full description. Besides, the text 

in the row changes to black color indicating that the row is highlighted. 

.   

 

Most of users aggree that the important features of the data were easy to locate using the graphs 

(6 agree and 1 left empty). This confirm the visual attention (Zhou and Feiner, 1998) from 

literature review section and the author (designer)‟s purpose. In order to get visual attention from 

the users, the author uses yellow color for displaying gene scores with high values and red color 

in order to highlight an item when the mouse cursor moves to the item‟s location. The reason for 

choosing yellow and red is that they are in general considered high-arousal colors – which can 

get more attention in any visual display.  

 

From the requirements, the author designs a result page that is the best possible interface within 

given constraints, optimizing for a desired property such as learning ability or efficiency of use. 

There are three different results should be displays namely (1) the result of query gene in the 50 

highest-scoring data sets, (2) the visualization displaying of the 50 highest scoring genes in the 

50 highest scoring datasets and (3) the details of the first 50 datasets. The first two results should 

be represented in visualized forms to assist users in understanding more about the meaning of the 

result. The third result is the list of the item so a table is a suitable form to display. There are 4 

users strongly think that the results are arranged in a logic way and 3 users agree on that. This is 

a good result showing that the author (designer) was successful in applying the visual sequence 

technique (Zhou and Feiner, 1998) in displaying the results data – besides, it can offer users 

control and freedom. This can contribute to the quality of the website because visual sequence 

plays an important role in information visualization that can guide the users in viewing data and 

information more efficiently so that the users can recognize the results rather than recall them. 

 

In order to evaluate the usefulness of the website, the author includes a question “What features 

of the website do you find most useful?” in the questionnaire form. The pilot users gave a lot of 
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interesting response to this question. One user said “It is very useful for picking unknown genes 

(whether it is totally new gene or a known gene with unknown function in that particular 

context)”. The comment basically shows that the website can serve the main purpose of this 

research. Besides, that user added “also for designing experiments involving the genes around 

the query genes to see how strong their expression is connected to the query genes and 

discovering new possible biological connections”. This is very interesting comment because the 

user has defined the possibility for discovering new insight (biological connections) when using 

the website. This is also one of the main goals of building this application – matching between 

the system and the real world. Besides, the other users found that the main functionality of the 

website serves their current studies/researches: “determine exactly the name and co-expression of 

human genes which import from HCNC and NCBI”. All of them think the displayed results are 

very useful and the presentation of the result is nice. For example, the users can run the service 

with a set of query genes to find out the closely related genes and the ones that are less co-

expressed with the other genes. Then they refine the query genes to those that are closely related 

in order to view how the co-expression between them is and the datasets that they are most 

active. Besides, the users also can view the other genes which have strong relationships with 

query gene in the datasets. 

 

When building the website, the author has considered the users‟ needs by keep getting feedback 

about the users‟ views on the GUI and results – the author was flexible to change based on users‟ 

requirements. This shows that the author followed guideline in Agile Development 

Methodology.   

 

5.1.5 What can be done to improve the system? 
 

From the thorough literature review, the author came out with important findings in HCI, 

Information Visualization, Interactive User Interface, key factors for web design, usability of 

web-based user interface and system development methodologies. When having complete and 

solid key findings from the previous researches, the author proceeded to build a web-based user 

interface. Due to the limited time of studying literature and developing the system, there are still 

rooms for improvement. The other reason for enhancing the website is that in Agile development 

methodology, the “prioritize requirements, design, develop and test” cycle never stops because 

the designer gets feedback from the users after each development cycle. In this first round of 

development, some points should be improved to provide better service in the latter version: 

 

- One user said that the website did not automatically recognize the genes synonyms as 

some other databases (for instance PubMed). She added “it would be useful if the 

researcher does not need to go back and search for alias name”. One way to enhance 

the ease to learn the website is to automatically recognize the alias gene names from 

different databases. This emphasize the flexibility in the website (maximize user 

options for data input according to reference – section 3.9) 

 

- One limitation of the website is that when using Internet Explorer, the display is 

different from the one in Google Chrome or FireFox. The reason is mostly because 

different behaviours of different web browser. In Internet Explorer, the result loading 

is slower than other browser (it takes around 1.5 times more); the interaction between 
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graphs and users is limited (no highlighting when the users move the mouse cursor to 

the graph). This is the limitation of made-for-the-medium (mentioned in section 3.9) 

and the user-friendly issue (as commented by a pilot user). 

 

 

- One user suggested including more options, for instance, narrowing down your search 

to a particular species so that it will make the system more useful. This is the 

promoting content aspect of usability of web-based user interface (section 3.9). The 

author agrees on this to enhance the usefulness and flexibility of the system. 

 

- One suggestion is to include a column with gene symbol on the side of the 

descriptions in the “Top data sets” section. In fact, this suggestion is practically 

impossible because each dataset include a large number of genes (for example more 

than 10 000 genes) so the display would be crowded if it were implemented. 

However, the content can be promoted by adding the 10 top gene symbols in the side 

of the descriptions in the “Top data sets” section so the users do not have to navigate 

to different view to see the top genes in a particular dataset. 

 

- One user commented “The gene symbols are not always easy to remember, and it will 

be difficult to go back and forth to search for the symbols” – therefore, one way to 

improve the effectiveness and flexibility in using the website, the designer should 

include a functionality which assist the users with inputting gene symbols – for 

example the automatically fill-in gene symbols using first few characters. 

 

 

- One comment was “following the genes of interest to dataset values becomes difficult 

to follow in black color as you scroll down the list (at least to my eyes)” and the user 

suggested that “Perhaps it is better to leave columns and rows of expression values 

visible to make it easier to trace.” – the solution can be to use different color or 

highlight the column based one users‟ action – this can improve the interactivity 

between the website and users. 

 

- One user left 2 questions empty because he did not have adequate time interacting 

with the system and the help section did not conceive enough information to help. 

Because the help section does not show all the descriptions in results page, the user 

had some doubt in the result: “The heat map could use some clarification...I am 

assuming that each box represents the relative co-expression of a given gene with all 

the other query genes in a given data set?  Also, do the bars on the right indicate 

some summary score of co-expression of a given gene across the top data sets, and 

the bars on the top indicate a summary score of co-expression of all query genes in 

one data set?” He suggested putting a link to the Help section on the query page. This 

is a good suggestion because with informative help section, the usability can be 

improved and it would make it easy for the users to use the website. The help section 

can give better information on how to use the website as one user commented 
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“Hyperlinked help from all concepts (e.g. click “cluster size” on page 1 and get 

information on what it is”. 

 

- One user did not get the meaning of data set weight and dataset accession – this leads 

to the previous problem with having not - enough help in the help section. The other 

user commented that “more info on background datasets would be helpful- such as 

are there any datasets related to specific tissues in the body”. The website can be 

enhanced by having more informative help section that explains more information 

about data set weight and how to measure the level of co-expression.  

 

- There was a comment that said “more hyperlinks from things from the “top genes” 

folder for example, instead of just having a mouse over text tell me what set it is”. 

This is actually the on-going implementation in the website to show the primary 

expression data – the raw data of the dataset (the actual values in microarray). The 

functionality can improve interactivity and give more useful information to the users. 

 

- One user would like to download the result to his/her computer – this will be a good 

functionality of the website to let users view the exact data that generates graphs – 

even though the raw result data would not be so visualized to the users but in some 

case, they would like to store the result data in order for future reference. 

 

 

5.2 Result summary 
 

This section summarizes the result analyzed in the above section. The summary is presented in 

each research question to provide possible answers. 

 

1. What is HCI? What do users expect from a HCI website? 

 

The result from questionnaire shows that the users are greatly interested in exploring about large-

gene expression by using the website – most of pilot users would like to spend more time on 

using the system. This shows that the system can support users‟ task/daily work. The total time 

taken to generate result page is 1-1.2 seconds – it is very efficient and effective for the users to 

view the results. This can reduce time to find interested pathway or genes for their studies. There 

were 6 respondents said that it took less than a minute to complete the first query – the users 

viewed it as an impressive speed because the system has to work with a huge amount of datasets. 

5 respondents found the possibility to learn new interesting findings from the co-expression data. 

In other words, the possibility of discovering new possible biological connections is high. 

Besides, in some question, the users‟ views are different which also means different users have 

different way of thinking and interact with HCI. 

 

2. What is the role of interaction in information visualization? What are the techniques in 

Information visualization? 
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With the website, the interactive data visualization can show results in intuitive ways because the 

web-based user interface is designed in such a way that users do not have to spend so much time 

on viewing, navigating and interpreting data. Besides, with graphs generated for the results, users 

can interpret and understand the results data easily. In addition, in developing the website, the 

author also includes some methods in interactions to focus on user tasks such as associate, 

compare, correlate, rank, reveal, retrieve value or correlate. 

 

3. What are the essential criteria of good user interface, especially in the field of 

bioinformatics? 

 

The main purpose to create HCI system is to understand users‟ requirement. In this aspect, the 

pilot users evaluate that the quality of the developed website is high –the fact is that they would 

like to spend more time using the system (3 users will spend more than 1 hour per day, 3 users 

will spend 15mins -1 hour per day). They have good feedback about the way results were 

presented in the website, details of result, the included external links, logical arrangement of 

result, easiness to navigate and learn, achieve interesting findings, etc. In this website, the author 

designs using familiar font (Arial), black and white are the main colors used in the website, they 

are neutral colors to let the users get familiar faster. From the questionnaire, 4 pilot users 

strongly agree that this website is easy to learn, 2 agree and 1 is neutral. Additionally, most of 

the users agree that they can get a good overview of the data presented on the website. And users 

are given very clear, informative feedback about invalid inputs or what actions are being run or 

the actions are run successful. 

 

4. How can those criteria be applied to build a web application? 

 

Through the experience using the built web-based user interface, the users can “reconstruct 

transcriptionally regulated pathways and identify relevant biological contexts with high 

precision”. The author ensures consistency by designing the same look and feel in all the pages 

(login, search, results, waiting, and help).  The optimized algorithm, communication channel and 

graph generation time ensure the responsiveness of the website. This is proved by the 

questionnaire that all users evaluated it takes less than 5 minutes to complete their first query. 

Most of users agree that the important features of the data were easy to locate using the graphs (4 

users strongly think that the results are arranged in a logic way and 3 users agree on that). This is 

a good result showing that the author (designer) was successful in applying the visual sequence 

technique (Zhou and Feiner, 1998) in displaying the results data. When building the website, the 

author has considered the users‟ needs by getting feedback about the users‟ views on the GUI 

and results – the author was flexible to change based on users‟ requirements. 

 

5. What can be done to improve the system? 

 

- Increase the flexibility in the website by automatically recognizing the alias gene 

names from different databases 

- Reduce the limitation of made-for-the-medium (mentioned in section 3.9) and the 

user-friendly issue (as commented by a pilot user) by making the system works well 

in Internet Explorer. 
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- Include more options, for instance, narrowing down your search to a particular 

species so that it will make the system more useful. 

- Improve the effectiveness and flexibility in using the website by including a 

functionality which assist the users with inputting gene symbols 

- Use different color or highlight the column based one users‟ action 

- Have more informative help section to improve the usability of the website. 

- Have function to download the raw results to users‟ computers. With this function, 

the usability of the website will be increased. 
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6 Discussion 
 

This chapter includes the discussions about the results and findings of this research work. The 

implications for informatics are presented to find what implications it is possible to see from the 

research results for development and use of information systems. In addition, method and result 

evaluation are also discussed in details to validate the result. The possibilities for generalization, 

ideas for continued research and the speculations for the future are discussed.  

 

6.1 Conclusions 
 

A thorough study in HCI, information visualization, interactive data visualization, key factors for 

web design, system development methodologies and usability of web-based user interface is very 

important in building a web-based user interface in biology. The theoretical findings act as 

strong basis to design and develop the website to achieve satisfaction from users. 

 

6.1.1 HCI 
 

In the system, the back-end process acts as a black box to the users – for example, the waiting 

sign appears when the algorithm is running. From the questionnaire results, the users are very 

interested in the results data and graph but they do not question about the process of producing 

results. This is one characteristic of HCI where the designers should keep in consideration about 

what users want and what their background is 

. 

6.1.2 Information visualization 
 

Information visualization is implemented by graphs that show the results of large-gene 

expression analysis. The visualizing graphs enable users to interpret and draw new insight about 

the analyzed results of gene expression.  

 

6.1.3 Interactive User Interface 
 

Interactive user interface is an important factor contributing to the usefulness of a website. In this 

subject area, there is a common agreement between theoretical findings, the author‟s point of 

view and the pilot users. The literature emphasizes that the designer should pay more attention 

on the users‟ attitude and approach when designing and implementing an interactive user 

interface or any HCI system because the users are not aware of the other components which they 

do not have any interaction with. 

 

6.1.4 Key factors for web design 
 

Identifying key factors for web design is a difficult task because the success of a website is 

depending on a lot of elements such as purpose of building the website (commercial use or 

support research), the users‟ background, the provided resources, and the evaluation from users, 

etc. In this study, the author has identified general key factors for web design from literatures. 

Then they are applied into developing the web-based user interface. However, it is challenging to 
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verify if the website is successful from the aspects of the key factors using the questionnaire 

results. 

 

6.1.5 System Development Methodologies 
 

In order to have stable version of the website which includes additional functions suggested by 

pilot users, the assessment of computer skills of users, practical estimation of provided 

infrastructure, and the assessment of experts in user interface and biology should be considered 

thoroughly. By doing that, the users feel more satisfied about their role in the system and happily 

using the service provided. The suggestions from users should be taken into account to improve 

the system in each development cycle. 

 

6.1.6 Usability of web-based user interface 
 

Generally, the users are satisfied with using the system – they are happy about the 

responsiveness of the application, they would like to spend a certain amount of time using the 

system, they think the website is easy to learn, they are satisfied about the results, some of them 

verify the correctness of the results, they can learn new interesting findings from the co-

expression data, etc. However, due to the limited evaluation time and number of pilot users, the 

empirical results do not give strong evident to verify that the website is successful.  

 

There are a lot of rooms for improvement in the interactive user interface and website content 

from the users‟ feedback. Some of them belong to Information System technical area such as 

more informative help file or ability to download raw result data, etc. Some of the comments 

belong to biological field such as more background on the datasets, or additional features to 

connect the genes with the pathway, etc. If the designer possesses biological domain knowledge, 

it can support the development process.  However, in this study, the author does not possess 

domain knowledge in biology in order to verify the correctness of the results. In this study, the 

results are verified by the author‟s supervisor and the pilot users who have expertise in the field. 

Therefore, it is always beneficial that the developers of the system have domain knowledge in 

biology so that it is easier to adjust the development activities that can help the implement 

process.  

 

6.2 Implications for Informatics 
 

From the users (biologists)‟ perspective, the implications of results in this study have a great 

influence because the results can support them in verifying the currently known biology 

knowledge and discover interesting findings in their fields of study. 

 

6.2.1 HCI 
 

The development of the system in this study is a part of computational medicine field – the 

research area that deals with development algorithms, application used in biology. The 

developed website has served its aims and goals in searching the resulting co-expressed genes for 

some set of genes. The web-based user interface in this study provides an efficient way and the 

mechanism in analysis large-gene expression by using data visualization and interactive user 
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interfaces. Computational medicine field focuses on the development of application that 

integrated the biological data in information system to make it easy for biologists to carry their 

work. 

 

6.2.2 Information visualization 
 

In this study, information visualization is considered when the raw data is translated in graphical 

form to help users in reading and interpreting the raw results. It shows users‟ interest in using the 

systems when the large-gene expression results are displayed in an intuitive way. An implication 

in informatics is that using information visualization in a user interface as an effective tool to 

increase the usefulness of the system. 

 

6.2.3 Interactive User Interface 
 

The implementation of interaction techniques in the website has verified their effectiveness in 

user interface in order to enable more interaction with users. In term of interactive user interface, 

an implication of this study in informatics is that the interaction techniques should be considered 

as an important point in designing and developing a user interface. 

 

6.2.4 Key factors for web design 
 

Two pilot users commented that the website was very useful for picking up unknown genes and 

designing experiments involving the genes around the query genes to see if or how strong their 

expression is connected to the query genes. Besides, from the results data displayed in the 

website, the users can discover new possible biological connections or find out several genes that 

they are not aware of (besides their query genes). The website can act as the basis to develop 

other applications in computational medicine field. It shows the results of this study do serve the 

key factors for web design in informatics. 

 

6.2.5 System Development Methodologies 
 

In practice, another implication for developer is that possessing comprehensive domain 

knowledge will be helpful in developing such systems because expertise in biology can assist 

developer in planning and designing features in the applications. When having both knowledge 

in software engineering and biology, the developers can build the systems from two different 

perspectives: developers‟ and biologists‟. This can benefit the system development cycle. 

 

6.2.6 Usability of web-based user interface 
 

From the developer‟s perspective, the results of this study indicate that the users‟ role of such 

system should be in focus. When doing that, the interaction between users and the systems can 

be improved as shown in the research results. When there is better interaction between the 

system and users, the efficiency of users will increase and the system will have better usability. 

The pilot users‟ feedbacks are important to the author/developers to improve the alpha version of 

the website. Besides, the empirical results are essential indications to develop similar systems. 
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6.3 Method evaluation 
 

In the theoretical background section, the author searches and analyzes the texts to find out and 

elaborate the relevant characteristics in related research areas. Besides, the texts from theoretical 

background are also strongly related to research (sub) questions to reach the purpose of this 

study. The texts from literature review are also related to the context of implementation of the 

web-based user interface in order to give a concrete guideline to build the website. The texts 

from theoretical background are analyzed thoroughly; it makes it easier to relate research 

questions with the previous researches and existing theoretical findings in the subject areas. 

Since the study covers six different subject areas so there are overlapping between them or one 

area covers part of the other area. For example, HCI research area is a broad one to study which 

can include some aspect of usability, information visualization, or interactive data visualization. 

Therefore, it is very difficult to cover all characteristics of HCI – in this study; the author only 

focuses on the key findings that support in answering the research sub questions. Because there 

are overlapping between subject areas, it is also challenging to clearly separate them in the 

theoretical background (section 3). 

 

There are a lot of researches in the subject areas so it is not uncommon if there is something 

missing in the process of selecting texts. The author stops selecting the texts from literature when 

she thinks the current theoretical findings are sufficient to build the website and answer research 

(sub) questions. For example, in HCI area, theories about human and computer are not discussed 

thoroughly because they do not have comprehensive information to answer the research (sub) 

question. The previous researches about users‟ background such as ethical, sex, age, etc. are not 

considered in reasonable detail either due to the limit number of pilot users in the current systems 

and findings in that area is diverted from this study. However, the users‟ feedback about the built 

web-based user interface is carefully considered in the questionnaire. 

 

Overall, the text analysis gives a strong basis for the author to proceed with designing and 

developing the website. In order to validate and strengthen the theoretical findings and the 

application of theoretical findings in building the website, the author conducted questionnaires 

from pilot users who are potential users in the latter version of the system. The author pays much 

attention on the users‟ skill and background and key findings from the literature study to build a 

website that is simple, easy to learn, arranged in logical way, consistent, etc. The author gains a 

lot of useful knowledge in developing website and in biological field after the questionnaires. 

Despite the facts that the users are not experts in computers or user interfaces; they gave 

comprehensive feedback from their experience with using the system. The user feedback verifies 

the findings from theoretical study and author‟s point of view on the subject areas. The study 

results can answer most of research (sub) questions – except for the last question which requires 

more users and time. 

 

The questionnaires were conducted through email so the author encountered a problem of 

capturing and observing the non-verbal communication. In order to overcome that, the author 

designs a lot of open-ended questions so the users are free to comment and give their options. 

Even though, email is a fast media to communicate, it took a while before the author could 

receive evaluation from pilot users. 
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A problem that the author faced with questionnaire was that some answers were left blank – due 

to the limit time, the author did not have chance to verify it. And in fact, the empty answers did 

not affect the results of this study. 

 

There are few lessons learnt from the empirical study. Firstly, the time plan of the study should 

be organized in the beginning. (In this study, the author encounters problem of having short of 

time towards the end). Secondly, the respondents for questionnaires should be contacted early in 

advanced so they have sufficient time to response and give clear feedback. Thirdly, to gather 

empirical data, the author could have conducted interviews so the problem of non-verbal 

communication is solved. 

 

6.4 Result evaluation 
 

As described in section 2.6, the author uses 3 criteria to validate and evaluate research findings – 

the criteria described by Larsson (1994, cited in Lind A., 2005). 

 

In this study, the author connects the texts (materials) from theoretical background to develop a 

web-based user interface. Additionally, the results from questionnaires verify the findings from 

literature review. This is done nicely in this research and the results from both literature review 

and empirical studies are sufficient to answer research (sub) questions.  

 

Theoretical findings play as a strong basis for the author to design and develop a web-based user 

interface and conduct questionnaire to get pilot users‟ evaluation on the built website. The 

outcomes (results) of this study have clear structure and comprehensively answer (sub) research 

questions. The structure of this study is well balanced because the author has put equal efforts on 

each chapter. The outcomes in this research are organized in a way that related to (sub) research 

questions so the readers can easily capture the meaning from results. Besides, the meaning and 

implications of the outcomes are useful in the study areas and to other fields (such as biology). 

For example, in informatics field, the outcomes contribute as a basis study in developing similar 

systems that support biologists in their researches. In biology fields, the result returned from the 

website can significantly contribute in discovering new possible biological connections (as 

commented by one pilot user). 

 

The texts in this study are presented in a clear way with logic structure. It is divided into 

logically chapters, sections and subsections to assist the readers in viewing this report. Besides, 

tables and figures are used in order to convey visualize information in texts. All figures, tables 

are referred in the report; and all of them have appropriate captions which are right below. This 

supports reader in reading, analyzing and understanding the information in the study. Throughout 

this report, the author uses consistent style and format. The presented texts are written in simple 

language by avoiding too technical terms in IS because the target groups vary from IS 

researchers to biologists.  

 

The followings are addition criteria to evaluate the result of this study 

 

Relevance 

 



 

- 77 - 

 

The problem and subject areas are relevant to the research (sub) questions and strongly related to 

the empirical study. The results of this study is relevant to the subject areas – most of the sub 

questions are completely answered with reasonable evidence from literature background and 

empirical studies from applying theoretical findings in developing the system and results from 

questionnaire.  

 

Originality 

 

This study is an original work – the outcomes of this research contribute to the relevant subject 

areas. This research consists of the existing literature in the field and interprets and analyzes the 

theoretical texts in order to come out with significant findings to apply into designing and 

developing the web-based user interface. Besides, this study also relates significant result to the 

theoretical findings in order to verify the theory. One outcome of this research is contributing 

significantly to the development of new product that can solve the requirements in biology and 

deliver results which can markedly influence biological field (for example discovering new 

possible biological connections) 

 

Scientific grounding 
 
During the development of the website, the author uses key findings from literature review to 

make sure that the result web-based user interface satisfies criteria in HCI, information 

visualization, and interactive data visualization, key factors for web design, system development 

methodologies and usability.  Therefore, there is strongly relevant connection between the 

website and the theoretical findings. In addition, user feedback is analyzed based on the findings 

from literature review. Thus, in this study, there is strong scientific grounding to support the 

outcomes. 

 

Creativity 
 
Larsson (1994, cited in Lind 2005) defined theory contribution as the degree which new research 

gives a contribution to the existing theories – this is an essential criterion to evaluate the 

research. In this study, the author uses theoretical findings to build a web-based user interface 

and verify the results by having questionnaires. The contribution of this study is an application 

that was developed by adhering to the criteria from theoretical findings. Besides, the results show 

some interesting findings in term of making more usable system to assist users in using the 

application. 

 

Research methods   
 
In this project, the author chooses the suitable research method in research perspective, strategy, 

data collection procedures, data analysis procedure, strategies for validation findings and result 

presentation method to answer the sub research questions. The research methods in terms of 

design are concrete and logical to assist a smooth continual. The arguments for the design are 

sound with strong basis from literatures in research methods. 
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In addition, the author implements her research by coherently adhering to the design and 

arguments for the design during the study. For example, in the analysis section, the author uses 

both theoretical and empirical research results and relates her analysis to the research (sub) 

question. 

 

Cumulativity 
 
This study has the ability build on previously developed knowledge: the author uses knowledge 

from previous research to build the alpha version of the website; besides the theoretical study is 

verified by empirical study (questionnaire) from pilot users who use the developed website. 

 

6.5 Possibilities to generalize 
 

The author uses the built web-based user interface and questionnaire results to validate 

theoretical findings. Besides, the results from both literature review and empirical study are both 

verified according to the analysis criteria in section 5.1. The proposed conclusions in this study 

can be compared with findings in other research in the relevant subject areas. These results are 

useful in related disciplines such as implementation problems of information systems in biology.  

 

The solutions relating technical issues (such as in information visualization, interactive user 

interface or usability of website) are usable in other field of information systems especially ones 

supporting science. Wedding, E. (2010) also gave practical guidance in designing synthetic 

biological systems – how to design user interfaces that effectively use DNA sequences as input 

and generates the networks of bimolecular. Wedding‟s research has resemblance with some 

result in this research especially the theoretical results in data visualization.  

 

Paton, N.W. et al. (1999) emphasized that bioinformatics analysis “involves  biologists in 

expressing requests over a range of highly heterogeneous information sources and software 

tools”. Therefore, they need to posses detailed knowledge of the data structures and call 

interfaces of the different sources – the expertise knowledge should not be only limited to 

biology but software engineering. This is similar to one finding in this research. 



 

- 79 - 

 

6.6 Ideas for continued research 
 

While carrying out this research, the author has come across some very interesting ideas that can 

be further investigated – those ideas are not done in this study because of the time limit and 

irrelevant subject areas. 

 

The first idea for further study is conducting a thorough study about users such as their 

background, experience, expertise in computers, etc in order to have better understanding about 

users who use such systems. When the designers/developers know more about users and their 

requirements, the development process can be planned carefully and the design will have better 

support users to achieve users‟ satisfaction on the systems. 

 

The second idea is to develop an information system that provides the same results data but 

supports different client such as Matlab or Mathematica. The higher aim to be achieved is to 

have a generic application which can effectively support general actions (such as adding 

different algorithm, changing the message form, distributing to different computers, etc.). This 

idea is still within HCI and system development methodologies subject area but it goes beyond 

the others. 

 

The third idea is to conduct more study on data results returned by the website. The raw data 

results from the website should be thoroughly studied in order to validate the accuracy of the 

results. This idea is not within the field of IS anymore. Thus, in order to implement this idea, the 

researchers should possess expertise in biology. 

 

The fourth idea is to conduct a study in bio-information systems to discover the knowledge of 

developers on both biology and IT; and the quality of the systems in the field. This is an 

interesting suggestion to verify the important role of biological knowledge that the designers and 

developers of bioinformatics systems should have in order to provide better services. 
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Appendix 

Web-based user interface: the flow 
 

The index page is the login page where users are able to login to the system using his/her own 

account.  

 

 
Figure 19: Login page 

 

After logging in, the user is able to perform the search by inputting a set of query genes – the 

web searching tool can be initiated by typing some gene values for searching the data sets that 

those genes are most correlated or the other closely related genes in the whole available datasets. 

 

 
Figure 20: Search page 

 

When the user clicks the button “Submit Query”, the website initiates the communication to start 

the algorithm. The algorithm takes around 3-4 seconds, the graph generation takes around 1.5 

seconds (for both results graphs), including overheat of communication method, the total time 

taken is about 7-8 seconds. The website will navigate to the result page where the graph display 
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of scores for query genes, top genes and a table of datasets are shown in the website as three tabs 

as shown in the below screenshots. 

 

 
Figure 21: Result page (1) 
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Figure 22: Result page (2) 
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…  
Figure 23: Result page (3) 

Since the result page only shows a very small portion of top genes in the whole big dataset – the 

big result matrix should be 20 000 x 3 000 (number of genes x number of datasets). In the result 

page, the top gene scores tab only shows a matrix size of 50x50. To enable user to browse more 

data in the result, the second tab (top gene) has four buttons so that users can view result to the 

left/right and up/down. When the button is clicked, specific information of the button (left/right 

or up/down, current view) is sent to the server to retrieve the next block or result data. Similarly, 

the top data set tab also has up and down buttons at the bottom to enable user to scroll the next 

values of dataset. When the user wants to start new search, he/she can click the button 

“New Query” to go back to the search page where he/she can input the query genes 

and the optional value cluster size.  

 

After finishing all search operations, the user can log out by clicking the logout button – the 

website will lead to login page. Besides, users are able to view the help by clicking the links at 

the bottom of the web page. 

 

Construction and content 
 

This section discusses more about the solution that the author develops this web-based user 

interface in this project. As mentioned in 3.1.1, the sources of data used in this web-based user 

interface are downloaded from public database Omnibus. In addition, the raw data was pre-

computed from datasets to binary trees using clustering algorithm.  
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In this web-based user interface, the author focuses on consistency where the representation of 

each page has the same format – this is done by using the same css in the whole web solution. 

Each page has a header, a content and a footer. In all pages, header and footer are almost the 

same (except for the appearance of login and logout buttons when user is logged in or logged 

out).  

 

 
Figure 24: Footer (login) 

 
Figure 25: Footer (not login) 

This can create the familiarity for using when the users browse different pages and results in the 

website. Besides, the font and color are kept consistent in all the pages as following details: 

 

- The website uses Arial font with font size 12 in the graphs, the footer has font size 

of 18, the font size of the text in content panel is 14. 

- The website is designed using mainly black, white and grey colors 

 

The algorithm (described in  3.1) runs on the binary trees to generate matrix score – which has 

the size of “number of genes x number of datasets”, each value in score matrix shows a gene 

score of one gene in a particular datasets. There will be the case of missing values (which mean 

some particular genes are not inside the dataset), in this case, we set the gene score to -1. In the 

result graph, the representation of missing values is grey squares 

When user performs a new search, the website receives three different values: 

 

- Matrix score for query genes in relation with the top datasets – datasets that have 

largest score based on the query genes 

- Matrix score for top genes in relation with top datasets 

- Details of top dataset: name, accession and descriptions 
The first two values received are used to generate graphs in the first two tabs (query genes and 

top genes tabs).  

 

The author uses C++ language to implement CGI module to generate a result page for each user. 

The page is name as “guid.php” where the guid is a unique number generated for each user when 

he/she clicks the “Query Gene” button. The “guid.php” file is stored in a temporary folder under 

user‟s name (account). Both graphs generated in the result are also stored in the same folder. The 

author separates the information in three tabs to three different files:  

 

- Guid.php: the main result page, this page is shown to the user. This page includes 

the other two page in its content to show top genes and top dataset tab 

- Guid_topgenes.php: this file stores the content of top genes tab 

- Guid_datasets.php: this file stores the content of top datasets tab 

The reason for having three files for three tabs in the result page is that: when the user browses 

more result, the either content of top genes or top datasets are updated, the separation of the files 

creates the ease of update content of the result.  
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Additionally, the graph of query gene is as “guid.gif” and the graph of top genes is 

“guid_topgenes.gif”. When the user browses the results, the gif file is replaced with the new 

block of result so that the result page is updated. 
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University of Borås is a modern university in the city center. We give courses in business administration and 
informatics, library and information science, fashion and textiles, behavioral sciences and teacher education, 
engineering and health sciences. 
 
In the School of Business and IT (HIT), we have focused on the students' future needs. Therefore we 
have created programs in which employability is a key word. Subject integration and contextualization are 
other important concepts. The department has a closeness, both between students and teachers as well as 
between industry and education. 
 
Our courses in business administration give students the opportunity to learn more about different 
businesses and governments and how governance and organization of these activities take place. They may 
also learn about society development and organizations' adaptation to the outside world. They have the 
opportunity to improve their ability to analyze, develop and control activities, whether they want to engage in 
auditing, management or marketing.  
 
Among our IT courses, there's always something for those who want to design the future of IT-based 
communications, analyze the needs and demands on organizations' information to design their content 
structures, integrating IT and business development, developing their ability to analyze and design business 
processes or focus on programming and development of good use of IT in enterprises and organizations. 
 
The research in the school is well recognized and oriented towards professionalism as well as design and 
development. The overall research profile is Business-IT-Services which combine knowledge and skills in 
informatics as well as in business administration. The research is profession-oriented, which is reflected in the 
research, in many cases conducted on action research-based grounds, with businesses and government 
organizations at local, national and international arenas. The research design and professional orientation is 
manifested also in InnovationLab, which is the department's and university's unit for research-supporting 
system development. 
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