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Abstract

There are many research studies about the effective and efficient use of computer screens. However, research on designing such a display for electronic timeline information is very limited. Similar to others, computer-based timelines should allow users to find out the right information in the shortest possible time. Yet, there is little empirical evidence to support the effectiveness of one design over another. Moreover, the limitations of screen size, refresh rate and resolution are restraining factors to satisfy those requirements.

In a previous study, comparing the linear vs. staggered arrangement of icons on a computer-based timeline, no significant difference was found for either the completion time of a given task (efficiency) or the accuracy of the performance (effectiveness). This is a follow-on study which conducted with qualitative approach to evaluate user behavior patterns and their preferences for these two different timeline interfaces.
Graphically capable workstations are becoming a part of our daily life. Information of many forms are visualized to users through such devices. Wesson and Greunen  (2002) define information visualization as using the computer supported visual representations of data in order to strengthen the attainment or use of knowledge. By organizing information appropriately on user interfaces, interface designers aim to decrease users’ cognitive load and support their human information processing. Unfortunately, current computer user interfaces have some performance limitations related to human perception. The information presented on a computer screen is typically limited to such factors as the screen size, resolution, and refresh rate. Under these limitations, design decisions on how best to present complex information on the screen become critical to the success of user interface design. The design should allow users to locate desired information in an efficient manner and retrieve what they need both easily and accurately. Historical data are also presented and explored through graphical user interfaces. Timelines are graphical visualizations of historical data over time. These visualizations can be in a variety of forms. In this study, a timeline display with two different design choices is examined and some design guideline suggestions are proposed based on the findings of the study. 

Background of the Study
Use of Timelines

Human beings can estimate time duration around age four and develop the ability to represent time on historical scales during late childhood. After this stage, people start to examine events in time and look for relationships among them to find answers to the questions: what, when, where, why and how (Levin, 1992; Friedman, 1992; Kullberg, 1995).

A timeline display creates a graphical or textual visualization from some record of events with respect to time. It displays events in chronological order and is an important technique for representing large temporal data sets. Since only limited amounts of information can be handled in user’s working memory, a graphic timeline is a powerful tool, which, along with interactive computer graphics techniques can ease burden on the human cognitive system. A display can be used as an external memory aid to augment a user’s internal working memory (Card & Moran, 1986). 

A graphical timeline has a theme and consists of entities (e.g., events, people, places, organizations, actions, etc.), which are related to the theme (Kumar, Furuta & Allen, 1996). Peripheral or external information that is unrelated to the theme may also be provided to better emphasize time frame. In a typical timeline display, time is represented by one dimension or axis, while a number of markers (e.g. events) are organized according to a related dimension. 

Timelines are typically used in knowledge-rich domains, especially for representing historical data. These domains are characterized by having a large variety of entities with many types of interrelationships among them. Each entity is different from the other in the number and type of its attributes. The relationships among entities are also unique. In this respect, timelines differ from other examples of time-based data such as statistics and data visualization, where behavior of one or more variables is studied with respect to time. These characteristics make developing structured content for knowledge-rich domains quite a challenge (Kumar, Furuta & Allen, 1996). In the literature there are several timeline visualization techniques. Kumar (1997) summarizes four main timeline visualization techniques as:

1. Fish-eye view: a novel distortion-based technique for displaying large information in a small screen area. 

2. Perspective wall: a three-dimensional, distortion-based technique for displaying large information bodies whose display is very wide.

3. Folding paper: a novel three-dimensional method for displaying large information bodies whose display is extremely wide.

4. Log transformation: a useful display size reduction method. The time axis will be transformed to a log scale to allow extremely large duration entities to be shown along with relatively short duration entities.

Although there are many applications that require visualization of historical data, visualization using timelines is a relatively new research area and as such, there are not many detailed studies on this subject to help guide designers (Stoev, Feurer & Ruckaberle, 2001).

Allen (1983) identified thirteen possible primitive temporal relationships between events (e.g. before, after, during, overlaps, etc.). Given two events, A1 ([image: image1.png]


) and B1 ([image: image2.png]


) with nonzero duration, Hibino and Rundensteiner (1997) illustrate all thirteen relationships as in Figure 1.

---------------------------------------------------------------------------------------------------------

Insert Figure-1 near here

---------------------------------------------------------------------------------------------------------

Cousins and Kahn (1991) described a graphical semantics for certain operations on temporal intervals, but did not address the problems of navigating temporal intervals. Hibino and Rundensteiner (1997) investigated this problem. They have found that it was harder for the subjects to learn linearly visualized data than staggered visualized data. However they were more accurate and more efficient in terms of time constraints.

Linear vs. Staggered Arrangement of Temporal Events

A linear arrangement of events on a timeline display places each event successively higher on the screen display according to the chronological order (Figure 2). This type of presentation of historical data provides a direct manipulation interface for the users. Users can examine the data through simple mouse manipulations (Hibino & Rundensteiner, 1997). As seen from Figure-2, it is a tall representation.

---------------------------------------------------------------------------------------------------------

Insert Figure-2 near here

---------------------------------------------------------------------------------------------------------

In contrast, the staggered arrangement of events on the timeline display conserves screen space by arbitrarily placing events on the vertical dimension whenever room becomes available for them (Figure 3). It provides the user the power to handle larger range of data and its representation is rather flat (Hibino & Rundensteiner, 1997).

---------------------------------------------------------------------------------------------------------

Insert Figure-3 near here

---------------------------------------------------------------------------------------------------------

Purpose of the Study

The purpose of this study is to examine the effects of two different screen designs, the linear vs. staggered arrangement, (under physical screen limitations) on user behavior patterns and their interface preferences for timeline-based information.
Research Questions

The research questions of this study were:

· Do participants show consistent interface manipulations and behavior patterns during screen display searches?

· Do participants exhibit/express preferences between timeline representations using a linear or staggered view of the data.
· “Exhibit”: Participants may make spontaneous comments during think aloud protocols.

· “Express”: Participants will be asked to answer questions after usability sessions regarding their preferences.

Method

In previous studies, Boling et al (1997 and 1998) anticipated finding two distinct differences between different timeline display types. They anticipated that a linear display would require increased scrolling and, therefore, additional time for locating items on a timeline as compared to a staggered display.  They also expected that the “noisier” staggered display (due to more icons on the screen at any one time) would result in subjects becoming more easily distracted and making more errors than those using the linear display.

The results of Boling et al (1997 and 1998) studies showed that in comparing a linear vs. staggered arrangement of icons on a computer-based timeline, no significant difference was found for either the completion time of a given task or the accuracy of performance. Therefore, they suggested that any future research on this topic should include the gathering of qualitative data in an effort to consider participants’ preferences and strategies for using the different interfaces.

The current study was designed and conducted by using the same interface instrument as in Boling et al (1998). However, this time the study was different than the previous studies (Boling et. al. 1997 and 1998) in terms of the methodology, which used a qualitative approach. 

Participants 
This study was conducted at a large midwestern state university. In this study, four participants volunteered to take part in the study (one undergraduate female student, one male graduate student, one female graduate student and one non-student male). The number of participants was determined based on the recommendations of Nielsen (2000). He indicates that one needs no more than five users to identify most problems within a user interface. 

The participants were familiar with computers and regularly use them in their daily lives. All participants voluntarily participated in the study and sessions were arranged according to their preferred schedule. The non-student participant was a graduate of an art program and had an MA degree. He is a Macintosh user. Another participant was a second year undergraduate student in the school of education. She is familiar with the use of computers and the Windows environment. A third participant was a male graduate student in the school of education. The fourth participant was also from the same graduate program. She is an international student, who is fluent in English. Both graduate students have experience with computers and usability testing.

Instrument

Interfaces

The data collection instrument was a Java based program written for the Boling et al (1997) study. Important features of the instrument interface included may be seen in Figure 4 (Linear arrangement) and Figure 5 (Staggered arrangement). Both the interfaces include:

· A timeline display, scrollable both vertically and horizontally, showing the life spans of famous people (authors, inventors, artists and politicians).

· A thin black “duration” bar that stretches from an event’s starting point to its ending point in accordance with the timeline bar at the bottom of the display.

· Light gray “extension legs” that descend from the start and end points of a duration bar when it is clicked. These legs connect the duration bar to their points on the timeline at the bottom of the screen.

The following features of the interfaces were not used. The participants were informed that they would not use that part of the screen during the test.

· A question in the upper left-hand corner of the screen about the life span relationship between two different famous people.

· Radio buttons providing a selection of answers to the questions (“Yes”, “No”, and “I Can’t Tell”).

· A button to advance to the next question.

---------------------------------------------------------------------------------------------------------

Insert Figure-4 near here
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Insert Figure-5 near here
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Task Questions

A questionnaire with 12 tasks was used to present information which addressed each of six types of temporal relationships (Figure-1). Two questions were asked for each type of relationship (see Appendix A for the list of the questions). They compared two events with each other (e.g. Event-A happened before/after/during etc. event-B). Participants in both the linear and staggered conditions answered the same set of questions.

Apparatus

The sessions were conducted in a professional quality HCI usability lab on a PC running a Pentium processor and the Microsoft Windows 98 operating system. A color SVGA monitor, measuring 17 inches diagonally and set to 1024x768 resolution was used in the study. The software used to run the data collection instrument was HotJava version 1.1. The computer screen was video recorded by capturing it on videotapes.

Procedure

Prior to the actual sessions, the researcher conducted a pilot test with one participant. This was conducted for three reasons: 1) to test the clarity of the questions used in the experiment 2) to test the Java based instrument used in the experiment and 3) to check the usability lab conditions.

All participants were tested individually in the usability lab. The linear and staggered interfaces were activated before the sessions started by the researcher. The researcher gave brief information about the research and legal information, as requested by the Human Subjects Committee. In addition to this, the researcher explained that these two interfaces were being tested not the user. Participants were told that their feedback would be used by developers to improve the system.

When participants sat in front of the computer, they first began with a practice screen.  At this point, the researcher provided a brief demonstration of the interface. Included in this demonstration were instructions on navigating the timeline display using the scroll bars, activating/deactivating duration bar legs, and proceeding to the next question. At the beginning, participants did exercises on a sample screen (scroll down/up/left/right, turn-on/off legs). Participants were given the opportunity to ask questions and were then presented with a second practice screen. After reviewing the second practice screen, the participants began the actual test.

Participants started with the linear or the staggered interface alternatively, after the sixth question they switched to the other screen. Each participant answered six questions on one type of the screen and the same six questions on the other interface. Two of the participants started with the linear interface and then they continued with the staggered, the other two followed the reverse order.

All participants were requested to follow think-aloud protocol. They read and thought aloud through the whole session as much as possible. When they forgot to talk the researcher reminded them regularly.
After the sessions the researcher conducted semi-structured interviews with the participants. Questions similar to the following were asked of them: “Please tell me what you think about each of the two interfaces?”, “What did you like and what did you not?”, “Please tell me what specific problems you faced with the interfaces?” and “Do you prefer one interface to the other? Why?”

Analysis

For the analysis of the sessions, two strategies were followed. One was working with an external observer and the second was analyzing the session tapes. The videotaped sessions were watched by one external objective observer. This person has a lot of research and hands-on experience with usability. He has published articles about usability, analysis patterns in time and observer agreements for such studies (Frick, 1990; Frick & Semmel, 1978). The observer spent about 4 total hours analyzing the 2-hour session tapes. He focused his analysis on the sequence and patterns of behaviors of the participants.

After getting the external observer’s comments, the researcher watched the tapes to identify the usage patterns of the participants. For each task, the users’ movements were traced by pencil on a paper mock-up of each interface. In order to identify participants’ mouse movement patterns, the researcher watched the tapes and traced their mouse movements on a piece of paper. When they scrolled-up, this movement was represented by an up arrow, when they scrolled-left, it was represented by a left arrow, etc.

Finally, the semi-structured interview results were consolidated for all participants and their responses were categorized according to their response patterns.

Results

Observer’s comments 

While watching the tapes of the sessions, the external observer made several comments about the interfaces and user behaviors. At the end of the analysis of the session tapes, the observer listed the following common patterns that he observed on the four participants.
Pattern-1: Participants were struggling with scrolling and task

Pattern-2: Participants behaved differently when they found information on the same screen vs. different screens. When participant saw the information about two people in the same screen it was easier to make a quick decision. However, if the information was spread across different screens then they spent more time to make a decision.

Pattern-3: Participants used the extension legs which connected the duration bar to the timeline extensively to make the judgement. They browsed the item, found it, used legs, and compared them.

Behavior Patterns

In the following figures (Figure-6 and Figure-7), samples of typical scrolling movements are shown for linear and staggered interfaces. As seen from Figure-6, in the linear interface the users’ scrolling movements are simpler. A and B represent beginning and ending points of the navigation. As stated by one of the participants, one does not need to follow more than one interaction logic with this interface. A stair-like shape was the typical movement pattern for linear interface sessions.

---------------------------------------------------------------------------------------------------------


Insert Figure-6 near here


---------------------------------------------------------------------------------------------------------

Contrary to the linear interface, participants made more complex scrolling with the staggered interface. As seen from the scrolling trace samples in Figure-7, participants made more movements with the staggered compared to the linear interface. In addition to this, no common trace patterns could be identified for the staggered interface.

---------------------------------------------------------------------------------------------------------


Insert Figure-7 near here


---------------------------------------------------------------------------------------------------------

Qualitative Analysis

As stated before, the researcher conducted a semi-structured interview at the end of each usability session. The questions and the participants’ consolidated responses are presented in the following section.

· Please tell me what do you think about each of the two interfaces? What did you like and what did you not?

All participants stated that they liked the legs and icons. However, two of them did not use the icons for the search process and the meanings of some icons were not clear to the participants. Legs were used in all questions by all participants. According to the participants they were extremely helpful.

All participants reported that they did not like the scrolling on either of two interfaces.

· Please tell me what specific problems you faced with the interfaces?

Three participants wanted to have a search/find tool. One of the participants wanted to have a filter mechanism. The participant stated that it could be very helpful to eliminate unnecessary information from the interface. According to the other participant, a lot of scrolling made his eyes tired and he had to stop and rest his eyes. After that he restarted the search.

· Do you prefer one interface to the other? Why?

Two of the four users preferred the linear interface to the staggered. They both commented that it was easy to find information in this interface, but it needed much scrolling. They commented that by following one logic strategy (searching in a diagonal way) they easily found people’s names.

One participant preferred the staggered interface, because it had more data on the screen. According to this user, relations of people with the other people were seen better on one screen.

In addition, one user reported that his preference changed according to the task. If there were more than two relations, he preferred the staggered interface and for simple tasks (e.g. with at most two events) he preferred the linear interface. 

Discussion and Conclusion

In the previous study, Boling, et al (1998) found no significant difference in the overall completion time and level of answer accuracy between participants using a linear display and participants who used a staggered display.

This test-retest approach, where the same participant first received one treatment and then, the second treatment, allowed for the participants to make direct comparisons between the two treatments. The detailed analysis of the sessions provides several interesting results about the research questions. 

In this study it was found that both interfaces have some advantages and disadvantages. Depending on the task and the amount of information presented through the interface, the users’ performance varied.

As seen from the results of the four sessions, users had some consistent interface manipulations and behavior patterns while searching on two different interfaces. In linear interface tasks, they followed a more simple strategy and almost the same patterns. In the staggered instrument, there was not a consistent interface manipulation but the behavior pattern involved more random movements to find particular information.

The participants’ previous knowledge also affects the search strategy a lot. If they know something about the task, they easily find the information without spending much effort. Therefore, by the results of the four sessions it is safe to say that the interface type becomes more important when the users are not knowledgeable about the task.

As stated by the external observer and all of the participants, scrolling is another major problem with the two interfaces. The participants struggled a lot during the tests. The observer’s advice was to replace the current method of scrolling with a better method (e.g. diagonal scrolling). However, vertical and horizontal scrolling are the only ways to scroll in Windows based systems. 

The second research question was about the participants’ interface preference. As seen from the qualitative results section, there is no strong consensus among participants. In order to say something more concrete, we should continue refined usability testing with more participants. But, at this early usability test point, it is safe to say that the best strategy is to give the options to the users to choose their preferred interface style while using the system. Related this issue, Bederson and Shneiderman (2003) stated, “it is important that the users stay in control and that the computer offers choices with appropriate feedback for user actions” (p. xv).  Therefore, interface designers need to provide users with the opportunity of switching from one type of representation to the other.

One of the most important lessons learned from these tests is the necessity of a find/search mechanism. As the external observer and three participants said, the computer should do the hard job (searching one event), not the user. As reported by Bederson and Shneiderman (2003) “the interface must not be too complex or confusing as to alienate users” (p. xv).If there are a lot of items on the screen to search for, it becomes extremely hard to find the required information among them. Such a job can easily be done by the computer in milliseconds.

Even though the users’ comments are positive about the icons, they were not used much during the search. Some of the icons’ meanings were obvious, but some were not. A usability test on such problematic icons on the interfaces could solve this problem.

Limitations of the Study

Originally we planned to have more than one external objective observer. However, because of time conflict, we had only one objective observer. It could be valuable to see different observers’ comments and compare them. Even though Nielsen (2000) argues five should be the highest number of users, I believe another limitation of the study is the sample size that was used. A larger sample size may give better idea about the efficiency and effectiveness of such timeline interfaces.

The questions used to describe the various temporal relationships were tested in the previous study. In this study, evidence suggests that these questions should undergo more rigorous testing. It is observed that some participants struggled about the correct way to answer a compound question.  Some participants did not know how to answer logical AND type of questions. 

The data set for the study (birth and death dates of famous people) was chosen. However, a participant’s prior knowledge of history and the life spans of famous people may play a role in that participant’s strategies for using the timeline. For example, if a participant knew a particular person’s birth and death dates, that participant could correctly proceed in the appropriate direction on the timeline to locate the desired data point. In addition to this, as stated by one participant, the names of the people in the tasks are taken mainly from Western culture. If the participant is from a non-Western culture then this obviously affects the result. One solution to this problem might be to develop completely fictitious names and dates to avoid any influence of prior knowledge.

Suggestions for Further Research

For the future studies on this research, some changes might be made on the instrument. However, making a radical change does not seem meaningful (like adding a different scrolling mechanism). Adding a search mechanism might be possible. 

Task questions need to be modified. The best way seems to be changing them with fictional names and providing more testing compound questions.

As stated in the previous section, there was only one external observer in this research. In order to get better feedback and to compare them, the number of external objective observers should be increased.

The author recommends that any future research on this topic should continue with the gathering of qualitative data in an effort to consider participants’ preferences and strategies for using the different tools. 
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Appendix A: List of Questions

1. Did Rembrandt die before Benjamin Franklin was born?

2. Did Josh Billings die in the same year that Ring Lardner was born?

3. Was Rudolph Diesel born before Marie Curie and did he die after she was born?

4. Was Lyndon B. Johnson born in the same year as Simone de Beauvoir and did he die before she died?

5. Was Ludwig van Beethoven born before Hiroshige and did Beethoven die before Hiroshige died?

6. Were James Baldwin and Malcolm X born in the same year and did they die in the same year?

7. Were Hannah More and Francisco de Goya born in the same year and did they both die in the same year?

8. Was Claude Monet born during the same year as Henri Matisse and did Monet die before Matisse died?

9. Did Charles Goodyear die in the same year that Charlotte Perkins Gilman was born?

10. Was Gertrude Stein born before Virginia Woolf and did Stein die before Woolf died?

11. Did George Eastman die before Seymour Cray was born?

12. Was Horace Walpole born before Gioacchino Rossini and did Walpole die after Rossini was born?
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Figure 1.
Potential Temporal Relationships (Reprinted with the permission of Hibino & Rundensteiner, 1997)
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Figure 2. 
Linear Arrangement of Temporal Events
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Figure 3. 
Staggered Arrangement of Temporal Events
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Figure 4.  Sample Instrument Interface for Linear Arrangement
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Figure 5.  Sample Instrument Interface for Staggered Arrangement
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Figure-6 Scrolling patterns for linear interfaces
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Figure-7 Scrolling patterns for staggered interfaces
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