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Abstract
This experiment explored the effects of appropriate use of color and a suitable user interface metaphor in an application that presents the user with a large amount of information. The "Degree Navigator" allows college students to visually audit their progress in completing their undergraduate degree requirements. At first glance, this user interface violates several established design principles. We hypothesized that using a more appropriate user interface metaphor (progress bars) and limiting the use of color would help users grasp information more quickly and retain it better. In addition, we examined the effects of these changes on user satisfaction. Results showed no statistically significant difference in user performance between the interfaces using the original and modified metaphors. Limiting color also had no statistically significant effect on performance. However, when color was reduced, users preferred the interface with the new metaphor. 
 

Introduction

In designing a user interface that presents a large amount of information to users, the designer must design the layout which will result in users' greatest comprehension of the information in the shortest amount of time. As the amount of information that is to be displayed increases, poorly designed systems often become unnecessarily complex and difficult to use. However, if a user interface metaphor that is meaningful to users is used, the interface becomes much more comprehensible to them. Useful interface metaphors minimize the amount of syntax that users must learn, and allow them to focus on the task at hand, rather than on the mechanism by which the task is completed. Interfaces that have meaningful interface metaphors are also easier to learn, making them quite useful for first-time and intermittent users.
Some designers use color in an attempt to structure a complex system. However, overuse of color can produce the reverse effect and further complicate the interface. In this experiment, we compared an interface that we believe does not use a meaningful metaphor, with an interface that does. In addition, we investigated the notion that reducing the amount of color can make a user interface more comprehensible. 
An application in which a great deal of information must be displayed in a limited format is that of displaying a college student's progress in completing a degree. The user interface to represent this information should contain information about the requirements of the student's degree program and the requirements the student has completed. This information must be presented in a clear and comprehensible way, so that the student can quickly get an overview of the progress made and can plan which courses to take in future semesters. Because a degree typically has a number of requirements, and students take a number of courses, such a user interface must reduce the complexity of the problem domain and present the information in as concise a manner as possible. In addition, students do not use this application on a regular basis; a semester or more may pass between a student's use of the system. For this reason, users of the system will have difficulty remembering how to use the application, and an interface that emphasizes recognition rather than recall, is desirable [1] (p. 69). 
The application currently used at the University of Maryland for students to perform a degree audit is the Degree Navigator, a product of Decision Academic Graphics. A screen shot of this application is shown below.




Degree Navigator (click to enlarge)

We believe that this interface is not well designed, and have found that students who have used the application were also dissatisfied with its interface, finding it overly complicated and confusing. Even though students used the application to view their own degree progress, they could not understand what each of the graphical elements represented. In fact, many students found that what made the application at all comprehensible was the fact that they already knew what courses they had taken, and had a rough idea of the requirements they had fulfilled. In addition, many found that the colors were quite distracting. It is for this reason that many students do not use the application at all, and monitor their degree progress manually.
There are two major flaws in this user interface. First, the metaphor used, that of islands to represent degree requirements, is not a natural one. Islands are used to represent the idea that the student is "navigating" his or her degree, but this seems contrived. We believe that a simple change of the metaphor that is used in the interface will make the application much easier to understand and use. User interface guidelines suggest that applications should build on the user's real world experience by exploiting concrete metaphors, thereby making applications easier to learn and use. An empirical study by Smilowitz [2] has shown that useful user interface metaphors can facilitate users' interactions with the system. However, not all metaphors are good--some metaphors may not be appropriate and may not be advantageous as a result. Good metaphors facilitate performance, and poor metaphors are no more effective than non-metaphoric interfaces. The results also suggest that an essential characteristic of a good metaphor is its mapping to the target domain, or its similarity.
Interface metaphors exploit prior knowledge of familiar objects and activities. For example, users of a word processing system already know about typewriting: they know what typewriters are used for; they know something of how the functions of the parts affect the function of the whole. A word processor that presents itself to the user as similar to the typewriter becomes less complex because it takes advantage of this prior knowledge [11]. Mayer [3] has experimentally studied the effectiveness of metaphors in teaching programming concepts in Basic. He showed that many programming constructs were learned more easily when they were presented in the context of a concrete metaphor (e.g., input as a ticket window, storage as a file cabinet). The key performance differences occurred in novel and complex tasks. Halasz and Moran [4] report a similar finding in their studies of learning to use calculators. Foss, Rosson and Smith [5] studied the task of learning to use a text editor by providing their subjects with an "advance organizer," which was information presented prior to the actual system manual. The organizer explained how the computer could serve as a tool, follow commands, and create, store and retrieve files, referring extensively to the metaphor of conventional file folders stored and retrieved from file cabinets. In this experiment, subjects who were provided with the advance organizer performed better than those who did not. These studies confirm that a relevant metaphor can teach users a great deal about a new application even before they have ever used it.

Erickson [6] discusses several criteria for evaluating interface metaphors:
1. Metaphors must have structure. From a user perspective, this comes in the form of knowledge of both domains. Users must be able to map objects from the source domain to the target domain. 
2. Users must be able to apply the structure. Is the metaphor relevant to the problem?
3. How representative is the metaphor? Does it create effective visual or auditory representations?
4. The metaphor must be suitable to the target audience. Do users understand the metaphor?
5. How extensive is the metaphor? This refers to the need for a metaphor to be expandable to related target domains. 
The Degree Navigator interface fails to meet the guidelines stated above. Current users of this application are unable to map objects from the source domain to the target domain, because there is no relation between an island and a degree requirement. In addition, this metaphor is not relevant, representative, or suitable. In fact, the metaphor is so unsuitable that many users do not even realize that the displayed entities are islands. In addition, the metaphor cannot be expanded to any related target domains. 
It seems more appropriate to view degree requirements as entities in which the student has made a particular amount of progress in completing, as opposed to the arbitrary notion of "requirement islands." It is natural for students to think of themselves as "halfway done" or "almost done" a particular requirement, so a user interface metaphor that mirrors this is useful. Therefore, we propose that using progress bars to show the percent completion of requirements in the student's degree program will result in an interface that is clearer and easier to understand. Progress bars are used quite often in commercial applications, and they are a familiar and popular user interface element. Because of users' familiarity with progress bars, they can easily map objects from the source domain to the target domain. Progress bars mirror the task concept of a requirement that is partially (or fully) complete. This metaphor is a relevant one, and has an effective visual representation. Due to its wide use in other applications, this metaphor is quite a suitable one, because users already understand it. Finally, the metaphor is very extensive, as it applies to related domains.
A new layout for the Degree Navigator, which uses progress bars instead of islands, is shown below. We hypothesized that users would be able to better understand the information displayed in this interface than in the original.



A new layout using progress bars (click to enlarge)
 

Myers [7] showed that people prefer progress indicators, as they give novices confidence that a task has been accepted and is progressing successfully, while expert users can predict the completion time of the task. Practical experience and formal experiments show that progress indicators are an important and useful user-interface tool, and that they enhance the attractiveness and effectiveness of interfaces that incorporate them. Progress indicators give the user enough information at a quick glance to estimate how much of the task has been completed and when the task will be finished. There are a number of applications that use the progress bar, for example, progress bars are often used to indicate the status of a file download, or the number of files that have been copied in a software installation.
The second main flaw in the Degree Navigator interface is that color, which is presumably used to separate the islands, is quite overused and only results in complicating the interface. Color is a powerful communication tool in a GUI, so powerful, in fact, that color is easy to misuse or overuse [8]. It is necessary to understand the function of color so it is used with proper skill and sophistication. In general, similar colors imply a relation among objects, therefore, color should be used to group related items. The ways in which the elements are grouped plays an important role in both the ease with which the users can extract the information and the interpretations they assign to it [9]. Grouping similar items in together improves their readability and can highlight the relationships between different groups of data. In the original Degree Navigator interface, there are a number of random color duplications, which are mistakenly perceived as groupings by users. In addition, the color for courses that have been completed and courses that are currently in progress are very similar to each other and are hard to distinguish. We propose using colors which have the same hue (blue), but different amounts of lightness, to emphasize that blue-colored items are courses that have been taken; dark blue items are courses that have been completed, and light blue items are courses still in progress. In addition, we propose using the same background color to represent requirements, so they can be grouped together by the user.
The principle of color economy [8] suggests using a maximum of 5 +/- 2 colors. The original interface uses 8 colors; we propose using 3. Interfaces with too much color and saturation can produce a visual headache [10], a phenomenon that many users of the original application have commented on. In addition, colors that are simultaneously high in chroma and located at the extreme ends of the visual spectrum, e.g. red and blue, should not be chosen [8]. The original interface ignored this important detail. 
It appears that the Degree Navigator does not follow any of the guidelines for using color given by Shneiderman [1] (p. 402):
· Use color conservatively 
· Limit the number and amount of colors 
· Recognize the power of color to speed or slow tasks 
· Color coding should support the task 
· Color coding should appear with minimal user effort 
· Color coding should be under user control 
· Design for monochrome first 
· Color can help in formatting 
· Be consistent in color coding 
· Be alert to common expectations about color codes 
· Use color changes to indicate status changes 
· Use color in graphic displays for greater information density 
Moreover, a color-blind user will have a difficult time with the interface, as there is not enough difference in brightness between the background and the islands. 
In order to determine the effects of correcting these two design flaws, we created four applications (available in the Appendix), varying the parameters of layout and use of color. We hypothesized that changing either the use of color or the layout would result in an easier-to-understand interface which would be preferred by users.
Experiment 
Introduction and Hypothesis
In this experiment, we investigated ways of improving the layout and use of color in the user interface of the Degree Navigator application. Our experiment explored the idea that a suitable layout and judicious use of color in a user interface can improve user performance. To test this, we developed four alternate versions of the Degree Navigator interface, varying the type layout and use of color. Subjects were asked to use one version of the interface and answer questions about the information presented to them. The questions pertained to how much progress the student had made in completing various requirements, which courses were taken to complete various requirements, whether or not certain requirements had been fulfilled, and which courses the student was currently taking. A complete list of questions is available in the Appendix.
Null Hypothesis: There will not be any statistically significant difference in the measured efficiency between the four versions. 
Hypothesis I: Users will answer questions more rapidly and with fewer errors when using the progress-bar interface as compared to the original island-based interface. 
Hypothesis II: Users will answer questions more rapidly and with fewer errors when using a 3-color interface as compared to an 8-color interface. 
Hypothesis III: The retention of information will be better with progress-bar layout using 3-colors as compared to the other layouts.
Hypothesis IV: Users will prefer the 3-color progress-bar interface to the other 3 interfaces.
Independent and Dependent Variables
Independent variables 
1. Layout. This variable has two treatments: the original island layout and the progress-bar layout 
2. Amount of Color. This variable also has two treatments. One version uses eight colors, as in the original application. The other version reduces the number of colors used to three.
Thus, this is a 2x2 experiment design, where the four treatments are as follows:

1. The original degree navigator interface using eight colors.
2. The original degree navigator interface using three colors.
3. The bar layout interface using eight colors.
4. The bar layout interface using three colors.
Dependant Variables
1. Performance time: time to correct completion of task questions
2. Error rate: error rate in answering task questions
3. Retention time and accuracy: time to correct completion, and accuracy rate of retention questions.
4. Subjective Preference
This will be a between-groups experiment.
Pilot Study Results
For our pilot test, we used four test subjects, one per treatment. We used a 1024x768 screen resolution. We gave two-minute long detailed instructions about the experiment to the subjects. Each subject took about five minutes to answer the seven retention questions based on one set of data, six minutes to answer eight main task questions based on another set of data and three minutes to complete the subjective satisfaction questionnaire. Preliminary results showed that the design of the experiment was effective, and was a valid metric. We found that the dimension of 8-color/3-color was implemented correctly, using similar color schemes for the island and no-island conditions, so this dimension does not need to be changed. Subjects expressed frustration at the island layout, as we had hypothesized that they would. However, we found a need for the redesign of several features in the experiment:
1. Resized the test question program window so that it did not overlap over the window for the experiment
2. Edited the graphics for each island so that the class names were visible. (This is a shortcoming of the original Degree Navigator that we will correct in our version, and we will certainly recommend that the Degree Navigator change their version, too.)
3. Made the central pie chart of the island version a clickable icon, to show that the CS degree has a requirement of 120 credits in order to graduate. This information is also not available in the implementation of the Degree Navigator; however, it is one of the most important questions that a student must answer when viewing a transcript.
4. Used capitalization for "credits" and "courses" to highlight them in the questions asked since all the subjects confused the two terms while performing the tasks. 
Subjects 
The subjects for this experiment were selected as to minimize the subject base and limit the statistical interference that would be caused by a broad base. The subjects were junior or senior University of Maryland computer science majors. We tested 32 subjects, resulting in 8 per-treatment ratio. All subjects participated on a voluntary basis. The subjects were between the ages of 19 to 24; ten were female and twenty-two were male. Subjects were first asked if they had used the Degree Navigator application, and if they had, they were assigned to treatments 3 and 4 (the progress bar layout), so that their previous use of the application would not affect their performance. Each subject completed the tasks using only one version of the interface, as in the pilot study. They were presented with different sets of data for retention and main questions. 
Materials
Training
Since the subjects were junior or senior University of Maryland computer science majors, they were familiar with the various requirements of a degree in Computer Science. Our experiment required the subjects to answer questions about information displayed in the interface. Thus no additional training was necessary for our experiment. 
Tasks
Subjects used the version of the application given to them loaded with a sample student's transcript information. They were given a few minutes to look at the information, and after a three-minute delay, were asked questions about the information that was presented. Next, the application was loaded with another sample transcript, and the subjects answered another set of questions. All questionnaires were administered by a separate Visual Basic application, which calculated the time to answer each question, as well as the error rate. 
Screenshots and executables of the four treatment applications and the questionnaire application are available in the Appendix. The testing was conducted in the AV Williams Microsoft lab, due to the availability of large, high-resolution monitors. The experiment software was installed on four computers so that up to four subjects could be tested at one time. All of the computers had the same type of hardware.
Two paper-based forms were prepared for the experiment: the consent form and the subjective satisfaction questionnaire. These are available in the Appendix.

Procedures and Problems
A typical session of the experiment consisted of the following steps:
1. The subject read and signed the consent form. 
2. The subject was given instructions about the tasks to be performed in the experiment. 
3. The subject was presented with one version of the application loaded with a student's transcript information. After a three-minute delay, the questionnaire window popped up and the subject was asked to close the application. 
4. The subject answered seven retention questions about the information that had been displayed in the application.
5. The subject was presented with the same version of the application, loaded with another student's transcript information. The subject used the application and answered eight questions while it was displayed. 
6. The subject filled out the subjective satisfaction questionnaire. 
We used two sample student transcripts as data for our experiment. One student had halfway completed his degree while the other was near completion. We alternated use of the data sets for the retention questions and the main questions; half of the subjects used the first data set for the retention questions and the second data set for main questions, the other half used the second data set for the retention questions and the first data set for the main questions. This was done to prevent any bias that may have resulted from the sample data that was used.
Problems
We encountered one problem in running the experiment. We had provided tooltips in our application telling the user to click for more information about the requirement. However, tooltips are only displayed on the application that has the input focus, and the question application always had the input focus. So users did not realize they should click for more information, and had difficulty answering the questions. Once we realized this problem, we discarded all the data that had been collected up to that point, and informed all future subjects of the information that was displayed in the tooltip before they began their task.
 

Results 

Statistical analysis of the raw data (see Appendix) was performed using Microsoft Excel. Here we present our 2-way ANOVA results. The ANOVA analysis will provide statistical information about the nature of the correlation between all four sets of samples. We also present graphs of various averages. The tables are separated in 5 sections: Main Questions, Main Question Errors, Retention Questions, Retention Question Errors and Subjective Satisfaction. Each section has been analyzed with the same set of tools. 
Main Questions: Time to Correct Completion
ANOVA:

Source of Variation 
SS 
df 
MS 
F 
P-value 
F crit 

Sample 
239370.91 
7 
34195.84 
2.37 
0.07 
2.66 

Columns 
21653.85 
1 
21653.85 
1.50 
0.24 
4.49 

Interaction 
60672.50 
7 
8667.50 
0.60 
0.75 
2.66 

Within 
231288.36 
16 
14455.52 












Total 
552985.62 
31 
  
  
  
  

 



 

The analysis of the ANOVA reveals that all of the computed F-values are less than the corresponding F-criticals. This tells us that there was no statistically significant difference between the groups in question. Hence, even though the means show that there was a difference, it was not statistically valid. Thus, in this instance we must accept the Null Hypothesis – there was no statistically significant difference between the samples.
Main Question Error Rate
ANOVA:

Source of Variation 
SS 
df 
MS 
F 
P-value 
F crit 

Sample 
42.50 
7 
6.07 
0.71 
0.66 
2.66 

Columns 
0.50 
1 
0.50 
0.06 
0.81 
4.49 

Interaction 
8.50 
7 
1.21 
0.14 
0.99 
2.66 

Within 
136.00 
16 
8.50 












Total 
187.50 
31 
  
  
  
  

 



 

Examining the ANOVA results we can see that for all the tests, F-value was once again less than F-critical. Here, we will have to accept the Null Hypothesis as well. 
Retention Questions: Time to Correct Completion
ANOVA:

Source of Variation 
SS 
df 
MS 
F 
P-value 
F crit 

Sample 
28081.56 
7 
4011.65 
1.13 
0.40 
2.66 

Columns 
1354.86 
1 
1354.86 
0.38 
0.55 
4.49 

Interaction 
21733.20 
7 
3104.74 
0.87 
0.55 
2.66 

Within 
57037.31 
16 
3564.83 












Total 
108206.93 
31 
  
  
  
  

 



 

Here, the same case occurs. All ANOVA F-values are less than the corresponding F-critical. Null Hypothesis accepted. 
Retention Question Error Rate
ANOVA:

Source of Variation 
SS 
df 
MS 
F 
P-value 
F crit 

Sample 
44.47 
7 
6.35 
1.53 
0.23 
2.66 

Columns 
0.03 
1 
0.03 
0.01 
0.93 
4.49 

Interaction 
32.22 
7 
4.60 
1.11 
0.40 
2.66 

Within 
66.50 
16 
4.16 












Total 
143.22 
31 
  
  
  
  

 



 

Again, all ANOVA F-values are less than the corresponding F-critical value. Null Hypothesis accepted.
Subjective Satisfaction
ANOVA:

Source of Variation 
SS 
df 
MS 
F 
P-value 
F crit 

Sample 
548.50 
7 
78.36 
0.62 
0.73 
2.66 

Columns 
722.00 
1 
722.00 
5.70 
0.03 
4.49 

Interaction 
817.00 
7 
116.71 
0.92 
0.52 
2.66 

Within 
2028.00 
16 
126.75 












Total 
4115.50 
31 
  
  
  
  

 



 

At this point, ANOVA produces an F-value that is greater than the F-critical (5.70 > 4.49). Also the corresponding P-value is less than our significance factor, which for our experiment was taken to be 0.05 (0.03 < 0.05). This tells us that there is a statistically significant variation between the columns. This means that for this part of the experiment, there was a difference between the 3-color and 8-color schemes. Examining the Subjective Satisfaction Averages graph, we can conclude that for the 3-color treatment, the bar layout was superior, by a margin of ~10%. In the case of the 8-color treatment, the island layout was preferred by a margin of ~13%. 
 

Discussion
User Performance 
We had hypothesized that the progress bar layout versions of the degree navigator would result in users' answering questions faster and with fewer errors than the island layout version, in both the task questions and the retention questions. Though the mean time to completion and error rate for this treatment were less than for the others, the results were not statistically significant, due to the high variance of the data. 
There are likely several reasons why we were unable to show any statistically significant improvement in user performance. First, after the experiment was over, we realized that we had neglected to choose only subjects who did not have color blindness. One subject commented in his subjective satisfaction questionnaire that he was color blind, but since the questionnaires were not linked to the task data, we were unable to discard his data. Another issue was that it seemed that non-native speakers of English performed the tasks noticeably slower than native speakers of English. This is quite understandable, as there was a great deal of terse requirement information to read in the user interface (the wording of requirements in the original Degree Navigator was retained). Thus, it was likely that the reading speed of these subjects affected their performance. 
Yet another issue that may have influenced our results was that even the final progress bar layout version did not have, in our opinion, a perfect user interface. Due to the fact that we wished to isolate the variables of layout and color, we made no other changes between the original Degree Navigator and our progress bar layout version. One change that we would have liked to make, for example, would be to label each requirement box with a short descriptive title. Another good change would be to provide a help button, and to make sub-requirements within a requirement clickable to provide more information.
In addition, the subject base was junior and senior computer science majors. We chose this group of subjects because juniors and seniors are more familiar with degree requirements than are freshman and sophomores. However, had we included freshman and sophomores, we may have been able to prove our hypothesis. It is likely that juniors and seniors who used the island layout were able to answer questions as quickly as those who used the bar layout, because the degree program was already so familiar to them that they were able to make sense of the islands. Finally, it may be interesting to see whether the performance of students of other majors would be the same. Computer science majors are typically expert computer users, and can, in general, learn a new application more quickly than other users. The difference in layout and color in the different treatments may have been more noticeable had less computer-experienced users been chosen.
Subjective Preference
We had predicted greater user preference for the 3-color, progress bar layout over all the other treatments, but the results show only a preference for the 3-color progress bar layout over the 3-color island layout. In fact, for the 8-color treatments, the island layout was preferred over the progress bar layout. The reason for this is likely the fact that the colors in the 8-color bar layout version seem even more obtrusive than in the island layout because the layout is less graphical in nature. Moreover, a progress bar is a familiar user interface element, and users expect multiple progress bars in an application to have the same color. Islands are not a familiar user interface element, thus users did not have any expectations about how they should look.
In general, it is difficult to collect meaningful subjective preference data in a between-group experiment, because subjects do not have anything to compare the interface to. Different users have widely varying expectations, as evidenced by subject comments. One subject gave especially high preference scores to treatment 1 (island layout, 8 colors), which we had hypothesized would receive low scores. When we asked him informally why he thought the interface was so good, he replied that it was better than the paper form outlining requirements given by the department. When we showed him treatment 4 (bar layout, 3 colors), he agreed that he thought it was far superior to the version he had initially been shown. At the other end of the spectrum were subjects with high expectations. One subject, who had been assigned to a progress bar layout treament, wrote a page's worth of comments, suggesting a much more complex application with more functionality. This subject gave very low scores to the application.
While the subjective preference data did not confirm our hypothesis, the user comments were quite helpful. Almost all users who received an 8-color treatment commented that the colors were unnatural and straining. They also commented that though there were color duplications, there was no logic behind them, one major flaw that we also noticed in the color scheme of the original Degree Navigator. Many subjects who used the island layout indicated their frustration with the user interface.
Comments about island layout:
· I think the format would be considered very confusing to most people

· It was difficult to determine requirements for each "island"

· I had trouble figuring out what each island block represented

· Circular layout unclear, I'd prefer a chart/linear graph. Headings should stand out more.

Comments about 8-color versions:

· Good application, but colors are garish

· Colors are very distracting

· Too many colors

Comments about bar layout:

· The blocks are a nice way to see when something has been completed

· Clear, easy to understand layout

In addition, several subjects commented that in the 3-color bar layout versions, the difference in color (dark blue vs. light blue) between current and completed courses was not great enough. 
 

Conclusions

User interface metaphors can be employed to increase users' initial familiarity of the target domain, but they also play a more important role--metaphors aid users in understanding the target domain by enabling them to develop a mental model for it. 
As noted in the discussion of the results, there was no statistically significant difference in user performance between the degree navigator with a new metaphor and the original degree navigator. Color also had no statistically significant effect. However, we did find that when the number of colors were reduced, users preferred the new layout. Individual user comments also confirmed that the progress bar layout with less color was preferred.
Since there are no tools that can mechanically generate effective metaphors for user interfaces, metaphors must be created, analyzed and evaluated on a case by case basis. Though we did not show statistically significant performance improvements in comparing two metaphors, if more metaphors were used, performance improvements may have resulted. 
Advice for Practitioners

Though there was not a statistically significant improvement in user performance when the user interface metaphor was changed, users did prefer the progress bar layout when the number of colors were reduced. Since there are a number of widely accepted reasons for limiting the number color in GUIs, this result shows that designers should use progress bar indicators in applications similar to this one.
Suggestions For Future Researchers
A primary consideration for future researchers is to increase the number of subjects used in the experiment. A further suggestion is to make the subject group either more heterogeneous by including subjects from all departments, or more completely representative of the students at large. Also, the same experiment could be repeated, but the tasks assigned be changed. Future researchers may want to examine the performance of users after a longer learning time; these experienced subjects may perform differently than first-time users. 
This experiment serves as a good basis for future studies. Future researchers should build on this experiment and explore the many issues that accompany it:
1. Explore using other metaphors. We tested only one metaphor, progress bars, to display transcript information. 
2. Compare a graphical layout to text. Due to a limited number of subjects, we were unable to compare graphical interfaces with a textual tabular layout.
3. Redesign further. The Degree Navigator violates many accepted design principles. We evaluated it only by isolating the design metaphor and use of color as variables. However, other shortcomings, such as poor labeling and lack of online help may have influenced our results.
4. Conduct a within-subjects study. We were unable to show a statistically significant subjective preference for the modified layout, but this was probably due to the fact that each subject only used one version of the application. We are confident that testing subjective preference in a within-subjects experiment would yield statistically significant preference for the progress bar layout interface with reduced color, over all other treatments.
Several subjects commented that they felt the colors chosen for current and completed courses were too similar to one another and were hard to differentiate. This indicates that more research should be done to see which color choices would be optimal. We believed that the colors for current and completed courses should be similar in hue but vary in brightness, but based on these user comments, perhaps a difference in hue would be preferable.
In addition, the Degree Navigator interface is meant to give a quick overview of a student's transcript; for actual graduation audits, a full text-based printout consisting of several pages of data is used. The Degree Navigator software also offers several report format options, with differing levels of detail. Future research could be directed toward determining which report formats are appropriate for which tasks, and tracking the preferences of different levels of users (students, advisors, administrators, and so on). Also, the multiple colors and non-geometric shapes used in the graphical layout may lead to fatigue and eyestrain for users such as advisors, who must look at many different transcripts during advising office hours, which can last for two hours or more. Future research in this area may prove helpful to these users.
Refined Theory
Though subjective statisfication results show that users preferred the progress bar layout over the island layout when fewer colors were used, user performance did not improve when colors were reduced or when the metaphor was improved. The Degree Navigator's interface seems garish to many users, but its design does not seem to interfere with the function of the program: to allow users to quickly absorb information about their transcript. According to the results of this study, the Degree Navigator's unconventional interface design seems to defy the conventional logic about the interaction between interface design and user performance. 
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