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ABSTRACT

An experiment was conducted that evaluated the efficiency of full context hierarchical menu structures and limited context hierarchical menu structures.  The purpose of the experiment was to find which menu structure was best suited for web sites that use framed hierarchical menus for navigation.  The completion time of a set of tasks, the accuracy of information retrieval, and the subject's rating on the ease of navigation were all measured for efficiency.  It should be noted that the accuracy of information retrieval was based on the difference between the path the subjects took while searching the menu hierarchy for answers to the tasks and the shortest path that could be taken to complete the same tasks.

It was hypothesized that the full context menu structure would fare better than the limited context menu structure.  The results suggest that the full context menu did in fact fare better, but only with respect to two out of the three dependent variables.  It produced favorable results with completion time and subject ratings, but also produced more subject errors.  Furthermore, unlike the other two dependent variables, the results for completion time were found to be statistically insignificant.

It was concluded that the reason for the full context menu producing fewer errors was that subjects simply found it easier to scan through the links of the full context menu than to actually think about where to find the answers to complete the current task.  Whereas with the limited context menu, subjects - frustrated with backtracking through the structure - thought about the answers to the current task more thoroughly.  Nevertheless, the subjects' ratings for "ease of navigation" suggested that they felt more comfortable making errors with the full context menu than with the limited context menu.  Therefore, it was recommended that the full context menu be considered for web site navigation when frames are in use.

1. INTRODUCTION

In its relatively short existence, the World Wide Web (a.k.a. the Web) has, for many people, become a standard source for information of any kind.   There are literally hundreds of thousands of web sites that could give one access to anything from the latest on Bill Clinton's woes to recent statistics the top ranked schools in the U.S. with just a few clicks of a mouse.  But it is those "few clicks of a mouse" that this experiment is concerned with.  Or more specifically, how individuals are accessing the information available on any given web site.


Today's web sites are structured in a variety of ways.  With respect to navigation, some of these web sites are constructed more effectively than others.  The sites this experiment is concerned with are the ones that utilize frames as a method of navigation.  This is usually achieved by incorporating a menu structure with one frame and using a second, larger frame as a display (see www.marvel.com).  The most common practice for this method of navigation is to have one level of links to navigate an entire web site within the "menu frame".  However, this method becomes problematic for large sites that have to be navigated with a hierarchical menu.

Alternative methods include constructing a full context or limited context hierarchical menu structure.  The full context menu is a kind of expanding menu (see www.virgin.com/fm/us).  This menu allows users to view the current and previous levels of the menu hierarchy as they browse through the categories they have selected.  In layman's terms, once a user clicks on one link out of a set of links, another set of links (usually indented) that corresponds to their selection appears under it while the original set still remains displayed on the screen.  The limited context menu, on the other hand, is a kind of sequential or reloading menu.  This menu allows users to view only the current level of the menu hierarchy as they browse through the categories they have selected.  In other words, once the user clicks on one link out of a set of links, another set of links that corresponds to their selection replaces the original set.

There are definite advantages (as well as disadvantages) to both the full context and limited context structures.  No matter how deep into the menu hierarchy a user may be, the full context menu allows the user to traverse the path of any visible category on higher level of the menu hierarchy.  With the limited context menu, to traverse the path of another category on higher level, the user must backtrack to that level.  However, by utilizing space more conservatively, the limited context menu can decrease the amount of links that appear inside of the frame.  With the full context menu, as the menu expands with links, the frame may become cluttered up and very difficult to read.

 The purpose of this experiment is to evaluate these two structures to find which is more beneficial for web site navigation with respect to time, accuracy, and user preference.  It is predicted that the results of this experiment will show a significant advantage for using full context menu structures over limited context menus.  This is, in actuality, the same hypothesis that Zaphiris (1999) formulated when he conducted his experiment, which is the basis for this experiment.  He attempted to evaluate the effectiveness of full context and limited context menus with respect to time, accuracy, and user preference at depths of two, three, and four.

The results of Zaphiris' experiment suggest that by reducing the depth of the menu hierarchy, user performance will improve with respect to speed and search efficiency.  His results also found that the full context menu structures resulted in poorer performance than the limited context structures, especially when the depth increased to four.  However, it must be noted that he found no statistical significance in his results.  This experiment will attempt to further Zaphiris' research by extending his findings on menu design for the Web and the findings of other researchers on hierarchical menu design to practical usage on the Web.

In designing the interface for this experiment, the same researchers that Zaphiris consulted for his experiment will also be referenced.  One such researcher includes Kiger (1984), who evaluated five treatments for menu design (26, 43, 82, 16x4, and 4x16) and found that reaction time and number of errors increased with the depth of the menu structure.  Furthermore, the results of his experiment showed that the 4x16 (two levels with four items on the first level and sixteen items for each four on the second level) design had the faster reaction time and the fewest errors.  And, out of the five designs, subjects preferred the 82 (two levels with a set of eight items on the first level and another eight for each the first set on the second level) design because of its relatively small depth.  Based on these results, the hierarchical menu structure for this experiment was designed with a maximum depth of three and a maximum breadth of eight.

Two other researchers Zaphiris consulted were Norman and Chin (1988).  They recommend that along with small depth, greater breadth at the root and at the leaves of hierarchical menu structures should also be emphasized.  In accordance with this recommendation, the menu structure for this site was designed with the maximum amount of links per level (eight) emphasized at the roots and at the leaves.

Zaphiris then found a way to define and calculate user "lostness" by looking at the research of Larson and Czerwinski (1998).  Their strategy in calculating "lostness" entailed comparing the number of unique and total links visited with the "optimal" path.  In this experiment, that strategy is used to measure the users accuracy of information retrieval by defining the "optimal" path as the smallest number of visited links that are needed to complete the list of tasks for one treatment of the experiment (see independent variables).

Lastly, Zaphiris completed the design of his interface by complying with observations made by Norman (1990), who commented that with previous studies, the focus of the experiment was the symmetrical menu structure.  In a symmetrical hierarchical menu, each level has the same number of items, and each item has the same number of levels.  However, the majority of real-world applications typically have asymmetrical structures.  In an asymmetrical hierarchical menu, the number of items varies for each level as do the number of levels for each item.  Therefore, the menu structure of this experiment was designed asymmetrically.

As stated before, this experiment will further the research of Zaphiris' experiment. It will take into consideration Zaphiris' research and all of the aforementioned research.  And despite Zaphiris' results (none of which prove to be statistically significant), it will attempt to prove that within a frame structure, the advantages offered by the full context menu structure make it more efficient for web site navigation than the limited context menu structure.

2. EXPERIMENT

2.1 Hypothesis

Zaphiris and others before him have proven that broad-shallow menu structures are more efficient than narrow-deep ones.  The hypothesis of this experiment is that within a frame structure, the full context menu structure is more effective for web site navigation than the limited context menu.  This means that given attention to past research on hierarchical menu performance and design, the full context menu structure will perform more efficiently than the limited context menu with respect to user completion time of task and number of user errors.  Moreover, it is hypothesized that users will prefer the full context menu to the limited context menu because its full view of the menu hierarchy at current and previous levels gives the user a better sense of orientation.  In addition, the full context menu allows users to traverse other visible levels of the menu hierarchy without backtracking.

The independent variable for the experiment is the method of navigating a web site using a framed hierarchical menu structure.  For this experiment, the independent variable has two treatments.  One is the utilization of a full context menu structure.  The other is the utilization of a limited context menu structure.

There are three dependent variables that are measured for statistical significance in this experiment.  The first is subject completion time, which is the amount of time it takes for a subject to complete one task list.  The second is subject accuracy of retrieval, which is the difference in the number of unique and total links visited in completing one task list and the number of links on the "optimal" path of that same task list.  The third and last dependent variable measured is the subject's ranking of the ease of navigation for each treatment of the menu structure. 

2.2 Pilot Study

After a three subject pilot test was conducted, a few concerns were noted regarding the layout of the screen and experiment tasks.  Among other things, these concerns included problems with the task lists' questions.  The subjects found questions like "What is the price of the autograph 8x10 of John Elway?" too confusing.  This may be attributed to the fact that some people did not know that John Elway was a football star.  Since the experiment's main focus is ease of navigation, it was decided that the questions should have a very low level of difficulty.  After all, the experiment is testing the efficiency of the interface and not the intelligence of the subjects.  So the questions were rephrased to give them a better idea of how to search for the answers.  The previous question became "What is the price of the autograph 8x10 of football star John Elway?"

Subjects also complained that the titles of the categories like "Collectibles" and "Coins" where ambiguous.  Originally the tasks questions were rephrased further.  It was then realized that task related grouping guidelines (Shniederman 1998) were being violated.  So it was decided that "Collectibles" category be broken up and placed into separate categories like "Sports" and "Toys".  The last problem to be corrected dealt with the navigation of the limited context menu.  The subjects found it irritating to use the "back" button on the Netscape browser for backtracking to higher levels in the menu hierarchy.  To correct this problem, links were added to all levels to help in navigation.  As for time, on average, it took about 12 - 17 minutes to run the whole experiment on one subject.  As a result, it was decided to institute a time of 20 minutes as the maximum for completing the whole experiment.

2.3 Subjects

There were ten subjects used in the experiment.  Seven of them were undergraduate students with at least one year of experience on the Web.  The remaining three were information systems professionals.  The majority of them had encountered frames for web site navigation, and within that grouping less than half actually preferred frames for navigation.  The rest either had no specific preference for site navigation or did not prefer frames at all.  Unfortunately, the reason for the low turnout was that the 15-20 minutes it took to complete the experiment discouraged many potential subjects.

2.4 Materials

Unlike Zaphiris' experiment, which utilized a large web site based on Census Bureau information, the web site of this experiment is a small-scale imitation of the online auction house Ebay (see www.ebay.com).  Because of this choice, it was not difficult to design a menu structure that is based on existing design research mentioned in the introduction.  The hierarchical menu of this experiment's interface has brief but intuitive item names; a broad-shallow 83 asymmetrical design (a maximum of three levels with a maximum of eight items per level).  Furthermore, an emphasis on task-related grouping and presentation sequence (Shniederman 1998) was incorporated into the design.

Other materials used for experiment, other than the web site, included, for one, subject background surveys.  These surveys were given to each subject at the beginning of the experiment to collect information on how much experience each has had with the Web.  The users were also given two distinct task lists (one for each treatment) with ten short answer questions each.  These tasks were to be completed during each phase of the experiment by navigating the site in search of the answers.  The actual purpose of the task lists was to give users motivation to navigate the web site so that their accuracy of information retrieval data could be gathered and analyzed.  Also, two questionnaires (again, one for each treatment) were given to the users at the end of each phase of the experiment to gather information on the user's evaluation of the each menu structure.  And lastly, since the web site was optimized for the software, Netscape's Navigator web browser was used to conduct the experiment.

2.5 Procedures

The experiment began with subjects reading over an introduction sheet that explained and described the nature of the experiment. Once they completed the introduction, they were given time to ask any questions they might have before agreeing to do the experiment.  Once they agreed, they were asked to sign a consent form before the experiment got under way.

After signing the consent form and taking care of the particulars, subjects were then ready to begin the first of the two phases of the experiment.  In phase one, with Netscape Navigator, a subject would search the web site using one menu structure in an attempt to complete the corresponding task list.  In the second phase, they would do the same just with the other menu structure.  It should be noted that each subject was started on a different menu structure than the last subject.  This way the data would not be biased because of the subject's familiarity with the site by the second phase.  For each phase, the subjects were first given a sheet of instructions on how to complete the task at hand. They were then given a training session on the how to correctly operate menu structure they were to use.  Following that, they were given the task list and then instructed to click  "start" on the current phase's start page when they were ready to begin.

As soon as subjects clicked on "start", their start time was recorded from a Javascript activated timer. The subjects were given no help as soon as they started on the current task list.  The instructions given to them stated that they were to complete the task list fully and then click on "done" when they were finished with the last task.  After they clicked on "done", their completion time was recorded from another timer that was activated.

At the end of each phase, the subjects were to complete an evaluation of that phase and its menu structure.  The scale used to rate the menu structure with respect to ease of navigation was 1 to 10; with "1" being the worst and "10" the best/highest rating.  While they were completing their evaluation of the current phase, the history of the browser was saved because it contained the subject's path as they navigated the site.  This information was later analyzed for the subject's accuracy of information retrieval.

3. RESULTS

3.1 Completion Time
Figure 1 shows that the subjects performed their tasks faster on average with the full context menu than with the limited context menu. The t-test was computed on the results and it was determined that there was no significant difference between the completion times of both types of frames. (T-stat = -0.71 < 0.05)

Table 1. Completion Time: (S.D. in parenthesis)

Model
Full Context
Limited Context

Reaction Time
288.0 (76.4)
302.8 (55.6)
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Figure 1. Completion Time

3.2 Accuracy of Information Retrieval
Figure 2 shows that the full Context menu had a higher number of errors than the limited context menu.  The t-test was computed on the results and the Number of errors was determined to be significantly different for both types of frames. (T-stat = 0.68 > 0.05)

Table 2. Accuracy of Information Retrieval: (S.D. in parenthesis)
Model
Full Context
Limited Context

Error Frequency
2.5 (3.37)
1.8 (1.14)
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Figure 2. Accuracy of Information Retrieval
3.3 Subjective Ranking
Figure 3 shows that, on average, the subjects preferred the full context menu structure to the limited context menu structure.  The t-test was computed on the results and it was determined that the subjective ratings for the full context menu was significantly different from the subjective ratings for the limited context menu. (T-stat = 1.78 > 0.05)

Table 3. Subjective Ranking: (S.D. in parenthesis)
Model
Full Context
Limited Context

Subjective Ratings
8.3 (2.45)
7.4 (1.90)
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Figure 3. Subjective Ranking 

4. DISCUSSION

The results of the experiment show that the completion time is not significantly different for both types of menu structures.  One of the reasons for this outcome was that the web site we created was relatively simple and very well designed.  The subjects indicated, through questionnaires, that they had no problems navigating both sites and that the menu items were clear and easy to understand.  This result might also be because both of the menu structures were designed in accordance with past research, so they had a shallow depth of three.

The results also indicated that the subjects made more errors using the full context menu than the limited context menu.  The reason for this might be because there are usually more options available to users in terms of menu items.  Users are less inclined to be accurate because they have a better feeling of their exact location in the web site so they do not feel “lost”.  Therefore, they make more selections since they can easily retrace their steps and correct their errors.  In the limited context structure, a user is more inclined to be more accurate and spend more time thinking because once they make a wrong selection, they have to backtrack to the main menu to reorient themselves as to their exact location in the web site.  This is also the suspected reason why the limited context structure resulted in a longer completion time than the full context structure.

The above explanation could also be why the subjects on average preferred the full context menu to the limited context menu.  According to one of the subjects, the limited context menu was not as convenient as the full context menu structure because it requires the user to keep going back and forth from the main menu to make some menu item selections.  This could lead to increased user frustration especially when the web site is poorly designed.

5. CONCLUSIONS

5.1 Impact for practitioners
The results of this experiment suggest that full context menu structures may be the ideal hierarchical menu type for web site navigation. This is particularly true in cases wherein the menu is designed with a maximum depth of three and breadth of eight.

However, it should be noted that the results of this experiment showed that where accuracy of information retrieval is concerned, limited menu structures result in fewer errors than full context menu structures.  Nevertheless, the full context menu scores higher on user preference ratings than the limited context menus.  User preference usually has a higher precedence over the accuracy of information retrieval and this should be taken into account in the design of web sites.

5.2 Suggestions for future researchers
The main problem with this experiment was gathering enough subjects to participate in the experiment.  The more subjects that are used in an experiment, the better the results reflect actual/realistic situations.  Therefore, one suggestion would be to carry out the experiment on a larger group of users.  Another suggestion would be to analyze the performance of the subjects on each and every task.  The complexity of the questions would come into question in this case, and it might be a good idea to explore how that would affect the overall outcome of the experiment. 
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APPENDICES
A. Experimental Materials

A1. Introduction

A2. Instructions

A3. Survey

A4. Task Lists

A5. Questionnaires

B. Raw Data

B1. Subject Data

B2. Statistical Analysis

C. Screen Shots of Experiment

C1. Full Context Menu Structure

C2. Limited Context Menu Structure

A1. Introduction

The experiment you’ve been asked to participate in is not a test of your abilities.  Instead, your participation will allow us to evaluate the practicality of two web site menu structures.  One menu structure is a type of expandable/collapsible menu.  The other is a type of reloading or refreshing menu.  Your job will be to perform two sets of tasks on these menu structures by using them to navigate a web site.  Don’t worry, you will given some brief training on how to use each menu structure before you actually use them.  Now, each set of tasks is just a page of ten short answer questions about information that can be found by navigating the web site.  While you’re completing a task set your performance with respect to time and error will be recorded.  But remember, this experiment isn’t about how well you navigate the web site, it’s about which menu structure allows you to navigate the site the more easily.  Once you’re done with each task set, you will be ask to fill out a brief questionnaire about the menu structure you’ve just used.  You should also know that you have the right to withdraw from the experiment anytime you please.  If you have any question at this point in time, please direct them to us and we’ll be happy to answer them for you.

A2. Instructions

The procedure for completing each task set is as follows:

1) Read the first question on the task sheet

2) Click on the start

3) Find the answer to the question by navigating the web site

4) Once you’ve found the answer to the question write it down on the task sheet

5) Read the next question

6) If there are no more questions, stop and click on 'done'

Note: Please attempt to answer all questions.  And ignore the timer that will pop-up from time to time.

A3. Subject Survey

The following questions are just for getting a general idea of your familiarity with browsing the Web.  Don't worry, there is no right or wrong answer any to any question.  Just circle the answer best suited to you.

1)
How long have you been on the Web?

a) less than 1 year

b) about 1 year

c) about 2 years

d) about 3 years

f) more than 3 years

2)
How would you rate your skill level with respect to navigating the Web?

a) Beginner

b) Expert

c) Somewhere in between

3)
On average, how many hours do you spend on the Web a week?

a) Less than 3

b) About 4

c) About 5

d) About 6

e) More than 6

4)
Do you know what frames are with respect to web site design?

a) Yes

b) No (if no, stop here)

5)
Do you prefer that sites use frames for navigation?

a) Yes

b) No

c) Don't care

If yes or no, briefly explain why?

______________________________________________________________________________________________________________________________________________________________________________________________________

A4. Experiment.One Tasks

1)
What is the price of the Pentax IQ-Zoom 140 Camera?


__________________

2)
What is the price of the 1899 Mexican Stamps?


__________________

3)
What is the price of the most expensive watch listed?


__________________

4)
How many bids have been placed on the U.S. 1938 Buffalo Nickel?


__________________

5)
What is the price of the 1902 Egyptian coin?


__________________

6)
What is the closing date of the 333Mhz Pentium Computer System?


__________________

7)
What toy doll is priced at $29.00?


__________________

8)
What is the price of the rookie trading card of basketball star Michael Jordan?


__________________

9)
What is the price for the Bob Dylan "Greatest Hits" Record?


__________________

10)
How many bids have been placed on the video "There's Something About Mary"?


__________________

A4. Experiment.Two Tasks

1)
What is the price of the Microsoft Office Pro 97 software package?


__________________

2)
What is the most expensive camera lens listed?


__________________

3)
What years do the "Time Magazine 70 Years in Review" issue cover?


__________________

4)
How many different Canadian coins are priced over $50?


__________________

5)
What is the price of the autograph 8x10 of football star John Elway?


__________________

6)
What is the closing date of the lowest priced toy action figure?


__________________

7)
How many different DVD movies are priced over than $800?


__________________

8)
How many bids have been placed on the Madonna "Ray of Light" CD?


__________________

9)
What is the highest number of bids for any one piece of Victorian jewelry?


__________________

10)
How many bids have been placed on the Spain Stamp Collection?


__________________

A5. Experiment.One Questionnaire

For the following, please circle the number that best represents your response.

The scale is 1 (strongly agree) to 10 (strongly disagree).  Again, there are no right or wrong answers.  This is just your evaluation of the collapsible menu structure.

1)
I found the instructions for the experiment confusing.


1
2
3
4
5
6
7
8
9
10

2) 
I found that the menu names for the items were vague.


1
2
3
4
5
6
7
8
9
10

3) 
I found the quiz questions difficult.


1
2
3
4
5
6
7
8
9
10

On a scale of 1 to 10 (with 10 being the best), how would you rate this menu structure with respect to ease of navigation?


1
2
3
4
5
6
7
8
9
10

If you have any, please provide any addition comments:

A5. Experiment.Two Questionnaire

For the following, please circle the number that best represents your response.

The scale is 1 (strongly agree) to 10 (strongly disagree).  Again, there are no right or wrong answers.  This is just your evaluation of the reloading menu structure.

1)
I found the instructions for the experiment confusing.


1
2
3
4
5
6
7
8
9
10

2) 
I found that the menu names for the items were vague.


1
2
3
4
5
6
7
8
9
10

3) 
I found the quiz questions difficult.


1
2
3
4
5
6
7
8
9
10

On a scale of 1 to 10 (with 10 being the best), how would you rate this menu structure with respect to ease of navigation?


1
2
3
4
5
6
7
8
9
10

If you have any, please provide any addition comments:

B1. Subject Data









B1. Subject Data
















Full Context


Limited Context



Subject
time
errors
Rating
time
errors
Rating

WS:FC
304.00
5
8
232.00
1
9

DS:LC
211.00
0
10
313.00
1
9

NM:FC
241.00
0
10
306.00
3
8

LQ:LC
251.00
3
9
315.00
3
9

JM:FC
294.00
2
7
246.00
0
4

LW:LC
301.00
2
2
357.00
1
4

MM:FC
488.00
11
8
414.00
3
8

RD:FC
258.00
1
9
259.00
2
7

KA:LC
284.00
1
10
262.00
3
8

BA:FC
248.00
0
10
324.00
1
8









Averages:
288.00
2.50
8.30
302.80
1.80
7.40









Standard Deviation
76.36462241
3.374742789
2.45175674
55.6153456
1.135292424
1.897366596

B2. Statistical Analysis

Time



t-Test: Paired Two Sample for Means








Variable 1
Variable 2

Mean
288
302.8

Variance
5831.555556
3093.067

Observations
10
10

Pearson Correlation
0.541893132


Hypothesized Mean Difference
0


df
9


t Stat
-0.711922522


P(T<=t) one-tail
0.247276041


t Critical one-tail
1.833113856


P(T<=t) two-tail
0.494552082


t Critical two-tail
2.262158887






Errors



t-Test: Paired Two Sample for Means








Variable 1
Variable 2

Mean
2.5
1.8

Variance
11.38888889
1.288889

Observations
10
10

Pearson Correlation
0.261006656


Hypothesized Mean Difference
0


df
9


t Stat
0.677419355


P(T<=t) one-tail
0.25758711


t Critical one-tail
1.833113856


P(T<=t) two-tail
0.51517422


t Critical two-tail
2.262158887






Rating



t-Test: Paired Two Sample for Means








Variable 1
Variable 2

Mean
8.3
7.4

Variance
6.011111111
3.6

Observations
10
10

Pearson Correlation
0.759549325


Hypothesized Mean Difference
0


df
9


t Stat
1.784210221


P(T<=t) one-tail
0.05402762


t Critical one-tail
1.833113856


P(T<=t) two-tail
0.10805524


t Critical two-tail
2.262158887


C1. Full Context Menu  Structure
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C2. Limited Context Menu Structure
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