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Abstract: Success in finding information in a website depends not only on the complexity of the information retrieval 

task per se but also on the way information is made accessible. We explored the role of navigation menus when 

performing information retrieval tasks. We compared expandable menus with sequential menus. Expandable menus 

preserve the full context of choice while the user is browsing. Sequential menus provide only partial context. Task 

complexity was manipulated along two dimensions: path length and path relevance. Path length leading to the target 

information was varied using different levels of depth. Path relevance - based on semantic similarity - is the relevance of 

the optimal navigation path to the search task. In general, results show benefits of presenting expandable menus giving 

fully contextual information when retrieval tasks are highly complex. More specifically, with expandable menus, highly 

complex retrieval tasks with high path length and low path relevance are more efficiently performed than with sequential 

menus. Furthermore, users are also less disoriented with expandable menus. A practical implication is that for complex 

websites path relevance and expandable navigation menus are important usability considerations. 

INTRODUCTION 

 Gathering information is a strategic activity that 
nowadays can (at least in principle) be made much easier by 
retrieving information from Web pages. Users retrieve 
information using searching and/or browsing tools. When 
users browse they make navigational choices through the 
information space that has a structure defined by its linking 
connections (hyperlinks). This structure is however not 
shown explicitly to the users, so navigation in complex 
websites is frequently not an easy task and can lead to 
problems such as cognitive overload or disorientation [1, 2]. 
Actually, disorientation and lostness are major problems 
affecting information retrieval on the WWW. Disorientation 
increases task performance time, and results in lower task 
success and higher error rate, e.g. more clicks to find the 
information [3, 4]. 

 The effect of system variables such as the structure of the 
Web or more locally, of a hypertext, has been frequently 
examined (e.g. [2]). The use of hierarchical navigation 
menus or indexes and the depth and breadth of hierarchical 
menus have been recognized as the main variables affecting 
task performance [5, 6]. Also, previous research has 
examined the effects of different menu types (i.e. expandable 
menus vs sequential menus within the category of 
hierarchical menus) on information retrieval performance [7, 
8], finding contradictory results. These contradictory results 
when expandable and sequential menus are compared, may 
be related to task characteristics such as task complexity, a  
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variable that has not being properly controlled in these 
studies. Task complexity is however an important variable 
that is nowadays getting more attention in the literature (e.g. 
[9, 10]). 

 In this paper, we present the results of an experiment in 
which we compared the use of expandable versus sequential 
navigation menus on performing information retrieval tasks 
where task complexity was manipulated. In the next sections, 
a further elaboration of menu types and task complexity is 
presented. Then the experiment and the results we found are 
explained in detail. Finally we will discuss our results and 
draw conclusions. 

MENU TYPE: EXPANDABLE MENUS VS 
SEQUENTIAL MENUS 

 A main factor affecting information retrieval success are 
the navigation tools or menu types used [11]. In this paper 
we compare two different menu types: expandable menus 
and sequential menus [7, 8] (see Fig. 1). 

 Navigation menus using expandable menus preserve the 
full context of the choice within the hierarchy, showing the 
full tree of past selections. Sequential menus, on the other 
hand, only display elements in the same level of the 
hierarchy, and the context is only partially shown in the form 
of ‘breadcrumbs’ that show the history of selections through 
the different Website levels (path breadcrumbs) or the 
location of the user within the site hierarchy (location 
breadcrumbs). Location breadcrumbs have been popularized 
in large Web directories like the search engine Yahoo. They 
mark the specific location of the user, often by using a list of 
links to represent the location of the current page. A number 
of studies have shown that they can lead to more efficient  
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site navigation and improved user satisfaction compared to 
no-menu or static menus, particularly for large and 
hierarchical sites [12-14]. 

 Kurniawan et al., [7] found that users working with the 
expandable menus showed a more optimal path to the target; 
that is expandable menus resulted in less deviations from the 
optimal clicks to arrive to a target. They did not find a 
significant difference in traversal time; that is, the total time 
needed to arrive at the correct page, between the two types of 
menus did not differ. 

 Zaphiris et al., [8] also compared the two types of 
navigation menu presentation. They also predicted that 
expandable indexes would result in a superior performance 
since they provide more context information. However, they 
found the opposite result; participants using sequential 
menus got faster response times, particularly at deeper levels 
of the hierarchy. The efficiency of information retrieval, 
measured as the number of clicks made above the optimal 
path, was similar for higher levels of the two menu types, but 
better for deeper levels of sequential menus. The authors 
suggested that the long lists of items in the expandable menu 
condition they manipulated could be responsible of this 
pattern of data, since with this detailed level of hierarchy 
users had to scan or even scroll for the context information. 
Task complexity can be another factor that could explain 
these inconsistent results. 

TASK COMPLEXITY 

 The effect of information retrieval task characteristics on 
the navigation process has been studied and task complexity 
has been recognized as one of the important factors that 
affect the efficiency of information seeking strategies  

[15-17]. Task complexity can be conceptualized from 
different approaches and measured using different methods. 
Campbell [18] described three general approaches: 
psychological (subjective), person-task interaction and 
objective (defined by task characteristics). Gwizka and 
Spence [9] explored the relationships between subjective and 
objective task complexity, and proposed to assess the 
complexity of information retrieval tasks in an objective 
manner, by breaking it down into three objective factors: 

1. Path Length: the length of the navigation path leading 
to the target information. It indicates the depth or 
level of the target information in the hierarchical 
information structure in the web site. We will use in 
this study a maximal depth of four levels. 

2. Page Complexity: the complexity of navigation 
choices on each web page (i.e., visual design, number 
of link labels, etc). 

3. Page Information Assessment: the difficulty of 
relevance judgment on pages that contain the desired 
information (See [9]). 

 We add to these components of task complexity the 
concept of Path Relevance: the degree to which the 
description of the task is pointed out by the optimal path to 
the target information. For some tasks it is very clear what 
the optimal path is through the overlapping in meaning 
between the task’s goal and the index names used in the 
website, for other tasks this is less clear. A path highly 
relevant to the task description contains a high overlap in 
meaning (see an example in section Method), and this is 
what we called high Path Relevance. 

 

Fig. (1). Expandable menu (left) and sequential menu (right). 
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 In our study we examined both Path Length and Path 
Relevance to study task complexity, while we kept the Page 
Complexity of the web pages and Page Information 
Assessment constant. Both variables represent different 
levels of task complexity. Path Length is related with more 
structural aspects of the Web site and can be easily 
measured. Path Relevance refers to semantic aspects of the 
information during search navigation and requires 
measurement of the semantic similarity between the optimal 
search path and the goal as described in the task. 

 The reason to include Path Relevance in the current study 
is based on the cognitive model CoLiDeS of web navigation 
[19, 20]. This model simulates a website visitor’s web 
navigation process, and it involves a comprehension model 
based approach that uses Latent Semantic Analysis to 
compute the degree of semantic similarity (“information 
scent”) between user goals statements and screen objects 
(mainly link labels). CoLiDeS explains how users parse and 
comprehend the content of a web page and then select what 
action (click) to perform next. This comprehension process 
is influenced by the user’s goal (task) and background 
knowledge. CoLiDeS compares the user’s goal with link 
texts (labels) on web pages and selects the link that best 
matches the user’s goal. The selected link is clicked on and 
the process of judging link relevance (information scent), 
and selecting a link is repeated until the user’s goal is 
attained or the user stops. The relatedness of screen objects 
to the user’s goal is measured, mainly, on basis of semantic 
similarity. 

 Van Oostendorp and Juvina [21] developed their model, 
CoLiDeS+, based on extensions of the CoLiDeS model. 
Particularly, the concept of “path adequacy” was introduced 
as a complement to the concept of information scent and 
appeared to play a significant role in predicting web 
navigation of users. Path adequacy is the semantic similarity 
between the navigation path (the succession of links that 
have been selected prior to a particular moment) and the 
user’s information retrieval goal. Path adequacy reflects the 
goal-relevance of past selections and integrates in this way 
the preceding context to current link choice. Semantic 
similarity can be measured using Latent Semantic Analysis 
[22]. We propose that path adequacy can also be used to 
measure the complexity of a certain information retrieval 
task in terms of Path Relevance, by computing the semantic 
similarity between user goal and the optimal navigation path 
leading to the target information. However, path adequacy 
characterizes what users do, while Path Relevance 
characterizes a task, i.e. its overlap in meaning with the 
optimal path. The rationale of this proposal is that if a task 
does not properly fit to the link labels of the navigation menu 
that have to be followed to find the target information (low 
Path Relevance), the information retrieval task is more 
difficult and, consequently, should have negative effects on 
navigation behaviour and performance. 

RESEARCH OBJECTIVES 

 Results of the studies of Kurniawan et al., [7] suggested 
that menu type can have an effect on information retrieval 
performance. A menu type such as expandable menus can 
provide information about where a user is in relation to the 
information structure as a whole, and thereby facilitate 

navigation and finding information. We will use in our study 
the sequential menu as reference (control) condition because 
– as indicated above- the empirical research literature is clear 
about the value of this kind of index, and examine whether 
expandable menus are even better. The benefit of expandable 
menus giving more contextual information compared to 
sequential menus can even be bigger as task complexity 
increases, at least when the menu is clearly visible on screen 
within the screen border. Task complexity is here measured 
on basis of Path Length and Path Relevance. We propose 
that both factors have an influence on task complexity: low 
complex tasks are characterised by short Path Length and 
High Path Relevance, and highly complex tasks by long Path 
Length and low Path Relevance. The usefulness of 
expandable menus could be higher with high complex tasks, 
since users can take advantage of the contextual information 
to guide their navigation. Consequently, our main hypothesis 
is that participants using expandable menus achieve a better 
task performance than participants using sequential menus 
particularly when performing complex tasks, while the 
difference is much smaller when performing simple tasks. 
We will examine participant’s performance by measuring the 
accuracy of their performance on the information retrieval 
tasks, as well as by measuring the time needed to find an 
answer. Furthermore, we measured the objective lostness 
and perceived disorientation of participants. The first 
approach implies to infer participant’s level of lostness from 
analyzing participant’s actions when browsing [23, 24]. 
Using this approach one can for instance calculate the 
number of deviations form the optimal pathway. Other 
authors however have claimed that instead of inferring 
lostness from participant’s actions, it is better to directly ask 
user to indicate feelings regarding disorientation, using a 
questionnaire [5]. We will use both kinds of measures and 
hypothesize that lostness and perceived disorientation will be 
higher for participants using the sequential menus than for 
participants using the expandable menus, also particularly 
for more difficult tasks. We expect that participants using 
expandable menus will actually be less disoriented, and also 
feel themselves less disoriented than participants using 
sequential menus, again particularly when performing 
complex tasks. 

METHOD 

Participants 

 Thirty-five bachelor or master students (24 males and 11 
females) at the University of Utrecht took part in this study. 
The mean age of the participants was 20.54. They received a 
7.5 Euro book-gift card. We can assume that for these 
participants prior knowledge of the hypertext materials 
(information about Zambia) will be low. 

MATERIALS 

Website 

 The topic of the Web site used in the experiment was 
“Discovering Zambia” (8936 words long). Webpage 
contents were adapted from general Wikipedia articles about 
the history, geography and culture of Zambia, and were 
divided into 36 pages. The length of the pages was 
controlled to be about the same with a mean length per page 
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of 255 words (sd = 53). All the pages included text and one 
picture, and they could be read without scrolling. 

 In the process of constructing the Website structure, two 
of the authors of this paper rated the similarity between the 
different pages, and their ratings were used for organizing 
the website hierarchy. For every page they selected the 8 
most related pages and made a ranking from 1 to 8. The 
average ratings were used to cluster the most related content, 
which defined the web site hierarchy and the structure of the 
navigation menu. The maximum depth of the hierarchy was 
4. 

 There were two different menu types used in the study: 
an expandable menu and a sequential menu with location 
breadcrumbs (see Fig. 1). The WWW browser used in this 
study did hide the tools bar, so participants could only 
navigate using the webpage hyperlinks, not the back and 
forward buttons or other browser features. 

Information Retrieval Tasks: Path Relevance and Path 
Length 

 We were interested in manipulating task complexity 
along two dimensions: Path Relevance and Path Length. 
First, we constructed a pool of 45 questions covering all 
page contents at different depths in the hierarchy. The 
question statements were considered to reflect the user goal. 
Second we use the Encyclopedia corpus available at the LSA 
website [25] to compute the LSA values between the 
description of all questions and their corresponding optimal 
path link labels, that is, the Path Relevance of the optimal 
path, and they were assigned to two sets of Path Relevance 
values (low and high) using the percentile 25 and 75 as the 
cut-off. Examples of tasks of low and high Path Relevance 
are: 

 For a LOW Path Relevant task: 

 Zambia holds unique wild life in their natural 
reserves. Which is a unique mammal that you can 
find at the Luangwa Valley? 

 Optimal path with the following links: Zambia > 
Economy > Tourism and Safari > South Luangwa 
Park > Giraffe (LSA = 0.00)(Level 4) 

 For a HIGH Path Relevant task: 

In August 1865, David Livingstone sailed for Africa 
to seek the sources of the Nile. Which river did he 
confuse with the “real” Nile”? 

Optimal path with the following links: Zambia > 
History > European Colonial Era > David 
Livingstone > Source of the Nile (LSA = 0.49) (Level 
4) 

 Finally, we extracted 12 tasks from these two sets (6 
high, 6 low relevant tasks) that covered the 2, 3 and 4 levels 
of Path Length (menu depth) to be used in our experiment. 

Measures 

 As dependent variables we used several measures that 
were extracted from users’ session logs and their responses 
to the questionnaires filled out during the experiment. For 
each of the 12 information retrieval tasks we recorded: 

 Task performance: It was measured with two variables: 

-  Task accuracy: It was the score on the information 
retrieval tasks. Participants who found the correct 
answer to the task before the time limit scored 1. 
When the participant’s answer was incorrect but it 
was extracted from the page that contained the correct 
answer it was scored 0.5. Incorrect answers from 
incorrect pages, answers above the time limit or no 
answers were scored 0. 

-  Task response times: It was the time needed to find 
the answer in seconds. The time started when the 
home page was shown and ended when the 
participant wrote the answer in the response box. 

Disorientation: Two measures of disorientation were 
used. 

-  Objective measure: Lostness. It was measured by 
using a [23]’ L measure, that is conceptualized in 
terms of number of deviations from the optimal 
pathway. 

 L = ((N/S – 1)  + (R/N – 1) ) 

 Where: 

 R = number of nodes required to finish the task 
successfully (thus, the number of nodes on the 
optimal path); 

 S = total number of nodes visited while searching; 

 N = number of different nodes visited while 
searching. 

 With L, we obtain an objective measure of 
disorientation based on participants’ behaviour. 
However [3], claimed that disorientation can be better 
characterized by asking users directly. For this reason 
we also tested perceived disorientation at the end of 
the experiment. 

- Subjective measure: Perceived disorientation. 
Participants filled out the self-perceived 
disorientation questionnaire, based on 5-point Likert 
scales, validated by [3] at the end of the experiment. 
Perceived disorientation has been identified as a key 
construct in measuring the quality of human-
computer interaction, and extra support to the 
psychometric properties (reliability and validity) of 
this scale have been provided by [26, 27]. This 
questionnaire included statements such as 
“Navigating between pages was a problem” or “I 
didn’t know how to get my desired location”  
(1 = strongly disagree to 5 = strongly agree). The 
mean score on the 7 questions of this questionnaire 
was used as an overall index of disorientation during 
the whole session. 

Procedure 

 First, participants received the general instructions of the 
experiment and were presented with a computerized 
questionnaire to enter their personal data (gender, age, email, 
etc.). After that, the information retrieval tasks began. One 
task per time was shown, for which the participants had to 
search for the answer in the website. During the information 
retrieval task the question was shown on the top of the 
screen followed by an empty box to type the answer when it 
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was found. Participants were told to do it as quickly and 
accurately as they could, since there was a time limit of four 
minutes to find the answer. After all the retrieval tasks were 
completed they filled out the perceived disorientation 
questionnaire. 

RESULTS 

Task Accuracy 

 The percentage of participants that were unable to 
complete accurately each of the tasks ranged between 71% 
on a task characterized by High Path Length and Low Path 
Relevance and 0 % on a task characterized by High Path 
Length and High Path Relevance. 

 A mixed 2x2x2 ANOVA analysis was used with Path 
Length, Path Relevance and Menu Type as independent 
variables and the mean accuracy score on the information 
retrieval tasks as dependent variable. Results showed a main 
effect of Path Length (F(2,66)= 41.28, p< .001), the accuracy 
decreased as Path Length increased. A main effect of Path 
Relevance was also significant (F(1,33)=12.46, p<.01), the 
accuracy was higher in the high Path Relevance tasks. The 
effect of Menu Type did not reach statistical significance 
(p>.05). Finally, the interaction between Path Length and 
Path Relevance was significant (F(2,66)=6.04, p<.01). Other 
effects were not significant (p>.05). In Fig. (2) the 
relationship between Path Length and Path Relevance is 
shown. Simple analyses indicated that the differences 
between levels of Path Relevance were only significant in 
tasks with Path Length 3 or 4, but not in Path Length 2 tasks. 
This means that particularly for longer paths low relevant 

paths lead to lower accuracy. 

Task Response Times 

 A similar mixed 2x2x2 ANOVA analysis was used with 
Path Length, Path Relevance and Menu Type as independent 
variables and task response times as dependent variable. For 
this analysis we only considered the response times to tasks 
on which the users gave the correct answer. 

 The main effect of Path Length was strongly significant 
(F(2,66) = 108.67, p<.001), response times increased as Path 
Length increased. There was also a strong and significant 
main effect of Path Relevance (F(1,33) = 45.59, p<.001), 
response times to low Path Relevant tasks were higher than 
for high relevant paths. The main effect of Menu Type was 
not significant but there was a significant interaction effect 
between Menu Type x Path Length (F(2,66)=12.67, p< .001) 
and Path Length x Path Relevance (F(2,66)=7.99, p< .001) 
was also significant, furthermore Menu Type x Path Length 
x Path Relevance (F(2,66)=6.75, p<.01) was also significant. 
In Fig. (3) we depicted the means. For high Path Relevant 
tasks there were no differences between menu types, only 
response times increased there as Path Length did. But for 
low Path Relevant tasks the expandable menu did lead to 
faster responses than the sequential menu when the path 
length was high (Path Length 4), for shorter paths there were 
no significant differences between the two menu types. 

Objective Measure: Lostness 

 A similar mixed ANOVA analysis was used with Path 
Length, Page Relevance and Menu Type as independent 
variables and the objective lostness measure as dependent 

 

Fig. (2). Mean accuracy in relation to path length and path relevance. 
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variable. There was a significant main effect of Menu Type 
(F(1,33)= 8.88, p< .01), a main effect of Path Length 
(F(2,66) = 37.73, p< .001) and a strong main effect of Path 
Relevance (F(1,33) = 317.42, p<.001). There was also an 
interaction effect between Path Length and Menu Type 
(F(2,66)=5.17, p<.01) and between Path Length and Path 
Relevance (F(2,66)=14.60, p<.001). Finally, there was a 
significant third order interaction Menu Type x Path Length 
x Path Relevance (F(2,66)=3.11, p<.05). The sequential 
menu induced more lostness, particularly in tasks 
characterized by longer Path Length and a low Path 
Relevance (Fig. 4). 

Subjective Measure: Perceived Disorientation 

 A t-test was performed using Menu Type as independent 
variable on the mean overall scores on the perceived 
disorientation questionnaire. There was a significant effect of 
Menu Type (t(33) = 2.05, p< .05). Participants using the 
sequential menu felt more disoriented than those using the 
expandable menu (sequential menu: mean=3.70, sd=.86 and 
expandable menu: mean =3.09, sd=.89). 

CONCLUSION AND DISCUSSION 

 This research has focused on the effects of task 
complexity and different menu types on task performance 
(accuracy and response time) and disorientation of users 
during navigation. Summarizing the main results: task 
complexity measured by Path Length and Path Relevance 
strongly influenced the results on navigation performance 
and retrieval task success: when Path Length decreases and 
Path Relevance increases, task accuracy improves and 
response time is shortened. Also significant effects were 
found on lostness. Concerning the effects of Menu Type we 
did find significant interaction effects on response times: 
particularly for deeper levels and lower Path Relevance 

expandable menus had a positive effect. There was not a 
significant effect of Menu Type or interaction effect on 
accuracy. Correspondingly particularly for deeper levels and 
lower Path Relevance we did find significantly less lostness 
with expandable menus. Also on perceived disorientation 
menu type had a significant effect. 

 As hypothesized, we found that information search task 
complexity, as measured by Path Length and Path 
Relevance, negatively affected task performance. Results 
showed that in general task accuracy increased and response 
time decreased as Path Length decreased and Path Relevance 
increased. On lostness we found similar and strong effects: a 
longer path and lower relevance resulted in more lostness 
during navigation. Returning to the aspects of task difficulty 
mentioned in the Introduction section that were distinguished 
by [9] and [10], our results support the importance of Path 
Length as factor relevant to task difficulty. These results also 
confirm the idea that not only structural but also semantic 
aspects such as Path Relevance are important in web 
navigation [21]. 

 Concerning the effect of Menu Type we expected in line 
with [7], that expandable menus would result in a more 
optimal path to the target information and better performance 
because of the increased amount of contextual information 
available during search compared to sequential menu that 
provides only limited context. Although we did not found 
effects of menu type on performance, our results show that 
for low Path Relevance tasks the expandable menu did lead 
to faster responses than the sequential menu when the path 
length was high (Path Length 4). Perhaps the difficulty of the 
current retrieval tasks was not high enough to find direct 
effects of Menu Type on accuracy. We are currently 
performing a follow-up study in which we introduced an 
even more difficult task; tasks where participants had to find 

 

Fig. (3). Mean response time in relation to path length, path relevance and menu type. 
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and combine information located on different places on a 
page. We expect to find under these circumstances a main 
effect of Menu Type on performance in terms of accuracy. 

 In relation to lostness, expandable menus as hypothesized 
were found to produce less perceived disorientation than 
sequential menus when assessing the search and navigation 
session as a whole afterwards. However, results from the 
objective lostness measures showed that this effect was 
mediated by task complexity: lostness was high for 
participants using sequential menus, particularly when Path 
Length was longer and Path Relevance low. 

 In general, the results we found support our main 
hypothesis that expandable menus, at least when they are 
fully and clearly visible on screen, are more beneficial for 
information retrieval tasks particularly when the complexity 
is high. It seems that in high complex tasks users can take 
advantage of the context information provided by the 
expandable menus to guide their navigation, and 
subsequently they reduce their lostness, need less time to 
perform the tasks and feel less disoriented. The results even 
indicate a threshold effect of task complexity (see Figs. 2-4): 
only when the task is really difficult (Path Length at least 
two steps and Path Relevance low) we do find positive 
effects of expandable menus on retrieval performance 

 A practical implication can be extracted from this study. 
Expandable menus can enhance the usability of a web site, 
and are thus useful to include. However, in website design, 
especially for large and complex websites, it is not always 
possible to keep the number of levels of the hierarchy low, 
resulting in a menu within the screen border which seemed 
to be the problem in the study by [8]. Especially in those 
cases, more attention has to be directed to enhance the Path 

Relevance; that is, optimizing the information scent of the 
ideal menu path to the search goal. Frequently occurring 
search tasks can be checked beforehand on Path Relevance. 
When it appears that for these tasks the relevance is low, the 
organization of information or formulation of the link labels 
should be changed. The advantage is that these checks can be 
done before real users are exposed to the web site. This topic 
falls into the field of usability studies that use cognitive 
models for predicting navigation problems and enhancing 
web navigation (see further [19-21, 28]. Based on the above 
mentioned CoLiDeS model, these authors were able to 
identify and repair web usability problems when they applied 
the ‘Cognitive Walkthrough for the Web’ usability 
inspection method. Van Oostendorp and Juvina [21] did 
show that model-generated navigation support, by 
highlighting links that were relevant to the user’s goal, had 
positive effects on satisfaction, navigation and task 
performance. The advantage of this model-approach is that it 
is psychologically valid because it is based on well-verified 
cognitive architecture and model’s predictions are confirmed 
to be consistent with what real human users would do. 
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