
Improving Information Seeking Performance  
Herre van Oostendorp  

Utrecht University 
Princetonplein 5, 3584CC Utrecht, the 

Netherlands 
H.vanOostendorp@uu.nl   

  

Sonal Aggarwal 
International Institute of 
Information Technology 

Hyderabad, India 
sonalaggarwal1@gmail.com 

 
ABSTRACT 
Easiness of navigation within a website is an important 
factor for information seeking performance. Several 
cognitive models exist that simulate the web-navigation 
process. These models are based on different information 
processing components. In this paper we propose a new 
cognitive model, CoLiDeS++Pic (Comprehension-based 
Linked model of Deliberate Search), which uses Latent 
Semantic Analysis  to measure information scent and path 
adequacy. It applies backtracking and also takes the 
semantics of pictures into consideration. We hypothesized 
that in this way the information seeking process can be 
better modeled when compared to previous models. This 
was verified by simulating the model on a mock-up website 
and comparing the results with previous models. The results 
support our hypothesis. We also present briefly the results 
of an experiment with tool-support based on the new model 
CoLiDeS++Pic. The results prove that model-generated 
support is fostering information seeking performance and 
helps in search tasks. We further discuss the challenges and 
advantages of automating navigation support using the 
proposed model. 
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INTRODUCTION 
Navigation is a key factor for finding information on the 
Web. Easiness of navigation within a website can enhance 
considerably information seeking performance [3]. Within 
the domain of Cognitive Science, one well-known model 
specifying the navigation process is the Comprehension-
Based Linked Model of Deliberate Search (CoLiDeS) 

model [6]. More specifically, the CoLiDeS  model divides 
user navigation behavior into four stages of cognitive 
processing: parsing, focusing, elaboration/comprehension, 
and evaluating and selecting a hypertext link on a page. An 
important feature is ‘information scent’. According to 
Pirolli and Card [10], information scent is an estimation of 
how much useful information users are likely to get on a 
given path, based on information from proximal cues 
(hyperlinks in our case). In general, a higher information 
scent will stimulate users to follow that cue and click on the 
corresponding link. Based on the cognitive Information 
Foraging Theory, Pirolli and Card [10] demonstrated that 
links that have a high semantic similarity with the goal of 
the reader are selected first. Semantic similarity is 
computed with Latent Semantic Analysis (LSA) [8]. The 
CoLiDeS model uses LSA to determine information scent 
between the user goal and the content of hyperlinks on a 
given web page. Figure 1 shows a schematic representation 
of CoLiDeS with an example. In the example, the user goal 
is "I want to know at least three regions in the human body 
where lymph nodes are present". The user is on the 
"Circulatory System" page. The user first parses the web 
page into high-level schematic regions like logo, left 
navigation column, main content and a picture. The 
navigation menu attracts attention and the user is focusing 

 
Figure 1: Schematic diagram of processes involved in 

CoLiDeS 
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on that region. Next, this region is elaborated and 
comprehended, that is, knowledge is activated for all links. 
Finally a link is selected - and clicked on- that has the 
highest similarity with the goal. For this goal, the user has 
to first select "Circulatory System" and then "Lymphatic 
System" (because of highest LSA value). This evaluation 
and selection process is repeated for every new screen page 
until the user reaches the target page. This task also 
illustrates the kind of task we are focusing on: information 
seeking tasks for which sequentially moving through a set 
of pages is necessary, deciding at each step (link) where to 
go, and not the search tasks that are solved by using a 
search engine. Jul and Furnas (1997) call these tasks 
“search by navigation” tasks in contrast to "search by 
query" [3]. In our view these tasks are important because in 
the beginning of an information seeking task, goals can be 
ill-defined and exploration of the environment is needed to 
solve the information problem of the user. In first instance 
the user may not be certain of what one wants. He/she 
learns during navigation the features and constraints that are 
important to the user's particular information need. 
Furthermore maybe important information to solve the 
information problem is mentioned in the environment on 
surrounding pages leading to the requested information, and 
not on the specific page a search engine returns [9]. So, we 
can imagine that for some tasks search by navigation is 
more appropriate than search by query: if acquiring 
contextual information relevant to the information need is 
important, search by navigation seems preferable. In our 
research we are interested in knowledge acquisition: the 
process of finding information that meets some information 
need. During this process users make use – and are allowed 
to make use – of the context of requested information, e.g. 
by its presence on preceding pages, by navigating through 
these pages and evaluating available information. The 
learning aspect concerns here a form of incidental learning. 
The second aspect of learning we are interested in, is 
whether we can facilitate the knowledge acquisition process 
by making use of the cognitive modeling of navigating as 
support-tool. 

The CoLiDeS model mentioned above has been successful 
in simulating and predicting user link selections during 
navigation, though the websites and web pages used were 
very restricted [6,7]. The model has also been successfully 
applied within the domain of Human-Computer Interaction 
for finding usability problems, by predicting links that 
would be unclear to users [1,2]. One important restriction of 
applying the CoLiDeS model so far has been that it did not 
use semantic information from pictures and relied on 
textual information from hyperlinks. Also it did not 
consider the compatibility of links with past selections 
during the session. 

RELATED WORK: COLIDES+PIC 
Since pictures are an essential component of almost all 
websites it would be useful to extend the model so that it 

also takes into consideration semantic information from 
pictures. This is done in the CoLiDeS+Pic model, using the 
basic CoLiDeS architecture [12]. A central assumption in 
this model is that semantic information from pictures are 
readily available and in this way influence the link selection 
process (positively or negatively depending on the 
relevance of the pictures). In the example above, we assume 
that semantic features from the picture (human body) are 
available for the user already at the first stages of 
processing and used during estimating the LSA of the most 
appropriate hyperlink. It is important to note here that the 
semantic features for a specific picture are obtained in a 
pre-phase of the research by a "semantic feature generation" 
(annotation) task. In this task participants generate semantic 
features based on their judgment of the picture (in context) 
and then the features are selected, which are common 
between participants. See Van Oostendorp et al. (2012), for 
a detailed description of the procedure for obtaining the 
semantic information from pictures, as embedded in 
CoLiDeS+Pic modeling [12]. We will describe briefly 
previous work focused on getting empirical support in 
different ways for the CoLiDeS+Pic model because this 
work will be the basis for the next model and empirical 
study that we will discuss in this paper. 

Efficacy of the CoLiDeS+Pic model 
First, in a simulation study [5] we analyzed the behavior of 
the model when high relevant, low relevant or no pictures, 
respectively were presented in the context of search goals. 
Relevant means here relevant to the content of the page. In 
a pre-phase, semantic features from the pictures were 
collected and used for computing the LSA values between 
search goals and hyperlinks. We found that CoLiDeS+Pic 
with high relevant pictures increases the values of 
information scent of task-relevant hyperlinks, and therefore 
it increases the probability of selecting those hyperlinks 
compared to CoLiDeS without pictures or CoLiDes+Pic 
with low relevant pictures. Furthermore the results showed 
that CoLiDeS+Pic with high relevant pictures chooses the 
hyperlinks on the shortest path to the search goals more 
often, and also the shortest path is found more frequently. 
An important next question is how correct are the 
predictions made by CoLiDeS+Pic, compared to behavior 
of actual readers. This question was investigated next. 

Validation of CoLiDeS+Pic model with behavioral data 
Secondly, we varied the relevance of pictures on web pages 
and studied the impact of varying the relevance on the 
navigation pattern of real participants and compared that 
with the behavior of the model, that is, the links the model 
did choose [5]. Most importantly, in the high relevant 
picture condition, CoLiDeS+Pic correctly predicted a 
significantly greater number of actual user clicks.  

Usefulness of automatic model-generated support 
Third, we also used the CoLiDeS+Pic model to 
automatically provide navigation support [5]. The 



assumption here is that a cognitive model that simulates the 
navigation process of users taking into account relevant 
cognitive considerations can be helpful in user’s navigation 
behavior and task performance. The navigation support 
offered was based on simulation of successful paths, that is, 
links chosen by the model and leading to the requested 
information were subsequently emphasized to the reader by 
highlighting the links in a contrasting green color. 
Compared to a control condition (without support), model-
generated support had a strong positive influence on 
navigation and task performance: participants were 
significantly (p<.05) less disoriented, and faster and more 
accurate in answering questions  

Summarizing the main results on CoLiDeS+Pic, 
incorporating semantic information from high relevant 
pictures improves the performance of the CoLiDeS model. 
Also when we compared the model-predicted clicks with 
actual user-clicks we found that CoLiDeS+Pic with high 
relevant pictures predicts user behavior better. Furthermore, 
we found that the model-generated support was helpful to 
improve the information seeking performance of users. 

NEW MODEL: COLIDES++PIC 
However several amendments to the CoLiDeS + Pic model 
are possible. The first one is that we can assume that users 
base their link selections not only on goal-relevance of 
incoming information on a web page but also on whether a 
candidate selection is consistent with past selections during 
the session or not. We called this process computing the 
“Path Adequacy”. Secondly, CoLiDeS+Pic only models the 
ideal situation of forward linear navigation. Backtracking 
steps are considered erratic actions. However, 
“backtracking” seems to be natural in Web-navigation [4].  
Therefore both need to be modeled: consistency with 
previous steps as well as backtracking. That will be 
implemented in the next variant of CoLiDeS, and the 
support tool will be built on this new model.  

CURRENT IMPLEMENTATION AND RUNNING OF 
COLIDES++PIC 
The new cognitive model CoLiDeS++ Pic is derived from 
CoLiDeS+Pic, but augmented with the concept of path 
adequacy and included the backtracking strategy [4]. (a) 
More specifically, path adequacy refers to the semantic 
similarity between the navigational path so far (current 
hyperlink plus the previous selected hyperlink(s) content 
plus semantic features of pictures) and the user goal. If the 
information scent is not increased for the current selection 
compared to the previous one, then path adequacy is 
calculated. Thus, the hyperlink with lower similarity will be 
considered if it increases path adequacy. (b) If no such 
hyperlink is found backtracking is performed, that is, 
moving back to the previous page. 

To compute the LSA values we used the semantic space 
‘tasaALL’ provided by the LSA website (http: 
lsa.colorado.edu). This semantic space is meant to represent 

the knowledge and vocabulary levels of first year university 
students. 

The new model CoLiDeS++Pic also uses the semantic 
information from pictures, just like CoLiDeS+Pic. We ran 
both models with the same tasks and the same website as 
used before (see also below). We will compare the efficacy 
of the new model with CoLiDeS+Pic (see Table 2). 

CURRENT EXPERIMENT ON MODEL-GENERATED 
SUPPORT 
In the current experiment we used the above model, 
CoLiDeS++Pic, to automatically provide navigation 
support. The basic idea is again that generating navigation 
support based on simulation of a task with CoLiDeS++Pic 
can be helpful. Based on the model and applying the 
algorithm, it is possible to determine at each step in the 
simulation what the successful path is (excluding detours). 
The hypothesis is that indicating this path to users would 
facilitate navigation and performance. The navigation 
support offered was again based on simulation of successful 
paths as in the experiment mentioned above. That is, the 
links chosen by the model and leading to the requested 
information were subsequently emphasized to the reader by 
highlighting the appropriate links in a contrasting green 
color. The mock-up website used had a hierarchical 
structure four levels deep. Each page contained a picture 
relevant to the content of the page. Compared to a control 
condition (without support), we expected the model-
generated support to have a positive influence on navigation 
and performance. The support was automatically inserted 
by running the navigation support tool at the back end. 
Twenty students from IIIT-H were randomly divided over 
both conditions, ten in each condition. We hypothesized 
participants to be significantly less disoriented in navigation 
behavior, faster and more accurate in answering questions. 
We measured the performance of the participants in terms 
of accuracy (finding the right page and correctly answering 
the search question, score averaged over 8 tasks, ranging 
from 0 to 1), disorientation (based on the ratio visited and 
optimal node counts [11]; zero represents no disorientation 
and a higher value means less goal-directed navigation 
behavior with many detours) and total time needed (time to 
complete a task averaged over 8 tasks. It is based on the 
interval between presenting the question and submitting the 
answer).  

In Table 1 we have included the (mean) results on these 
measures of the previous experiment using support based 
on the CoLiDeS+Pic model as used in Experiment 1 (which 
are reported extensively in [5]), next to the results of the 
current experiment (Exp 2), using the CoLiDeS++Pic 
model. Please note that the same tasks and the same website 
were used as in the previous experiment where 
CoLiDeS+Pic was tested; also the dependent measurements 
were the same. However participants were different and 
between both studies there was a time interval of two years. 



 

 Exp 1 
Control  

Exp 1 
Support  

Exp 2 
Control  

Exp 2 
Support  

Accuracy 
 

0.64 0.84 0.80 0.89 

Disorien-
tation 

0.50 0.20 0.39 0.18 

Time 
(seconds) 

146 102 172 85 

 

Table 1: Mean results in Experiment 1 and 2 

First, in the current experiment (Experiment 2) model-
generated support had a weak positive effect on accuracy 
(t(df=18)=1.34, p<.10 one-sided), a positive effect on 
disorientation (t(df=18)=3.62,  p<.01) and a positive effect 
on time to solve the tasks (t(df=18)=2.85,  p<.01) (see table 
1). Second, we have already above mentioned that also in 
previous study making use of CoLiDeS+Pic (Experiment 1) 
participants with support were significantly faster and more 
accurate in solving the tasks, and were less disoriented. 
Third, inspecting the means in Table 1 shows that all means 
in the support condition using the CoLiDeS++Pic model 
(the current Experiment 2) indicate better (higher or faster) 
performance than those using the CoLiDeS+Pic model 
(Experiment 1). Particularly regarding the time needed to 
finish the search tasks in Experiment 2 we see an 
improvement. 

In Table 2 we have included the average similarity (LSA) 
value given by the CoLiDeS+Pic model and the 
CoLiDeS++Pic model for the correct hyperlinks across 
each of the 8 goals. These values provide a measure of the 
strength of each choice made by the models. 

Task  CoLiDeS++Pic CoLiDeS+Pic 

1 (level 1) 0.128 0.128 

2 (level 1) 0.084 0.084 

3 (level 2) 0.368 0.368 

4 (level 2) 0.308 0.242 

5 (level 3) 0.654 0.609 

6 (level 3) 0.411 0.411 

7 (level 4) 0.663 0.605 

8 (level 4) 0.434 0.367 

Overall mean 0.381 0.352 

 

Table 2: Task and overall efficacy performance of CoLiDeS++ 
Pic and CoLiDeS+Pic (mean LSA value) 

We can see from Table 2 that the mean efficacy of 
CoLiDeS++Pic is higher in terms of LSA value when 

compared to CoLiDeS+Pic (t(df=7)=2.59, p<.05). The 
differences in the LSA values of both the tools were mainly 
observed when the path adequacy comes into consideration, 
which is particularly the case at deeper levels. 

CONCLUSION 
We presented here a new cognitive model CoLiDeS++Pic. 
The model is derived from the CoLiDeS+Pic model. It uses 
semantic similarity between the user goal and the website 
hyperlinks and the semantic information available from 
pictures. Furthermore it uses the navigation path and a 
backtracking mechanism. Given a specific goal, the tool 
provides navigation hints to the user and it does not require 
any past experience with the website for providing hints. 
Comparing the efficacy of the new model with the existing 
CoLiDeS+Pic model we observed that the (LSA)  
performance of the model is improved (Table 2). It showed 
that the correct choices are made by the new model with 
greater (LSA) strength. 

One of the main reasons of development of the modeling is 
of course to be able to provide more adequate support 
during navigation, resulting in better information seeking 
performance of participants and faster completion of search 
tasks. Comparing the performance of participants we do see 
with support an improvement of their behavior, particularly 
regarding search time (Table 1). As such it contributes to 
knowledge acquisition of participants which is - one could 
say - an aspect of learning: the model-generated support 
enables participants to answer questions better and more 
quickly. It needs further research to see whether under this 
condition participants are also able to motivate their 
answers better (because of a stronger mental representation 
of contextual information). 

In subsequent analyses of the navigation data we still have 
to compare the different cognitive models (CoLiDeS, 
CoLiDeS+, CoLiDeS+Pic and CoLiDeS++Pic) for the 
efficacy and predictivity of the models; we will do that by 
examining the match of the behaviors of respective models 
with user navigation patterns (see [4] for the specific 
method to do that). 

At present, the tool based on this new model is automated 
except for the module of semantic features extraction from 
pictures, as it involves the manual task for semantic feature 
generation. But this could be incorporated using the 
metadata and keywords for pictures when they are 
available.   

Of course the system is preliminary and open for 
extensions, such as studying the model with web sites with 
more than one picture per page. Further, we want to include 
the possibility that readers themselves indicate and 
formulate their own goal - instead of the externally given 
goals as it is right now. The tool can be helpful to a wide 
variety of internet users. The experiment reported here 
shows that when the users are provided with the tool 
suggestions (by the green arrows), their performance to 



perform the search tasks is improved. The tool can be used 
with real-time websites, and can be useful e.g. for visually 
impaired people when augmented with text-to-speech 
facility. While testing the tool on a few real-time websites 
we did find that the tool was able to suggest correct links 
for a given user goal. In future this can be quantitatively 
analyzed. We also assume that people having memory 
problems and new internet users can benefit by the tool too. 
In the future, we plan to validate the tool support for these 
use cases. We plan to study the system with older aged 
participants because we assume that particularly for 
participants with constrained cognitive abilities - like 
problems with working memory capacity - navigation 
support could be helpful. We used a small website for 
evaluating the tool. This triggers the questions what 
happens when a set of related websites is used, and also 
when the model fails, in the sense that no solution to the 
search goal is found, what information should be given to 
the user. We will address these questions in our further 
studies. Overall, we claim that making use of a cognitive 
model for generating support that is relevant to search by 
navigation tasks is a useful and promising research area. 
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