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This paper presents a pilot study for the testing of the Did@browser system, a tool developed for 
supporting the knowledge construction process of students during their studies on educational 
hypermedia. The system adopts a strategy of posing  metacognitive questions and receiving answers 
from students in order to improve their awareness in their surfing abilities and cognitive strategies used 
during the learning process on the Net. The paper describs the tools used, the experimentation carried 
out with the students and the relative evaluation of the results. 
Povzetek: Predstavljena je analiza koristnosti metaorodja za spletno delo. 

1 Metacognition and hypertext 
The new technologies for distance learning have, in 

the last ten years, offered new opportunities to create 
innovative models for teaching and learning which can 
be integrated into traditional educational contexts. In 
developing these models web technologies have 
contributed to the use of hypermedia as learning tools 
[12, 15]. During the use of the hypertexts the learner 
controls his own process of knowledge construction 
independently, even if he is often unaware of his surfing 
behaviour and of the cognitive strategies he adopts in 
order to surf and learn at the same time [11]. 

We believe that this lack of awareness can effect the 
surfing and learning behaviour of contents. 

Basing on the considerations of studies by [7, 8], we 
define a student’s surfing behaviour as a dynamic 
process in which he/she adopts cognitive strategies both 
for learning the web contents and for improving his/her 
surfing skills for interacting with the interface of a web 
site. 

By surfing skill we mean a complex set of actions 
which the learner adopts for checking and deciding how 
to proceed in the surfing process in order to satisfy the 
learning goal. During surfing activity users often 
unconsciously ask themselves questions and take 
decisions: What key word shall I choose? Shall I select 
this link or that one? Shall I go on? How Shall I move in 
this page? Should I modify the search? Shall I read or 
not? Does this information meet my needs?  

Some of the skills that the pupil adopts while he/she  
is surfing the Net are knowing how to distinguish a need 
for information, how to surf within a site, how to carry 
out a search, which key words to insert, which categories 
to choose, how to make hypotheses, how to integrate 
previous experiences of surfing with new ones, how to 
use skimming and scanning mechanisms, how to 
interpret meaningfully what he reads or hears[4].  

These surfing skills are used during the educational 
hypermedia interaction but may produce a cognitive 
overload for the user [18, 3] and consequently a sense of 
being lost in hyperspace [5]. 

Some research [1, 7, 16] has explored this perception 
of disorientation on the web, defining it as a cognitive 
problem in which the user lacks a clear conception of the 
relationship between the elements of the system, is 
unable to identify his/her position within the hypermedia 
structure and finds it difficult to continue surfing in a 
way which is coherent with his goals. 

Therefore to take advantage of the hypermedia with 
respect to the traditional learning activities the users must 
be able to exploit their functionalities and to apply 
cognitive strategies for the acquisition of knowledge 
through online study. 

Besides, to reduce the risk of the user losing himself, 
surfing randomly or not reaching his learning goals 
effectively, it is necessary for him to be trained in the 
effective use of the tools in order to support learning and 
stimulate the improvement of cognitive strategies 
involved in the learning processes. 

Various scholars have studied the use of hypertexts 
in education, examining their effectiveness in facilitating 
students' learning. To do this, a variety of theoretical 
frameworks were employed and several cognitive issues 
related to learning were analysed. In general, these 
studies underline the relevance of metacognitive and self-
regulatory skills to explain differences in students' 
performance[2]. 

As a result of these considerations some researchers 
have used computer based learning environments both to 
deliver information and to strengthen students' control 
over their individual learning processes. In this respect 
the research has proposed different tools to support 
student learning during web activities. The common 
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starting point of these studies is the development of tools 
to support the acquisition of metacognitive skills and 
stimulate students to reflect on their learning processes.  

In the literature [9, 10, 12, 13, 17, 19] there are some 
examples of metacognitive tools which aim at facilitating  
the surfing activities and at reaching the learning goals. 

In some cases the metacognitive aids, or cues, are 
provided at the end of the activity, at other times tools 
assist the students during the search activity, providing 
them with some suggestions about the actions to take 
when surfing; other systems provide interactive web 
maps to create graphical representations of surfing paths, 
and tools for adding notes, for creating new connections 
between visited links and for sharing documents. 

Some of these researchers [9, 10, 12] were interested 
in analysing the effect of the metacognitive prompts on 
hypertext comprehension and in testing the transfer of 
the knowledge acquired to problems in the real world. 
Others [17] considered whether the effects of 
metacognitive prompting are mediated by metacognitive 
or motivational processes. 

Very rarely [13, 19] a research has been aimed at 
studying the effects of metacognitive prompting on the 
surfing behaviour of students involved in a learning 
activity. 

Moreover, the majority of existing tools enable the 
students to reflect both on their interaction with the 
system and on their cognitive strategies for learning. We 
have found that some systems do not support the subject 
during browsing when the process of knowledge 
acquisition is taking place but in general they stimulate 
the metacognitive skills before and/or after the surfing 
activity. 

Believing that the cognitive strategies used when 
studying hypertexts change dynamically during the 
surfing process and the knowledge construction 
according to the assigned task, we argue that it is useful 
to support the user during these processes from the 
beginning to the end of surfing. 

In order to create this situation where the student is 
able to monitor his surfing behaviour, we have developed 
a system that stimulates metacognitive reflection on both 
surfing and cognitive strategies for learning during the 
whole surfing process. 

Starting from these considerations, we introduce a 
pilot study which aims at experimenting the use of the 
Did@browser system with middle school students. 

2 Did@browser, a metacognitive tool  
The Did@browser system is a new technological 
solution developed by the Institute for Educational 
Technology of the CNR in Palermo in order to support 
students during surfing and learning on the Net. 

The system is based on a client-server architecture, 
and it is composed of the server and two client 
components: the student and teacher client which are 
both available in Internet Explorer.  

The system stimulates the self-monitoring of the 
cognitive processes used by students for surfing and 
learning by posing metacognitive questions during web 

surfing. Moreover, the teacher can customize a set of 
questions for each student in order to evaluate their 
activities and to stimulate their surfing skills, thus 
facilitating the effective achievement of learning goals.  

The set of questions was planned according to the 
didactic activities that the students are required to carry 
out and the web site selected by the teacher. The sets of 
metacognitive questions used during the experimentation 
are given below: 

- Why have I clicked on this link? 
- What information do I expect to find? 
- What other surfing tools were there on the page?   
- Why have I selected this link rather than the others 

on the page? 
- Have I already explored the other objects on the 

page (images, links, text)? If not, do I expect to do so? 
- Do I intend to return to this page? Why/Why not? 
- Why have you returned to this page? 
- Has the image which I’ve seen helped me to 

understand better? 
- Have I found the information I expected on this 

page? 
- What has interested me most on this page? 
The questions were selected by the researchers and 

associated to specific nodes of hypertext. The association 
between the nodes and questions was made so that the 
students could improve their awareness of strategies 
employed during surfing. When the student clicked on 
the link the system showed the question in a window. 
The student’s surfing was interrupted and the system 
invited him to answer the question.  

The system recorded in the log file the information 
related to the pages visited, the duration of the visits and 
the student’s answers. 

3 The pilot study 
The pilot study of the Did@browser system took place 
during the year 2004-05 with the collaboration of the 
Alberigo Gentile School in Palermo. The work sessions 
were organized in the computer laboratory of the school 
for a total of 24 hours. The 27 students involved in the 
research experiment were attending the second class at 
the middle school and they were divided into two groups, 
experimental (EG) and control (CG). 

The subjects of the two groups were divided up, 
balancing the level of scholastic competences, gender 
and familiarity with the PC. 

3.1 The tools used 
To investigate the cognitive strategies employed during 
surfing, a Surfing Behaviour Questionnaire was used to 
obtain considerations about surfing the web, as well as 
the Conceptual Maps to assess learning and 
comprehension of the structure of the websites used for 
the experimentation. 

To analyse the surfing behaviours, we used the data 
stored in log files and graphical representations for the 
nodes of the hypertexts visited by the students during the 
surfing activity. 
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3.1.1 The Surfing behaviour questionnaire 
The aim of the questionnaire was to evaluate how the 
subject perceives his surfing behaviour.  

The questionnaire consisted of 9 questions 
concerning: 

- the self-examination of surfing behaviour; 
- the subjective evaluation of the efficacy of content 

presentation in the hypermedia; 
- the subject's awareness of strategies used during 

surfing. 

3.1.2 Conceptual maps 
The Conceptual Maps, as a tool for knowledge 
representation, allow students to construct the network of 
the relationship between concepts and to highlight the 
key ideas. The construction of the conceptual maps of a 
hypertext is useful for evaluating whether the student: 

- has understood the structure of the hypertext 
studied; 

- has identified the navigational areas relevant to the 
didactic aims; 

- has organized the information correctly and 
completely. 

3.2 Experimental procedure 
In order to verify if and how Did@browser facilitated 
monitoring of the surfing behaviour of the subjects 
involved, we assigned the same tasks to both groups, but 

only the experimental group was presented with the 
metacognitive questions. 

Each group worked for 6 sessions of 2 hours each 
during which the students in pairs used the PC for surfing 
and studying the sites that we structured ad hoc.  

In each session a specific didactic aim was 
established. The activities in every session were 
structured in the following way: at the beginning of each 
session we introduced the task, the time and the activities 
to be developed. At the end of the experimental activities 
we organized two other sessions for discussion with the 
students and to give them feedback about the experience; 
in these sessions the above mentioned tools, the Surfing 
Behaviour Questionnaire and the Conceptual Maps, were 
also administered. 

The contents of the activities were previously agreed 
on by researchers and the teacher. In particular, we 
created two didactic sites, one focused on the circulation 
of the blood (Table 1) and the other one on Genetically 
Modified Organisms (Table 2). The topics illustrated in 
the hypertexts had never been dealt with before by the 
teacher in the traditional class setting. 

Concerning the second tool, students were asked to 
reproduce conceptual maps which describe the links 
between the different areas of the hypertexts studied. 

In this way it was possible to assess whether the 
students’ conceptual map corresponded to the real 
structure of the two sites and whether some fundamental 
concepts essential for surfing (links, nodes, toolbar, etc.) 
had been understood. 

 
 

Group Task Assessments 

CG 
1. Free surfing (10’) 
2. Seeking principal topics (10’) 
3. Find information about a specific topic, save and copy in a text file 

Text file 

EG See above Text file 

CG 1.Use the hypermedia to study the topic (15’) 
2.Answer questions in the course book Test 

EG See above Test 

CG 1.Use the hypermedia to study the topic (15’) 
2.Use the hypermedia to study a specific aspect Test and conceptual map 

EG See above Test and conceptual map 

Table 1. The sessions of the activities on the circulation of the blood 

Group Task Assessments 

CG 1. Free surfing  of the sites (20’) 
2. Find information about a specific topic   

EG See above   

CG 
1.Use the hypermedia to study the topic (15’) 
2.Find information about a specific topic and copy the most relevant 
in a text file 

Text file 

EG See above Text file 

CG 
1.Use the hypermedia to study the topic (15’) 
2.Use the hypermedia to study a specific aspect (20’) 
3.Create a document summarizing the topic studied 

Document 
Conceptual maps 

EG See above Document 
Conceptual maps 

Table 2. The sessions of the activities on the GMO 
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4 Results 
The evaluation of the system was finalized to asses 
whether the metacognitive questions activated during the 
surfing process had been a useful tool for the self-
monitoring of the student. 

In particular, the evaluation was based on the 
analysis of the answers given by students and on the 
surfing pattern analysis where the following parameters 
were considered: number of visited links, number of 
transitions between the pages, duration of visits 

according to the assigned task of the surfing session. For 
example, in Table 3 we present some statistics for two 
sessions; the results for the other sessions are very 
similar. 

From these data some differences between the two 
groups emerge: while the total number of pages visited is 
the same for the two groups, the subjects in the 
experimental group performed fewer transitions and their 
surfing behaviour appears more uniform (smaller 
standard deviation).  

 

Table 3. Some evidence from the log files 

 
The nodes were classified according to topic areas of 

the hypertext, identifying the visited nodes and relative 
frequency of the visited links for each area. This 
information was evaluated considering the relevance and 
coherence with reference to the assigned task.   

Moreover, the focus of attention was on the number, 
frequency, typology, position of metacognitive questions 
and the relative answers provided by students. 

The analysis of the answers indicated that on the 
whole the use of metacognitive questions was perceived 
by students as a useful monitoring tool of their activity. 

The analyzed data show that this way of posing 
questions to the students creates two problems: the first is 
the inability to describe their cognitive strategies and the 
second is the functional limitation of the system in 
associating questions to links. In the first case some 
students gave content focused answers to questions 
concerning metacognitive processes, while others had 
problems describing the procedures. 

In the second case, this version of the system is 
unable to pose questions related to a specific element of 
the page and this can be misleading for the students. In 
fact, the questions on surfing, apparently unconnected to 
the context of study and to their task, created irritation or 
confusion in the subjects when they were unable to 
understand their relevance.  

The quality evaluation of surfing paths was carried 
out using the visualization software GraphViz [6]. This 
tool was chosen thanks to its versatility and the 
possibility to modify the visualization parameters and 
due to the clarity with which the graphics are 
represented. It was used to assess the structure and the 
relationships between the visited links of a hypertext. 
Besides, to find temporal data all the log files created 
during the Did@browser experimentation sessions were 
analyzed. 

In particular, during every surfing session, for each 
user and for each group, a calculation was made of the 

real time spent on the visited pages and of the absolute 
and average time spent on the pages of a specific area of 
the site. 

To assess the paths, a distinction was made between 
the episodic structure of the hypertexts, that is the 
choices that a single user made during surfing, and the 
emergent structure, or rather all the accumulated episodic 
structures of the whole group of users [14]. This method 
provides a generalized and representative surfing pattern 
of a whole user group. The top two graphs in Figure 1 
represent the entire surfing of the two groups as a whole 
during a single session. The nodes are the pages visited 
and the arcs are the transitions performed by the subjects. 
Each arc represents a set of transitions, and we can 
weight each arc with respect to the number of times this 
transition was performed by one member of the groups. 
We have not indicated these weights in the figure. 

The following graphs in Figure 1 were obtained by 
eliminating the arcs with lower weights one at a time. 

The analysis indicates that in the EG the surfing 
activity was more goal-oriented. In fact, it appears that 
the members of the EG were able to recognize the 
structure of the web site after fewer transitions; they 
surfed between the pages in detail and a pattern emerged 
sooner. 

The CG surfing behavior appears to be more erratic. 
In fact, at the same level, the emergent structure for the 
CG is more complex with more transitions and the 
surfing activity does not look as if it is clearly goal-
oriented. 

It was observed that the emergent structures of the 
users’ surfing were relevant to the assigned tasks. In fact, 
the subjects spent the majority of their time on the nodes 
of the assigned study area. However, the number of 
subjects involved was too small to affirm that this result 
is an effect of the metacognitive prompts, but we can 
conclude that the presence of metacognitive prompts did  
 

Control Group Experimental Group  Mean Standard deviation Mean Standard deviation 
n. of transitions 64 ±39.25 48 ± 21.14 II session n. of pages visited 18 ±10.41 21 ± 7.6 
n. of transitions 95 ± 38 53 ± 13.55 III session n. of pages visited 21 ± 11.35 23 ± 5.34 
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Figure 1. The emergent structures for the two groups during a session 
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not disturb the students’ surfing or their learning 
processes.  

From the answers to the Surfing Behaviour 
Questionnaire the following observations emerged. 

The visual components are the most attractive parts 
of the hypermedia. In fact, the images are a means to 
facilitate the comprehension of the contents; they make 
the presentation more attractive and exciting. Students’ 
answers were supported by the tracking data which 
showed that the pages with images were visited more 
frequently.  

The pages containing a lot of links and written text 
proved to be less attractive and less visited, and the pages 
containing many technical terms were particularly 
uninteresting for the students. 

The questionnaire also revealed the principal 
cognitive learning strategies adopted by the subjects. The 
subject read the whole text carefully before beginning 
another activity. If he/she had difficulty in understanding, 
he/she tended to reread the text several times, using 
didactic tools such as glossaries and dictionaries to 
increase his/her comprehension. 

The analysis of the answers to the question: “If you 
had to surf the websites again, which actions would you 
repeat and which would you not repeat?” revealed that 
the subjects recognized that they would modify the 
strategies they had adopted previously.  

In conclusion, the results of the questionnaire 
allowed us to study the students' surfing behaviour and 
suggest some ways to improve the system.  

The analysis of the Conceptual Maps revealed 
notable differences between the two research groups. It 
was carried out by evaluating the representation and the 
interconnections among the nodes of the maps, 
considering how many strategic points were reproduced 
and the depth of the level of the graphic representation. 
Besides, the experimental group produced maps in 
greater detail compared to the control group, which 
frequently omitted some essential nodes. On average, the 
experimental group proposed a higher number of links 
which correctly described the hierarchical structure of the 
areas of the site studied. So, the metacognitive stimulus 
may have influenced the attention and the mnemonic 
performance of the subjects involved. 

5 Conclusions and forthcomings 
The pilot study of the Did@browser system showed that 
the users’ surfing was pertinent to the assigned tasks and 
that the metacognitive questions did not disturb the 
students’ surfing and learning processes. In fact, the 
students in the experimental group improved their 
comprehension of the intrinsic structure of the 
hypermedia and created more accurate conceptual maps. 

Finally, the students considered the system to be a 
useful self-monitoring tool. 

The system we have proposed can be improved in a 
number of different ways: by integrating into the system 
other tools related to particular metacognitive skills 
which are useful for surfing didactic hypermedia; 

developing tools within the system for monitoring and 
assessing student behaviour and permitting teachers to 
adapt the system according to the class and the learning 
activity planned. 

We intend to implement some of these 
improvements in the next version of the Did@browser 
system. 
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