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Abstract. Prior knowledge and cognitive styles are considered important 
determinants in adaptive hypermedia learning systems (AHLSs) as they 
influence how learners select information to put into memory. However, there is 
a need to investigate how they influence learner performance and perceptions 
prior to comparing them and establishing if they can be used together to 
maximise learning in AHLSs. To this end, this study investigated the effects of 
prior knowledge on the use of AHLSs to set the foundation for the comparison. 
60 students participated in this study. The results showed that, in general, 
adapting to prior knowledge improves learner performance and perceptions, 
especially for users with low prior knowledge. However, the results also 
indicated that the relative improvement in learner performance is significantly 
higher than that of perceptions when using the AHLS. The implications of the 
design of AHLSs are discussed by the paper. 

Keywords: Learning performance, Perceptions, Novice, Experts, Evaluation, 
Cognitive styles, Learning styles. 

1   Introduction 

Adaptive hypermedia learning systems (AHLS) address learners’ diverse needs to 
assimilate and comprehend information or content [8,11]. Previous empirical studies 
have demonstrated that individual differences, such as cognitive styles, prior 
knowledge and gender differences, and hypermedia learning have close relationships 
(e.g. [12,16]). In particular, in educational settings, cognitive styles and prior 
knowledge have been singled out as very important factors as they influence how 
learners select information to place in memory [20]. However, previous research did 
not compare the effects of these two individual difference elements on the 
development of adaptive hypermedia learning systems. In order to make this 
comparison, there is a need to develop and evaluate two adaptive hypermedia learning 
systems, one adapting to prior knowledge of users while the other is designed to adapt 
to their cognitive styles.  

This study, therefore, sets the foundation of the comparison by investigating the 
first scenario which is the effects of prior knowledge on the development of adaptive 
hypermedia systems. This investigation was important because there is a need to 
establish whether the adaptive hypermedia system that is developed to adapt to prior 
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knowledge improves learner performance and/or perceptions, as per the previous 
empirical studies, prior to making comparison with systems that adapt to cognitive 
styles. The objective of this study is to, therefore, develop the adaptive hypermedia 
learning system that adapts to individuals’ prior knowledge and then compare it with 
an ordinary hypermedia system as an evaluation process to determine whether the 
adaptive version has a different effect from the ordinary version.  

2   Related Research 

There have been a number of adaptive hypermedia systems that have been developed 
that takes into consideration, the user’s level of prior knowledge. These systems are 
normally grouped under Adaptive Educational Hypermedia Systems (AEHS), which 
are also known as Adaptive Hypermedia Learning Systems (AHLS). Examples of 
such systems are ELM-ART II [22], and InterBook [2]. 

The evaluation of the developed AHLSs mostly analysed one of the adaptive 
techniques without taking the totality of the system. That is, adaptation in an adaptive 
hypermedia system is driven by several adaptive techniques that work in conjunction 
to improve the learning of an individual. However, previous research (e.g. [2]) 
investigated adaptive navigation support alone while Boyle and Encarnacion [1] 
investigated adaptive presentation. Our research, however, combines the previously 
research adaptive techniques, also basing on the proposed frameworks (e.g. [7]) to 
develop an AHLS that could be tested against an ordinary hypermedia system that 
does not offer adaptivity. Also, according to the review of the literature, previous 
research focused on the improvement of learning performance as a determinant for 
the importance of prior knowledge in driving adaptation in AHLSs. A little research 
targeted the perceptions of use for such systems. Higher test scores were, in effect, 
transcribed as a representation for positive perceptions as several studies have 
indicated that students performed better in learning environments of which they had 
more positive perceptions [6,13]. To this end, there is a need to establish whether 
learning performance or perceptions (or both) are influenced by adapting to prior 
knowledge in AHLSs.  

We conducted a controlled experiment investigating the effects of prior knowledge 
on the use of AHLSs. Our experiment was based on AHLS developed with previous 
 
Table 1. Summary of preferences for low prior knowledge and high prior knowledge users    
(From [7]) 

 
Low Prior Knowledge High Prior Knowledge 

• Perform better in hierarchical 
structure 

• Need advance organizers and 
advisement 

• Prefer guided navigation 
• Prefer concept maps 

 

• Perform better in network 
structure 

• Prefer free navigation 
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research findings that combined the conceptual framework for designing AHLSs [7] 
and preferences of novices and experts in hypermedia environments (Table 1 and 2). 
The experiment was aimed at answering two research questions: (1) whether adapting 
a hypermedia learning system to an individual’s level of prior knowledge has an 
effect on learning performance; (2) whether adapting a hypermedia learning system 
to an individual’s level of prior knowledge has an effect on perceptions. 

3   Experiment 

3.1   Method 

Sixty participants took part in this experiment. In order to determine whether or not the 
AHLS was better than the ordinary hypermedia system, a between-subjects design was 
used. In other words, this meant that each student used either of the systems once but 
not both. The experiment was controlled. The same content was used for both systems 
without incurring the practice and fatigue effects in the experiment. Furthermore, each 
participant went through the same procedures in order to minimise bias.  

3.2   Procedure 

Participants started with a pre-test which consisted of 19 questions before perusing 
the learning content (either Ordinary or AHLS). The AHLS used adaptive techniques 
in Table 2 to cater for novices and experts. When the participants felt they had 
completed the material, they followed a link to post-test before finishing the 
experiment by answering an exit questionnaire. The questionnaire gathered 
perceptions and attitudes of use. 

Table 2. Differences between novices’ and experts’ interfaces 

Adaptive 
Hypermedia 

Novice Interface Expert Interface 

Link hiding Hidden links Rich links 
Adaptive layout Hierarchical Map Alphabetic Index 
Additional support Advisements No advisements 
Annotated Links Traffic light metaphor No annotations 

4   Discussion of Results 

The sample mean scores for novices and experts using the ordinary hypermedia 
system were determined and treated as the expected means for the respective 
populations.  The means for novices and experts using the adaptive hypermedia 
system were also calculated and then compared to the expected means of the 
population. In other words, the calculated means for the ordinary hypermedia system 
were compared to the calculated means for adaptive hypermedia system.  

For learning performance, an independent one-sample t-test was used. The one-
sample t-test compares the mean score of a sample to a known value. It measures 
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whether a sample value significantly differs from a hypothesized value [18]. In our 
case the hypothesized value is the mean calculated scores resulting from the use of the 
ordinary hypermedia system. The sample mean is calculated from results drawn using 
the adaptive hypermedia system. The resultant two means can, therefore, be 
compared. The means of gain scores and post-test scores were used to determine the 
differences in learning performances. 

To make a comparison between the perceptions of those students that used the 
ordinary hypermedia system with the ones that used the adaptive hypermedia system 
that adapts to their levels of prior knowledge, we employed the independent one-
sample t-test as used in the analysis of learning performance. The means of certain 
questions from the exit questionnaires tailored to novices and experts using the 
ordinary interface were calculated, and treated as the hypothesised mean for the 
population, which was then compared to the means for the adaptive hypermedia 
version using the one-sample t-test.  

The statistical analysis, to make all the comparisons on the data, was conducted 
using Statistical Package for the Social Sciences (SPSS) for Windows version (release 
15.0). A significance level of p < .05 was adopted for the study.  

4.1   Learning Performance 

Analysis of learning performance was measured using the post-test scores and the 
gain scores (post-test score minus the pre-test score) for novice students using the 
ordinary hypermedia and the adaptive hypermedia versions. The ordinary version was 
used to hypothesise the scores in order for the mean to be compared with that of the 
adaptive version. The results from the one-sample t-test are summarised in Table 3. 
With respects to post-test score means, the results show that there was a significant 
difference in learning performance between users of the ordinary hypermedia version 
and the adaptive version (t (21) = 3.465, p = .002). In other words, the average post-
test score of novices using the ordinary hypermedia version (M = 62.65, SD = 11.875) 
is significantly different from the novice using the adaptive hypermedia version (M = 
72.23, SD = 12.965). The result shows that there was significant improvement in post-
test scores when novice students used the adaptive hypermedia that was adapted to 
their levels of prior knowledge.  

The results of the gain scores indicate that there was a significant difference in 
learning performance between novices of the ordinary hypermedia and adaptive 
hypermedia versions (t (21) = 2.590, p = .017). In other words, the average gain score 
 

Table 3. Summary of the learning performance results (one-sample t-test) 

 Novice Expert 

Variable Ordinary 
Hypermedia 

Adaptive 
Hypermedia 

Ordinary 
Hypermedia 

Adaptive 
Hypermedia 

Po
st-test 
Score     

  
Mean   

(SD) 

62.65     
(11.875) 

72.23     
(12.965) 

73.40      
(7.542) 

74.61     
(7.678) 

Ga
in 
Score 

M
ean   

(SD) 

35.42       
(14.396) 

43.09     
(13.894) 

10.32    
(11.235) 

15.33    
(8.485) 
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of novices using the ordinary hypermedia version (M = 35.42, SD = 14.396) was 
significantly different from that of novice using adaptive hypermedia version (M = 
43.09, SD = 13.894). The result shows that there was significant improvement of gain 
score when novice students used the adaptive hypermedia system that was adapted to 
their levels of prior knowledge. 

With respects to expert users, the one-sample t-test indicate that there was no 
significant difference in mean post-test scores between users of the ordinary 
hypermedia and adaptive hypermedia versions (t(17)=.625, p = .540). This means that 
the average performance of experts, with respect to mean post-test scores, using the 
adaptive hypermedia version (M = 74.61, SD = 7.678) was not significantly different 
from that of experts using the ordinary version (M = 73.40, SD = 7.542).  

The results, however, showed that with respect to gain scores, there was slightly 
significant difference between users of the ordinary hypermedia and adaptive 
hypermedia versions (t(17)=2.507, p = .023). This means that the average 
performance of experts, with respect to mean gain scores, using the adaptive 
hypermedia version (M = 15.33, SD = 8.485) was significantly higher than that of 
experts using the ordinary hypermedia version (M = 10.32, SD = 11.235). 

In this respect, this result shows that the adaptive hypermedia system that adapt to 
individuals’ prior knowledge can improve students’ learning performance. These 
results are consistent with the majority of reported studies (e.g. [9,17]).  

4.2   Perceptions and Attitudes 

To analyse the perceptions and attitudes of novice and expert users towards adaptive 
hypermedia that adapts to their levels of prior knowledge, we analyses users’ responses 
from the questionnaires. More specifically, a comparison is conducted between the 
results of the questionnaire from the ordinary hypermedia system and those from the 
adaptive hypermedia system. A one-sample t-test was used to determine if there was 
any positive improvement in perceptions and attitudes when students used the adaptive 
hypermedia version. The summary of results is shown in Table 4. 

Table 4. Summary of results for perceptions (one-sample t-test) 
 

  Novices Experts 
Statements  Ordinary 

Hypermedia 
Adaptive 

Hypermedia 
Ordinary 

Hypermedia 
Adaptive 

Hypermedia 

I felt the 
structure of this 
tutorial is not clear 

Mean   
(SD) 

2.57      
(1.025) 

1.77      
(0.922) 

2.16      
(0.879) 

1.72      
(0.904) 

I found the 
sequence of topics 
was logical 

Mean   
(SD) 

3.01      
(0.950) 

4.41      
(0.596) 

3.42      
(0.982) 

4.44      
(0.602) 

It is hard to 
find a route for a 
specific topic in 
this tutorial 

Mean   
(SD) 

3.68      
(0.875) 

1.77      
(0.923) 

3.07      
(0.987) 

2.50      
(0.930) 

Sometimes I 
found it hard to 
keep track which 
bits I had learnt. 

Mean   
(SD) 

3.64      
(0.822) 

2.77      
(0.922) 

2.46      
(0.932) 

2.06      
(0.994) 
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Students’ views on content structure. The adaptive hypermedia version was 
designed such that it offered overall a topic map for students with low prior 
knowledge and a topic index for students with high prior knowledge of XML. In the 
map version (used by novices), the content was organised into three levels, with 
topics, subtopics and pages, presenting a global picture of the entire hierarchical 
structure. In the index version (used by experts), the content was organised 
alphabetically with all of the nodes covering the topics, subtopics and pages in a 
network structure. The ordinary hypermedia system did not employ adaptive 
hypermedia techniques. In comparing the ordinary version and the adaptive version 
basing on the structural differences, the results indicated that there were significant 
differences in attitudes and perceptions between the groups. 

Two questions were extracted from the questionnaire to determine the views of 
students using the adaptive hypermedia system. The response was in comparison to 
those students that used the ordinary hypermedia version. With respect to novices, the 
results of the independent on-sample t-test (Table 4) indicate that there was a 
significant difference in perceptions and attitudes towards structure of the tutorials 
between users of ordinary hypermedia system and adaptive hypermedia version,  
t(21)=-4.055, p = .001. This means that students that used the adaptive hypermedia 
version (M = 1.77, SD = 0.922) found the structure of the tutorial to be clearer as 
compared to those that used the ordinary hypermedia version (M = 2.57, SD = 1.025). 
The results of the one-sample t-test also indicate that there was a significant 
difference in perceptions and attitudes towards sequence of topics between users of 
the ordinary hypermedia XML tutorial and adaptive hypermedia version, t(21) = 
11.116, p = .000. This means that the students that used the adaptive hypermedia 
version (M = 4.41, SD = 0.596) found the sequence of topics to be more logical than 
those that used the ordinary hypermedia version (M = 3.01, SD = 0.950). 

The same questions were posed to experts to determine their views on structure of 
their respective tutorials. There were significant differences in attitudes and 
perceptions between students that used the adaptive hypermedia version and those 
that used the ordinary hypermedia version. The one sample t-test results, t(17) = -
2.470, p = .024 shows that in terms of clarity of structure experts users using the 
adaptive version (M = 1.72, SD = 0.904) found it slightly clearer than those using the 
ordinary hypermedia version (M = 2.16, SD = 0.879).   

A significant difference was also found when experts were asked about how they 
felt about the logical sequence of topics. As showed in Table 4, the results (t(17) = 
8.500, p = .000), show that the experts students that used the adaptive hypermedia 
version (M = 4.44, SD = 0.602) found the sequence of topics to be more logical as 
compared to those that used the ordinary hypermedia version (M = 3.42, SD = 0.982). 

In summary, with respect to structure, the results of this investigation support prior 
research [15,19] that indicate that adaptive hypermedia systems that adapt the 
structure of the content to learners’ prior knowledge improve learning performance 
and are perceived as useful and enjoyable.  
 

Students’ views in terms of navigational structure. In terms of getting lost using 
the tutorial, novice users using the adaptive hypermedia version enjoyed using their 
version while their counterparts using the ordinary hypermedia version felt frustrated 
probably because they did not have a suggested route (implemented through the  
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pre-requisite structure of the tutorial) to follow through the learning system (Table 4), 
hence prone to getting lost. The results of the independent one-sample t-test indicate 
that there was a significant difference in perceptions and attitudes towards getting lost 
using the tutorials between users of the ordinary hypermedia and adaptive hypermedia 
versions  (t(21)=-11.010, p = .000). This means that students that used the adaptive 
hypermedia version (M = 1.77, SD = 0.923) found it easy to find a route for a specific 
topic in the tutorial as compared to those that used the ordinary hypermedia version 
(M = 3.68, SD = 0.875). 

The problem of navigation and getting lost was not as significant for experts as was 
for novices. However, experts using the adaptive hypermedia version felt that the 
navigational structure was better as compared to those that used the ordinary 
hypermedia system which did not have an index. As showed in Table 4, (t(17) = -
2.202 , p = .042), experts found it slightly easier to find a specific topic when using 
the adaptive hypermedia version (M = 2.50, SD = 0.930) than the ordinary 
hypermedia version (M = 3.07, SD = 0.987). 

The results of the experiment support the findings of previous studies that 
matching individuals with their preferred navigational features improves the 
likeability of a hypermedia system. The studies have evaluated the effectiveness of 
different navigation tools for high and low prior knowledge users. They found that 
these tools influence users’ achievement and attitudes (Chen et al., 2006; Farrell and 
Moore, 2001). The adaptive hypermedia version of the tutorial used in this 
experiment used the same principles to adapt navigational structure to novice and 
experts. It used a map for novice students and an index for experts.  
 

Students’ view in terms of additional support. To provide additional support for 
novices the adaptive hypermedia system uses different colours for hyperlinks and the 
list of pages read and those that still need reading. Novice students using the ordinary 
hypermedia version (M =3.64, SD = 0.822) found it harder to track which bits of 
information they have learnt as compared to novice students that used the adaptive 
hypermedia version (M = 2.77, SD = 0.922) of the tutorial as shown in Table 4 (t(21) 
= -4.411, p = .000). 

For the experts, there was no significant difference between those who used the 
ordinary hypermedia version (M = 2.46, SD = 0.932) as compared to the ones that 
used the adaptive hypermedia version (M = 2.06, SD = 0.994). The results show that 
for t(17) = -1.966, p = .066. This may be due to the fact that both experts using the 
two systems did not find it hard to keep track of what bits the have learnt. A possible 
reason for this finding may be that they have the ability to restructure the material 
because they are already familiar with the basic concepts [14]. 

The results of the experiment are in support of previous research which shows that 
additional support when provided can help learners with a low level of prior 
knowledge in hypermedia learning, particularly in free navigation conditions [7,14]. 
Advisement, which provides learners with visual aids and recommended navigation 
paths, is helpful in preventing disorientation in non-linear hypermedia learning. As 
novice learners cannot rely on their prior knowledge to help them structure the text, 
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graphical overviews and structural cues are powerful and beneficial in providing 
navigation guidance so as to ease disorientation problems[7]. 

5   Conclusions 

Two research questions were examined in this study: (1) whether adapting a 
hypermedia learning system to an individual’s level of prior knowledge has an effect 
on learning performance; (2) whether adapting a hypermedia learning system to an 
individual’s level of prior knowledge has an effect on perceptions. The answer to the 
first research question is that an adaptive hypermedia learning system that adapts to 
individuals’ levels of prior knowledge improves their learning performance and 
therefore affects it. The answer to the second research question is that an adaptive 
hypermedia learning system that adapts to individuals’ levels of prior knowledge 
affects perception of use. This study demonstrated that the adaptive hypermedia 
learning system is more beneficial than ordinary hypermedia learning system, 
especially for users with low prior knowledge. The study also supports the results of 
previous research which also emphasises on the usefulness of adaptive hypermedia 
learning systems tailored to learners’ prior knowledge. The study revealed, however, 
that not everybody benefits from the adaptive hypermedia learning systems, 
especially users with a high level of prior knowledge. A possible reason for this 
finding may be that they have the ability to restructure the material because they are 
already familiar with the basic concepts. Therefore, the major challenge lies with 
improving the learning performance and perceptions of high prior-knowledge users 
with adaptive hypermedia systems that adapt to their levels of knowledge.  

With respect to perceptions, the study has demonstrated that although students had 
more positive perceptions using the adaptive version over the ordinary version, there 
was a slight difference between experts using the adaptive version and those using the 
ordinary version. The study also revealed that, in comparing the results of learning 
performance and perceptions on the adaptive version, learning performance scores 
seemed to be slightly more significant than those of perceptions. That is, students 
seem to do well in terms of test scores but not showing as much positive attitudes 
towards the interfaces provided to them. 

Hence, this study recommends that interfaces design incorporate mechanisms that 
are dedicated to improving learner performance like pre-requisite structure driven by 
a learner model. However, there should be an investigation on how to improve 
perceptions of use for such systems, by analyzing the importance of cognitive styles. 
This type of design could maximize performance of learners using adaptive 
hypermedia systems. There is also a need to incorporate both prior knowledge and 
cognitive styles and determination of the right blend to maximise learning, in adaptive 
hypermedia systems design could then be established, with its associated pros and 
cons. This was a small-scale study, hence we recommend that further studies be 
undertaken with a larger sample to provide additional evidence. We believe that such 
evidence will not only help to improve the design of adaptive hypermedia learning 
systems, but also will also be useful for the development of other personalized 
applications, such as e-commerce systems and virtual training environments. 
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