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Abstract 

The facilitative effect of expertise in hypertext information retrieval tasks (IR) has been widely 

reported in related literature. However, recent theories of human expertise question the robustness of 

this result, since previous works have not fully considered the interaction between user and system 

characteristics. In this study, the constraint attunement hypothesis (CAH) is considered in order to 

predict that the effect of expertise in IR would appear only when the user and system characteristics 

can be combined successfully. Results from an experiment revealed that expert users outperformed 

novice users in IR when the elements of a system interface are organized semantically, but not when 

organized randomly. Results are discussed in the framework of the CAH supporting the interactive 

nature of human behaviour in HCI. 
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 Hypertext systems consist of a network of linked documents (texts, images, tables...) that users 

can access using different features like menus or embedded links. Due to its potential in organizing a 

great amount of information, one of the main tasks that users perform in this system is information 

retrieval (IR). Researchers have investigated several task and user factors that influence performance in 

this task (e.g. Chen and Rada 1996). Expertise on the information domain is one of the most important 

user factors to explain performance in IR: high knowledge users (i.e. experts) are found to be more 

efficient and accurate than low knowledge users (i.e. novices). This effect has been found repeatedly in 

the literature, in hypertexts with different content structure (Shin et al. 1994, McDonald and Stevenson 

1998a, Patel et al. 1998), menu organization (Hollands and Merikle 1987), navigation tools (McDonald 

and Stevenson 1998b) or type of goal (Last et al. 2001). Researchers agree that this effect is due to the 

fact that experts hold an accurate mental representation of the contents hence allowing them to engage 

in a more efficient knowledge driven search (e.g. McDonald and Stevenson 1998b). One of the most 

important theories that have been proposed for explaining the mental representation that experts built 

while navigating through a hypertext is the cognitive flexibility theory (CFT) by Spiro and cols. (Spiro, 

Coulson, Feltovich and Anderson 1988; Spiro, Feltovitch, Jacobson and Coulson 1991). The theory 

affirms that a main feature of the expert mental representation is its flexibility. In this sense, the CFT 

proposes that the expert can adapt its representation of a domain in order to better understand an ill-

structured medium like hypertexts. Applied to IR tasks, the CFT would affirm that experts would 

outperform novices even in the case in which the hypertext provide a poor defined structure of its 

content, because experts would adapt its flexible representation to match the organization of the 

system. In the present paper we question this theory of expertise and the robustness of the expertise 

effect in IR tasks. First we introduce an alternative account for the role of prior knowledge in IR that 

stresses the interactive (i.e. the human and the system) nature of this task. Second we test the 
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hypothesis derived from this alternative approach in an experiment. Finally, we discuss the results in a 

framework supporting the interactive nature of human behaviour in human-computer interaction (HCI). 

 As stated before, a great amount of research supports the expertise effect in IR tasks. 

Furthermore, there is no direct evidence that contradicts this result. Why then questioning the 

robustness of this effect? A main reason for this challenge is that we have found that in other type of 

interactive tasks (complex problem solving) expert flexibility depends on constrains of the environment 

(Cañas, Quesada, Antolí and Fajardo 2003). However, in the literature of IR human (e.g. degree of 

expertise) and system characteristics (e.g. organization of the interface) have never been manipulated in 

conjunction. Consequently, we need to explore the interaction between expertise and environment 

constraints in IR in order to clarify the conditions under which the expertise effect appears. In order to 

do that, we start from considering Vicente and Wang (1998) constraint attunement hypothesis (CAH). 

This theory states that the effects of expertise on a given task do not always hold, because they depend 

on the level that the structure of the environment helps the person to use his expertise. In the words of 

Vicente and Wang (1998: 36): ‘There can be expertise effects when there are goal-relevant constraints 

(i.e. relationships pertinent to the domain) that experts can exploit to structure the stimuli. The more 

constrain available, the greater the expertise advantage can be’. Following the CAH, we could expect 

that the effects of domain expertise on IR should not always be present, as previous works in the field 

suggest. They would depend, however, on the interaction between the mental representation of the user 

and the characteristics of the hypertext system relevant to the task (e.g. menus, interface or structure). 

Consider the case of a student that has had previous experience with class registration. As far as the 

registration system follows the task structure the person is used to, he should perform better than a 

freshman student that has not had previous experience in the domain. But in the case that the system 

violates some rule of the ‘registration scheme’ (e.g. by using a poor menu organization, like including 

the ‘final exams schedule’ under the label ‘grading and enrolment information’ instead of ‘academic 
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calendar’) the effects of expertise on the domain could disappear. Some works assessing the effect of 

grouping system elements on IR partially support this hypothesis (Halgren and Cooke 1993, Niemela 

and Saariluoma 2003, Niemela In press). These works have shown that a semantic grouping of the 

elements of an interface improve performance (e.g. by using the Gestalt laws of similarity of 

closeness), but also, however, that this improvement disappears when labels are grouped randomly. 

Materials used in these experiments were relatively simple (e.g. semantic categories such as ‘domestic 

animals’ or ‘sports’). Therefore, it can be assumed that most of the participants possessed a high 

knowledge of the information before interacting with the system. However, in these experiments the 

level of expertise of the user was not manipulated, so it can not be affirmed that these effects hold only 

for expert users, as the CAH would predict.  

It is clear at this point that the CAH and the CFT predict different outcomes for expert 

interaction on IR tasks. On the one hand, the CAH proposes that experts would outperform novices 

only if the information of the interface is organized following an expert solution, but not otherwise. On 

the other hand, the CFT predicts that experts would outperform novices independently of the 

organization of the interface, because the flexibility of the expert mental representation will 

compensate for a random grouping of the information. For testing these predictions we run an 

experiment where participants with different domain expertise had to search for information in a 

hypertext system organized either according to an expert solution or randomly. However, it could be 

argued from the CFT that a randomly organized interface will be unexpected by an expert user, and 

thus he / she will need certain time interacting with the interface in order to reconfigure or adapt his / 

her flexible mental representation to that in which the information is presented. In order to control for 

that possibility, the search tasks were divided in three blocks, and in each block participants had to 

search for items that force them to visit all the main pages of the hypertext. 

Experiment 
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 Following the CAH, we predicted that users with some expertise on the topic of the hypertext 

will outperform novice users in terms of searching time, targets found and lostness, when the interface 

presented the information following an expert solution (we will refer to that as the semantic grouping), 

but not when presented in a random organization. In addition, we predicted that this effect will hold 

even when the users have gained some experience with the organization of the information on the 

hypertext (i.e search block 3). 

Method 

Participants 

 Thirty-six students from the University of Granada participated in the experiment. Twenty-two 

were undergraduates participating for class credit. Fourteen were graduate students participating 

voluntarily. None of them had had previous experience with the hypertext used in the experiment.   

Materials  

 A web site of a scientific meeting was designed for this experiment. The site consisted of 11 

pages hierarchically organized. The main page contained links to the rest of the pages. Each link was 

surrounded by a coloured rectangle (figure 1). Two menus were created: a semantically grouped menu 

and a randomly grouped menu. For each group of each condition the label colour was identical. Groups 

from the semantic menu were created according to an expert solution. Four experts in the domain with 

experience of scientific meetings performed a card sorting task with items from the main menu (Valero 

and Sanmartin 1999). The two grouping solution was chosen because it had the highest intra-expert 

agreement. Experts agreed in labelling the two groups as ‘Bureaucratic’ and ‘Content information’. The 

web site was written in HTML language, and the navigation behaviour along with the rest of the 

measures were controlled by a program written in Microsoft Visual Basic 6.0 running under PC 

computers.  

-- Insert figure 1 about here -- 
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Procedure 

 Participants performed a 30 items search task through the web site. For example, participants 

were prompted to search for ‘Guidelines for contributions’. In order to find it, participants had to enter 

the menu ‘Submissions’ and click on the link ‘Formatting suggestions’. The presentation of the items 

was divided into three blocks. In each block participants had to search for 10 items which were 

included in one of the 10 main pages. Therefore, in each block participants had to visit all the main 

pages. Participants had a limit of 60 seconds in order to find each item.  

Design 

 We used a 2 x 2 x 3 Mixed Factorial design. Expertise (novice and expert users) and Menu 

(semantic and random) were the between-participants variables and Blocks (3 levels) was the within-

participant variable. Participants’ expertise was established by considering the number of times they 

had attended a scientific meeting. Participants bellow the median (2.5 times) were considered novices 

(M = 0.3, SD = 0.6), whereas participants above the median were included in the expert group (M = 

8.2, SD = 8.9). Therefore, nine participants were assigned to each of four groups. Performance on the 

search task was measured by three dependent variables: the response time, lostness and number of 

targets found. Lostness was defined following the formula proposed by Smith (1996): L = (N / S  - 1) 2 

+ ( R / N - 1) 2, were N is the number of different nodes visited while performing the search task; S is 

the total number of nodes visited while performing the search task; and R is the number of nodes 

needed in order to accomplish the search task. Lostness index ranges between 0 and 1. The greater the 

value, the greater the lostness. 

Results 

Different performance data was submitted to an ANOVA with Expertise (novice and expert) 

and Menu (semantic and random) as between-participants variables and Blocks (3 levels) as within-

participant variable. Analysis of the response time and lostness were conducted only on the trials where 
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the participant had found the target. Results are summarized in table 1. 

 Response time. Results for response time showed a main effect of Block, F (2, 64) = 12.43, 

MSe = 14.72, p < 0.001. Participants were slower at block 1 (M = 13.9), than at block 2 (M = 10.5) and 

block 3 (M = 9.7). In addition, the main effect of Expertise was significant, F (1, 32) = 5.38, MSe = 

35.36, p < 0.05. Experts were faster (M = 12.75) than novices (M = 10.09). However, the interpretation 

of this effect should wait until the significant interaction between Expertise and Menu is considered, F 

(1, 32) = 4.37, MSe = 35.36, p < 0.05. Supporting our hypothesis, simple effects analyses showed that 

experts were faster than novices in the semantic menu, F (1, 32) = 9.72, p < 0.01, but not in the random 

menu, F < 1. Therefore, the effect of expertise appeared only in the semantic menu. In the random 

menu expert performance dropped to the level of a novice user (see scores in table 1). To rule out the 

possibility that the expertise benefit will arise in both the semantic and random menus only after some 

practice has been gained with the system, a planned comparison was made considering only those 

scores from Block 3. Supporting predictions from the CAH theory, results revealed that experts 

continued being faster than novices in the semantic menu, F (1, 32) = 4.89, MSe = 23.79, p < 0.05, but 

not in the random menu, F < 1. 

 Lostness. Results from the lostness score showed no significant main effects. More important 

for our purposes, data revealed a close to significant interaction between Expertise and Menu, F (1, 32) 

= 3.82, MSe = 0.04, p = 0.059. Simple effects analyses were consistent with our predictions, showing 

that experts get lost fewer times than novices in the semantic menu, F (1, 32) = 5.87, p < 0.05, but not 

in the random menu, F < 1. Again, planned comparisons were made considering only data from block 

3. As with the omnibus analysis, experts get lost less times than novices in the semantic menu, F (1, 32) 

= 5.61, p < 0.05, but get similar scores in the random menu, F < 1. 

 Number of targets found. Data from number of targets found showed a main effect of block, F 

(2, 64) = 20.03, MSe = 0.77, p < 0.001. Participants found less targets in the first block (M = 8.4), than 
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in the second (M = 9.4) and in the third (M = 9.7). Regarding our predictions, the interaction between 

Expertise and Menu did not reach significance, F (1, 32) = 2.22, MSe = 1.67, p = 0.14. However, 

considering the previous pattern of results for the other two dependent variables, we considered the 

possibility that under that non-significant interaction relevant results could arise. For that reason, we 

performed two exploratory analyses as done for the previous dependent variables. Data showed that 

experts found more targets than novices in the semantic menu, F (1, 32) = 5.87, p < 0.05, but there 

were no differences in the random menu, F < 1. When only data from block 3 was considered, results 

showed no difference for expertise neither for the semantic menu, F (1, 32) = 1.31, MSe = 0.38, p = 

0.26, nor for the random menu, F < 1. 

-- Insert Table 1 about here -- 

General discussion 

 Results from the experiment support the hypothesis that the effect of domain expertise on IR 

depends on the combination of user knowledge and system characteristics. When the latter are 

compatible with expert mental representation (i.e. semantic grouping), knowledgeable users find more 

information, in less time and in a more efficient way than novice users. The expertise effect disappears 

when the characteristics of the system are not compatible with the knowledge of the expert user (i.e. 

random grouping). These conclusions are based on three different IR dependent variables (response 

time, lostness and number of targets found).  

 Results from the reported experiment challenge the robustness of the expertise effect found in 

previous literature on IR (Hollands and Merikle 1987, Shin et al. 1994, McDonald and Stevenson 

1998a, 1998b, Patel et al. 1998, Last et al. 2001). In these experiments a random organized interface 

was not used, which can be the reason for the absence of a null effect of expertise on them. Although it 

can be argued that the use of a random organized interface is an unnatural setting, it allows us to better 

understand the mechanisms underlying expert performance in IR tasks, and has been used successfully 
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as a research strategy in other IR experiments (e.g. Halgren and Cooke 1993, Niemela and Saariluoma 

2003, Niemela In press). 

 In addition, the results of the experiment question the CFT that describes expert interaction in 

hypertext on the basis of the flexibility of the mental representation of the expert user (Spiro et al., 

1988, 1991).  This theory can not explain why experts perform at novice level with the random 

organized interface, since in this case the expert should have restructured his / her flexible mental 

representation in order to map the way the information is organized on the interface. Following our 

results on response time and lostness, that restructuration does not appear even after the participant has 

gained some experience with the system, mainly after having been induced to visit all main pages at 

least twice. 

 Therefore, we propose that the CAH (Vicente and Wang 1997) can be considered as an 

alternative framework in order to explain expert performance in IR tasks. This theory predicts that the 

expertise effect would appear when the interface constrains the complexity of the task (e.g. the way the 

items on a menu are organized) in a way that can be matched with the expert mental representation. 

This can explain why experts outperform novices when interacting with a semantically organized 

interface: the expert can use the structure provided by the interface in order actively use his / her mental 

representation in order to find an item. In addition, the CAH predicts that when the organization of the 

information on the interface is incompatible with those of the expert, he / she would not be able to use 

his / her knowledge in the IR task. That explanation can account for the result of the experiment 

showing that experts perform at novice level in a random menu. 

 This study has benefited from the application of a theory that emphasizes the interactive nature 

of human cognition. User interaction with a system can not be explained by only focusing on his / her 

characteristics, nor only on system characteristics. On the contrary, this behaviour must be explained 

by the interaction of both human and system characteristics (Cañas et al.  In press). Previous results 
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reporting the isolated effects of expertise and semantic grouping in IR has been widely reported on the 

literature (see introduction). However, the complete picture of expert behaviour in IR is not explained 

until both human and system characteristics are explored in conjunction. 

 Results reported in this study have relevant implications for the design of hypertext systems. A 

well established design guideline asserts that system interfaces must map the way the user organizes its 

knowledge of the system in memory (his / her mental model of the system) (Norman 1988). Our results 

support this guideline in hypertext IR, but only if the system is devoted to domain expert users. If the 

system is mainly dedicated to novice domain users, the effort of engaging an analysis of the user’s 

mental model can be avoided. In the experiment reported here, only expert users have benefited from 

mental model mapping, but it has had no influence on novice users. As exemplified in the above 

experiment, a simple way of mapping the user’s mental model onto a hypertext could be to use the 

Gestalt laws for facilitating perceptual groupings of related elements (e.g.  Niemela and Saariluoma 

2003). The grouping of related elements can be done by using the same colour for each related group, 

by arranging related elements close to each other, or by connecting related elements by a graphical 

element (lines, boxes...). However, in the case that the mapping of the user’s mental model is not done, 

attention must be paid to the use of design elements in the interface which can possibly induce an 

arbitrary grouping of elements. As shown in our experiment, the performance of expert domain users in 

IR can be hampered. 
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Figure 1. Different menu interfaces used in the experiment (the originals were constructed in Spanish). 

(A) Semantic menu; (B) Random menu.
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Table 1. Means and standard deviations (in parenthesis) for performance variables. 

-------------------------------------------------------------------------------------------- 

     Expertise & Type of menu 

    Novice    Expert 

   Semantic  Random Semantic  Random 

-------------------------------------------------------------------------------------------- 

Targets found 8.9 (1.2) 8.9 (2.9) 9.7 (0.4) 9 (0.9) 

Response time 13.3 (5.7) 12.2 (5.6) 8.2 (3)  11.9 (3.2) 

Lostness 0.23 (0.18) 0.16 (0.12) 0.12 (0.12) 0.19 (0.15)    
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