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  Abstract 

Digital technology is now crucial for carrying out many activities and the drive for 

innovation in digitization has involved not only private organizations but also public 

administrations. However, despite a growing awareness of the importance of 

digitization of public services, usability issues have been addressed only recently. 

Terms like “Usability”, “User Experience”, and “Human-Centred Design” are surely 

becoming part of the vocabulary, but often they are used as empty keywords by 

policymakers, while there is a lack of specific research in this domain. One notable 

example is the lack of studies on cognitive load imposed by information abundant 

websites and its influence on both users’ performance and perceptions of usability. 

The main objective of the present study is to evaluate the mental workload of users 

navigating websites with different levels of complexity in their information 

architecture. Eye movements of twenty users were recorded during the execution of 

search tasks carried out on websites of three public agencies previously selected for 

their complexity level. Mental workload assessment was obtained by analysing 

subjects’ ocular behaviour. Results showed that low complexity websites were 

associated with better performance, lower mental workload and higher usability 

rates compared to high complexity websites. 

  Introduction 

According to the European Commission (EC) “in less than a decade, most economic 

activities will be managed through digital ecosystems” making the digitization of all 

economic sectors mandatory. The European Commission has also published an 

“Action Plan” to guide Governments in this transition. The document establishes 

some basic principles to regulate and promote the digitization of Public 

Administrations (PAs). The Italian Government, through an internal policy 

document (Directive for Public Administration and Innovation of November 26, 

2009, No. 8), required PAs to improve the quality and usability of their websites by 

applying guidelines inspired by “Usability principles”. In January 2017 the Italian 

Digitalization Agency (Agenzia per l’Italia Digitale: AgID) published the first 
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version of a web toolkit indicating style sheets, Javascript components and HTML 

examples to be applied for easily adhering to usability standards. 

Usability has been defined by the ISO 9241-11 (updated by ISO 9241-210) as “the 

extent to which a product can be used by specified users to achieve specified goals 

with effectiveness, efficiency, and satisfaction in a specified context of use”. 

Effectiveness refers to the completeness and accuracy in the achievement of the 

objectives by the users, efficiency refers instead to the optimization of the user's 

cognitive and temporal resources expenditure and satisfaction concerns the aspects 

of comfort and acceptability of the use of the product. Interface usability is closely 

related to another concept defined “Information Architecture” (IA), describing the 

structural planning of information contained within a website (Garrett, 2010, 

Rosenfeld & Morville, 2006). Several studies (Gullikson et al., 1999; McGills & 

Toms, 2001; Miller & Remington, 2004; Rosenfeld & Morville, 2006; Toms, 2002) 

found that highly complex information architecture is related to decreases in 

perceived usability. The ease of use of an interface directly affects the cognitive 

effort required for the interaction. Although the relationship between usability and 

cognitive effort can be easily deducted, the two concepts have been studied 

independently. Usability has been studied applying the User-Centred Design 

methodology with the objective to improve the Human-Machine Interaction. Instead, 

the construct of mental workload (MWL) has been investigated in the Human 

Factors research tradition to study human error and to increase systems’ security. 

The methodology used to measure interfaces’ usability and MWL are different but 

share a cognitive-behavioural approach. Eye movements have been used to study 

visual search strategy and have been applied both to usability studies and to measure 

the cognitive effort imposed by a complex task (May et al., 1990; Jacob & Karn, 

2003; Pan et al., 2004; Poole & Ball, 2006; Majaranta & Bulling, 2014). 

Recently, the availability of less intrusive eye-tracking systems allowed researchers 

to effectively use indices of ocular activity as a measure of the operator mental 

workload (see Van Orden et al., 2001). For example, frequency and duration of eye-

blinks have been found to be inversely correlated to mental load (Brooking, Wilson, 

& Swain, 1996; Hankins & Wilson, 1998). Additionally, some studies (Bunecke, 

1987; Ephrath et al., 1980) have shown that workload affects the duration of 

fixations, whereas others (Bellenkes, Wickens, & Kramer, 1997; Miller, 1973) 

recorded shorter and more frequent fixations in expert operators. 

Studies from our research group (see for example Di Nocera, Camilli, & Terenzi, 

2007 and Di Nocera, Ranvaud, & Pasquali, 2015) have introduced the use of an 

algorithm for the analysis of the scanpath called Nearest Neighbour Index (NNI). 

Using this algorithm, it is possible to compare different fixation patterns during the 

execution of a specific task. The result is expressed by a single value varying with 

fixation clustering-spreading. Also, as described by Camilli et al. (2008), the index 

is sensitive to the type of demand, and values increase as mental workload increases 

when the taskload is due to the temporal demand, while they decrease as mental 

workload increases when the taskload is due to the visuo-spatial demand.  

Eye-tracking techniques have also been applied in usability studies (see Goldberg, 

2003). Optimization of the interface features and functions has been studied both 
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using metrics based on scanpath elements (such as fixations and saccades) and 

metrics based on the analysis of the entire visual exploration path. Many authors 

(Fitts et al., 1950; Goldberg et al., 2002; Cowen et al., 2002; Ehmke & Wilson, 

2007; Poole et al., 2005; Goldberg & Kotval, 1999; Kotval & Goldberg, 1998; 

Ehmke & Wilson, 2007; Habuchi et al., 2008; Wang et al., 2018) have observed that 

an incorrect arrangement of the interface elements, leading to poor usability, is 

associated with a greater number and of saccades and longer duration, as well as 

with visual search strategies characterised by transitions between non-contiguous 

areas of interest. 

It is important to underline that the choice and interpretation of those metrics must 

not be rigid. In fact, it always depends on the researcher’s objectives: if the main 

goal of the study is to understand the effectiveness of a banner ad in capturing 

customers attention, a great number of fixations on it (and long durations) will 

generally be considered as a positive fact; on the contrary, if the purpose of the study 

is to investigate how easy or difficult it is to find a specific element on a web page, a 

great number of fixations may be associated with poor usability, as the website is 

likely to be more complex and difficult to understand and browse. 

The sequence of eye movements occurring while the user explores an interface may 

provide valuable information about her browsing experience and cognitive load. 

Behavioural metrics allow to objectively investigate user strategies and behaviours, 

avoiding potential distortions that are often related to the use of subjective metrics 

(such as self-report questionnaires and qualitative interviews).  

With that in mind, considering the importance of usability and workload in 

optimizing the performance of individuals interacting with an interface, a 

clarification of the relationship between these constructs is strongly needed. Recent 

studies have made an attempt in this direction, however they showed mixed results. 

In a recent study Kokini and colleagues (2012) found that an increase in mental 

workload negatively affected perceived usability. Furthermore, Fedele and 

colleagues (2017) have found that positive interaction experiences were associated 

with lower mental workload. Differently, Longo and Dondio (2015) reported no 

relationship at all between the two constructs and suggested that they should 

therefore be considered separately. Nevertheless, resources allocation is an issue in 

any type of interaction, and the integration of mental workload assessment into 

usability evaluations could have important implications for improving interface 

design as well as for better defining the usability construct. 

  The study  

The present study was carried out as part of an ongoing collaboration between the 

Italian ICT government agency (Istituto Superiore per le Comunicazioni e le 

Tecnologie dell’Informazione: ISCOM) and the Eye-Tracking Laboratory at the 

Department of Psychology, Sapienza University of Rome. The main objective of the 

project, named “WEBLOAD”, was to evaluate the mental workload associated with 

the navigation of PAs websites with different levels of complexity and 

understanding its effects on perceived usability. 
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The main hypothesis of this study was that a greater complexity of the information 

architecture structure would be related to higher mental workload and poor usability 

evaluations. Three large PAs websites (whose identity we are not allowed to 

disclose) were selected after a heuristic evaluation of their IA structures aimed at 

exploring the number of menu levels and their related categories. All websites were 

similar in the design and interaction features (menu, colours, aesthetic) but different 

in terms of information architecture complexity. From the less complex to the more 

complex, the identified websites will be referred as website 1, website 2, website 3 

hereinafter. 

Table 1: Information Architecture of the selected websites. 

Website 

Information Architecture structure 

(Number of levels and number of categories per level) 

Level 

1 

Level 

2 

Level 

3 

Level 

4 

Level 

5 

Level 

6 

Total Complex

ity 

1 5 44 134 170 - - 353 Low 

2 5 53 160 190 53 8 469 Medium 

3 6 45 109 266 158 56 630 High 

 

Participants 

Twenty volunteers participated in the study (7 females, average age = 57; SD = 6). 

All of them were native Italian speakers, were naïve as to the aims, the expected 

outcomes, and the methodology of the experiment, and had normal or corrected-to-

normal vision. All the subjects declared to use the Internet every day. This study was 

performed in accordance with the Helsinki Declaration of the World Medical 

Association. 

Materials and method 

The X2-30 eye-tracking system (Tobii, Sweden) was used to record eye movements 

during the interaction with the three websites. This is a standalone eye tracker that 

can be used in various setup by attaching it to monitors, laptops or for performing 

eye-tracking on physical objects with a sampling rate of 30 Hz. 

Subjective measure of perceived usability and mental workload were collected at the 

end of the interaction with each website using the following scales. 

• Net Promoter Score (NPS: Reichheld, 2003, 2006): a single item “How likely 

would you recommend this website/brand to a friend or colleague?”. Subjects 

can answer using an 11-point scale (0 to 10). This questionnaire is based on the 

fundamental concept that a user (customer) falls in one of the following three 

categories: Promoter (provides a score between 9 and 10), Neutral (provides a 

score between 7 and 8) and Detractor (provides a score between 0 and 6). The 

final value of the NPS is obtained by subtracting the percentage of detractors 

from the percentage of promoters. Sauro and Lewis (2010) found a strong 

correlation between perceived usability and NPS. Word of mouth is critical for 
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the success of PAs websites and digital services. Therefore, the NPS was 

included as a measure. 

• Usability Evaluation 2.0: (Us.E. 2.0: Di Nocera, 2013) a multidimensional 

questionnaire for the evaluation of website usability. The questionnaire consists 

of 19 items subdivided into three subscales representing the framework users 

would adopt for evaluating the quality of their interaction with the interface: 

(Mental) Handling, Satisfaction and Attractiveness. Us.E. 2.0 allows fast 

assessment of website perceived usability identifying critical issues that could be 

eventually addressed by more extensive testing and re-design. Users are required 

to answer to all items along with a 5-point Likert scale (ranging from “strongly 

agree” to “strongly disagree”). The “(Mental) Handling” scale measures the 

interaction with the structure of the website (e.g. information architecture, 

layout). This is the “hard” usability aspect. Low scores in this scale would 

suggest the need to make changes to information architecture or page layout. The 

“Satisfaction” scale measures the perceived utility of the website. Low scores in 

this scale may indicate that the website does not meet users' needs either because 

the users are not those expected by who created the website or because 

contents/services are not those expected by the users. Finally, the 

“Attractiveness” scale measures the interaction with the aesthetic features of the 

website (i.e. apparent usability). Low scores in this scale would suggest the need 

for a restyling. 

• NASA Task Load Index (NASA-TLX: Hart & Staveland, 1988) has been 

administered at the end of a task. The respondent provides an evaluation of 

his/her perceive workload along six scales (from 0 to 100): mental demand, 

physical demand, temporal demand, effort, performance, and frustration. This 

self-report questionnaire is one of the most used to evaluate the mental workload 

experienced by individuals during the execution of a task (Wickens, Hollands, 

Banbury & Parasuraman, 2013; Hart, 2006). 

Procedure 

Five equivalent research tasks have been designed for each website. Subjects had to 

search specific information in different areas of the websites (e.g. “Transparent 

Administration”, “Open Data”, “Downloads”). 

Participants performed the entire test in three separate sessions of the approximate 

duration of 50 minutes and at about 15 days apart from each other in order to limit 

effects related to fatigue and task duration. Moreover, with the aim of avoiding 

effects related to the order of presentation of the stimuli, the websites and the tasks 

were randomly assigned to the participants. Prior starting each navigation session, 

the experimenter asked participants if they had ever interacted with the website 

under testing. Participants had a free navigation session to familiarize with the 

websites before the calibration of the eye-tracker. Therefore, they were instructed on 

the activity and were asked to perform the task to their best. 

At the end of each task, participants also reported their perceptions about the level of 

complexity of the task on a scale from 1 to 5 (1 = Not difficult at all; 5 = Extremely 

difficult). After completing all the five tasks participants reported their personal 
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information (gender, age, educational qualification, employment, the frequency of 

internet use) using an on-line form, and answered to the satisfaction, perceived 

usability and mental workload scales. 

   Data analysis and results 

Success rate, completion time, perceived complexity, NPS, Us.E. 2.0 (Handling, 

Satisfaction, Attractiveness), NASA-TLX, and NNI scores were analysed in 

repeated-measure ANOVA designs using Complexity (website 1 vs. website 2 vs. 

website 3) as repeated factor.  

Success rate was significantly different between websites (F2,36 = 3.04; p < .05). 

Duncan post-hoc testing showed that success rate for the high-complexity website 

(website 3) was significantly lower than the other two. 

 

Figure 1. Success rate per website. 

Completion time was significantly different between websites (F2,36 = 4.02; p < .05). 

Duncan post-hoc testing showed that completion time for the low-complexity 

website (website 1) was significantly faster than the other two. 

 

 

Figure 2. Completion time (average) per website. 

Perceived complexity was significantly different between websites (F2,36 = 3.92; p < 

.05). Duncan post-hoc testing showed that perceived complexity of the low-

complexity website (website 1) was significantly lower than the other two. 
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Figure 3. Perceived complexity per website. 

NPS score was significantly different between websites (F2,36 = 4.52; p < .05). 

Duncan post-hoc testing showed that proportion of the low-complexity website 

(website 1) was significantly higher than the other two. 

 

Figure 4. Net Promoter Score per website. 

Us.E. 2.0 scores were significantly different between websites (F2,36 = 5.12, p < .05) 

and between scales (F2,36 = 17.77, p < .01). No significant interaction between website 

and scale was found. Duncan post-hoc testing showed that 1) usability for the low-

complexity website (website 1) was significantly higher than the other two and 2) 

handling was significantly lower than satisfaction and both were significantly lower 

than attractiveness thus indicating (Mental) Handling as the most awkward 

dimension. 

 

Figure 5. Us.E. 2.0 per website. 

NASA-TLX score was significantly different between websites (F2,36 = 7.38; p < .01). 

Duncan post-hoc testing showed that perceived workload for the low-complexity 

website (website 1) was significantly lower than the other two. 
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Figure 6. NASA-TLX scores per website. 

The Nearest Neighbour Index was significantly different between websites (F2,36 = 

6.41; p < .01). Duncan post-hoc testing showed that the fixation pattern of the 

medium- and high-complexity websites (websites 2 and 3) were significantly more 

clustered than the low-complexity website. 

 

Figure 7. Nearest Neighbour Index per website. 

Discussion and conclusion 

Ensuring high usability of e-Governments tools, such as websites and web-based 

platforms plays an essential role in improving the efficiency in terms of costs and 

quality of services offered to citizens and businesses. Therefore, the evaluation of 

user performance and perceptions during the interaction with institutional websites 

has a key role both in the design phase of the interfaces and in their usability 

assessments. However, despite the growing interest of Public Administrations 

towards those topics, the relationship between complexity of information 

architecture, usability perceptions and mental workload imposed on the user has not 

been sufficiently investigated.  

The objective of the present study was to evaluate the workload imposed on the user 

by “information abundant” websites and its relation with perceived usability.  The 

idea that the complexity of information architecture can influence both the cognitive 

load imposed on user and his perceptions related to the pleasure of the user 

experience has been already suggested in the literature (e.g. Conklin, 1987). 

However, there is a lack of experimental research on this issue. 

Here we have selected three existing Italian Government websites with different 

levels of information complexity to test the research hypothesis. Results indicated a 

consistency between satisfaction, usability and mental workload measures. 

Specifically, the websites associated to lower levels of mental workload (assessed by 
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both objective and subjective measures) received more positive usability evaluations 

were associated with a greater successes rate in the assigned search tasks, and 

participants reported their willingness in spreading the word about their usefulness. 

The analysis of eye movements showed statistically significantly higher NNI values 

for the website 1, while lower values were reported for the websites 2 and 3. 

Considering the visual exploration strategies, this result highlights a less clustered 

fixations pattern for the website 1 and, on the contrary, a more clustered fixations 

pattern for the websites 2 and 3. Based on previous research (Camilli, Terenzi, & Di 

Nocera, 2008), when a task imposes high visual-spatial demand on the user -as in 

the case of an information search task- fixations clustering (i.e.: smaller NNI values) 

corresponds to greater mental workload experienced by the user. Subjects involved 

in this study have indeed experienced a greater mental workload while browsing the 

higher-complexity websites. This result is also supported by the subjective 

evaluations expressed using the NASA-TLX. Consistent results can be found in the 

usability evaluations expressed using the Us.E 2.0. scales, the “Handling” dimension 

(which is related to the information architecture) being the most problematic. 

Usability evaluations of a website are generally negative when users take too long to 

complete the task, make mistakes or fail in its execution (Nielsen & Levi, 1994; 

Nielsen, 1999; Palmer, 2002). In this study success rate was higher and completion 

time shorter for low-complexity website than the other two. 

In conclusion, results obtained in this study underline the necessity and importance 

of integrating an estimate of users’ mental workload during the design and 

evaluation of usability of complex websites such as those of Public Administrations. 

Some limitations that may have influenced the findings of this study should also be 

reported. A first limitation can be attributed to the scarce heterogeneity of the 

experimental sample in terms of age range and occupation. In fact, the age of the 

participants was between 46 and 65. Moreover, all the participants were Government 

employees who may have, in some way, benefited from their knowledge regarding 

the PA’s websites structure and services. Although the type of processes 

investigated here can be considered common to all individuals, it could be useful to 

involve different types of users (e.g. experts vs. naives, typical vs. occasional users, 

etc.). Future studies could also include other measures (subjective and objective) in 

order to better understand the relation between the observed variables increasing the 

validity of results. In addition, the relationship between usability and mental 

workload could be influenced by both the information architecture and the layout of 

websites. A further objective could be to understand the specific role of these two 

variables. For example, conducting further studies contrasting the same information 

architecture with different layouts (e.g. the mobile version of the same websites), 

could allow greater generalization of the observed relationship between information 

architecture, mental workload and usability perceptions.  
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