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Abstract 
 

This study determined the location look-ahead breadcrumbs with a pull-down menu (LAB 

pull-down) navigation system is effective for primary website navigation by comparing them to 

the static main and sub menu (main/sub menu) navigation system.   

To increase the knowledge of navigation system usability with regards to users’ 

performance (efficiency, speed, and accuracy), and perception (helpfulness, lostness, cognitive 

load, usability, satisfaction, preference, and navigation awareness), 290 subjects were divided 

into two groups who received the two treatments in alternate session order.  Each treatment was 

incorporated into an experimental website with identical content and hierarchical structure. The 

subjects navigated each site to find six pages that were at the same relative locations within both 

sites.  All subjects completed a questionnaire regarding usage of each treatment, directly after the 

last task was completed for each navigation treatment.  On conclusion of the testing process, 

subjects completed a questionnaire regarding assessment of both treatments. 

Analysis revealed: 1) Most subjects had no breadcrumb experience; 2) The majority of 

subjects selected LAB pull-down as the most usable and the most preferred.  They also indicated 

LAB pull-down provided the most satisfaction and the most navigation awareness of current 

location, current path, forward paths, and back paths; 3) Similarly, subjects found both 

navigation systems were helpful, they did not feel lost within either navigation system, and felt 

low mental effort was needed for all instances of the cognitive load measures for both navigation 

systems; 4) The majority of subjects’ were similarly inaccurate with their given answers 

recalling numerical content, textual content, and page navigation, for both navigation systems; 5) 

The LAB pull-down required fewer page loads to complete all tasks; and 6) On average, the 

main/sub menu took less time in completion of all tasks. 

Location look-ahead breadcrumbs (LAB) intrinsically require less page navigation and have 

the potential to be more time effective as users’ breadcrumb experience increases.  LAB pull-

down can navigate all levels within the website, as well as provide website page location and 

path indication, promote navigation awareness of website page and path options, allowing the 

user to gain a solid understanding of the website structure. 
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Definition of Terms and Abbreviations 
 

The terms related to this study are defined as follows: 

 
 Breadcrumbs are navigation bars, which indicate the web page location in the context of a 

navigation path.  They are applied to a website to aid internal site navigation. 

 
 Location breadcrumbs show the user the location of the current page within the website’s 

hierarchy, i.e. you are here.  Although users can often take different paths to the same page, 

the page will have the one breadcrumb. 

 
 Location look-ahead breadcrumbs (LAB) combined with a dynamic menu allow the user 

to travel paths back and forward through the website, one or many levels at a time. 

 
 Location look-ahead breadcrumbs with a pop-up menu (LAB pop-up) have a pop-up 

menu which is user activated by rolling the mouse pointer over the menu trigger. 

 
 Location look-ahead breadcrumbs with a pull-down menu (LAB pull-down) have a pull-

down menu which is user activated by clicking the mouse pointer on the menu trigger. 

 
 Location look-behind breadcrumbs (LBB) allow the user to go back through the website, 

one or many levels at a time. 

 
 SCU is the Southern Cross University. 

 
 SCU students and staff are the internal and external students and staff from all campus 

locations within and external to Australia. 
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Chapter 1.  Introduction 
 

1.1.  Background 

The Internet is a public interconnecting network of global computers that form the World Wide 

Web (web), allowing users to access millions of pages from countless servers.  Universally 

groups and individuals use the web, for education, business, entertainment and social networking 

purposes.  Personal computers are commonplace in schools, businesses, and homes, and with the 

advent of laptops and mobile phones with wireless capabilities, access to the Internet from 

almost anywhere in the world, at any time of the day or night, can be achieved.   

 
However, access alone to the web and to the millions of pages, is not enough.  Users must be 

able to navigate through these website pages to locate the information of specific interest.  This 

can be difficult if within a website structure, users do not know where they are, how they got 

there, and where else they can go.  Common website location indicators available to the user 

include page titles and location breadcrumbs.   

 
Location breadcrumbs display a path to the current page relative to the location of the page 

within the website structure.  Location breadcrumbs with the ability to ‘look-behind’, allow the 

user to view and travel the path back to higher level destinations.  They are generally used for 

secondary website navigation. 

 
By combining the location look-behind breadcrumbs (LBB) and a pull-down or pop-up menu, 

the location look-ahead breadcrumbs (LAB pull-down or LAB pop-up) are formed, allowing the 

user to view and travel, not only back but also forward to lower levels destinations.  This ability 

of the location look-ahead breadcrumbs (LAB) to access all levels within the website make them 

a prime candidate to be used more regularly for primary website navigation.  

 
Although some sites use breadcrumbs for main navigation (Kalbach, 2009), rather than as a 

navigation aid, in general LAB are not being utilised as a primary navigation tool.  With its 

added features, LAB could be more effective than other primary navigation systems. 

 
However, as no studies have investigated this, further research and information is needed, so web 

designers and developers are able to improve website navigation for users.  As such, this 

research will investigate the effectiveness of the location look-ahead breadcrumbs with a pull-

down menu navigation system (LAB Pull-down) for primary website navigation.  
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1.2.  Research Problems, Hypothesis, and Objectives 

The focus on the need for effective primary website navigation systems, translated into the main 

research problem, formed the basis of the research hypothesis, and defined the research 

objectives. 

 

1.2.1.  Statement of the Research Problem and Sub-Problems 

The research main problem and sub-problems follow.  

 

1.2.1.1.  Research Main Problem 

The research main problem is:  

 Is the location look-ahead breadcrumbs with a pull-down menu (LAB pull-down) navigation 

system effective for primary website navigation? 

 
Effectiveness was based on the condition of a selection of examined measures with regards to 

subjects’ performance (efficiency, speed, and accuracy), and perception (helpfulness, lostness, 

cognitive load, usability, satisfaction, preference, and navigation awareness), and formulated the 

following research sub-problems: 

 

1.2.1.2.  Research Sub-Problems 

The research sub-problems are:  

 
 Performance: Efficiency 

 Does LAB pull-down facilitate the fewest page loads to complete all the tasks? 

 
 Performance: Speed 

 Does LAB pull-down facilitate the fastest time to complete all the tasks? 

 
 Performance: Accuracy 

 Does LAB Pull-down facilitate the most correct answers when recalling numerical 

content? 

 Does LAB Pull-down facilitate the most correct answers when recalling textual content? 

 Does LAB Pull-down facilitate the most correct answers when recalling page navigation 

information? 



Introduction 
 

 

  Page 3 

 Are subjects as accurate in their recall of answers to non-multiple choice questions at the 

end of the testing process? 

 
 Perception: Helpfulness 

 Do subjects feel LAB pull-down is helpful? 

 
 Perception: Lostness 

 Do subjects feel lost when using LAB pull-down? 

 
 Perception: Cognitive Load 

 Do subjects feel low mental effort is needed to understand the tasks with LAB pull-

down? 

 Do subjects feel low mental effort is needed to use LAB pull-down? 

 Do subjects feel low mental effort is needed to remember the LAB pull-down 

information? 

 
 Perception: Usability 

 Do subjects select LAB pull-down as the most usable? 

 
 Perception: Satisfaction 

 Do subjects select LAB pull-down as providing the most satisfaction? 

 
 Perception: Preference 

 Do subjects select LAB pull-down as the most preferred? 

 
 Perception: Navigation Awareness 

 Do subjects feel LAB pull-down makes them the most aware of their current location 

within the site structure (Which page am I on within the site)? 

 Do subjects feel LAB pull-down makes them the most aware of their current path within 

the site structure (How did I get here)? 

 Do subjects feel LAB pull-down makes them the most aware of their possible paths 

forward within the site structure (Where can I go forward to)? 

 Do subjects feel LAB pull-down makes them the most aware of their possible paths back 

within the site structure (Where can I go back to)? 
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1.2.2.  Hypothesis and Null Hypothesis 

The aim of the research is to gather primary data from research subjects to allow the hypothesis 

to be supported or rejected. 

 
The hypothesis: H1 – The location look-ahead breadcrumbs with a pull-down menu navigation 

system is effective for primary website navigation. 

 
The null hypothesis: H0 – The location look-ahead breadcrumbs with a pull-down menu 

navigation system is not effective for primary website navigation. 

 

1.2.3.  Research Objectives 

The objectives of the research are: 

1. To analyse LAB pull-down performance and perception measures, to discover the 

effectiveness of the navigation system. 

2. To analyse main/sub menu performance and perception measures, to discover the 

effectiveness of the navigation system. 

3. To compare the LAB pull-down navigation system and the main/sub menu navigation system 

analysis. 

4. To identify correlations within and between the LAB pull-down navigation system and the 

main/sub menu navigation system. 

 

1.3.  Research Justification 

The justification for the research is the potential of the study to increase academic knowledge, 

and provide improved navigation systems, as it is anticipated the findings of the study will: 

1. Increase the knowledge spectrum of navigation system usability with regards to users’ 

performance (efficiency, speed, and accuracy), and perception (helpfulness, lostness, 

cognitive load, usability, satisfaction, preference, and navigation awareness), associated with 

the location look-ahead breadcrumbs with a pull-down menu navigation system and the static 

main and sub menu navigation system. 

2. Assist website designers and developers, by providing an insight into how to devise future 

navigation systems that will benefit the broader online community. 

 



Introduction 
 

 

  Page 5 

1.4.  Research Assumptions 

The assumptions are: 

 The online research component attracted 290 subjects, which was a sufficient number of 

subjects, to allow for comprehensive data analysis. 

 The subjects had sufficient and reliable access to the online research component. 

 The subjects had some prior experience with computers and website navigation. 

 

1.5.  Thesis Outline 

This thesis has five chapters: 

1. Introduction: Presents the research hypothesis, and outlines the research problems, 

objectives, justification and assumptions. 

2. Literature Review: Encompasses a review of related literature involving current 

breadcrumbs usage and previous breadcrumbs usability studies, and their relevance to the 

current research. 

3. Methodology: Details the quantitative methodological application of descriptive surveys and 

experimental methods, which informed the research design, procedure, data collection, 

sampling, and validity and reliability techniques. 

4. Data Analysis: Encapsulates comparison and correlations data analysis, and research 

findings.  

5. Conclusion: Supports the hypothesis and reports the problems conclusions, research 

implications, research limitations, and recommendations for future research. 
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Chapter 2.  Literature Review 
 

2.1.  Introduction 

A thorough review of the limited literature pertaining to current breadcrumbs usage and previous 

breadcrumbs usability studies was conducted.  Sections 2.2 – 2.4 familiarise the concept of 

breadcrumbs by introducing hyperlinks, menus, and breadcrumbs description, implementation 

and issues.  Sections 2.5 and 2.6 focus on breadcrumbs positive and negative aspects, primarily 

location look-behind breadcrumbs (LBB) and location look-ahead breadcrumbs (LAB).  Sections 

2.7 and 2.8 detail previous breadcrumb usability studies procedures, methods and findings; and 

issues.  Section 2.9 describes the formulation of the main problem and sub-problems to be 

addressed by the research.  Section 2.10 states the research importance.  The last section, 2.11 is 

a summary of this chapter. 

 
As stated by Ahmed and Blustein (2006, p.184) “Navigation is the process of moving from one 

location to another and knowing the relative position in order to reach the desired destination in a 

spatial environment.”  Movement within the web and between its residing websites is achieved 

via user selection of navigation hyperlinks, presented singularly, or grouped (in a map, list or 

navigation bar).  A common indicator of a users’ location within the ‘web’ is the web browser 

address bar and within a website is the breadcrumb navigation bar, and individual page titles.  

Hyperlinks, navigation bars, menus, and breadcrumbs are common examples of navigation 

elements within a website (Ihlström and Lundberg, 2003). 

 

2.2.  Hyperlinks 

A hyperlink has two parts - the link and the anchor.  The link on one page connects to the 

anchor, which is for either a page location or a page destination.  When the user selects a link 

with a page location anchor, the display jumps to information located elsewhere on the same 

page in the current website.  When the user selects a link with a page destination anchor, the 

system loads (in the same or new web browser window) another page, in or external to the 

current website.   

 
Hyperlinks displayed as textual and graphical representations, can appear in static or dynamic 

form.  Commonly 1) static text links are presented as underlined, and conditionally change 

colour to indicate the history (unvisited and visited) of the user interaction with the link, and 2) 
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Within Site 

Within Site 

dynamic text and graphic links are presented as buttons, that momentarily change appearance 

(e.g. size, colour, image, etc.) to indicate the current user interaction (e.g. mouse rollovers and 

clicks) with the link. 

 
Different types of hyperlinks exist for primary and secondary navigation of a website, and are 

presented singularly, or grouped as a: 1) map displaying location-related links as the page 

content; 2) list displaying topic-related links as the page content; or 3) navigation bar displaying 

navigation-related links contained in a defined area. 

 

Primary website navigation facilitates travel within the website, and includes:  

 
 Main Menu Navigation Bar: The text or graphic links are displayed horizontally across the 

top of all the pages, and the anchor destinations are the lower level pages within the website 

(e.g. [level 0] ‘Home’ page and [level 1] main sections of the site, such as ‘About Us’ page 

and ‘Contacts’ page). 

 

 

 

 

 
Diagram 2.1.  Main Menu Navigation Bar 

 
 Sub Menu Navigation Bar: The text or graphic links are displayed vertically down the left 

side of the page or dynamically from the main menu, and the anchor destinations are the 

higher level pages within the website (e.g. [level 2 and up] sub sections of the site, such as 

for the ‘Contacts’ page – ‘Email List’ page, and ‘Phone List” page) 

 

 

 

 

 
Diagram 2.2.  Sub Menu Navigation Bar 
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Within Site 

Within Site 

 Look-Ahead Breadcrumbs Navigation Bar: The text links are displayed horizontally 

across the top of all the pages, and the anchor destinations are the lower and higher level 

pages of the current path within the website. 

 

 

 

 

 
 
Diagram 2.3.  Look-Ahead Breadcrumbs Navigation Bar 

 

Secondary website navigation facilitates travel within and between websites, and includes:  

 
 Embedded Link: The text or graphic links are displayed throughout the page contents, and 

the anchor location is on the same page within the website, or the anchor destination is 

another page within the website or a page on another website. 

 

 

 

 

 

Diagram 2.4.  Embedded Link 
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Within Site 

Within Site 

Within Site 

 Site Map: The text or graphic links are displayed horizontally or vertically on the whole 

page, and the anchor destination is a page within the website.  

 

 

 

 

 

Diagram 2.5.  Site Map 

 
 Index or List of Contents: The text links are displayed horizontally or vertically at the top 

of the page, and the anchor location is under the index of list on the same page within the 

website. 

 

 

 

 

 

Diagram 2.6.  Index or List of Contents 

 
 A-Z List of Topics: The text links are displayed horizontally on the page, and the anchor 

destination is a page within the website. 

 

 

 

 

 

Diagram 2.7.  A-Z List of Topics 
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Within Site 

Within Site 

Within Site 

 Search Results: The text links are displayed horizontally on the page, and the anchor 

destination is another page within the website or a page on another website. 

 

 

 

 

 

 

Diagram 2.8.  Search Results 

 
 Side Content: The text or graphic links are displayed vertically down either side of the page, 

and the anchor location is on the same page within the website, or the anchor destination is 

another page within the website or a page on another website.   

 

 

 

 

 

 
Diagram 2.9.  Side Content 

 
 Side Navigation Bar: The text or graphic links are displayed vertically down the right side 

of the page, and the anchor location is on the same page within the website, or the anchor 

destination is another page within the website.   

 

 

 

 

 

Diagram 2.10.  Side Navigation Bar 
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Within Site 

Within Site 

 Footer Navigation Bar: The text links are displayed horizontally across the bottom of the 

page, and the anchor destination is another page within the website.  

 

 

 

 

 

Diagram 2.11.  Footer Navigation Bar 

 
 Look-Behind Breadcrumbs Navigation Bar: The text links are displayed horizontally 

across the top of all the pages; and the anchor destinations are the lower level pages of the 

current path within the website. 

 

 

 

 

 

Diagram 2.12.  Look-Behind Breadcrumbs Navigation Bar 

 

Of the previously mentioned hyperlinks, only main/sub menus, and location look-ahead 

breadcrumbs are designed to operate solely within the website to navigate each page. 

 

2.3.  Menus 

In website terms a menu is used “to describe a navigation unit that changes to reflect specific 

options available to the user” (Jerz, 2002, p.1).  Static and dynamic menus are applied to a 

website to provide the user with website navigation.  Static menu options are visible to the user 

at all times, but dynamic menu options are not. 
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2.3.1.  Menus Description 

A dynamic menu or “jump menu … expands when it’s needed and collapses when it’s not”, this 

provides “direct links to a large number of pages across a large site without using more real 

estate”.  It “is accessible from a … navigation bar”, and when the user activates the trigger for a 

dynamic menu, “a box containing obvious links appears” (Van Duyne et al., 2007, p.744 - 745). 

 
The two types of dynamic menu: (1) “pull-down” (Powell, 2002, p.580; Ahmed and Blustein, 

2006, p.188), and (2) “pop-up” (Powell, 2002, p.239), are set apart by the listed features: 

 
1. Pull-down menus are typically built using  HTML‘<select>’ tag (Powell, 2002); aactivated 

when the user clicks the mouse on the trigger (Wroblewski, 2002); and displayed vertically 

and also known as “drop-down menu” (Wroblewski, 2002, p.56) and “pick list” (Van Duyne 

et al., 2007, p.747).   

 
2. Pop-up menus are typically built using DHTML (Van Duyne et al., 2007); activated when 

the user rolls the mouse over the trigger (Wroblewski, 2002); and displayed vertically, 

horizontally, or in a vertical/horizontal combination arrangement such as “cascading menu” 

(Wroblewski, 2002, p.56; Powell, 2002, p.613).   

 

2.3.2.  Menus Implementation 

When implementing menus, features that must be considered include: 

 
 Menu placement: From their a study regarding user perspective, Ihlström and Lundberg 

(2003) recommend it is better to provide users with menus that are located on the left or at 

the top of the page, rather than providing a bottom menu or one that is technically advanced. 

 
 Menu item amount: Present “no more than seven options at any given menu level.  Less is 

better, but there may be a few times when more is appropriate.” (Wroblewski, 2002, p.47).  

A maximum of 15 items per list is recommended (Powell, 2002).  However, the list “must be 

above the fold” (Van Duyne et al., 2007, p.639), .i.e. what users can see on the page without 

scrolling down. 

 
 Menu item layout: By using HTML, menus items are limited to a single column of links.  

However, DHTML (Dynamic HTML)  can be utilised to “create larger jump menus 
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containing more links, using horizontal as well as vertical layout” (Van Duyne et al., 2007, 

p.748). 

 

2.3.3.  Menus Issues 

The negative aspects of using menus as a website navigational tool include: 

 
1. The menu function may not be obvious. Users must be able to recognise that a menu is 

available for selection (Van Duyne et al., 2007; Powell, 2002); this can be achieved by 

including a visual trigger, “usually a down arrow” (Van Duyne et al., 2007, p.746), that users 

can click or rollover to activate the menu (Wroblewski, 2002). 

 
2. Navigation choices are not all visible at once. To view menu items, user action is required.  

This “takes effort as well as potentially requiring memorisation of the values shown”, 

(Powell, 2002, p.580).  This extra step can hinder attempts to, provide users with an 

understanding of the website content, or “draw them into certain areas” (Wroblewski, 2002, 

p.58). 

 
3. Menu is poorly organised. “A shallow organisation system … can often confuse users with 

too many unrelated options” [while deep sites] “obscure content below multiple levels of 

short menu listings” (Wroblewski, 2002, p.47). 

 
4. Automatic menu item selection. With the absence of a ‘Go’ button users can “slip up on the 

mouse – particularly on a long pull-down” (Powell, 2002, p.584) and accidently select the 

wrong page (Van Duyne et al., 2007). 

 
5. Menu display may vary. Different browsers may alter simple menu presentation, and 

complex menus may encounter “serious browser compatibility problems” (Powell, 2002, 

p.239).  Displays differ, when using a menu size attribute the menu may appear as a scrolled 

list, and if the user has turned off their JavaScript, “the navigation completely breaks and the 

user is left pulling menus that don’t do anything” (Powell, 2002, p.584).  However, this can 

be rectified by providing “a backup CGI program” (Powell, 2002, p.238). 
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2.4.  Breadcrumbs 

“The term ‘breadcrumb’ is a reference to the fairy tale Hansel and Gretel - where the titular 

children leave a trail of crumbs to find their way back out of a forest” (Motive Glossary, 2004, 

p.1).  In relation, a breadcrumb trail (breadcrumb/s) is a 'structural navigation bar', as noted by 

Lazar and Eisenbrey (2000), which indicates a “web page in the context of a navigation path” 

(Motive Glossary, 2004, p.1).  There are three distinct types of breadcrumbs, (location, path and 

attribute) that can be applied to a website. 

 

2.4.1.  Breadcrumbs Descriptions 

Location, path and attribute breadcrumbs are described by Instone (2002) as: 

 
1. Location breadcrumbs show the user the location of the current page within the website’s 

hierarchy, i.e., ‘you are here’.  Although users can take different paths to the same page, the 

page will have the one breadcrumb trail, commonly hard-coded within a static website, and 

displayed on the page in the form of: 

e.g. Location: Home Page > Cards > Funny > Son Birthday > Son Birthday Cards – Funny 

 
2. Path breadcrumbs show the user the path taken to the current page within the website, i.e., 

‘how you got here’.  Again, different paths can be taken to the same page; however the page 

will have different breadcrumbs reflecting the chosen path.  It is commonly implemented 

within dynamic database-driven web sites, as the path is based on user-stated information, 

and can be displayed on the page in a variety of forms depending on the path taken, such as: 

e.g. Path 1: Home Page > Cards > Funny > Son Birthday > Son Birthday Cards - Funny 

or Path 2: Home Page > Funny > Son Birthday > Cards > Son Birthday Cards - Funny 

or Path 3: Home Page > Son Birthday > Funny > Cards > Son Birthday Cards - Funny 

 
3. Attribute breadcrumbs suggest a location or multiple paths that the user may take to get to 

a page within the website, i.e., ‘how you can get there’.  These breadcrumbs are a type of 

‘extended keyword’ that do not represent the whole page, only attributes of it based on user-

stated meta-information, such as occasion, gender, and type.  Attribute breadcrumbs are 

commonly implemented within e-commerce web sites where each product has a large set of 

attributes to describe components of the page, and display a variety of path suggestions 

related to the user-stated information, such as: 

e.g. Attributes 1: Cards > Funny > Son Birthday  
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and Attributes 2: Family Occasions > Son Birthday > Funny > Cards 

and Attributes 3: Brands > Hallmark > Birthday > For Son > Funny  

 

2.4.2.  Breadcrumbs Implementation 

By including breadcrumbs in a website design there are cost and design benefits to be gained.  

“The overall cost-benefit analysis comes out quite strongly in favour of breadcrumbs” (Nielsen, 

2007, p.1).  “Breadcrumbs take up very little space on the page” (Nielsen, 2007, p.1) and “are 

easy to implement into the visual design” (Howe, 2009, p.1) of a website.  There are many ways 

to implement breadcrumbs, as the most appropriate look is at the designer’s discretion (Lazar 

and Eisenbrey, 2000).  However, there are commonly agreed upon breadcrumb features, which 

include: 

 
 Breadcrumbs placement: Location and Path breadcrumbs tend to be: “at the top of the 

‘white space’, below the top global navigation and to the right of the local navigation on the 

left” (Instone, 2002, p.1), with Lida et al. (2003) and Gube (2009) concurring.  In a study 

conducted by Lida-Rogers and Chaparro (2003), they determine “Breadcrumb trails 

positioned under the page title (at eye level and closer to other links on the page) were used 

more than breadcrumb trails positioned at the top of the page”. 

 
 Breadcrumbs composition: Elements and separators, as mentioned by Nielsen (2007) and 

Instone (2002), are displayed on one horizontal line, as: 

e.g. First Element (Home Page) > Second Element > ‘n’ Element > Current Page 

 Underlined elements are text links, starting with the homepage, with subsequent 

elements indicating each level subcategory (location and path breadcrumbs) or 

characteristic selection (attribute breadcrumbs). 

 Last element is the unlinked title of the current page. 

 Separators are a one-character symbol, usually ‘greater than (>).  Many sites use this 

symbol “to indicate that the levels go deeper from left to right” (Lazar and Eisenbrey, 

2000, p.5). 

 
 Breadcrumbs text links: The text size “should at least be smaller, or less prominent, than 

the primary navigation menu”, it “shouldn’t be the first item that grabs the user’s attention 

when arriving on a page” (Gube, 2009, p.1). 
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However, there are irregular qualities of breadcrumbs implementation, such as: 

 
 Breadcrumbs placement: The location and path breadcrumbs placement, although usually 

horizontal ‘left–right’, can be ‘right–left’ or ‘top–down’, in a vertical arrangement (Instone, 

2002); and the attribute breadcrumb placement can be “at the bottom or on the side of the 

page, or near the object they are describing” (Instone, 2002, p.29). 

 
 Breadcrumbs composition: The last element and separators have different presentations. 

 The last element may be displayed as: 

Current Page with a link to the current page (Instone, 2002). 

‘n’ Element > with the page title displayed elsewhere on the current page (Instone, 

2002). 

 The separators may be: arrows (), vertical bars (|), or colons (:) (Instone, 2002), right 

angle quotation marks (») or slashes (/) (Gube, 2009).  “The choice depends on the 

aesthetics of the website and the type of breadcrumb used.  For example, for path-based 

breadcrumbs in which the links do not necessarily have a hierarchical relationship to each 

other, using a “greater than” symbol may not convey their relationship accurately” 

(Gube, 2009, p.1). 

 
 Breadcrumbs text links: Designers “make the text too small, hide it in the heading, rather 

than the content area, or fail to use underlines to make the links visually obvious” (Hudson, 

2004, p.80).  

 
 Breadcrumbs additional text: Some sites include ‘You are here’, in front of the 

breadcrumbs (Lazar and Eisenbrey, 2000). 

 

2.4.3.  Breadcrumbs Issues 

Other than implementation, there are other breadcrumb facets that individuals, designers, and 

users may find confusing, such as:  

 
 Similarity versus difference: Location, path and attribute are all termed breadcrumbs and 

are displayed in a similar manner, although as Instone (2002) notes, each represents a 

different concept. 
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 Breadcrumbs structure modeling: “Without adaptation, only the location breadcrumb can 

be modeled.  It follows the path in the site map and can be generated automatically from it” 

(Jeschke et al., 2009, p.134). 

 
 Diverse abilities: Some breadcrumbs permit website travel backwards, others forwards. 

 Location breadcrumbs allow the user is able to go back, one or many levels at a time 

(location look-behind breadcrumbs). 

 Location breadcrumbs combined with a menu allow the user is able to go back and 

forward, one or many levels at a time (location look-ahead breadcrumbs). 

 Path breadcrumbs allow the user is able to go back, one or many levels at a time. 

 Attribute breadcrumbs the user is able to go forward, one or many levels, directly to a 

page. 

 
 Unclear availability: If arriving at the current page from an external source, it may not be 

obvious which types of breadcrumbs are available.  As location and path breadcrumbs look 

identical and behave the same, the user may question - Is the current path displaying the only 

path to the page (location breadcrumbs) or one of a number of possible paths to the page 

(path breadcrumbs)? 

 
 Alternative names: In conflict, location and path breadcrumbs have alternative names by 

which they may be known, such as:  

 Location look-behind breadcrumbs: “depth gauge” (Powell, 2002, p.193), “depth map” 

(Instone, 2002, p.8), “regular breadcrumbs” (Blustein et al., 2005, p202; Ahmed and 

Blustein, 2006, p.187), “standard navigation bar” (Bowler et al., 2001, p.1), “structural 

navigation bar” (Lazar and Eisenbrey, 2000, p.1), “topic-path” (Motive Glossary, 2004, 

p.1), and “trail marker” (Van Duyne et al., 2007, p.698). 

 Location look-ahead breadcrumbs: “experimental breadcrumbs” or “EBC” (Ahmed 

and Blustein, 2006, p.188), “menu based breadcrumbs” (Blustein et al., 2005, p.203), 

“look-ahead breadcrumbs” or “LAB” (Blustein et al., 2005, p.202), and “selection list 

navigation bar” (Bowler et al., 2001, p.1). 

 Path breadcrumbs: “transcript breadcrumbs” (Motive Glossary, 2004, p.1). 

 
 Variable inclusion: Some sites don't use breadcrumbs consistently (Hudson, 2004).  They 

are included on some of the pages but not on all, and “many sites” do not have breadcrumbs 
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(Hudson, 2004, p.80).  While some sites use breadcrumbs as a primary navigation tool 

(Kalbach, 2009), most use breadcrumbs as a secondary navigation aid. 

 
 User Disregard: Many users ignore them (Nielsen, 2007; Hudson, 2004).  Due to variable 

inclusion users may not commonly look for breadcrumbs.  However, unlike “most other 

little-used design elements … [breadcrumbs] …don't hurt users who ignore them” (Nielsen, 

2007, p.1).  “Breadcrumbs never cause problems in user testing…[as users]…never 

misinterpret breadcrumb trails or have trouble operating them” (Nielsen, 2007, p.1). 

 

2.5.  Location Look-Behind Breadcrumbs 

This section reviews the positive and negative aspects of location breadcrumbs that, with the 

ability to look back to previous levels of the site, are referred to as location look-behind 

breadcrumbs (LBB). 

 

2.5.1.  Location Look-Behind Breadcrumbs Positive Aspects  

The positive aspects of using location look-behind breadcrumbs as a website navigational tool 

include the ability to pprovide the user with: 

 
1. An awareness of the current location. By indicating the hierarchy of the current page 

within the website (Howe, 2009), the user has the answer to - Where am I? (Van Duyne et 

al., 2007; Wroblewski, 2002; Nielsen, 2007). 

 
2. An awareness of the current path from the 'Home' page to the current location 

(Wroblewski, 2002).  This path indication allows users “to see the overall progress and 

structure of a website” (Howe, 2009, p.1), answering - Where did I come from?  Or - How 

did I get here - from the ‘Home’ page to the current page? 

 
3. An awareness of the possible higher locations. Users want to know - Where can I go (back 

to) from here?  Location look-behind breadcrumb text links allow them to easily travel back 

one or more levels (Van Duyne et al., 2007), “to higher sections of the site” (Instone, 2002, 

p.7), “at any given time” (Howe, 2009, p.1). 

 
4. An awareness of the possible paths not taken to get to the current location.  Users who 

access the current page via external means, such as bookmark, e-mail or search engine query, 
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and bypass the ‘Home’ page are able to orientate themselves (Van Duyne et al., 2007), with 

an indication of - How did I get here?  Or - How could I have gotten here - to the current 

page from the ‘Home’ page?  With “one-click access to higher site levels” location look-

behind breadcrumbs are able to “rescue users who parachute into very specific but 

inappropriate destinations through search or deep links” (Nielsen, 2007). 

 
5. Faster specific content retrieval, answering user’s question of - Is there something I want 

nearby?  “When a user lands on an internal page of a website odds are they are already on a 

page of interest.  Location look-behind breadcrumbs may provide links to additional pages 

and information of which the user is also interested in without making them start from square 

one” (Howe, 2009, p.1). 

 
6. A decrease in task time via access to single links that go back to previous levels within the 

website.  Location look-behind breadcrumbs “reduce the number of steps needed to navigate 

to a higher-level” (Howe, 2009, p.1), as users want to know - Can I get there quickly and 

easily? 

 
7. Assistance in website mental model formation. In a study conducted by Lida-Rogers and 

Chaparro (2003), they suggest that exposure to location look-behind breadcrumbs in a 

website may contribute to the type of website model formed by the user.  Using the same 

hierarchically structured website, of the 30 subjects tested with a breadcrumbs version – 29 

chose a hierarchical model, of the 15 subjects tested with a no breadcrumbs version – 10 

chose a hierarchical model, and 5 chose a non-hierarchical model. 

 

2.5.2.  Location Look-Behind Breadcrumbs Negative Aspects  

The negative aspects of using location look-behind breadcrumbs as a website navigational tool 

include: 

 
1. User limitation with location look-behind breadcrumbs choices are limited to either back 

track through previously visited pages or return to the "Home' page. 

 
2. User frustration with location look-behind breadcrumbs task time consumption via access 

to single links that go back to a page.  The following example requires 15 events comprising 

of: 4 user actions, 4 user wait times, 3 incidents of user locating a menu somewhere on the 

new page, and 4 system page loads. 
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From origin: Home > About Us > Contacts 

To destination: Home > Arts > Dance > Performing 
 

User: clicks on Home and wait 

System: loads 'Home' page 

User: locates 'main menu' on 'Home' page and click on 'Arts' and wait 

System: loads 'Arts' page 

User: locates sub menu' on 'Arts' page and click on 'Dance' and wait 

System: loads 'Dance' page 

User: locates sub menu' on 'Dance' page and click on 'Performing' and wait 

System: loads 'Performing' page 

 

2.6.  Location Look-Ahead Breadcrumbs 

This section reviews the description and the positive aspects of location breadcrumbs with look-

ahead abilities, made available via dynamic menu incorporation, referring to them as location 

look-ahead breadcrumbs (LAB). 

 

2.6.1.  Location Look-Ahead Breadcrumbs Description 

Dynamic menus, as noted by Van Duyne et al. (2007, p.744), “are an alternative or supplement 

to navigation bars”.  As breadcrumbs are ‘a structure navigation bar’ that takes up one line on the 

page, a dynamic menu can be utilised within location breadcrumbs quite effectively.  By 

combining a dynamic navigation menu with a location look-behind breadcrumbs navigation bar, 

location look-ahead breadcrumbs are formed.  Location look-ahead breadcrumbs have all the 

abilities of location look-behind breadcrumbs, with the additional features of a dynamic menu.  

 
When menus are combined with location look-behind breadcrumbs are referred to as location 

look-ahead breadcrumbs with a pull-down menu (LAB pull-down). When menus are combined 

with location look-behind breadcrumbs are referred to as location look-ahead breadcrumbs with 

a pop-up menu (LAB pop-up). 

 
For both the LAB pull-down and LAB pop-up, “there is a menu associated with each of the 

breadcrumbs” elements and it appears when user activates the trigger for “that specific 

breadcrumb item…[t]he menu contains all the links that are one level deeper in site hierarchy of 
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that particular item” (Ahmed and Blustein, 2006, p.188).  By selecting a the breadcrumb item, or 

link in the menu, the user is able to travel back or forward, one or many levels at a time to the 

link’s destination page (Blustein et al., 2005).  

 

2.6.2.  Location Look-Ahead Breadcrumbs Positive Aspects 

The positive aspects of using location look-ahead breadcrumbs as a website navigational tool 

include the same positive aspects of using location look behind breadcrumbs as well as, the 

ability to provide the user with: 

 
1. An awareness of the possible lower locations. Users want to know - Where can I go 

(forward to) from here?  Location look-ahead breadcrumb text links allow them to easily 

travel forward one or more levels (Wroblewski, 2002), to lower sections within the website, 

also at any time.  By providing this additional method of navigation, “the need for users to 

continually resort to the main navigation” is eliminated (Howe, 2009, p.1). 

 
2. An awareness of the context and scale. Location look-ahead breadcrumbs offer: “a sense of 

context” (Wroblewski, 2002, p.59) – ‘Where am I within the website?’ and ‘Where I can go 

within the website?’; and “a sense of scale” (Wroblewski, 2002, p.59) - Within how many 

pages? 

 
3. A further decrease task time via access to multiple links that go back to previous levels and 

forward to next levels within the website.  Location look-ahead breadcrumbs reduce the 

number of steps needed to navigate to a lower-level as users want to know - Can I get there 

more quickly and easily?  

 
4. Reduced user limitation with location look-behind breadcrumb choices are limited to either 

back track or return to the ‘Home' page.  However, with the advent of location look-ahead 

breadcrumbs the user is able to travel back and forward to all levels of the website. 

 
5. Reduced user frustration with location look-ahead breadcrumbs task time consumption via 

access to multiple links that go back and forward to a page.  The following example requires 

12 events comprising of: 6 user actions, 3 user wait times, 0 incidents of user locating a menu 

somewhere on the new page, and 3 system page loads. 
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From origin: Home  About Us  Contacts 

To destination: Home  Arts  Dance Performing 
 

User: clicks on Home and select 'Arts' and wait 

System: loads 'Arts' page 

User: clicks on Arts and select 'Dance' and wait 

System: loads 'Dance' page 

User: clicks on Dance and select 'Performing' and wait 

System: loads 'Performing' page 

 
6. Familiarity. The pull-down menu utilised by look-ahead breadcrumbs is common and 

“appears to be fairly well understood by users” (Powell, 2002, p.238). 

 

The negative aspects of using location look-ahead breadcrumbs as a website navigational tool are 

the same as for the menu. 

 

2.7.  Previous Breadcrumbs Usability Studies 

Breadcrumbs use has been recommended since 1995 (Nielsen, 2007).  However, until 2000, 

although many books and papers declared the importance of navigation, few noted breadcrumbs 

other than their ability to help users with hierarchy identification, with no experimental studies 

having been conducted to confirm or refute breadcrumbs usage (Lazar and Eisenbrey, 2000).  

Since then numerous breadcrumb usability studies have been carried out.  This section provides 

an insight into those studies, and discusses issues related to the application of research methods 

and the revelation of research findings. 

 

2.7.1.  Comparison of LBB and No Breadcrumbs 

The first study, to investigate breadcrumbs use, was conducted in 2000, by Lazar and 

Eisenbrey (2000).  The 67 subjects, consisting mainly of college students, accessed three 

websites, created separately from sections of AltaVista, Yahoo!, and C|Net, and presented in the 

same order, to carry out one task per site.  Randomly selected, each website had either look-

behind breadcrumbs (LBB) or no breadcrumbs.  Subjects also received pre-test instructions and 

completed a post-test subjective survey. 
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The experiment results revealed subjects with LBB completed all three tasks in less time, 

than those with no breadcrumbs.  The survey revealed for LBB: 1) More subjects use them often, 

and about two-thirds of the subjects find them useful; and 2) Although, most subjects do not 

mind having them, a small number ignore them and want them removed.  (Lazar and Eisenbrey, 

2000) 

 

2.7.1.1.  Issues with Research Method 

As two treatments were tested over three randomly selected websites, each subject would 

encounter – one treatment two or three times, and the other treatment once or not at all.  This 

scenario presents three problems:  

1. By exposing the subject twice (or possibly three times) to the same treatment, the first (and 

second) exposure could be constituted as practice for the second (and third) exposure.  This 

‘practice’ could affect the comparison of the treatments’ performance times - as no practice 

(or no exposure) was attained for the other treatment. 

2. As the subject’s exposure to the three websites was randomly selected, the ‘order 

configurations’, for the two treatments (e.g. N = No breadcrumbs and L = LBB), varied 

greatly as to whether practice was contiguous or not, and in what arrangement (e.g. NNN, 

NNL, NLN, LNN, LLL, LLN, LNL, or NLL), this could further affect treatment 

comparisons.   

3. Also, low group numbers could affect the generalisation of the findings, as eight 

configuration amounts equates to eight or nine subjects per group (if all group configurations 

had equal numbers, which due to random selection of treatment type, is unlikely). 

 
Due to a lack of control over equal exposure and the many practice and configuration variables, 

valid data was only available for comparison between the two groups of subjects who 

encountered three sites with either no breadcrumbs (NNN) or LBB (LLL).  For subjects who 

encountered the same treatment twice, no valid data for comparison between the remaining six 

groups (LNN, NLN, NNL, NLL, LNL, and LLN) was produced; and with conflicting treatment 

encounters of two and three exposures, there was no valid data for comparison between all eight 

groups.  As such, this experiment not having controlled exposure, is not acceptable for any study 

requiring equitable comparison between all subjects, and in this instance is realistically only able 

to examine breadcrumbs performance between a possible 18 subjects with NNN and LLL (if all 

group configurations had equal numbers). 
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2.7.1.2.  Issues with Research Findings 

Regarding LBB, it was found some subjects ignore them and want them removed.  For subjects 

to be able to ignore breadcrumbs indicates there were other options available for subjects to use 

to navigate the website, which implies breadcrumbs were secondary navigation, which allowed 

subjects to not select them.  So - Why do subjects not select the breadcrumbs option?  Is it 

because they do not: 1) look for the breadcrumbs (unaware of LBB existence/use), or 2) see the 

breadcrumbs (due to the LBB appearance and/or location)?  This may suggest some subjects 

have little or no choice in their non-selection of breadcrumbs.  Or is breadcrumbs non-selection 

by choice and subjects do not use the breadcrumbs (in preference to other navigation options that 

are available)?  Intentional non-selection of breadcrumbs may indicate a dislike of them, as a 

preference for their removal does.  Although common causes of breadcrumb non-selection are 

yet to be found, in the interim providing breadcrumb training (instructions and practice), 

considering breadcrumb construct (appearance and location) and restricting the availability of 

other navigation options, may have a positive impact upon breadcrumb selection. 

 

2.7.2.  Comparison of LAB Pull-down, LBB and No Breadcrumbs 

In 2001, Bowler et al. (2001) conducted a study to determine the effectiveness of look-

ahead breadcrumbs with a pull-down menu (LAB pull-down), by comparing them to LBB, and 

no breadcrumbs.  The 18 subjects deemed capable Internet users, were divided into groups of 

three for each of the six possible order configurations.  Each group navigated the three 

treatments, each of which had different web hierarchies displayed within a Visual Basic (VB) 

program that simulated a web browser, to answer ten different multiple-choice questions per 

treatment.  Answers were at the same relative locations for the three different structures.  The 

subjects received on-screen instructions, completed a pre-test sample task, and a post-test 

subjective survey, and were informed they could ask the test supervisor questions at any time. 

Analysis found: 1) Task completion time was quickest for no breadcrumbs, then LAB pull-

down, then LBB; and 2) The least number of page loads and most correct answers were 

produced by LAB pull-down, then no breadcrumbs, then LBB. 

The survey, uncovered subjects felt: 1) Significantly more frustrated by a lack of links, and 

had less understanding of the website structure with no breadcrumbs than with LBB; 2) 

Significantly more confused and uncomfortable using LAB pull-down than using no 

breadcrumbs; 3) With more practice, subjects would like LAB pull-down significantly more than 
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no breadcrumbs; and 4) No significant difference with the helpfulness of any treatment, or desire 

to use the breadcrumbs in the future.  (Bowler et al., 2001) 

 

2.7.2.1.  Issues with Research Method 

This study was not conducted in a controlled environment as: 1) The experimental sites had 

different structures, and 2) subjects performed only one sample task (although there are three 

treatments) and completed different test questions.  However, this study, improving upon the 

Lazar and Eisenbrey (2000) study, did equal exposure to the three treatments (e.g. N = No 

breadcrumbs, L = LBB, P = LAB pull-down) by presenting each subject with a set session order 

(e.g. NLP, NPL, LPN, LNP, PNL, or PLN).  However, although this study reported the 

comparison between the three treatments, it did not report the comparison between the six 

groups, of whether the session order configuration could have affected the treatment outcomes. 

 
This study lacked external validity.  Conducted with only 18 subjects, further divided into six 

session order configurations, dictated groups had only three subjects.  These low subject and 

group numbers result in negligible analysis, which affects the generalisation of the findings.  Not 

performed in a realistic online environment but within a web browser simulated VB program, the 

experiment allowed subjects to ‘ask the test supervisor questions at any time’, which prompts a 

multitude of questions - How many subjects did this?  Did some subjects ask more questions 

than others?  How many questions were asked?  Did some ask the same questions?  What were 

the questions about?  Which treatment were they using at the time?  What were the answers 

given?  Was it always the same tester giving the same answers?  And most importantly - Did the 

answers influence the subject’s performance?  These multiple sub-questions introduce many 

variable subjective influences that may have affected the subject’s performance. 

 

2.7.2.2.  Issues with Research Findings 

Due to the experiment not being performed in a realistic online environment but within a web 

browser simulated VB program, the variable differences of the environment may discredit the 

findings.  While prompting the questions – Does a simulated environment have an impact on 

breadcrumb usage?  Do different web browser platforms have an impact on breadcrumb usage?   

 
In direct contradiction of the previous study by Lazar and Eisenbrey (2000), this study found no 

breadcrumbs were faster than LBB.   
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Although subjects received pre-test training (on-screen instructions and one practice task), they 

felt with more practice they would like LAB pull-down significantly more.  This may ease the 

confusion and discomfort subjects felt when using LAB pull-down.  This raises questions of – 

Would more LAB pull-down pre-test training (instructions and practice) affect subjects’ 

enjoyment, confusion and discomfort with using LAB pull-down? 

 
Although subjects were accurate in their answers to multiple choice questions regarding 

information content, throughout the testing process – Would subjects be so accurate in their 

recall of answers to questions that required them to type in the answers?  And - Would subjects 

be so accurate in their recall of answers to questions at the end of the testing process?  And - 

Would subjects be so accurate in their recall of answers to questions regarding the experiment 

page navigation? 

 

2.7.3.  Exploration of LBB  

In 2003 a study, to determine if breadcrumbs are used as a navigational tool, was conducted 

by Lida, et al. (2003), where 72 volunteer subjects accessed two websites with LBB to: 1) Find 

and place ten items in a shopping cart, on Office Max, and 2) Find and record ten answers to 

information search questions, on Google.  Before the test, subjects were instructed not to use the 

sites’ search features and after the test, subjects completed a subjective survey. 

The experiment results found: 1) Subjects selected breadcrumbs more and the browser back 

button significantly less on Office Max, and on Google took longer to complete the tasks, using 

more total clicks, back button selections, and searches; and 2) No significant differences with 

speed, total clicks, back button selections, and searches, when comparing breadcrumb users to 

non-users on both sites. 

The survey indicated: 1) On OfficeMax 40% of subjects recalled seeing breadcrumbs, while 

on Google 79% recalled seeing them; 2) Subjects were significantly more satisfied with 

OfficeMax than with Google; and 3) Subjects main problem on OfficeMax was ‘it took too long 

to download pages’, and on Google was ‘the inability to find information’.  

Lida et al. (2003) concluded: 1) Breadcrumb users were not more efficient than non-users; 

2) Breadcrumb usage was low with the back button, left and top navigation bars, and search, 

being used instead of, or in addition to breadcrumbs; and 3) Although 89% of subjects reported 

seeing breadcrumbs, it was unclear if they understood the function of the breadcrumb path.  

(Lida et al., 2003)  
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2.7.3.1.  Issues with Research Method 

In comparison to the previous study by Bowler et al. (2001), this study was performed with 

many more subjects (72 compared to 18) and in a real-time online environment rather than 

within a web browser simulation.  However, it also lacked control measures, with the sites totally 

different in: 

1. Structure and content – Office Max is a sales website where each page has main and sub 

menu navigation, and Google is a web directory where navigation is organised into main and 

sub-categories pages.  This may indicate subjects’ problems may not actually be in relation to 

breadcrumbs, as slow download time on OfficeMax could be due to excessive product 

graphic content, and the inability to find information on Google could be due to excessive 

information content (as one would expect from a substantial directory).  This may account 

for why subjects took longer, and used more clicks, back button selections, and searches on 

Google; as may task type. 

2. Task type – Some subjects were finding answers, some products.  These require different 

skills from the subject, and it would be impractical to compare the longer time taken to read 

through information to find a specific answer on Google and compare it to the shorter time 

taken to look at a product picture or read summary product details on OfficeMax.  This could 

explain why subjects were more satisfied with OfficeMax than with Google. 

3. Navigation features – Although Office Max subjects used breadcrumbs more; overall 

breadcrumb usage was low, with subjects’ using browser and site navigation tools (instead of 

or with breadcrumbs).  As both sites included a search facility, the difference in search 

features, location and appearance, may have been an influencing factors.  As may differences 

in the two sites’ location and appearance of breadcrumbs and other navigation bars.   

 
As such, this research rather than a controlled experiment was more like an evaluation of two 

completely different websites, where one navigation element (breadcrumbs) was chosen to be 

unrealistically compared between two sites, with too many variable factors included that could 

impact upon the subjects’ selection of breadcrumbs, such as the site’s structure organisation, 

content amount, task type, search facilities, and breadcrumbs and other navigation bars location 

and appearance.   

 



Literature Review 
 

 

  Page 28 

2.7.3.2.  Issues with Research Findings 

Due to the lack of control, the variable differences in these website factors may discredit the 

comparison between users, which found breadcrumb users (on both sites) were not more 

efficient than breadcrumb non-users. 

 
This study’s reported uncertainty of whether subjects understand breadcrumbs path function, 

introduces the possible need for breadcrumb usage explanation and instruction, prior to testing. 

 
The percentage of subjects who recalled seeing breadcrumbs was: 40% on Office Max, where 

breadcrumbs were used more, and 79% on Google, where breadcrumbs were used less.  This 

gives evidence to the previous study by Lazar and Eisenbrey (2000), which intimates some 

subjects’ choice to not select breadcrumbs, may be intentional.  Do subjects find too much 

mental effort is needed to understand breadcrumbs, or use breadcrumbs, or remember the 

breadcrumb information?  This possible reason behind some subjects intentionally selecting 

other forms of navigation rather than breadcrumbs needs further investigation. 

 

2.7.4.  Mental Model Construction with LBB and No Breadcrumbs 

Later in 2003, to further investigate breadcrumb usage and determine if they aid mental 

model construction of website hierarchy, the Lida-Rogers and Chaparro (2003) study, required 

the 45 volunteer subjects to complete 21 search tasks on a purpose built website, randomly 

assigned with LBB above the page title (LBB above), LBB below the page title (LBB below), or 

no breadcrumbs.  Other than breadcrumb presence and position, the sites had identical structure 

and content. 

The results were: 1) Subjects with breadcrumbs were able to construct a mental model 

where they correctly identified the site as hierarchical more often than those with no 

breadcrumbs; 2) Although breadcrumb usage varied based on page location (LBB below were 

used more than LBB above), overall usage was minimal, with all groups mainly using browser 

and site navigation tools; 3) Subjects who selected the breadcrumbs more did select the back 

button less; and 4) No significant differences were found between the three groups for navigation 

bar and embedded link clicks; efficiency (total pages) or speed (task completion time).  Although 

insignificant differences, results did reveal, task completion time was quickest for LBB above 

(approx. 19 mins), then no breadcrumbs (approx. 21 mins), then LBB below (approx. 23 mins); 

and the least total page loads were produced by no breadcrumbs, then LBB below, then LBB 

above.  (Lida-Rogers and Chaparro, 2003) 
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2.7.4.1.  Issues with Research Methods 

Unlike the study by Lida et al. (2003), this study featured a controlled experiment where the 

experimental sites contained identical structure and content, and only differed in breadcrumb 

treatment presence and position. 

 

2.7.4.2.  Issues with Research Findings 

In accordance with the findings of Bowler et al. (2001), of subjects having less understanding of 

the website structure with no breadcrumbs, this study confirmed that subjects with breadcrumbs 

were able to correctly identify the site structure as hierarchical more often than those without 

breadcrumbs.  The next stage is to investigate - Do breadcrumb users have an awareness of 

location and paths within the site structure? 

 
Agreeing with the Lida et al. (2003) study findings, this study also found subjects who used 

breadcrumbs more by choice or availability selected the browser back button less, and overall 

breadcrumb usage was low, with subjects mainly using browser and site navigation tools.  

Subjects may be automatically selecting other navigation options.  However, if other site 

navigation tools were not available, and subjects were not able to choose an alternative primary 

navigation over the breadcrumbs secondary navigation; subjects would have to select 

breadcrumbs as primary navigation.  Would breadcrumbs be effective as primary navigation?  

This needs further investigation. 

 
This study found no breadcrumbs is faster than LBB below (by approx. 2mins) and slower than 

LBB above (by approx. 2mins) which may partly explain the contradiction between the Lazar 

and Eisenbrey (2000) study that found LBB was faster than no breadcrumbs, and the conflicting 

Bowler et al. (2001) study that found no breadcrumbs was faster than LBB, may be influenced 

by the location of the breadcrumbs on the experimental sites.   

 
This study, akin to the Bowler et al. (2001) study, had subjects generate the least total page loads 

with no breadcrumbs, then LBB. 

 

2.7.5.  Training and Exposure with LBB 

In 2004, Hull (2004), investigated whether varying training and exposure would enhance 

subjects’ frequency of breadcrumb usage.  Prior to accessing the Wal-Mart website (that/which 

has/had LBB) to find camping items, the 39 college student subjects were randomly assigned one 
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of three conditions.  Condition 1) Had breadcrumbs exposure - a demonstration of use was 

shown twice, and training - an explanation of use, and instructions to use if considered possible 

and efficient; Condition 2) Had breadcrumbs exposure (demonstration) only, with no training 

(explanations and instructions) given; and Condition 3) Had no breadcrumbs exposure 

(demonstration) or training (explanations and instructions) given. 

The results found no significant difference between subjects who had (condition 2) exposure 

only, and those who had (condition 3) no exposure or training.  However, subjects who had 

(condition 1) exposure and training used breadcrumbs more, the back button significantly less, 

navigated fewer pages, and took significantly less time on average than those in the other 

conditions (approx. 3 min quicker than 2) and (approx. 4 min quicker than 3). 

Hull (2004, p.1) concluded: “This time savings could result in increased productivity for 

users”, although “exposure alone was not enough to significantly influence [breadcrumbs] usage 

more than no exposure”, with minimal training needed to positively affect subject’s performance 

in breadcrumbs use.  (Hull, 2004) 

 

2.7.5.1.  Issues with Research Methods 

This study, also unlike that of Lida et al. (2003), had a controlled experiment where all subjects 

completed identical tasks, within the one experimental site that had identical structure, content, 

and breadcrumbs.  Controlled exposure was also featured allowing for practice/training amounts 

to be realistically compared, a stark contrast to the exposure in the Lazar and Eisenbrey (2000) 

study. 

 

2.7.5.2.  Issues with Research Findings 

To confirm the findings, that exposure alone was not enough to significantly influence 

breadcrumb use, the study could have had a group who was offered only training (explanation 

and instruction), with no exposure (demonstration). 

 
By only differing in breadcrumb exposure and training, this study indicates that to increase the 

likelihood of breadcrumb usage, training (explanation and instruction) is vital. 

 
However, this study does support the Lida et al. (2003) and Lida-Rogers and Chaparro (2003) 

study findings, that subjects who selected breadcrumbs more, selected the browser back button 

less.  
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2.7.6.  Comparison of LAB Pull-down and LBB 

In 2005, to evaluate LAB usage for the web a study was conducted by Blustein et al. (2005).  

Randomly assigned in a balanced design to a group with an alternating session order of a website 

with LAB pull-down and a duplicate site with LBB, the 25 volunteer subjects were required to 

find four different web pages (i.e. each group used one breadcrumb treatment for pages 1 and 3, 

then the other breadcrumb treatment for pages 2 and 4).  The first two tasks (pages 1 and 2) were 

for practice, the last two (pages 3 and 4) for testing.  Prior to practice or testing, subjects received 

verbal breadcrumbs and browser instructions, written breadcrumbs information and on-screen 

test instructions.  During testing, subjects could use the browser navigation features but not the 

website search features, and after testing subjects completed a subjective survey. 

Blustein et al., (2005, p. 203) reported: 1) “no significant differences were found … for the 

measures of efficiency, speed, lostness, and preference in use”, and 2) “interaction effects 

between breadcrumb type and order of session was found … for lostness … effectiveness … and 

speed”; and 3) A retrospective preference for LAB pull-down was stated by 92% of subjects.  Of 

these, over 60% mentioned navigation was made easier by LAB pull-down. 

In discussion, Blustein et al. (2005, p. 204) note, “The difference between … [practice and 

testing] … clearly shows that for breadcrumbs to be useful they must be learned … with little 

practice”.  (Blustein et al., 2005) 

 

2.7.6.1.  Issues with Research Method 

This study was conducted in a controlled environment where: 1) Both experimental sites 

contained identical structure and content, and only differed in breadcrumb treatment type; 2) 

groups received equal exposure to the treatment types presented in alternate session order; and 3) 

subjects completed equal practice for the test tasks. 

 
Improving upon the Bowler et al. (2001) study, this study featured an experiment presented in a 

realistic online environment, with more subjects.  The 25 subjects were divided into only two 

order configurations, resulting in feasible analysis of two equitable groups of 12 and 13 subjects, 

resulting in improved generalisation of the findings.  And although this study provided verbal 

instructions, the ability to ‘ask questions at any time’ was not mentioned, which was in contrast 

to a downfall of the Bowler et al. (2001) study.   
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2.7.6.2.  Issues with Research Findings 

Subjects in this study received similar pre-test training (on-screen instructions and practice) to 

those in the Bowler et al. (2001) study, as well as further training in the form of verbal 

breadcrumbs and browser instructions, written breadcrumbs information, and additional practice.  

Almost all subjects stated a retrospective preference for LAB pull-down, mentioning it made 

navigation easier, which confirms providing added LAB pull-down pre-test training has a 

positive effect, and answers the question raised by the Bowler et al. (2001) study – Would more 

LAB pull-down pre-test training (instructions and practice) affect subjects’ enjoyment, confusion 

and discomfort with using LAB pull-down? 

 
This study found no differences between LAB pull-down and LBB for speed or efficiency, 

which conflicts with the Bowler et al. (2001) study that found LAB pull-down was faster, and 

more efficient than LBB.   

 
Although this study found interaction effects between breadcrumb type and session order for 

lostness, effectiveness and speed, it was not stated how these measures /impacted upon on 

subjects’ performance.   

 

2.7.7.  Spatial Ability with LAB Pop-up and LBB 

In 2006, a study by Ahmed and Blustein (2006) investigated the interaction effect between 

spatial ability and breadcrumb type, and the contrast of high to low spatial ability.  The 25 

volunteer subjects (mainly computer and science students) classified by their spatial ability, were 

evenly assigned to a website with either look-ahead breadcrumbs with a pop-up menu (LAB 

pop-up), or LBB.  Each condition (high spatial/LBB; high spatial/LAB pop-up; low spatial/LBB; 

and low spatial/LAB pop-up) had four navigational tasks, with the first two as practice, and the 

last two as the experiment.  Subjects also completed a post-test survey.   

Analysis revealed: 1) High spatial ability subjects were more efficient, more accurate, 

slightly quicker, slightly less lost on average, and used the back button significantly less, than 

low spatial ability subjects, with a significant main effect on efficiency; and 2) The effect 

between spatial ability and breadcrumb type found no significant interaction for efficiency, 

speed, and tool selection preference, and no interaction for lostness. 

Ahmed and Blustein (2006, p.194), reason the “outcome supports the previous studies on 

other information spaces stating that spatial ability influences navigation performance in 

information space.”  And conclude “The spatial layout of [LAB pop-up] breadcrumbs did not 
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affect [those with either spatial ability, indicating] breadcrumbs can be accepted as a navigation 

tool for people with wide variety of spatial ability”.  (Ahmed and Blustein, 2006) 

 

2.7.7.1.  Issues with Research Method 

As per the Blustein, et al. (2005) study, this study also included one practice task per treatment, 

prior to testing. 

 

2.7.7.2.  Issues with Research Findings 

Regardless of breadcrumb type, subjects with high spatial ability selected the browser back 

button less than those with low spatial ability.  The Lida et al. (2003), Lida-Rogers and Chaparro 

(2003), and Hull (2004) studies substantiate that, subjects who select breadcrumbs more also 

select the back button less.  Do previous findings correlate with this study – Could this suggest 

breadcrumb users in these previous studies had high spatial ability?  And those who used the 

back button more had low spatial ability? 

 
This study compared spatial abilities between subjects, not performance between breadcrumbs, 

so no comparative results were given for efficiency, accuracy, speed or lostness between the 

LAB Pop-up and LBB treatments.   

 

2.8.  Previous Breadcrumbs Usability Studies Issues  

Based on the review of the previous breadcrumbs usability studies, this section reveals the issues 

regarding the validity of the research methods and the reliability of the findings.   

 

2.8.1.  Research Method Issues 

Significant design flaws revealed in the previous studies research methods, weakened confidence 

in the research findings, and demonstrate that issues of internal and external validity must be 

addressed in future research. 

 

2.8.1.1.  Internal Validity 

Following are several suggestions to address the lack of internal validity exposed in some studies 

regarding the control features of the experiment. 
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For future breadcrumbs usability research to facilitate equitable comparison of breadcrumbs use 

between experiment breadcrumb treatments, control features must be included within the 

experiment environment, to ensure positive impact upon the subjects’ selection of breadcrumbs, 

such as the:  

 
1. Experimental sites must have identical structure organisation, content amount, and task type, 

and only differ in breadcrumb treatment type. 

 
2. Experimental sites must not include any site navigation tools such as search facilities, 

embedded links, or extraneous navigation bars (other than those being specifically tested in 

relation to breadcrumbs) in studies of breadcrumbs usage that require an 

indication/measurement of breadcrumbs performance effectiveness, as these tools are often 

used in favour of breadcrumbs. 

 
3. Breadcrumbs treatment types must be of the same appearance in size and colour, and be in 

the same location on the pages within the sites. 

 
4. Breadcrumb treatment types must be presented so the subjects encounter all, and not just 

some combinations of the breadcrumbs types in an alternate session order, ensuring treatment 

under representation or order encounter are not bias factors affecting subject performance. 

 
5. Subjects must receive equal exposure to the experiment treatments and tasks, and complete 

equal practice amounts (at least one practice task per treatment) for the experiment tasks. 

 
6. Subjects must be provided with the same amount and type of breadcrumb training 

configuration that includes: explanation, instruction, demonstration, practice, or usage 

request, prior to testing. 

 
[As identified in the Lazar and Eisenbrey (2000), Bowler et al. (2001), Lida et al. (2003), Lida-

Rogers and Chaparro (2003), Hull (2004), and Blustein et al. (2005), and Ahmed and Blustein 

(2006) studies] 

 

2.8.1.2.  External Validity 

Following are several suggestions to address the lack of external validity exposed in some 

studies regarding the experiment environment, sample size, and research associates. 
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Breadcrumbs usability experiments should be conducted in a realistic online environment, with a 

purpose built website rather than using an existing site or a web browser simulated VB program 

[As identified in the Bowler et al. (2001) study]. 

 
The previous studies subject sample sizes have been rather small, ranging from 18 to 72 [As 

identified in the Lazar and Eisenbrey (2000), Bowler et al. (2001), Lida et al. (2003), Lida-

Rogers and Chaparro (2003), Hull (2004), Blustein et al. (2005), and Ahmed and Blustein (2006) 

studies].  The minimal data provided by the low subject and group numbers would have resulted 

in negligible analysis, which in turn would have affected the generalisation of the findings.  For 

future research, larger sample sizes are needed so more accurate generalisations to be made 

about breadcrumbs usability. 

 
The experiment process must not allow subjects to ‘ask the test supervisor questions at any 

time’, as this introduces a multitude of subjective variables that impact upon the subjects that 

cannot be replicated by different research associates of other studies [As identified in the Bowler 

et al. (2001) study]. 

 

2.8.2.  Research Findings Issues 

Previous studies revealed the reliability of the findings as: consistent for pre-test breadcrumbs 

training and breadcrumbs selection, and inconsistent findings for speed (fastest completion 

times) and efficiency (least number of page loads). 

 

2.8.2.1.  Consistent Findings 

Between the previous breadcrumbs usability studies, the few consistent findings were: 

 
Previous studies show that to fully utilise breadcrumbs, by increasing the likelihood of 

breadcrumb usage, users must be provided with a combination of pre-test breadcrumbs training 

(explanation and instruction) and more practice [As identified in the Hull (2004), and Blustein et 

al. (2005) studies]. 

 
Previous studies show that subjects who select breadcrumbs more, by choice or availability, 

select the browser back button less [As identified in the Lida et al. (2003), Lida-Rogers and 

Chaparro (2003), and Hull (2004) studies]. 
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Previous studies show that overall breadcrumb usage was low with subjects using browser and 

site navigation tools, instead of, or in addition to breadcrumbs [As identified in the Lida et al. 

(2003), and Lida-Rogers and Chaparro (2003) studies]. 

 

2.8.2.2.  Inconsistent Findings 

Between the previous breadcrumbs usability studies, the few inconsistent findings were: 

 
For the performance measure of efficiency, contradictions were found for the least number of 

page loads between the LAB pull-down and LBB navigation treatments [As identified in the 

Bowler et al. (2001), and Blustein et al. (2005) studies].  These inconsistencies indicate further 

research of efficiency measures is needed, to investigate. Which breadcrumb treatment produces 

the fewest page loads to complete the tasks? 

 
For the performance measure of speed, contradictions were found for the fastest task completion 

times between the LAB pull-down, LBB and no breadcrumbs navigation treatments [As 

identified in the Lazar and Eisenbrey (2000), Bowler et al. (2001), Lida-Rogers and Chaparro 

(2003), and Blustein et al. (2005) studies].  These inconsistencies indicate further research of 

speed measures is needed, to investigate. Which breadcrumb treatment produces the fastest time 

to complete the tasks? 

 

2.9.  Research Problems Formulation 

Previous breadcrumb usability studies and issues raised numerous questions for further research; 

this study incorporated some of those questions, as well as some the previously examined 

measures, to formulate the main problem and sub-problems to be addressed by the research. 

 

2.9.1.  Research Main Problem 

A question raised by the Lida-Rogers and Chaparro (2003) study, was investigated as the main 

theme and formulated the main problem for this research: 

 Would breadcrumbs be effective as primary navigation? 

 
The main problems formulated for the research: 

 Is the location look-ahead breadcrumbs with a pull-down menu (LAB pull-down) 

navigation system effective for primary website navigation? 
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Location look-ahead breadcrumbs (LAB) has been used as secondary navigation in the Bowler et 

al. (2001), Blustein et al. (2005), and Ahmed and Blustein (2006) studies, but has not been used 

as primary navigation in any studies. 

 
LAB and main/sub menus are the only navigation systems that can be used for primary 

navigation of a website, as previously noted ‘only main/sub menus, and location look-ahead 

breadcrumbs are designed to operate solely within the website to navigate each page’ (see 

Section 2.2.  Hyperlinks).  This equated to comparing LAB to either another LAB (LAB – LAB), 

or to a main/sub menu type, static or dynamic, with no breadcrumb type (LAB - no 

breadcrumbs). 

 
As such, the research was conducted with two experimental sites, each with a different primary 

navigation treatment.  One experimental site had LAB pull-down as primary navigation, and the 

other experimental site had a static main menu and sub menu as primary navigation with no 

other breadcrumb type as secondary navigation. 

 
The reasons LAB pull-down was selected were:  

1. As only one study has included LAB pop-up, LAB pull-down was chosen allowing for this 

research to be compared to results from two of the previous breadcrumb usability studies by 

Bowler et al. (2001) and Blustein et al. (2005). 

2. Of the two look-ahead breadcrumbs available (LAB pull-down and LAB pop-up), the LAB 

pull-down was selected, as requiring only basic HTML coding it is effortlessness for web 

designers to incorporate. 

<select name="breadcrumbsLevelOne" onChange="MM_jumpMenu('parent',this,0)"> 

<option value=" home.html">Home</option> 

<option value="other.html">Other</option> 

</select>  

 
The reasons main/sub menu was selected to compare to LAB pull-down were:  

1. As main/sub menu and look-ahead breadcrumbs are the only navigation systems available 

that facilitate the primary navigation of a website, the effectiveness of the main/sub menu 

navigation system, already in common use for primary website navigation, will be used as a 

base line to gauge the effectiveness of the look-ahead breadcrumbs navigation system for 

primary website navigation. 
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2. Although various combinations of no breadcrumbs, LAB pull down, LAB pop-up, and LBB 

breadcrumb types have been tested and compared, with and against each other, LAB pull 

down has not been previously tested and compared with solely no breadcrumbs (i.e. to 

main/sub menu), as when LAB and no breadcrumbs were compared in the Bowler et al. 

(2001) study, LBB was also included. 

 
Effectiveness was based on the condition of a selection of examined measures with regards to 

subjects’ performance (efficiency, speed, and accuracy), and perception (helpfulness, lostness, 

cognitive load, usability, satisfaction, preference, and navigation awareness), and formulated the 

following research sub-problems. 

 

2.9.2.  Research Sub-Problems 

Sub-problems for this research were formulated via a combination of questions raised by 

previous studies, questions raised by inconsistent findings, and the need for measures that are 

comparable to other studies – as only minimal investigation of some previously examined 

measures has been undertaken.   

 

2.9.2.1.  Performance: Efficiency 

The questions raised by previous studies:  

 Which breadcrumb treatment produces the fewest page loads to complete the tasks?  [As 

raised in Section 2.8.2.2.  Inconsistent Findings] 

The measures examined by previous studies: 

 Efficiency: Performance measure found inconsistent, tested with: 

 LAB pull-down, LBB and no breadcrumbs  [As identified in the Bowler et al. (2001) 

study]  

 LBB and no breadcrumbs  [As identified in the Lida-Rogers and Chaparro (2003) study]  

 LBB  [As identified in the Hull (2004) study] 

 LAB pull-down and LBB  [As identified in the Blustein et al. (2005) study] 

 LAB pop-up, and LBB  [As identified in the Ahmed and Blustein (2006) study] 

The sub-problem formulated for the research: 

 Does LAB pull-down facilitate the fewest page loads to complete all the tasks? 
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2.9.2.2.  Performance: Speed 

The questions raised by previous studies:  

 Which breadcrumb treatment produces the fastest time to complete the tasks?  [As raised in 

Section 2.8.2.2.  Inconsistent Findings] 

The measures examined by previous studies: 

 Speed: Performance measure found inconsistent, tested with: 

 LBB and no breadcrumbs  [As identified in the Lazar and Eisenbrey (2000) study]  

 LAB pull-down, LBB and no breadcrumbs  [As identified in the Bowler et al. (2001) 

study]  

 LBB  [As identified in the Lida et al. (2003) study] 

 LBB and no breadcrumbs  [As identified in the Lida-Rogers and Chaparro (2003) study]  

 LBB  [As identified in the Hull (2004) study] 

 LAB pull-down and LBB  [As identified in the Blustein et al. (2005) study] 

 LAB pop-up, and LBB  [As identified in the Ahmed and Blustein (2006) study] 

The sub-problems formulated for the research: 

 Does LAB pull-down facilitate the fastest time to complete all the tasks? 

 

2.9.2.3.  Performance: Accuracy 

The questions raised by previous studies:  

 Would subjects be so accurate in their recall of answers to questions regarding the 

experiment page navigation?  [As raised by the Bowler et al. (2001) study] 

 Would subjects be so accurate in their recall of answers to non-multiple choice questions at 

the end of the testing process?  [As raised by the Bowler et al. (2001) study] 

The measures examined by previous studies: 

 Content Accuracy: Performance measure tested minimally with: 

 LAB pull-down, LBB and no breadcrumbs  [As identified in the Bowler et al. (2001) 

study] 

 LAB pop-up, and LBB  [As identified in the Ahmed and Blustein (2006) study] 

The sub-problems formulated for the research: 

 Does LAB Pull-down facilitate the most correct answers when recalling numerical 

content? 

 Does LAB Pull-down facilitate the most correct answers when recalling textual content? 
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 Does LAB Pull-down facilitate the most correct answers when recalling page navigation 

information? 

 Are subjects as accurate in their recall of answers to non-multiple choice questions at 

the end of the testing process? 

 

2.9.2.4.  Perception: Helpfulness 

The measures examined by previous studies: 

 Helpfulness: Perception measure tested minimally with LAB pull-down, LBB and no 

breadcrumbs  [As identified in the Bowler et al. (2001) study]  

The sub-problems formulated for the research: 

 Do subjects feel LAB pull-down is helpful? 

 

2.9.2.5.  Perception: Lostness 

The measures examined by previous studies: 

 Lostness: Performance measure tested minimally but not as a perception measure with: 

 LAB pull-down and LBB  [As identified in the Blustein et al. (2005) study] 

 LAB pop-up, and LBB  [As identified in the Ahmed and Blustein (2006) study] 

The sub-problems formulated for the research: 

 Do subjects feel lost when using LAB pull-down? 

 

2.9.2.6.  Perception: Cognitive Load 

The questions raised by previous studies:  

 Do subjects find too much mental effort is needed to understand breadcrumbs, or to use 

breadcrumbs, or to remember the breadcrumb information?  [As raised by in the Lida et al. 

(2003) study] 

This question pertains to cognitive load theory, and no breadcrumb studies have been 

conducted in this area.  If the website information and the presentation of that information is too 

complex, cognitive overload may result, which may restrict subjects breadcrumbs performance, 

as further explained by Sweller’s cognitive load theory (1988).  As condensed by Lewis (2011, 

p.1), “cognitive load theory proposes that since working memory is limited, learners may be 

bombarded by information and, if the complexity of their instructional materials is not properly 

managed, this will result in a cognitive overload. This cognitive overload impairs schema 
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acquisition, later resulting in a lower performance.”  As such, subject perception measures of 

cognitive load will be collected to investigate if the breadcrumb navigation presented is a factor 

that impedes performance. 

There are three types of cognitive load: intrinsic, extraneous, and germane.  As mentioned by 

Lewis (2011, p.1), “Sweller and his associates clearly defined intrinsic cognitive load this way 

“Intrinsic load is the mental work imposed by the complexity of the content” (Clark, Nguyen, & 

Swelller, 2006, p. 9)…Sweller and his associates describe “extraneous cognitive load” as that 

load not inherent within the instruction, but is imposed by the instructional designer as they 

structure and present information (Chandler & Sweller, 1991; Chandler & Sweller, 1992).  

Extraneous cognitive load is a concern when intrinsic cognitive load is high (Paas, Renkl, & 

Sweller, 2003; Paas, Tuovinen, Tabbers, and Van Gerven, 2003).  Finally the third type of 

cognitive load is germane (or relevant) load. This final type of cognitive load is that remaining 

free capacity in working memory, which may be redirected from extraneous load toward schema 

acquisition (Sweller et al., 1998)”. 

The sub-problems formulated for the research: 

 Do subjects feel low mental effort is needed to understand the tasks with LAB pull-

down? 

 Do subjects feel low mental effort is needed to use LAB pull-down? 

 Do subjects feel low mental effort is needed to remember the LAB pull-down 

information? 

 

2.9.2.7.  Perception: Usability 

The measures examined by previous studies: 

 Useful: Perception measure tested minimally with LBB and no breadcrumbs  [As identified 

in the Lazar and Eisenbrey (2000) study] 

The sub-problems formulated for the research: 

 Do subjects select LAB pull-down as the most usable? 

 

2.9.2.8.  Perception: Satisfaction 

The measures examined by previous studies: 

 More Satisfied: Perception measure tested minimally with LBB  [As identified in the Lida et 

al. (2003) study] 

The sub-problems formulated for the research: 



Literature Review 
 

 

  Page 42 

 Do subjects select LAB pull-down as providing the most satisfaction? 

 

2.9.2.9.  Perception: Preference 

The measures examined by previous studies: 

 Retrospective Preference: Perception measure tested minimally with LAB pull-down and 

LBB  [As identified in the Blustein et al. (2005) study] 

The sub-problems formulated for the research: 

 Do subjects select LAB pull-down as the most preferred? 

 

2.9.2.10.  Perception: Navigation Awareness 

The questions raised by previous studies:  

 Do breadcrumb users have an awareness of location and paths within the site structure?  [As 

raised by the Lida-Rogers and Chaparro (2003) study] 

The sub-problems formulated for the research: 

 Do subjects feel LAB pull-down makes them the most aware of their current location 

within the site structure (Which page am I on within the site)? 

 Do subjects feel LAB pull-down makes them the most aware of their current path 

within the site structure (How did I get here)? 

 Do subjects feel LAB pull-down makes them the most aware of their possible paths 

forward within the site structure (Where can I go forward to)? 

 Do subjects feel LAB pull-down makes them the most aware of their possible paths 

back within the site structure (Where can I go back to)? 

 

2.10.  Research Importance 

The literature review suggests three main gaps in the research in this area.  

1. Of the previous breadcrumb usability studies, most have investigated the location look-

behind breadcrumbs (LBB) as secondary navigation, although a few have included the 

location look-ahead breadcrumbs (LAB) as secondary navigation, none have investigated 

the LAB as the primary navigation in an website environment. 

2. No breadcrumb usability studies have been conducted that investigate subjects’ cognitive 

load when using website navigation. 
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3. Navigation awareness associated with the LAB navigation system needs to be solidified, 

as although breadcrumbs have been touted as indicators that raise subject’s awareness of 

navigation, no research has been conducted to confirm this. 

The research will fill these gaps in the literature. 

 

2.11.  Literature Findings Summary 

A thorough review of literature was undertaken, based on current breadcrumb usage and 

previous breadcrumb usability studies.  The review of all the literature that was located regarding 

breadcrumbs usage uncovered numerous discrepancies in implementation and conflicts amongst 

design facets.  The review of previous studies regarding breadcrumb usability revealed many 

distortions in the internal and external validity of the methods, inconsistencies in the reliability of 

the findings, and questions that required further investigation.  These negative issues raised 

queries as to the integrity of current breadcrumbs usage literature, and previous breadcrumbs 

usability studies, and consequently identified specific gaps in the breadcrumb literature.  The 

research, outlined in the following chapters, will fill these gaps in the literature. 
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Chapter 3.  Methodology 
 

3.1.  Introduction 

In the literature review in Chapter 2, previous breadcrumb usability studies identified several 

performance and perception measures that have been used to investigate navigation system 

effectiveness - for various types of breadcrumb navigation systems. 

 
A selection of these examined measures - performance (efficiency, speed, and content accuracy), 

and perception (helpfulness, usability, satisfaction, and preference) - were chosen to allow 

comparison with previous breadcrumb usability studies.  Measures previously unexamined - 

performance (page navigation accuracy), and perception (lostness, cognitive load, and navigation 

awareness) - were chosen to allow production of new information to fill the gap in breadcrumb 

usability literature. 

 
These performance and perception measures will assist in addressing the research objectives, to 

discover the effectiveness of two navigation systems, to determine ‘Is the location look-ahead 

breadcrumbs with a pull-down menu (LAB pull-down) navigation system effective for primary 

website navigation?’  This problem raised a theory, which was expressed in the research 

hypothesis. 

 
The hypothesis: H1 – The location look-ahead breadcrumbs with a pull-down menu navigation 

system is effective for primary website navigation. 

 
The null hypothesis: H0 – The location look-ahead breadcrumbs with a pull-down menu 

navigation system is not effective for primary website navigation. 

 
To support or reject the hypothesis, descriptive and causal research was undertaken to describe 

and examine causal relationships between the independent (cause) variable and the dependent 

(effect) variables.  This form of research utilises the quantitative methodological approach, 

which informed the conduct of this study.  As such, deductive logic was applied to generate the 

research hypothesis, the research design employed descriptive surveys and experimental methods 

to facilitate numeric data collection via a website-based experiment and online questionnaires, 

and the sampling methods undertaken, resulted in a large sample size as required by this 

methodology.  In this chapter, the research design, data collection, sample, validity and 
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reliability are detailed in the following sections.  Quantitative techniques for the data analysis, 

and the representation and report of findings, are detailed in the next chapter. 

 

3.2.  Research Design 

Descriptive research via descriptive surveys, and causal research via experimental methods were 

implemented, deemed the most suitable to obtain the primary subject data required to fulfil the 

research objectives - to analyse, compare and correlate the performance and perception measures 

for two navigation systems.  

 

3.2.1.  Descriptive Surveys 

Descriptive surveys, in the form of four self-completion online questionnaires, facilitated 

collection of subject: demographic data via one 6-question pre-test demographic questionnaire; 

perception (helpfulness, lostness, and cognitive load) data via two 5-question navigation 

treatment usage questionnaires; and perception (usability, satisfaction, preference, and 

navigation awareness) and performance (accuracy) data via one 13-question post-test navigation 

treatment assessment questionnaire.  [See Appendix A – Demographic Questionnaire Page, LAB 

Pull-Down Usage Questionnaire Page, Main/Sub Menu Usage Questionnaire Page, and LAB 

Pull-Down and Main/Sub Menu Assessment Questionnaire Page] 

 

3.2.2.  Experimental Methods 

Experimental methods included a website-based experiment with two treatments, two groups of 

subjects, and a ‘within-subjects’ and ‘between-subjects’ design.  The two treatments were: 1) an 

experimental website with a dynamic location look-ahead breadcrumbs with a pull-down menu 

(LAB pull-down) navigation system; and 2) an experimental website with a static horizontal 

main-menu and vertical sub-menu (main/sub menu) navigation system.  Within each site, a 6-

task experiment, to locate six pages [see Appendix A – LAB Pull-Down Experiment Tasks and 

Paths, and Main/Sub Menu Experiment Tasks and Paths], facilitated collection of subject 

performance (efficiency and speed) data for each navigation treatment, and provided the current 

navigation system usage required for subject data collection in the navigation treatment usage 

and assessment questionnaires. 
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The ‘within-subjects’ design was utilised to discover the relative effects of two navigation 

treatments within each experimental group, each which received the treatments in alternate 

order.  The ‘between-subjects’ design was utilised to discover the relative effects of the two 

navigation treatments between the two experimental groups.  These methods permitted data 

collection, analysis, comparison and correlation of the LAB pull-down and main/sub menu 

navigation systems. 

 

3.2.3.  Group Assignment 

Pre-testing of the subjects was not (able to be) conducted, but through automatic random 

assignment, each subject had an equal chance (1 in 2) of being allocated in sequence to one of 

two experimental groups, and thus assigned with an alternate navigation treatment session order.  

This maximised group equivalence and ensured the first navigation treatment encountered by the 

two groups was different.  This method was used in an attempt to remove group disproportion 

and order of navigation treatment as variables.  Resulting in: ‘Group One’ (with subject 1, 

subject 3, etc.) exposed to session order 1 (first – the main/sub menu navigation treatment, and 

second – the LAB pull-down treatment); and ‘Group Two’ (with subject 2, subject 4, etc.) 

exposed to session order 2 (first – the LAB pull-down treatment, and second – the main/sub 

menu navigation treatment). 

 

3.2.4.  Research Website Design 

The research website encompassed research information, two experimental websites and four 

online questionnaires [see Appendix A – Research Website Hierarchy].  To ensure quick 

response time, recurrent website elements were coded into a Cascading Style Sheet (.css file), 

and only one graphic of 2.17 Kb, the SCU logo (.gif file), was included. 

 
The experiment and questionnaire pages utilised PHP to facilitate data collection of session 

variables.  A combination of JavaScript and PHP was used to validate user completion of all 

tasks and questions.  The raw data was written to a .csv file, analysed using Statistical Package 

for the Social Sciences (SPSS), and the output of statistical tables and graphs facilitated the 

report of the research findings and conclusion. 

 
As the research website could be accessed from the subject’s home or SCU campus computer, 

the experimental websites were tested on multiple platforms using various browsers (Microsoft 
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Internet Explorer, Chrome 8, Firefox and Safari) to ensure that they appeared and responded the 

same for all subjects. 

 
The research website was uploaded to the SCU web server and underwent a pilot study and test, 

before individuals from the sample frame were sent an email, via SCU all-staff and all-student 

list servers, which outlined the study and requested their participation as research subjects [see 

Appendix A – Research Participation Request Email].  The research data collection then 

occurred over three weeks (from Thursday 2nd June 2011 until Thursday 23rd June 2011). 

 

3.2.5.  Experimental Websites, Tasks, Questionnaires, and Questions Design 

The research required each subject to use and assess two navigation systems, via two 

experimental websites with 12 tasks, and four questionnaires with 29 questions that had specially 

designed features that were: identical (to eliminate variability); similar (to provide consistency); 

and different (to allow for accurate data measurement). 

 

Both experimental websites had identical: structure (strict hierarchical, 66 pages, five levels 

deep); location, appearance and permanent display of the site heading (SCU logo and author 

details), task box and page title; location and appearance of information content (animal, plant 

and mineral based) and ‘page found’ button; appearance (text fonts); and an absence of search 

features or other navigation tools. 

 
The sites had similar: navigation treatment usage instructions; location (under the site title at eye 

level), appearance (text colours) and size of navigation bar for LAB pull-down and main menu; 

and appearance (text size) of main and sub menu buttons. 

 
The sites had different: navigation systems and displays (of the navigation bar, information 

content (which also varies for each page) and ‘page found’ button for the two navigation 

treatments for levels 1 to 4 and level 5) – as shown in the next four diagrams. 
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Diagram 3.1.  LAB pull-down - Levels 1 to 4 

 

 Displays: LAB navigation bar with pull down text links for levels 1 to 5; and information 

content only. 

 
 

 

 

 

 

 

 

 

 

 
Diagram 3.2.  LAB pull-down - Levels 5 

 

 Displays: LAB navigation bar with pull down text links for levels 1 to 5; information content 

and ‘page found’ button. 
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Diagram 3.3.  Main/Sub Menu - Levels 1 to 4 

 

 Displays: horizontal main-menu navigation bar with static text links for level 1; left-side 

vertical sub-menu navigation bar with static text links for levels 2 to 5; and right-side 

information content. 

 
 

 

 

 

 

 

 

 

 

 
Diagram 3.4.  Main/Sub Menu - Levels 5  

 

 Displays: horizontal main-menu navigation bar with static text links for level 1; information 

content and ‘page found’ button.  
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The experimental tasks were: identical in data measurements (for performance), amount (six 

tasks per site), requirements (locate one page per task), location hierarchy depth (page 

destinations for: tasks 1-2 was level 5, tasks 3-4 was level 4, and tasks 5-6 was level 3); similar 

in task wording (in task box was ‘Task number: Find the page information’ - number is from 1 to 

6 and page is the page title); and different in target page destinations (12 locations to navigate); 

and page loads (minimum required for completion: 30 for LAB pull-down, and 36 for main/sub 

menu).  

 
The questionnaires, each on a separate website page, had: an identical location and appearance 

for the ‘submit’ button, and text (placement, fonts, sizes and colours); a similar display of 

questionnaire title, instructions and questions; and different questions in the Demographic, Usage 

and Assessment questionnaires to collect subject and navigation treatment data. 

 
The questionnaire questions were: identical in data measurements (in Demographic for 

experience and in Assessment for perception of both treatments), and wording (in Demographic 

and Assessment); similar in data measurements (in both Usage for perception of each treatment), 

and wording (in each Usage - treatment was either breadcrumb [for subjects unfamiliar with the 

term LAB pull-down] or main/sub menu); and different in data measurements (in Assessment for 

performance - questions 8, 10, and 12 pertained to the main/sub menu website, and questions 9, 

11 and 13 pertained to the LAB pull-down website). 

 

3.2.6.  Research Data Collection Overview 

Subjects were requested to use and assess two navigation treatments.  For each treatment, 

subjects were given pre-test instructions on how to complete the tasks, as per the advice of Hull 

(2004), and Blustein et al. (2005).  No time limits to complete the experiment or questionnaires 

were given, however subjects were advised in the email that outlined the study, ‘The experiment 

should take no longer than 15 - 20 minutes to complete’.  The details of the eight-stage research 

procedure are as follows: 

 
1. Individuals from the sample frame were sent an email that outlined the study and requested 

their participation as research subjects [see Appendix A – Research Participation Request 

Email].  Those choosing to accept (as subjects) were directed to the online research website 

where they could access further research information and the research component [see 

Appendix A – Research Website Home Page]. 
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2. Upon accessing the research component, subjects were automatically allocated to a group 

assigned with an alternate navigation treatment session order. 

 
3. Subjects completed the 6-question demographic questionnaire [see Appendix A – 

Demographic Questionnaire Page]. 

 
4. Subjects were provided with on-screen instructions for the 1st navigation treatment 

encountered, and completed the 6-task experiment of finding information located on six 

specific web pages distributed throughout a five level experimental website.  By navigating 

through the website, once the correct page was located and the “Page Found” button selected, 

the next task was displayed, and so on, until the final task was completed [see Appendix A – 

LAB Pull-Down Experiment Tasks and Paths, and Main/Sub Menu Experiment Tasks and 

Paths]. 

 
5. Subjects completed a 5-question usage questionnaire regarding the 1st navigation treatment 

[see Appendix A – LAB Pull-Down Usage Questionnaire Page, and Main/Sub Menu Usage 

Questionnaire Page]. 

 
6. Subjects were provided with online instructions for the 2nd navigation treatment 

encountered, and completed the 6-task experiment on the alternate experimental website [see 

Appendix A – as above]. 

 
7. Subjects completed a 5-question usage questionnaire regarding the 2nd navigation treatment 

[see Appendix A – as above]. 

 
8. Subjects completed the 13-question assessment questionnaire regarding both navigation 

treatments [see Appendix A – LAB Pull-Down and Main/Sub Menu Assessment 

Questionnaire Page]. 
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3.3.  Research Data Collection 

To collect the primary data required to fulfil the research objectives (to analyse, compare and 

correlate the performance and perception measures for two navigation systems), subjects were 

assigned with a navigation treatment session order and required to complete six appropriate 

quantitative methodological research instruments; the details of which follow.  For in depth 

information of the research data characteristics, descriptions, types, measurements, and codes see 

Appendix B – Research Data Information. 

 

3.3.1.  Navigation Treatment Session Order 

To investigate subjects’ navigation treatment session order ‘within’ and ‘between’ each 

navigation treatment, subjects were automatically allocated to groups, which encountered the 

treatments in alternate order.  Following is the measure and associated details of the numeric 

data that was assigned. 

 
 Session Order: identification of the navigation treatment subject encountered first 

 
Session Order: a nominal measure, to determine the session order groups within the sample, and 

examine if the treatment session order had an effect on website navigation.  As detailed in 

Chapter 2, ‘session order’ as a control measure has been included in a previous breadcrumb 

usability study by Blustein et al. (2005). 

 

3.3.2.  Demographic Questionnaire 

To investigate subjects’ objective demographic information and subjective technological 

experience ‘within’ and ‘between’ each navigation treatment, all subjects completed an identical 

set of six questions.  Following are the questions and associated details of the numeric data that 

was collected.  Questions 3 – 6 all had the choices: None, Beginner, Intermediate, Advanced, 

Expert.  [See Appendix A – Demographic Questionnaire Page] 

 
 Q1 Gender: Select your gender: Male, Female 

 Q2 Age Group: Select your age group: 18-25, 26-35, 36-45, 46-55, 56-65, 66-75, 75+ 

 Q3 Experience – Computer: Select your level of experience using computers:  

 Q4 Experience – Web Browsing: Select your level of experience with web browsing:  
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 Q5 Experience – Menu Navigation: Select your level of experience with main and sub 

menu navigation:  

 Q6 Experience – Breadcrumb Navigation: Select your level of experience with 

breadcrumb navigation:  

 
Gender: a nominal measure, to determine gender within the sample, and examine if gender had 

an effect on website navigation. 

Age Group: an ordinal measure, to determine age groups within the sample, and examine if age 

group had an effect on website navigation. 

 
Experience (Computer, Web Browsing, and Navigation Systems): an ordinal measure for 

each variable, to determine technological experience within the sample, and examine if prior 

experience with computers, web browsing, main/sub menu navigation, and breadcrumb 

navigation had an effect on website navigation.   

 

3.3.3.  Website-Based Experiments 

To investigate subjects’ objective performance: ‘within’ each navigation treatment, subjects 

completed an identical set of six tasks; and ‘between’ the navigation treatments, subjects 

completed a similar set of six tasks.  Following are the measures and associated details of the 

numeric data that was collected for each navigation treatment.  [See Appendix A – LAB Pull-

Down Experiment Tasks and Paths, and Main/Sub Menu Experiment Tasks and Paths] 

 
 Efficiency – All Tasks (Main/Sub Menu): total page loads to complete all six location tasks 

(Main/sub menu required a minimum of 36 pages loads to complete all tasks) 

 Efficiency – All Tasks (LAB Pull-Down): total page loads to complete all six location tasks 

(LAB pull-down required a minimum of 30 pages loads to complete all tasks) 

 Speed – All Tasks (Main/Sub Menu): total seconds to complete all six location tasks 

 Speed – All Tasks (LAB Pull-Down): total seconds to complete all six location tasks 

 Speed – Each Task (Main/Sub Menu): total seconds to complete each location task 

 Task 1 path: Animals – Vertebrates – Mammals – Herbivore – Deer (level 5) 

 Task 2 path: Animals – Vertebrates – Birds – Carnivore – Penguin (level 5) 

 Task 3 path: Plants – Fruits – Vines – Grape (level 4) 

 Task 4 path: Plants – Vegetables – Above Ground – Corn (level 4) 

 Task 5 path: Minerals – Pure – Silver (level 3) 
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 Task 6 path: Minerals – Pure – Mercury (level 3) 

 Speed – Each Task (LAB Pull-Down): total seconds to complete each location task 

 Task 1 path: Animals – Invertebrates – Insects – Piercing – Bug (level 5) 

 Task 2 path: Animals – Invertebrates – Arachnids – Biting – Spider (level 5) 

 Task 3 path: Plants – Herbs and Spices – Herbs – Roots (level 4) 

 Task 4 path: Plants – Herbs and Spices – Spices – Flowers (level 4) 

 Task 5 path: Minerals – Compound – Turquoise (level 3) 

 Task 6 path: Minerals – Compound – Emerald (level 3) 

 
Performance – Efficiency (All Tasks): an interval measure, to determine how efficient each 

navigation system was to complete all tasks.  As detailed in Chapter 2, ‘efficiency as a 

performance measure has been frequently included in previous breadcrumb usability studies, 

such as those by: Bowler et al. (2001), Lida-Rogers and Chaparro (2003), Blustein et al. (2005), 

and Ahmed and Blustein (2006). 

 
Performance – Speed (All Tasks and Each Task): an interval measure for each variable, to 

determine how timely each navigation system was to complete each and all tasks.  As detailed in 

Chapter 2, ‘speed’ as a performance measure has been frequently included in previous 

breadcrumb usability studies, such as those by: Lazar and Eisenbrey (2000), Bowler et al. 

(2001), Lida et al. (2003), Lida-Rogers and Chaparro (2003), Blustein et al. (2005), and Ahmed 

and Blustein (2006). 

 

3.3.4.  Navigation Treatment Usage Questionnaires 

To investigate subjects’ subjective perception: ‘within’ each navigation treatment, subject 

completed an identical set of five questions; and ‘between’ the navigation treatments, subjects 

completed a similar set of five questions.  Following are the questions and associated details of 

the numeric data that was collected for each navigation treatment.  All questions used a 7-point 

Likert scale; questions 3 – 5 all had choices: Very low (1) – Very high (7); and in questions 1, 2, 

4 and 5 treatment wording was either breadcrumb or main/sub menu.  [See Appendix A – LAB 

Pull-Down Usage Questionnaire Page, and Main/Sub Menu Usage Questionnaire Page] 

 
 Q1 Helpfulness: I found the treatment navigation: Very unhelpful (1) – Very helpful (7) 

 Q2 Lostness: The treatment navigation made me feel: Very lost (1) – Not lost (7) 
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 Q3 Cognitive Load – Understand Tasks: How much mental effort was needed to 

understand each task presented:  

 Q4 Cognitive Load – Use Navigation: How much mental effort was needed to use the 

treatment navigation to find the  required information:  

 Q5 Cognitive Load – Remember Navigation Information: How much mental effort was 

needed to remember the treatment information presented:  

 
Perception – Helpfulness: an interval measure for each variable, to determine, to what degree, 

subjects’ felt each navigation system was helpful.  As detailed in Chapter 2, ‘helpfulness’ as a 

perception measure has been included in a previous breadcrumb usability study by Bowler et al. 

(2001). 

 
Perception – Lostness: an interval measure for each variable, to determine, to what degree, 

subjects’ felt lost, for each navigation system.  As detailed in Chapter 2, ‘lostness’ as an 

objective performance measure has been included in previous breadcrumb usability studies, such 

as those by: Blustein et al. (2005), and Ahmed and Blustein (2006).  However, lostness as a 

subjective perception measure and breadcrumb usage has not been previously studied.  

 
Perception – Cognitive Load (Understand, Use, and Remember): an interval measure for 

each variable, to determine, to what degree, subjects’ felt mental effort was needed to understand 

the tasks, use the navigation, and remember the navigation information, for each navigation 

system.  Cognitive load (effort) as a perception measure has not been included in any previous 

breadcrumb usability studies. 

 

3.3.5.  Navigation Treatment Assessment Questionnaire 

To investigate subjects’ subjective perception and objective performance ‘between’ and ‘within’ 

each navigation treatment, all subjects completed an identical set of thirteen questions.  

Following are the questions and associated details of the numeric data that was collected.  

Perception questions 1 – 7 all had choices: Main/Sub Menu, Breadcrumb, No Difference; and 

performance questions 8 – 13 measured 0 for incorrect, and 1 for fully or partially correct. It 

should be noted that the accuracy measure became a total of the correct answers to all of the 

accuracy questions.  [See Appendix A – LAB Pull-Down and Main/Sub Menu Assessment 

Questionnaire Page] 

 



Methodology 
 

 

  Page 56 

 Q1 Most Usable: Select which navigation system used during the tasks, you found to be the 

most usable:  

 Q2 Most Satisfaction: Select which navigation system used during the tasks, you found to 

provide the most satisfaction:  

 Q3 Most Preferred: Select which navigation system used during the tasks, you found to be 

your most preferred:  

 Q4 Navigation Awareness – Current Location: Select which navigation system used during 

the tasks, you found to be the most effective at making you aware of your current location 

within the site (Which page am I on within the site?):  

 Q5 Navigation Awareness – Current Path: Select which navigation system used during the 

tasks, you found to be the most effective at making you aware of your current page path 

(How did I get here?):  

 Q6 Navigation Awareness – Forward Paths: Select which navigation system used during 

the tasks, you found to be the most effective at making you aware of your possible paths 

forward (Where can I go forward to?):  

 Q7 Navigation Awareness – Back Paths: Select which navigation system used during the 

tasks, you found to be the most effective at making you aware of your possible paths back 

(Where can I go back to?): 

 Q8 Accuracy – Numerical Content (Main/Sub Menu): How many species of penguins are 

there? 

 Q9 Accuracy – Numerical Content (LAB Pull-Down): How many species of bugs are 

there?  

 Q10 Accuracy – Textual Content (Main/Sub Menu): What is Golden Bantam a type of?  

 Q11 Accuracy – Textual Content (LAB Pull-Down): What is a spice derived from the fruit 

or flowers of a plant?  

 Q12 Accuracy – Page Navigation (Main/Sub Menu): You were asked to locate 

information about the elements Silver and Mercury.  What were the other two pure elements?  

 Q13 Accuracy – Page Navigation (LAB Pull-Down): You were asked to locate 

information about the elements Turquoise and Emerald.  What were the other two compound 

elements?  

 
Perception – Most Usable: a nominal measure, to determine which navigation system, if any, 

was the most usable.  As detailed in Chapter 2, ‘useful’ as a perception measure has been 
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included in a previous breadcrumb usability study by Lazar and Eisenbrey (2000).  However, 

‘most usable’ as a perception measure and breadcrumb usage has not been previously studied.  

 
Perception – Most Satisfaction: a nominal measure, to determine which navigation system, if 

any, provided the most satisfaction.  As detailed in Chapter 2, ‘more satisfied’ as a perception 

measure has been included in a previous breadcrumb usability study by Lida et al. (2003). 

 
Perception – Most Preferred: a nominal measure, to determine which navigation system, if 

any, was the most preferred.  As detailed in Chapter 2, ‘retrospective preference’ as a perception 

measure has been included in a previous breadcrumb usability study by Blustein et al. (2005). 

 
Perception – Navigation Awareness (Location and Paths): a nominal measure for each 

variable, to determine which navigation system, if any, provided the most navigation awareness 

of current location, current path, forward paths and back paths within the site structure.  

Navigation awareness (location and paths) as a perception measure has not been included in any 

previous breadcrumb usability studies.  

 
Performance – Accuracy (Content and Navigation): an interval measure for each variable, to 

determine how accurate each navigation system was for numerical content, textual content, and 

page navigation recall, at the end of the testing process.  As detailed in Chapter 2, ‘content 

accuracy’ as a performance measure has been included in previous breadcrumb usability studies, 

such as those by: Bowler et al. (2001), and Ahmed and Blustein (2006).  However, ‘page 

navigation accuracy’ as a performance measure and breadcrumb usage has not been previously 

studied.  

 

3.4.  Research Sample 

Quantitative methodology is associated with large sample sizes, allowing a high degree of 

accuracy to be obtained, ensuring the generalised findings of the study are representative of the 

wider population (Jennings, 2001). 

 

3.4.1.  Sample 

The sample was selected from the target population of SCU students and staff, as they are a 

readily accessible subset of the general population, who are working and/or studying and through 

Internet usage, have some form of website navigation system experience, online access and an 
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active email address.  Also, previous breadcrumbs usability studies, have similarly acquired 

samples from university populations, allowing for possible comparison with these subjects and 

studies. 

 

3.4.2.  Sampling Methods 

To obtain a significant sample of the large and diverse target population that was representative 

of the population, saturation sampling was selected, determining all SCU students and staff in 

the sample frame.  Through probability sampling, all those in the sample frame had an equal 

opportunity to be randomly included in the sample, as a sample unit, and were sent an email 

requesting their participation in the research.  As participation was voluntary, a sample unit was 

ascertained by self-selection sampling. 

 

3.4.3.  Sample Size 

According to Jennings (2001), the smaller the sample size, the less confidence there can be 

regarding the application of the finding to the wider population, therefore, a large number of 

research subjects (as many as possible) were sought.  As Vavra (1997), notes Central Limit 

Theory informs that regardless of the distribution of the underlying population, as samples 

exceed 30, the distribution of sample means will be normally distributed, and goes on to suggest 

100 with 50 as the minimum.  This is confirmed by Gerson (1993), who indicates there is no 

ideal sample size, but for most purposes, research of 50 - 100 people (or more), is acceptable to 

have a representative sample.   

 
Over a data collection period of three weeks, 290 respondents completed the research experiment 

and questionnaires, which provided data for research analysis.  The 20 participants of the pilot 

study, and the remaining 16,601 non-respondents did not provide data for research analysis. 

 

3.4.4.  Sampling Bias 

When research participation is voluntary, there will always be some form of self-selection and 

self-selection bias, and as Leedy and Ormrod (2010, p.216) note, “Some degree of bias … [is] … 

an inevitable condition in most research”.  Self-selection sampling bias presented in this research 

as: non-response error, as all SCU students and staff had the option to participate (a respondent) 

or not (a non-respondent); and representation error manifested as minor over-representation of 
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females (175 to 115), and of subjects who encountered the main/sub menu first (169 to 121), and 

under-representation of no subjects aged 66 - 75. 

 
However, basic data and feedback amassed from the 290 respondents suggests they were similar 

to the non-respondents, and the sample was representative of the target and general population.  

As the demographic questionnaire data collected from respondents was both genders, from 

various age groups of 18 years old and over, with prior experience with computers, web 

browsing and navigation, ranging from novice to expert.  And respondents’ unsolicited feedback, 

received from various locations, was from students with a range of qualifications, including 

bachelor degree graduate, honours student, and honours graduate, and staff holding various 

positions in management, administration, and teaching fields. 

 
Although self-selection sampling bias was present, the non-response and representation errors 

were minimal and therefore deemed to be factors that would not impact upon the collection, 

validity, reliability or analysis of research data. 

 

3.5.  Research Validity and Reliability  

The validity and reliability of the research measurement instruments, and the internal and 

external validity of the research methods were addressed to ensure credible data, obtained 

through accurate measurements, drew meaningful conclusions, applicable beyond this study. 

 

3.5.1.  Measurement instruments Validity 

To enhance measurement instruments validity, by ensuring the instruments measure as intended, 

a table of specifications was constructed to establish content validity by determining breadcrumb 

usage behaviours and skills from previous breadcrumb usability studies, which in turn aided the 

development of the research tasks and questions. 

Then skilled judgment, in the form of collegial scrutiny and expertise, provided guidance with 

task and question wording and data measurement, and an informed endorsement of: the face 

validity of instrument selection; the construct validity of performance and perception measures; 

the content validity of the selected tasks and questions; and the criterion validity of instrument 

measure correlations. 

 
Next, a pilot study was conducted with 20 participants, who were SCU Business School staff 

with characteristics reflective of the sample.  The pilot study mimicked the research data 
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collection procedure, and identified the experiment tasks and questionnaires take 15 – 20 

minutes to complete, on average.  This time projection was used: 1) in the email request to 

advise the sample of general completion time; and 2) in the data analysis to identify outliers who 

took excessively longer (over 30 minutes) to complete the experiment.  The pilot study 

confirmed the measurement instruments performed as intended, the questions were effective in 

obtaining the required data, and the data measurements reflected valid and reliable measures.  

Although, questions’ wording was appropriate with understandable terms, minor spelling errors 

in some questions were identified and corrected as a result. 

 

3.5.2.  Measurement instruments Reliability 

To enhance measurement instruments reliability, by ensuring the instruments yield consistent 

results, the research tasks and questions were administered consistently, with measures 

established to control subjective findings.  The pilot study enabled ‘pilot testing’ of the analytical 

tools, which: found internal consistency reliability of questions that measured the same 

construct; equivalence reliability between the two ‘Usage questionnaires’ that gave similar 

results; and interrater reliability as multiple testers had similar results; and demonstrated the data 

measures and analysis methods were feasible as an effective approach to addressing the research 

objectives.  

 
The pilot study and test determined the research data collection procedure, instruments, 

questions, measures and analysis were suitable for the study.  Post-test, the research data was 

randomly split into sub-groups, which confirmed the result was the same for the sub-group 

samples, as it was for the whole.  Skilled colleagues provided assistance with their knowledge of 

data analysis interpretation for the pilot test, research test and post-test. 

 

3.5.3.  Internal Validity 

To ensure research methods drew accurate data relationship conclusions, internal validity was 

established with strict research design and data controls in the form of: 

 
1. A controlled experiment: where the environment conditions were carefully regulated with 

subjects being automatically allocated to groups, which encountered each of the two 

navigation treatments in differing session order, and having equal exposure to pre-test on-

screen instructions and to each navigation treatment (only once).  The specially designed 
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experiment websites, tasks, questionnaires and questions had features that were identical - to 

eliminate variability, similar - to provide consistency, and different - to allow for data 

measurement. 

 
2. A double-blind experiment: where both the experiment delivery method (via research 

website) and subjects were unaware of (blind to) the hypothesis and to which navigation 

treatment (intervention) was expected to be more or less effective.  Subjects were also 

unaware: of their allocation to a specific experimental group; that the ‘other group’ 

encountered each treatment in a different order; and thus of the effectiveness of the alternate 

treatment session order. 

 
3. Data Triangulation: Multiple sources of data were collected that converged, to allow 

analysis of performance and perception data measures, to discover the effectiveness of the 

two navigation systems.  Performance data measures consisted of: efficiency, speed, and 

accuracy (recall of numerical content, textual content and page navigation); and perception 

data measures consisted of: helpfulness, lostness, cognitive load (effort to understand, use 

and remember), usability, satisfaction, preference, and navigation awareness (of current 

location, current path, forward paths, and back paths). 

 

3.5.4.  External Validity 

To ensure research methods drew generalised conclusions suitable for other contexts, external 

validity was established with research environment and sample controls in the form of: 

 
1. A real-life setting: where the experiment was performed in an online real-time website 

environment, accessible from the subjects’ home computer, under real-life circumstances, 

with no subjective influences from research associates or deliberate contact between subjects 

intended. 

 
2. A representative sample: In view of the sampling methods and bias, the research subjects in 

the sample were considered a valid representation of the population of Internet users. 

 
3. Different Context Replication: As detailed in Chapter 2, previous studies regarding 

breadcrumb usability in different situation have been scrutinised, with the same results found 

and conclusions reached.  Correlations between variables were found to be: Positive - as 

breadcrumb training (practice/instruction) increased, breadcrumb performance and 
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perception (preference) increased; and Negative - as other navigation tool usage increased, 

breadcrumb usage declined; and as breadcrumb usage increased, browser back button usage 

declined. 

 

3.5.5.  Ethical Considerations 

The researcher conformed to ethical considerations during the course of the research, advocated 

moral and professional guidelines and upheld responsibilities to: the research subjects, the 

advocate (SCU), the scientific community, society (Internet users), and government.  The 

research received ethics approval from the SCU Human Research Ethics Committee. 

 

3.6.  Research Data Analysis Methods 

Detailed in the next chapter, are quantitative statistical data analysis methods that allow 

systematic descriptive comparison of the performance and perception data measures, using 

univariate and bivariate techniques for nominal, ordinal, and interval data, and identification of 

cause-and-effect relationships via correlation coefficients calculated with Pearson’s product 

moment and Spearman’s rank order.  Descriptive comparisons and contrasts, and identified 

correlations for the two navigation systems are presented as statistical graphs and tables, with 

findings reported as a generalised representation of the population. 
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Chapter 4.  Data Analysis 
 

4.1.  Introduction 

Detailed in this chapter, are the quantitative statistical data analysis methods that allowed the 

systematic comparison of subject performance and perception data measures (variables), and 

identification of significant correlations between those variables, to determine the effectiveness 

of the main/sub menu navigation system and the LAB pull-down navigation system, to support 

or reject the research hypothesis. 

 
The hypothesis: H1 – The location look-ahead breadcrumbs with a pull-down menu navigation 

system is effective for primary website navigation. 

 
The null hypothesis: H0 – The location look-ahead breadcrumbs with a pull-down menu 

navigation system is not effective for primary website navigation. 

 

4.2.  Research Response 

All SCU students and staff (minus the 20 in the pilot study) were invited to take part in the 

research component of the study, resulting in 290 respondents (subjects) in the research sample.   

 
Of the 290 subjects who completed the research experiments and questionnaires, 12 subjects 

were deemed ‘outliers’ with experiment completion times longer than projected (14 minutes or 

over for one task for one treatment).  As such, although the 12 subject cases were included in the 

data analysis of the questionnaire component of the sample, they were not included in the data 

analysis for the experimental component of the sample.  Resulting in an experiment sample of 

278 subjects who were able to provide experiment performance (efficiency and speed) data 

suitable for comparison and correlation analysis.  The 290 subjects in the questionnaire sample 

were able to provide demographic, perception (helpfulness, lostness, cognitive load, usability, 

satisfaction, preference, and navigation awareness), and performance (accuracy) data suitable for 

comparison analysis. 
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4.3.  Comparison Analysis 

To fulfil the objectives of the research - to analyse and compare the subject performance and 

perception variables, to discover the effectiveness of the main/sub menu navigation system and 

the LAB pull-down navigation system, suitable univariate and bivariate data analysis techniques 

informed the conduct of the investigation and the application of the representation of variable 

descriptive comparisons. 

 

4.3.1.  Data Analysis Techniques 

To describe the representative sample statistically, quantitative univariate and bivariate analysis 

techniques were employed. 

 

4.3.1.1.  Univariate Analysis 

Univariate analysis techniques that consider one variable at a time were applied to calculate the 

variables’ frequency distributions, and measures of central tendency and variability. 

 
Frequency Distributions: were calculated for all nominal, ordinal, and interval measures, to 

identify the number of responses (cases) associated with each category in a response set and 

were portrayed as a raw count and presented in bar chart form. 

 
Measures of Central Tendency: reported the central tendency of the distribution as one 

number, using measurements of: Mode for nominal, ordinal, and interval measures to identify 

the most frequently occurring score of a distribution, to determine the most preferred, used or 

repeated category; Median for ordinal, and interval measures to identify the middle score of a 

distribution, to determine the middle point and the population on both sides; and Mean ( x ) for 

interval measures, to identify the average score of a distribution, to determine the approximate 

acceptable score for a category.  Mean was calculated with: 

 
 
Measures of Variability: reported the variability of the distribution as one number, using the 

measurement of: Standard Deviation (s): for interval measures, to identify the average 

difference between all scores and the mean, to determine if categories were similar as a result of 

normal dispersion.  Standard deviation was calculated with:  

 

   x 
    n 

    x = 

-
 

   (x - x) 2 
       n 

s = 

  
 - 

  = sum of     x = score of cases      n = number of cases 

  = sum of     x = score of cases      x = mean      n = number of cases 

 
 - 

 
  
- 
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4.3.1.2.  Bivariate Analysis 

Bivariate analysis techniques that consider two variables at a time were applied to generate 

cross-tabulations to calculate the variables’ frequency distributions in relation each other. 

Cross Tabulation: presented frequency distributions simultaneously via a graph, constructed 

with two variables for interval measures.   

 
Frequency Distributions: were calculated for interval measures, to identify associations within 

each category in a response set for one variable, in relation to each category in a response set for 

another variable and were presented in bar chart form. 

 
The nominal, ordinal, and interval data collected from subjects via the research experiment and 

questionnaires, underwent univariate analysis to determine the descriptive statistics, which 

described the aggregation of raw data, in numerical terms and bivariate analysis was undertaken 

when deemed necessary to further investigate a univariate analysis revelation.  These 

quantitative statistics were then utilised in the comparison of the navigation treatments in 

reference to subjects’ session order, demographic, performance, and perception variables. 
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4.3.2.  Navigation Treatment Session Order 

To discover the effectiveness ‘within’ and ‘between’ the navigation treatments, numeric data 

representing subjects’ navigation treatment session order was automatically assigned and 

allocated to group subjects.  Subjects in:  

 Group 1 with session order one encountered: first the main/sub menu navigation treatment, 

and second the LAB pull-down navigation treatment. 

 Group 2 with session order two encountered: first the LAB pull-down navigation treatment, 

and second the main/sub menu navigation treatment.   

Removal of the 12 outliers resulted in 290 subjects in the questionnaire sample and 278 subjects 

in the experiment sample.  Following is the data analysis of the session order for both samples. 

 

4.3.2.1.  Session Order  

To determine if the treatment session order had an effect on website navigation, subjects were 

assigned a nominal measure, as: 

 Session Order: identification of the navigation treatment subject encountered first 

 
Session Order: 290 Questionnaire Sample 

 
 
 
 
 
 
 
 
 

First Site: First Site: 
Main/Sub Menu LAB Pull-down 

 
Diagram 4.1.  Session Order: 290 Questionnaire Sample Frequency Distribution 

 
Mode: 0 (Menu) 

169 cases  

 
Of the 290 subjects, 58.3% were in Group 1, which had 169 subjects encounter the main/sub 

menu treatment first, and the LAB pull-down treatment second; and 41.7% were in Group 2, 

which had 121 subjects encounter the LAB pull-down treatment first, and the main/sub menu 

treatment second. 
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However, as the experiment was designed to have a 50/50 split with subjects automatically 

assigned in sequence into the two groups, the numbers should be similar.  This indicates, at least 

48 subjects who encountered the LAB pull-down treatment first, quit the experiment prior to 

completion.  Equating to session order not removing group disproportion as a variable. 

 
The reason some quit, was explained in unsolicited feedback received from subjects, which 

stated: “got stuck in the same screen at the end of the first task.  When I hit Page Found it would 

not move on (as it said it wouldn't if the answer was not correct), but I don't know what to do, or 

how to correct, or how to get back and start again”, and “the survey page would not open on my 

machine” and “I tried to complete your survey yesterday and could not get beyond page 4 - I 

tried going back and changing things but nothing would work for me to progress to the next 

question not sure whether I have answered it incorrectly or whether there's a glitch”. 

 
The experiments were designed to progress to the next task only when the current task was 

complete, confirmed by selection of the ‘Page Found’ button on the correct page; and the 

questionnaires were designed to progress to the next component only when all the current 

questions were complete, confirmed by selection of the ‘Submit’ button on each questionnaire 

page.  With no system glitches experienced by testers in the pilot study or found during post-

testing, subject’s claims were unable to be confirmed.  As the number of individuals who had to 

quit either voluntarily or otherwise during either the main/sub menu or the LAB pull-down 

experiment was not recorded, the exact experiment drop-out numbers were unknown. 

 
Session Order: 278 Experiment Sample 

 
 
 
 
 
 
 
 
 

First Site: First Site: 
Main/Sub Menu LAB Pull-down 

 
Diagram 4.2.  Session Order: 278 Experiment Sample Frequency Distribution 

 
Mode: 0 (Menu) 

163 cases  
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Of the 278 subjects, 58.6% were in Group 1, which had 163 subjects encounter the main/sub 

menu treatment first, and the LAB pull-down treatment second; and 41.4% were in Group 2, 

which had 115 subjects encounter the LAB pull-down treatment first, and the main/sub menu 

treatment second. 

 
The 12 outliers had a large time delay associated with only one task for one treatment, resulting 

in experiment completion times longer than the cut off time of 840 seconds (14 minutes).  

Consequently, six of the 12 outliers (subjects) were removed equally from each group.  Those 

removed had delays and completion times (in seconds) from: Group 1 of: 1) 771 → 858, 2) 649 

→ 895, 3) 803 → 909, 4) 936 → 1035, 5) 1238 → 1318, and 6) 2792 → 2981; and Group 2 of: 

1) 751 → 909, 2) 656 → 912, 3) 880 → 991, 4) 1072 → 1166, 5) 1365 → 1536, and 6) 2675 → 

2771. 

 
The reason some were delayed, was explained in unsolicited feedback received from subjects 

who completed the experiment, which stated: “Completed whilst accessing laggy hotel internet 

… hung a number of times” and “I paused during one of the surveys to chat with a colleague … 

If I knew it was timing me I would have waved-off my colleague”. 

 
Result: Session Order 

Session order did not remove group disproportion as a variable, as of the 290 subjects in the 

questionnaire sample, 58.3% were in Group 1 and 41.7% were in Group 2.  The unequal group 

numbers indicate 48 subjects (at least) who encountered the LAB pull-down treatment first, quit 

the experiment prior to completion, although some subjects gave reasons in unsolicited feedback.  

However, as the number of those who quit voluntarily or otherwise was not recorded, the exact 

drop-out numbers for both treatments were unknown.  Six subjects (outliers), with large delays 

and completion times of 14 minutes and over, were removed from each group, resulting in 278 

subjects in the experiment sample, with 58.6% in Group 1 and 41.4% in Group 2.  Some 

subjects also explained their delays in unsolicited feedback.  The sample portions were similar to 

before the outliers were removed, with only .3% difference between the same groups in the 290 

case questionnaire sample and the 278 case experiment sample. 
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4.3.3.  Demographics 

To discover the effectiveness ‘within’ and ‘between’ the navigation treatments, numeric data 

representing subjects’ demographic and technological experience measures were collected, via:  

 Six demographic questions from the 6-question Demographic Questionnaire, with a nominal 

measure for gender, and ordinal measures for age group and experience – computer, web 

browsing, main/sub menu navigation and breadcrumb navigation.  Analyses of demographic 

measures were conducted with the sample of 290 subjects. 

Following is the data analysis of the six demographic measures. 

 

4.3.3.1.  Gender 

To examine if gender had an effect on website navigation, subjects selected a nominal measure 

for the instruction: 

 Q1 Gender: Select your gender: Male, Female 

 
Gender 

 
 
 
 
 
 
 
 
 
Diagram 4.3.  Gender Frequency Distribution 

 
Mode: 0 (Female) 

175 cases  

 
Of the 290 subjects’ 60.3% were female, and 39.7% were male. 

 
Result: Gender 

At 60.3%, over half the subjects in the sample were female. 

 

4.3.3.2.  Age Group 

To examine if age group had an effect on website navigation, subjects selected an ordinal 

measure for the instruction: 
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 Q2 Age group: Select your age group: 18-25, 26-35, 36-45, 46-55, 56-65, 66-75, 75+ 

 
Age Group 

 
 
 
 
 
 
 
 
 

 
Diagram 4.4.  Age Group Frequency Distribution 

 
Mode: 3 (36 – 45) 

79 cases 
Median: 3 (36 - 45) 

79 cases 
Mean: 2.60 Standard Deviation: 1.25 

 
Most of the 290 subjects’ (52%) selected their age group as either 36-45 – 27.2% or 18-25 – 

24.8%, while others (47.9%) chose 26-35 – 22.8%, 46-55 – 18.6%, 56-65 – 6.2% or 76+ – 3%, 

and none chose 66-75.  To facilitate statistical analysis the last two age groups (66-75 and 75+) 

were combined into one age group (66+). 

 
Result: Age Group 

The four age groups between 18 and 55 were of similar size, as represented by percentages of 

27.2, 24.8, 22.8, and 18.6, with only 9.2% of subjects representing age groups 56 and over, and 

no subjects aged 66 –75. 

 

4.3.3.3.  Experience (Computer, Web Browsing and Navigation Systems) 

To examine if prior experience with computers, web browsing, main/sub menu navigation, and 

breadcrumb navigation had an effect on website navigation, subjects selected an ordinal 

measure, from: None, Beginner, Intermediate, Advanced, and Expert, for each instruction: 

 Q3 Experience – Computer: Select your level of experience using computers:  

 Q4 Experience – Web Browsing: Select your level of experience with web browsing:  

 Q5 Experience – Menu Navigation: Select your level of experience with main and sub 

menu navigation:  

 Q6 Experience – Breadcrumb Navigation: Select your level of experience with 

breadcrumb navigation:  
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Experience - Computer 

 
 
 
 
 
 
 
 
 
Diagram 4.5.  Experience - Computer Frequency Distribution 

 
Mode: 2 (Intermediate) 

126 cases 
Median: 3 (Advanced) 

117 cases 
Mean: 2.63 Standard Deviation: 0.77 

 
Most of the 290 subjects (83.7%) selected their computer experience level as either Intermediate 

- 43.4% or Advanced – 40.3%, while all others (16.3%) chose Expert – 13.4%, Beginner – 1.7% 

or None – 1%. 

 
Experience - Web Browsing 

 
 
 
 
 
 
 
 
 
Diagram 4.6.  Experience - Web Browsing Frequency Distribution 

 
Mode: 3 (Advanced) 

116 cases 
Median: 3 (Advanced) 

116 cases 
Mean: 2.65 Standard Deviation: 0.83 

 
Most of the 290 subjects (79.3%) selected their web browsing experience level as either 

Advanced – 40.0% or Intermediate – 39.3%, while all others (20.7%) chose Expert – 15.5%, 

Beginner – 4.1% or None – 1%. 
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Experience - Menu Navigation 

 
 
 
 
 
 
 
 
 
Diagram 4.7.  Experience - Menu Navigation Frequency Distribution 

 
Mode: 2 (Intermediate) 

112 cases 
Median: 2 (Intermediate) 

112 cases 
Mean: 2.33 Standard Deviation: 

1.01 

 
Most of the 290 subjects (71.7%) selected their main/sub menu navigation experience level as 

either Intermediate – 38.6% or Advanced – 33.1%; while all others (28.3%) chose Expert – 

11.4%, Beginner – 11.4%, and None – 5.5%.  

 
Experience - Breadcrumb Navigation 

 
 
 
 
 
 
 
 
 
 
Diagram 4.8.  Experience - Breadcrumb Navigation Frequency Distribution 

 
Mode: 0 (None) 

151 cases 
Median: 0 (None) 

151 cases 
Mean: 1.01 Standard Deviation: 1.25 

 
Most of the 290 subjects (52.1%) selected their breadcrumb navigation experience level as 

None, while all others (47.9%) chose either Intermediate – 18.6%, Beginner – 4.5%, Advanced 

– 9.7% or Expert – 5.2%. 

 
Result: Experience (Computer, Web Browsing, and Navigation Systems) 

Most subjects gauged their prior experience as: either intermediate or advanced for: computer 

(83.7%), web browsing (79.3%), and main/sub menu navigation (71.7%); and none for: 

breadcrumb navigation (52.1%). 
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4.3.3.4.  Session Order by Experience (Navigation Systems) 

This data was sought to see if experience with a navigation method affected the results.  As can 

clearly be seen there was a lack of experience with breadcrumbs, which indeed did have an 

effect. 

 
First Site - Main/Sub Menu: Experience – Navigation Systems 

 
 
 
 
 
 
 
 
 
 
Diagram 4.9.  First Site - Main/Sub Menu: Experience Frequency Distribution  

 
Group 1 comprised of 163 subjects who encountered the main/sub menu treatment first and the 

LAB pull-down treatment second.  The main/sub menu navigation experience level selected by 

most (37.4%) of the Group 1 subjects was Intermediate, while the less experienced (14.8%) 

selected None – 4.3% and Beginner – 10.5%, and the more experienced (47.8%) selected 

Advanced – 36.2%, and Expert – 11.6%.  The breadcrumb navigation experience levels selected 

most by Group 1 subjects were for less experience (68.1%) with None – 54.6% and Beginner – 

13.5%, while the more experienced (31.9%) selected Intermediate – 16.6%, Advanced – 9.2% or 

Expert – 6.1%. 

 
First Site - LAB Pull-Down: Experience - Navigation Systems 

 
 
 
 
 
 
 
 
 
 
Diagram 4.10.  First Site - LAB Pull-Down: Experience Frequency Distribution 

 
Group 2 comprised of 115 subjects who encountered the LAB pull-down treatment first and the 

main/sub menu treatment second.  The main/sub menu navigation experience level selected by 
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most (42.6%) of the Group 2 subjects was Intermediate, while the less experienced (18.3%) 

selected None – 7.0% or Beginner – 11.3%, and the more experienced (39.1%) selected 

Advanced – 28.7%; or Expert – 10.4%.  The breadcrumb navigation experience levels selected 

most by Group 2 subjects were for less experience (66.1%) with None – 49.6% and Beginner – 

16.5%, while the more experienced (33.9%) selected Intermediate – 20.9%, Advanced – 9.5% 

and Expert – 3.5%. 

 
Result: Session Order by Experience (Navigation Systems) 

The composition of subjects’ main/sub menu navigation experience level was similar within the 

two groups, as: most had Intermediate experience in Group 1 - 37.4% and Group 2 - 42.6%, 

while 14.8% of Group 1 and 18.3% of Group 2 had less experience (None and Beginner), and 

47.8% of Group 1 and 39.1% of Group 2 had more experience (Advanced and Expert).  And the 

composition of subjects’ breadcrumb navigation experience level was also similar within the two 

groups, as: 68.1% of Group 1 and 66.1% of Group 2 had less experience (None and Beginner), 

and 31.9% of Group 1 and 33.9% of Group 2 had more experience (Intermediate, Advanced and 

Expert).  Resulting in comparable subject main/sub menu and breadcrumb experience levels, 

between the two groups. 
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4.3.4.  Performance 

To discover the effectiveness ‘within’ and ‘between’ the navigation treatments, numeric data 

representing subjects’ performance measures were collected for each treatment, via:  

 Two performance measures from the two 6-task Website-Based Experiments, with interval 

measures for efficiency – all tasks and speed – all tasks and each task.  Analyses of 

performance measures were conducted with a sample of 278 subjects (due to the 12 outliers – 

as noted in Section 4.2.  Research Response). 

 Six performance questions from the 13-question Navigation Treatment Assessment 

Questionnaire, with interval measures for accuracy – numerical content, textual content, and 

page navigation.  Analyses of performance measures were conducted with a sample of 290 

subjects. 

Following is the data analysis of the eight performance measures. 

 

4.3.4.1.  Efficiency 

To determine how efficient each navigation system was to complete all tasks, the experiment 

recorded an interval measure for: 

 Efficiency – All Tasks (Main/Sub Menu): total page loads to complete all six location tasks 

(Main/sub menu required a minimum of 36 pages loads to complete all tasks) 

 Efficiency – All Tasks (LAB Pull-Down): total page loads to complete all six location tasks 

(LAB pull-down required a minimum of 30 pages loads to complete all tasks) 
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Main/Sub Menu: Efficiency - All Tasks  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.11.  Main/Sub Menu: Efficiency - All Tasks Frequency Distribution 

 
Mode: 

36 pages 
Median: 

40 pages 
Mean: 

44.28 pages 
Standard Deviation:  

12.53 

 
Of the 278 subjects who accessed the main/sub menu navigation, the average total page loads to 

complete all the tasks was 44.28.  Most subjects loaded the least amount - 36 pages, which was 

the minimum required to complete all the tasks; the majority of subjects loaded between 37 and 

55 pages, and 3 subjects or less loaded the most amount - between 56 and 137 pages. 
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LAB Pull-Down: Efficiency - All Tasks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.12.  LAB Pull-Down: Efficiency - All Tasks Frequency Distribution 

 
Mode: 

30 pages 
Median: 

35 pages 
Mean: 

36.75 pages 
Standard Deviation:  

7.85 

 
Of the 278 subjects who accessed the LAB pull-down navigation, the average total page loads to 

complete all the tasks was 36.75.  Most subjects loaded the least amount - 30 pages, which was 

the minimum required to complete all the tasks; the majority of subjects loaded between 31 and 

45 pages, and 3 subjects or less loaded the most amount - between 46 and 81 pages. 
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Navigation Comparison: Efficiency - All Tasks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Main/Sub Menu  Mean: 43.90 pages Mean: 44.82 pages 

  LAB Pull-Down Mean: 39.03 pages Mean: 35.13 pages 

 
Diagram 4.13.  Navigation Comparison: Efficiency - All Tasks Means 

 
The means of page loads to complete all tasks with the main/sub menu navigation surprisingly 

increased by 1 page from 44 pages when encountered first to 45 pages when encountered second; 

and with the LAB pull-down navigation decreased by 4 pages from 39 pages when encountered 

first to 35 pages when encountered second. 

 
 Mean (seconds): Standard Deviation: 

First Site – Main/Sub Menu: 43.90 12.57 

Second Site – Main/Sub Menu: 44.82 12.51 

Both Sites – Main/Sub Menu: 44.28 12.53 

First Site – LAB Pull-down: 39.03 9.26 

Second Site – LAB Pull-down: 35.13 6.22 

Both Site – LAB Pull-down: 36.75 7.85 
 
Table 4.1.  Navigation Comparison: Efficiency - All Tasks Means and Standard Deviations 

 
Result: Efficiency - All Tasks 

The LAB pull-down navigation system was determined to facilitate the fewest page loads to 

complete all tasks (in all aspects).  Overall, for both encounters between main/sub menu (44.28) 

and LAB pull-down (36.75) the average page load difference was 7.53 pages.  Subjects on 

average loaded less pages for the first encounters between main/sub menu (44) and LAB pull-
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down (39), with a page load difference of 5 pages; and for the second encounters between 

main/sub menu (45) and LAB pull-down (35), with an increased page load difference of 10 

pages.  Within the treatments, the main/sub menu second encounter increased by one page, 

whereas LAB pull-down second encounter decreased by four pages.  And as most subjects 

loaded the least amount - 30 pages, the majority loaded 31 to 45, and 3 or less loaded 46 to 81 

with LAB pull-down; compared to the main/sub menu where most subjects loaded 36 pages, the 

majority loaded 37 to 55, and 3 or less loaded the most amount - 56 to 137 pages.   

 

4.3.4.2.  Speed 

To determine how fast each navigation system was to complete each and all tasks, the 

experiment recorded an interval measure for: 

 Speed – All Tasks (Main/Sub Menu): total seconds to complete all six location tasks 

 Speed – All Tasks (LAB Pull-Down): total seconds to complete all six location tasks 

 Speed – Each Task (Main/Sub Menu): total seconds to complete each location task 

 Task 1 path: Animals – Vertebrates – Mammals – Herbivore – Deer (level 5) 

 Task 2 path: Animals – Vertebrates – Birds – Carnivore – Penguin (level 5) 

 Task 3 path: Plants – Fruits – Vines – Grape (level 4) 

 Task 4 path: Plants – Vegetables – Above Ground – Corn (level 4) 

 Task 5 path: Minerals – Pure – Silver (level 3) 

 Task 6 path: Minerals – Pure – Mercury (level 3) 

 Speed – Each Task (LAB Pull-Down): total seconds to complete each location task 

 Task 1 path: Animals – Invertebrates – Insects – Piercing – Bug (level 5) 

 Task 2 path: Animals – Invertebrates – Arachnids – Biting – Spider (level 5) 

 Task 3 path: Plants – Herbs and Spices – Herbs – Roots (level 4) 

 Task 4 path: Plants – Herbs and Spices – Spices – Flowers (level 4) 

 Task 5 path: Minerals – Compound – Turquoise (level 3) 

 Task 6 path: Minerals – Compound – Emerald (level 3) 
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Main/Sub Menu: Speed - All Tasks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.14.  Main/Sub Menu: Speed - All Tasks Frequency Distribution 

 
Mode: 

113 seconds 
Median: 

114.50 seconds 
Mean: 

136.98 seconds 
Standard Deviation:  

76.48 

 
Of the 278 subjects who accessed the main/sub menu navigation treatment, the average total 

seconds to complete all the tasks was 136.98; with the fastest time of 46 seconds and the slowest 

time of 575 seconds. 
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LAB Pull-Down: Speed - All Tasks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.15.  LAB Pull-Down: Speed - All Tasks Frequency Distribution 

 
Mode: 

87 seconds * 
Median: 

153.50 seconds 
Mean: 

180.76 seconds 
Standard Deviation:  

102.19 
 

Note: * As multiple modes exist, the smallest value is shown. 

 
Of the 278 subjects who accessed the LAB pull-down navigation treatment, the average total 

seconds to complete all the tasks was 180.76; with the fastest time of 43 seconds, and the slowest 

time of 497 seconds. 
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  Main/Sub Menu  Mean: 146.25 seconds Mean: 123.83 seconds 

  LAB Pull-Down Mean: 218.95 seconds Mean: 153.81 seconds 

 
Diagram 4.16.  Navigation Comparison: Speed - All Tasks Means  

 
The average total seconds to complete all tasks with the main/sub menu navigation decreased 

from 146.25 seconds when encountered first to 123.83 seconds when encountered second; and 

with the LAB pull-down navigation decreased from 218.95 seconds when encountered first to 

153.81 seconds when encountered second. 

 
 Mean (seconds): Standard Deviation: 

First Site – Main/Sub Menu: 146.25 71.92 

Second Site – Main/Sub Menu: 123.83 81.03 

Both Sites – Main/Sub Menu: 136.98 76.48 

First Site – LAB Pull-down: 218.95 111.52 

Second Site – LAB Pull-down: 153.81 85.65 

Both Site – LAB Pull-down: 180.76 102.19 
 
Table 4.2.  Navigation Comparison: Speed - All Tasks Means and Standard Deviations  

 
Result: Speed - All Tasks 

Post subject experience analysis, once menu and breadcrumb experience were realised, but pre 

task speed analysis, it was expect that main/sub menu when encountered second would be the 

fastest, as subjects in both groups had more main/sub menu experience, and the experiment 

process would be known.  Then either main/sub menu first (high menu experience vs. unknown 
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experiment process) or LAB pull-down second (low breadcrumb experience vs. known 

experiment process), not necessarily in that order, would produce mid- range times.  Lastly, it 

was expect that LAB pull-down when encountered first would be the slowest, as subjects in both 

groups had less breadcrumb experience, and the experiment process would be unknown. 

 
The main/sub menu navigation system was determined to facilitate the fastest time to complete 

all tasks.  Overall, for both encounters between main/sub menu (136.98), and LAB pull-down 

(180.76), the average time difference was 43.78 seconds.  Subjects on average took less time for 

the first encounters between main/sub menu (146.25) and LAB pull-down (218.95), with a time 

difference of 72.7 seconds; and for the second encounters between main/sub menu (123.83) and 

LAB pull-down (153.81), with a decreased time difference of 29.98 seconds.  Within the 

treatments, the main/sub menu second encounter decreased by 22.42 seconds, whereas as LAB 

pull-down second encounter decreased by 65.14 seconds.   

 
First Site - Main/Sub Menu: Speed - Each Task 

 
 
 
 
 
 
 
 
 

 
Diagram 4.17.  First Site - Main/Sub Menu: Speed - Each Task Means 

 
Standard Deviation 

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 

30.87 33.48 5.46 8.66 29.43 10.64 

 
The 163 Group 1 subjects’ average completion time in seconds, for each task for the main/sub 

menu navigation when encountered first, was: slowest for Task 1 – 49.81, then quicker for Task 

2 – 38.86 and Task 3 – 14.75, then slower for Task 4 – 15.53, then quicker for Task 5 – 14.48 

and Task 6 – 12.82. 
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Second Site - Main/Sub Menu: Speed - Each Task 

 
 
 
 
 
 
 
 
 

 
Diagram 4.18.  Second Site - Main/Sub Menu: Speed - Each Task Means 

 
Standard Deviation 

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 

57.85 20.62 10.86 20.98 6.62 9.70 

 
The 115 Group 2 subjects’ average completion time in seconds, for each task for the main/sub 

menu navigation when encountered second, was: slowest for Task 1 – 36.03, then quicker for 

Task 2 – 31.59 and Task 3 – 16.06, then slower for Task 4 – 17.20, then quicker for Task 5 – 

10.91, then slower for Task 6 – 12.03. 

 
Result: Speed - Each Task (Main/Sub Menu) 

For the main/sub menu navigation treatment, the average completion time in seconds, for each 

task was the slowest for Task 1 (within Animals – level 5) with 49.81when encountered first, 

with an improvement, to 36.03 when encountered second.  This indicates it took time for the 

subjects to learn the process, as subjects were then quicker, regardless of encounter order, for 

Task 2 (within Animals – level 5) with 38.86 and 31.59.  By Task 3 (within Plants – level 4), 

times were quicker (almost halved) with 14.75 and 16.06.  However, for Task 4 (within Plants – 

level 4), times were then slower (slightly) with 15.53 and 17.20.  Improving for Task 5 (within 

Minerals – level 3), times were quicker with 14.48 and 10.91.  However then for Task 6 (within 

Minerals – level 3), the first encounter was quicker at 12.82 and the second encounter was 

slower (slightly) at 12.03. 
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First Site – LAB Pull-Down: Speed - Each Task 

 
 
 
 
 
 
 
 
 

 
Diagram 4.19.  First Site – LAB Pull-down: Speed - Each Task Means 

 
Standard Deviation 

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 

53.00 16.28 25.35 41.94 21.48 15.74 

 
The 115 Group 2 subjects’ average completion time in seconds, for each task for the LAB pull-

down navigation when encountered first, was: slowest for Task 1 – 80.76, then quicker for Task 

2 – 30.77 and Task 3 – 29.18, then slower for Task 4 –36.98, then quicker for Task 5 – 28.74 and 

Task 6 – 12.52. 

 
Second Site – LAB Pull-Down: Speed - Each Task 

 
 
 
 
 
 
 
 
 

 
Diagram 4.20.  Second Site – LAB Pull-down: Speed - Each Task Means 

 
Standard Deviation 

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 

40.85 12.77 22.43 28.21 31.12 4.82 

 
The 163 Group 1 subjects’ average completion time in seconds, for each task for the LAB pull-

down navigation when encountered second, was: slowest for Task 1 – 46.40, then quicker for 

Task 2 – 23.59, then slower for Task 3 – 25.88, then slower for Task 4 – 26.28, then quicker for 

Task 5 – 22.54 and Task 6 – 9.12. 
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Result: Speed - Each Task (LAB Pull-Down) 

For the LAB pull-down navigation treatment, the average completion time in seconds, for each 

task was the slowest for Task 1 (within Animals – level 5) with 80.76 when encountered first, 

with an improvement, to 46.40 when encountered second.  This indicates it took time for the 

subjects to learn the process, as subjects were then considerably quicker, regardless of encounter 

order, for Task 2 (within Animals – level 5) with 30.77 and 23.59.  However then for Task 3 

(within Plants – level 4), although first was quicker at 29.18, surprisingly second was slower at 

25.88.  Unexpectedly, for Task 4 (within Plants – level 4) times were then slower (noticeably) 

with 36.98 and (slightly) with 26.28.  Resuming improvement, times were then quicker for Task 

5 (within Minerals – level 3) with 28.74 and 22.54, and then considerably quicker for Task 6 

(within Minerals – level 3) with 12.52 and 9.12. 

 
The reason some subjects were slower when using the LAB pull-down first, was explained in 

unsolicited feedback received from subjects who completed the experiment, which stated: 

“Displayed statistics on completion reflected main & sub menu to be slightly quicker than bread-

crumb.  That may be attributed to nil experience with bread-crumb and that I was acclimatised to 

the questions once I'd completed the bread-crumb navigation.” and “…because the 'breadcrumb' 

method is relatively new, and it's the first activity, we're more tentative with this, and once the 

menu nav bar comes up, we're in our own space and feel more comfortable (and quicker).” and 

“… when starting off the experiment it took a while to 'get my head around' what was really 

expected … the decision to place 'breadcrumbs' before 'menus and sub-menus' meant that I at 

least knew what was expected at that later time, and thus lead to faster navigation.” and “… I 

preferred the breadcrumb method but that I took significantly longer using this. I suspect though 

that if I had done the tasks the other way around (i.e. the menu/submenu first) the results would 

have been very different.  Part of the time taken is working out exactly what the task is”.  This 

equated to session order not removing order of navigation treatment as a variable. 
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Session Comparison: Speed - Each Task 

Mean (seconds) Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 

First Site – Main/Sub Menu: 49.81 38.86 14.75 15.53 14.48 12.82 

Second Site – Main/Sub Menu: 36.03 31.59 16.06 17.20 10.91 12.03 

Both Sites – Main/Sub Menu: 44.11 35.85 15.29 16.22 13.01 12.49 

First Site – LAB Pull-down: 80.76 30.77 29.18 36.98 28.74 12.52 

Second Site – LAB Pull-down: 46.40 23.59 25.88 26.28 22.54 9.12 

Both Sites – LAB Pull-down: 60.61 26.56 27.25 30.77 25.10 10.53 
 
Table 4.3.  Session Comparison: Speed - Each Task Means 

 
Result: Speed - Each Task (Within and Between the Sessions) 

Pre task speed analysis, it was expected that Task 1 would be the slowest for all sessions as the 

experiment process was being learnt, with times improving for successive tasks, within each 

session, as subjects become more experienced with the experiment process.  However, this was 

not the case, within any of the four sessions. 

 
Between the sessions, the LAB pull-down when encountered second: 1) showed continual 

improvement compared to the LAB pull-down first encounter, indicating learning the experiment 

process may have had an impact upon task times; and 2) did not show continual improvement 

compared to the main/sub menu first encounter, indicating subjects low level of breadcrumbs 

experience may have also had an impact on task times.  A greater impact on task times may have 

occurred for subjects with low level breadcrumbs experience who encountered LAB pull-down 

first when the experiment process was unknown. 

 
In unsolicited feedback multiple subjects gave reasons, for their slower completion times when 

using the LAB pull-down first, such as: 1) nil experience with breadcrumbs; 2) feeling more 

tentative with breadcrumbs compared to more comfortable with the menu; 3) having to work out 

what the task is; 4) not knowing what was expected; and 5) not being acclimatised to the 

questions.  Thus, session order did not remove order of navigation treatment as a variable. 

 
For both treatments regardless of encounter order, the average completion times were 

consistently slowest for Task 1, then quicker for Task 2, with an improvement for both main/sub 

menu and considerable improvement for both LAB pull-down.  By Task 3 times were quicker, 

almost half of that for Task 2, for both main/sub menu encounters, with the LAB pull-down first 

encounter also quicker than previously, although surprisingly when encountered second, times 

although quicker than the first encounter were slightly slower compared to the previous task.  
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Then for Task 4, times were progressively slower for both encounters with both treatments.  

Resuming improvement, Task 5 times for both encounters of the two treatments, were then 

consistently quicker than not only Task 4, but also Task 3.  Then for the final Task 6, times for 

both encounters with the LAB pull-down treatment were considerably quicker than Task 5, with 

the times for the main/sub menu treatment quicker when encountered first, but slightly slower 

when encountered second.  This uncovers a trend with the tasks for both treatments of – slowest, 

quicker, quicker (except LAB pull-down second encounter was slower by 2.29 seconds), slower, 

quicker, and quicker (except main/sub menu second encounter was slower by 1.12 seconds). 

 
Result: Speed - Each Task (Fastest Tasks with Main/Sub Menu) 

The main/sub menu navigation system was determined to facilitate the fastest time to complete 

Task 1, 3, 4 and 5. 

 
The subjects’ fastest to slowest completion times were for: Task 1 when encountering the: 

main/sub menu second (36.03), LAB pull-down second (46.40), main/sub menu first (49.81), 

and LAB pull-down first (80.76).  As expected, Task 1 (within Animals section, level 5) was 

slowest when encountered first for main/sub menu (49.81) and LAB pull-down (80.76), with 

recurrent improvement, when encountered second for main/sub menu (36.03) and LAB pull-

down (46.40).  This indicates for the subjects to learn the process it took, on average, 13.78 

seconds for the main/sub menu treatment and 34.36 seconds for the LAB pull-down treatment, 

which is 20.58 seconds more (almost 1½ times longer) for LAB pull-down.  This can be 

explained by the breadcrumb inexperience of subjects within the sample.  Between the two 

groups, the composition of subjects’ navigation experience level was similar as: 14.8% of Group 

1 and 18.3% of Group 2 had ‘None’ and ‘Beginner’ main/sub menu experience, and 68.1% of 

Group 1 and 66.1% of Group 2 had ‘None and Beginner’ breadcrumb experience. 

 
The subjects’ fastest to slowest completion times were for: Task 3 when encountering the: 

main/sub menu first (14.75), main/sub menu second (16.06), LAB pull-down second (25.88), 

and LAB pull-down first (29.18); and Task 4 when encountering the: main/sub menu first 

(15.53), main/sub menu second (17.20), LAB pull-down second (26.28), and LAB pull-down 

first (36.98).  Unexpectedly, for Task 3 and Task 4 (within Plant section level 4) the main/sub 

menu first was quicker than the main/sub menu second, with both main/sub menus in both tasks 

much quicker than LAB pull-down.  Some of the task locations the subjects had to navigate were 

possibly not in intuitive locations, e.g. LAB pull-down Task 4 ‘Find the flowers information’ – 
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was in the Herbs and Spices sub-section, although subjects may have thought the location was in 

the Fruits sub-section or the Vegetables sub-section. 

 
The subjects’ fastest to slowest completion times were for: Task 5 when encountering the: 

main/sub menu second (10.91), main/sub menu first (14.48), LAB pull-down second (22.54), 

and LAB pull-down first (28.74).  The result, for Task 5 (within Minerals level 3) in favour of 

main/sub menu, was as expected. 

 
Result: Speed - Each Task (Fastest Tasks with LAB Pull-down) 

The LAB pull-down navigation system was determined to facilitate the fastest time to complete 

Task 2 and 6.  

 
The subjects’ fastest to slowest completion times were for: Task 2 when encountering the: LAB 

pull-down second (23.59), LAB pull-down first (30.77), main/sub menu second (31.59), and 

main/sub menu first (38.86).  The result, for Task 2 (within Animal section, level 5) was 

unexpectedly, in favour of LAB pull-down. 

 
The subjects’ fastest to slowest completion times were for: Task 6 when encountering the: LAB 

pull-down second (9.12), main/sub menu second (12.03), LAB pull-down first (12.52), and 

main/sub menu first (12.82).  Task 6 (within Minerals level 3) was also in favour of LAB pull-

down. 

 

4.3.4.3.  Accuracy (Content and Navigation) 

To determine how accurate each navigation system was for numerical content, textual content, 

and page navigation recall, at the end of the testing process, subjects entered an answer, which 

was converted to an interval measure of 0 for incorrect, and 1 for fully or partially correct, for 

the questions: 

 Q8 Accuracy – Numerical Content (Main/Sub Menu): How many species of penguins are 

there? 

 Q9 Accuracy – Numerical Content (LAB Pull-Down): How many species of bugs are 

there?  

 Q10 Accuracy – Textual Content (Main/Sub Menu): What is Golden Bantam a type of?  

 Q11 Accuracy – Textual Content (LAB Pull-Down): What is a spice derived from the fruit 

or flowers of a plant?  
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 Q12 Accuracy – Page Navigation (Main/Sub Menu): You were asked to locate 

information about the elements Silver and Mercury.  What were the other two pure elements?  

 Q13 Accuracy – Page Navigation (LAB Pull-Down): You were asked to locate 

information about the elements Turquoise and Emerald.  What were the other two compound 

elements?  

 
Main/Sub Menu: Accuracy - Numerical Content 

 
 
 
 
 
 
 
 
 
 
 
Diagram 4.21.  Main/Sub Menu: Accuracy - Numerical Content Frequency Distribution 

 
Mode: 0 (Incorrect) 

246 cases  

 
Most of the 290 subjects (84.8%) answer for the main/sub menu numerical content accuracy 

question was incorrect, with all others (15.2%) answer correct. 

 
LAB Pull-Down: Accuracy - Numerical Content 

 
 
 
 
 
 
 
 
 
 
 
Diagram 4.22.  LAB Pull-Down: Accuracy - Numerical Content Frequency Distribution 

 
Mode: 0 (Incorrect) 

261 cases  
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Most of the 290 subjects (90%) answer for the LAB pull-down numerical content accuracy 

question was incorrect, with all others (10%) answer correct. 

 
Result: Accuracy - Numerical Content 

Both navigation systems were determined to facilitate incorrect answers when recalling: 

numerical content, at the end of the testing process.  As, subjects were similarly: inaccurate for 

main/sub menu (84.8%) and LAB pull-down (90%); and only accurate for main/sub menu 

(15.2%) and LAB pull-down (10%).   

 
However, the reason some subjects performed so poorly on both questions, was explained in 

unsolicited feedback received from subjects who completed the experiment, which stated: “I did 

not know I would be required to take in information regarding the actual content of the pages.  

Consequently, I was "working with blinkers on" and focused point by point at the items I needed 

to click.  Perhaps I missed some notes that indicated these things at the start (I was moving 

quickly)?” and “My navigation method was based on my general knowledge of the requested 

item, and as such I never read the content.  As such I was unable to answer the content questions 

in the last questionnaire”. 

 
Main/Sub Menu: Accuracy - Textual Content 

 
 
 
 
 
 
 
 
 
 
 
Diagram 4.23.  Main/Sub Menu: Accuracy - Textual Content Frequency Distribution 

 
Mode: 0 (Incorrect) 

249 cases  

 
Most of the 290 subjects (85.9%) answer for the main/sub menu textual content accuracy 

question was incorrect, with all others (14.1%) answer correct. 
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LAB Pull-Down: Accuracy - Textual Content 

 
 
 
 
 
 
 
 
 
 
 
Diagram 4.24.  LAB Pull-Down: Accuracy - Textual Content Frequency Distribution 

 
Mode: 0 (Incorrect) 

245 cases  

 
Most of the 290 subjects (84.5%) answer for the LAB pull-down textual content accuracy 

question was incorrect, with all others (15.5%) answer correct. 

 
Result: Accuracy - Textual Content 

Both navigation systems were determined to facilitate incorrect answers when recalling: textual 

content, at the end of the testing process.  As, subjects were similarly: inaccurate for main/sub 

menu (85.9%) and LAB pull-down (84.5%); and only accurate for main/sub menu (14.1%) and 

LAB pull-down (15.5%).  Again, the reason some subjects performed so poorly was explained in 

unsolicited feedback. 

 
Main/Sub Menu: Accuracy - Page Navigation 

 
 
 
 
 
 
 
 
 
 
 
Diagram 4.25.  Main/Sub Menu: Accuracy - Page Navigation Frequency Distribution 

 
Mode: 0 (Incorrect) 

245 cases  
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Most of the 290 subjects (84.5%) answer for the main/sub menu page navigation accuracy 

question was incorrect, with all others (15.5%) answer fully or partially correct. 

 
LAB Pull-Down: Accuracy - Page Navigation 

 
 
 
 
 
 
 
 
 
 
 
Diagram 4.26.  LAB Pull-Down: Accuracy - Page Navigation Frequency Distribution 

 
Mode: 0 (Incorrect) 

227 cases  

 
Most of the 290 subjects (78.3%) answer for the LAB pull-down page navigation accuracy 

question was incorrect, with all others (21.7%) answer fully or partially correct. 

 
Result: Accuracy - Page Navigation 

Both navigation systems were determined to facilitate incorrect answers when recalling: page 

navigation, at the end of the testing process.  As, subjects were similarly: inaccurate for main/sub 

menu (84.5%) and LAB pull-down (78.3%); and only fully or partially accurate for main/sub 

menu (15.5%) and LAB pull-down (21.7%).  This was surprising that more subjects did not 

answer correctly, as these questions pertained to the links on the last page navigated, which the 

subject would have viewed for the last navigation treatment encountered, directly 

(seconds/minutes) before the Navigation Treatment Assessment Questionnaire. 

 
Result: Accuracy (Content and Navigation) 

Neither navigation systems was determined to assist subjects in recalling answers in any 

significant way for questions on content or navigation information, at the end of the testing 

process.  As, subjects were similarly: inaccurate in their answers for: 1) numerical content within 

main/sub menu (84.8%) and LAB pull-down (90%); 2) textual content within main/sub menu 

(85.9%) and LAB pull-down (84.5%); or 3); and page navigation within main/sub menu (84.5%) 

and LAB pull-down (78.3%).  Unsolicited feedback received from some subjects, cited not 
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paying attention to the information content, as the reason they performed so poorly on the 

content questions. 

 

4.3.5.  Perception 

To discover the effectiveness ‘within’ and ‘between’ the navigation treatments, numeric data 

representing subjects’ perception measures were collected for each treatment, via:  

 Five perception questions from the two 5-question Navigation Treatment Usage 

Questionnaires, with interval measures for helpfulness, lostness, and cognitive load – effort 

to understand tasks, use navigation and remember navigation information.  Analyses of 

perception measures were conducted with the sample of 290 subjects. 

 Seven perception questions from the 13-question Navigation Treatment Assessment 

Questionnaire, with nominal measures for usability, satisfaction, preference, and navigation 

awareness of current location, current path, forward paths, and back paths.  Analyses of 

perception measures were conducted with the sample of 290 subjects. 

Following is the data analysis of the twelve perception measures. 

 

4.3.5.1.  Helpfulness 

To determine, to what degree, subjects’ felt each navigation system was helpful, subjects 

selected an interval measure for the question: 

 Q1 Helpfulness: I found the treatment navigation: Very unhelpful (1) – Very helpful (7) 

 
Main/Sub Menu: Helpfulness 

 
 
 
 
 
 
 
 
 
 
 
Diagram 4.27.  Main/Sub Menu: Helpfulness Frequency Distribution 

 
Mode: 6 

72 cases 
Median: 5 

69 cases 
Mean: 5.13 Standard Deviation: 1.42 
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Most of the 290 subjects (88.6%) felt the main/sub menu navigation was helpful, to the degree 

of 6 – 24.8%, 5 – 23.8%, 4 – 20.7% or 7-very helpful – 19.3%, while all others (11.4%) selected 

3 – 6.2%, 2 – 3.8% or 1-very unhelpful – 1.4%. 

Main/Sub Menu: Helpfulness by Experience – Navigation Systems 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.28.  Main/Sub Menu: Helpfulness by Experience Frequency Distribution 

 
Subjects who felt the main/sub menu navigation was helpful, to the degree of 7-very helpful, 6, 5 

and 4 had all levels of menu and breadcrumb experience.  Subjects who gauged helpfulness as: 3 

were from most menu experience levels (except None) and all breadcrumb experience levels; 2 

were from some menu experience levels (Beginner, Intermediate and Advanced) and most 

breadcrumb experience levels (except Expert); and 1-very unhelpful were from some menu 

experience levels (Intermediate and Advanced) and breadcrumb experience levels (None and 

Intermediate).  Those with menu experience level (None) gauged the main/sub menu navigation 

helpfulness to the degree of 4 upwards, while those with menu experience levels (Intermediate 

and Advanced) gauged the main/sub menu navigation helpfulness to the degree of 1-very 

unhelpful to 3. 
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LAB Pull-Down: Helpfulness 

 
 
 
 
 
 
 
 
 
 
 
Diagram 4.29.  LAB Pull-Down: Helpfulness Frequency Distribution 

 
Mode: 7 

74 cases 
Median: 6 

74 cases 
Mean: 5.32 Standard Deviation: 1.45 

 
Most of the 290 subjects (88.3%) felt the LAB pull-down navigation was helpful, to the degree 

of 7-very helpful – 25.5% and 6 – 25.5% equally, 5 – 22.1% or 4 – 15.2%, while all others 

(11.8%) selected 3 – 7.6%, 2 – 2.8% or 1-very unhelpful – 1.4%. 

 
LAB Pull-Down: Helpfulness by Experience - Navigation Systems 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.30.  LAB Pull-Down: Helpfulness by Experience Frequency Distribution 

 
Subjects who felt the LAB pull-down navigation was helpful, to the degree of 7-very helpful, 6, 

5 and 4 had all levels of menu and breadcrumb experience.  Subjects who gauged helpfulness as: 

3 were from all menu and breadcrumb experience levels; 2 were from most menu experience 
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levels (except None) and all breadcrumb experience levels; and 1-very unhelpful were from 

some menu experience levels (Beginner, Intermediate and Advanced) and one breadcrumb 

experience level (None).  Those with breadcrumb experience level (None) gauged the LAB pull-

down navigation as 1-very unhelpful, while all other breadcrumb experience levels gauged the 

LAB pull-down navigation helpfulness to the degree of 2 upwards. 

 
Result: Helpfulness 

Both navigation systems were determined to provide helpfulness.  As, subjects felt both 

navigation treatments were similarly helpful, to the degree of: 4 to 7-very helpful for main/sub 

menu (88.6%) and LAB pull-down (88.3%); and 1-very unhelpful to 3 for main/sub menu 

(11.4%) and LAB pull-down (11.8%).  Subjects in both groups who gauged helpfulness, to the 

degree of 7-very helpful to 4, had all levels of menu and breadcrumb experience, from None, 

through to Expert.  Surprisingly main/sub menu navigation helpfulness, to the degree of 4 

upwards was gauged by those with menu experience level (None), while 1-very unhelpful to 3 

was gauged by those with higher menu experience levels (Intermediate and Advanced).  In 

contrast, LAB pull-down navigation helpfulness to the degree of 1-very unhelpful was gauged by 

only those with breadcrumb experience level (None), while those with all other higher 

breadcrumb experience levels gauged 2 upwards. 

 

4.3.5.2.  Lostness 

To determine, to what degree, subjects’ felt lost, for each navigation system, subjects selected an 

interval measure for the question: 

 Q2 Lostness: The treatment navigation made me feel: Very lost (1) – Not lost (7) 

 
Main/Sub Menu: Lostness 

 
 
 
 
 
 
 
 
 
 
Diagram 4.31.  Main/Sub Menu: Lostness Frequency Distribution 
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Mode: 6 

79 cases 
Median: 6 

79 cases 
Mean: 5.24 Standard Deviation: 1.49 

 
Most of the 290 subjects (86.5%) felt lost with the main/sub menu navigation, to the degree of 6 

– 27.2%, 7-not lost – 23.8%, 5 – 17.9% or 4 – 17.6%, while all others (13.4%) selected 3 – 

9.3%, 2 – 2.4% or 1-very lost – 1.7%. 

 
Main/Sub Menu: Lostness by Experience - Navigation Systems 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.32.  Main/Sub Menu: Lostness by Experience Frequency Distribution 

 
Subjects who felt lost with the main/sub menu navigation, to the degree of 7-not lost, 6, 5 and 4 

had all levels of menu and breadcrumb experience.  Subjects who gauged lostness as: 3 were 

from most menu experience levels (except None) and all breadcrumb experience levels; 2 were 

from most menu experience levels (except None) and breadcrumb experience levels (except 

Expert); and 1-very lost were from some menu experience levels (Beginner, Intermediate and 

Advanced) and breadcrumb experience levels (None, Beginner and Intermediate).  Those with 

menu experience level (None) gauged the main/sub menu navigation lostness to the degree of 4 

upwards, while those with menu experience levels (Beginner, Intermediate and Advanced) 

gauged the main/sub menu navigation lostness to the degree of 1-very lost to 3. 
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LAB Pull-Down: Lostness 

 
 
 
 
 
 
 
 
 
 
Diagram 4.33.  LAB Pull-Down Lostness Frequency Distribution 

 
Mode: 6 

90 cases 
Median: 6 

90 cases 
Mean: 5.35 Standard Deviation: 1.46 

 
Most of the 290 subjects (87.5%) felt lost with the LAB pull-down navigation, to the degree of 6 

– 31%, 7-not lost – 24.5%, 5 – 17.9% or 4 – 14.1%, while all others (12.4%) selected 3 – 8.6%, 

1-very lost – 2.1% or 2 – 1.7%. 

 
LAB Pull-Down: Lostness by Experience - Navigation Systems  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.34.  LAB Pull-Down: Lostness by Experience Frequency Distribution 

 
Subjects who felt lost with the LAB pull-down navigation, to the degree of 7-not lost, 6, 5 and 4 

had all levels of menu and breadcrumb experience.  Subjects who gauged lostness as: 3 were 

from all menu experience levels and most breadcrumb experience levels (except Advanced); 2 
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were from some menu experience levels (Intermediate and Advanced) and breadcrumb 

experience levels (None, Beginner and Advanced); and 1-very lost were from some menu 

experience levels (Beginner, Intermediate and Expert) and breadcrumb experience levels (None).  

Those with breadcrumb experience level (None) gauged the LAB pull-down navigation as 1-

very lost, while all other breadcrumb experience levels gauged the LAB pull-down navigation 

lostness to the degree of 2 upwards (Beginner and Advanced) and 3 upwards (Intermediate and 

Expert). 

 
Result: Lostness 

Both navigation systems were determined to not induce lostness.  As, subjects felt similarly not 

lost with both navigation treatments, to the degree of: 4 to 7-not lost for main/sub menu (86.5%) 

and LAB pull-down (87.5%); and 1-very lost to 3 for main/sub menu (13.4%) and LAB pull-

down (12.4%).  Subjects in both groups who gauged lostness, to the degree of 7-not lost to 4, had 

all levels of menu and breadcrumb experience, from None through to Expert.  Surprisingly, 

main/sub menu navigation lostness, to the degree of 4 upwards was gauged by those with menu 

experience level (None), while 1-very lost to 3 was gauged by those with higher menu 

experience levels (Beginner, Intermediate and Advanced).  In contrast, LAB pull-down 

navigation lostness to the degree of 1-very lost was gauged by only those with breadcrumb 

experience level (None), while those with all other higher breadcrumb experience levels gauged 

2 upwards (Beginner and Advanced) and 3 upwards (Intermediate and Expert). 

 

4.3.5.3.  Cognitive Load (Understand, Use, and Remember) 

To determine, to what degree, subjects’ felt mental effort was needed to understand the tasks, use 

the navigation, and remember the information for each navigation system, subjects selected an 

interval measure, from: Very low (1) – Very high (7), for the questions: 

 Q3 Cognitive Load – Understand Tasks: How much mental effort was needed to 

understand each task presented: 

 Q4 Cognitive Load – Use Navigation: How much mental effort was needed to use the 

treatment navigation to find the  required information: 

 Q5 Cognitive Load – Remember Navigation Information: How much mental effort was 

needed to remember the treatment information presented: 
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Main/Sub Menu: Cognitive Load - Understand Tasks 

 
 
 
 
 
 
 
 
 
 
Diagram 4.35.  Main/Sub Menu: Cognitive Load - Understand Frequency Distribution 

 
Mode: 2 

81 cases 
Median: 2 

81 cases 
Mean: 2.95 Standard Deviation: 1.74 

 
Most of the 290 subjects (52%) felt mental effort was needed to understand the tasks, for the 

main/sub menu navigation, to the degree of 2 – 27.9% or 1-very low – 24.1%, while others 

(44.9%) selected 3 – 12.8%, 4 – 13.8%, 5 – 10% or 6 – 8.3%, and (3.1%) selected 7-very high. 

 
LAB Pull-Down: Cognitive Load - Understand Tasks 

 
 
 
 
 
 
 
 
 
 
Diagram 4.36.  LAB Pull-Down: Cognitive Load - Understand Frequency Distribution 

 
Mode: 2 

79 cases 
Median: 3 

57 cases 
Mean: 2.98 Standard Deviation: 1.69 

 
Most of the 290 subjects (48.2%) felt mental effort was needed to understand the tasks, for the 

LAB pull-down navigation, to the degree of 2 – 27.2% or 1-very low – 21%, while others 

(48.3%) selected 3 – 19.7%, 4 – 11.7%, 5 – 9.3% or 6 – 7.6%, and (3.4%) selected 7-very high. 

 
Result: Cognitive Load - Understand Tasks 

Both navigation systems were determined to not burden cognitive load.  As, subjects felt 

similarly low mental effort was needed to understand the tasks with both navigation treatments, 
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to the degree of: 1-very low or 2 for main/sub menu (52%) and LAB pull-down (48.2%); and 3 

to 6 for main/sub menu (44.9%) and LAB pull-down (48.3%); and 7-very high for main/sub 

menu (3.1%) and LAB pull-down (3.4%). 

 
Main/Sub Menu: Cognitive Load - Use Navigation 

 
 
 
 
 
 
 
 
 
 
Diagram 4.37.  Main/Sub Menu: Cognitive Load - Use Frequency Distribution 

 
Mode: 2 

84 cases 
Median: 3 

28 cases 
Mean: 3.10 Standard Deviation: 1.76 

 
Most of the 290 subjects (49.7%) felt mental effort was needed to use the main/sub menu 

navigation, to the degree of 2 – 29% or 1-very low – 20.7%, while others (47.2%) selected 3 – 

9.6%, 4 – 16.2%, 5 – 12.1% or 6 – 9.3%, and (3.1%) selected 7-very high. 

 
LAB Pull-Down: Cognitive Load - Use Navigation 

 
 
 
 
 
 
 
 
 
 
Diagram 4.38.  LAB Pull-Down: Cognitive Load - Use Frequency Distribution 

 
Mode: 2 

78 cases 
Median: 3 

54 cases 
Mean: 3.15 Standard Deviation: 1.75 

 
Most of the 290 subjects (45.2%) felt mental effort was needed to use the LAB pull-down 

navigation, to the degree of 2 – 26.9% or 1-very low – 18.3%, while others (50.3%) selected 3 – 

18.6%, 4 – 11.7%, 5 – 11.4% or 6 – 8.6%, and (4.5%) selected 7-very high. 
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Result: Cognitive Load - Use Navigation 

Both navigation systems were determined to not burden cognitive load.  As, subjects felt 

similarly low mental effort was needed to use the navigation with both navigation treatments, to 

the degree of: 1-very low or 2 for main/sub menu (49.7%) and LAB pull-down (45.2%); and 3 to 

6 for main/sub menu (42.7%) and LAB pull-down (50.3%); and 7-very high for main/sub menu 

(3.1%) and LAB pull-down (4.5%). 

 
Main/Sub Menu: Cognitive Load - Remember Navigation Information 

 
 
 
 
 
 
 
 
 
 
Diagram 4.39.  Main/Sub Menu: Cognitive Load - Remember Frequency Distribution 

 
Mode: 2 

80 cases 
Median: 3 

43 cases 
Mean: 3.03 Standard Deviation: 1.74 

 
Most of the 290 subjects (49.3%) felt mental effort was needed to remember the main/sub menu 

navigation information, to the degree of 2 – 27.6% or 1-very low – 21.7%, while others (47.6%) 

selected 3 – 14.8%, 4 – 12.8%, 5 – 11% or 6 – 9%, and (3.1%) selected 7-very high. 

 
LAB Pull-Down: Cognitive Load - Remember Navigation Information 

 
 
 
 
 
 
 
 
 
 
Diagram 4.40.  LAB Pull-Down: Cognitive Load - Remember Frequency Distribution 

 
Mode: 2 

81 cases 
Median: 2 

81 cases 
Mean: 2.97 Standard Deviation: 1.77 
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Most of the 290 subjects (51.3%) felt mental effort was needed to remember the LAB pull-down 

navigation information, to the degree of 2 – 23.4% or 1-very low – 27.9%, while others (44.1%) 

selected 3 – 15.5%, 4 – 10.7%, 5 – 10.3% or 6 – 7.6%, and (4.5%) selected 7-very high. 

 
Result: Cognitive Load - Remember Navigation Information 

Both navigation systems were determined to not burden cognitive load.  As, subjects felt 

similarly low mental effort was needed to remember the navigation information with both 

navigation treatments, to the degree of: 1-very low or 2 for main/sub menu (49.3%) and LAB 

pull-down (51.3%); and 3 to 6 for main/sub menu (47.6%) and LAB pull-down (44.1%); and 7-

very high for main/sub menu (3.1%) and LAB pull-down (4.5%). 

 
Main/Sub Menu: Cognitive Load - Understand, Use and Remember  

Main/Sub Menu: 

Cognitive Load 

Effort to Understand 

 Tasks 

Effort to Use  

Navigation 

Effort to Remember  

Navigation Information 

 Frequency Percent % Frequency Percent % Frequency Percent %

Very Low 70 24.1 60 20.7 63 21.7

2 81 27.9 84 29.0 80 27.6

3 37 12.8 28 9.7 43 14.8

4 40 13.8 47 16.2 37 12.8

5 29 10.0 35 12.1 32 11.0

6 24 8.3 27 9.3 26 9.0

Very High 9 3.1 9 3.1 9 3.1

 
Table 4.4.  Main/Sub Menu: Cognitive Load Frequencies and Percentages 

 
LAB Pull-down: Cognitive Load - Understand, Use and Remember 

LAB Pull-down: 

Cognitive Load 

Effort to Understand 

 Tasks 

Effort to Use  

Navigation 

Effort to Remember  

Navigation Information 

 Frequency Percent % Frequency Percent % Frequency Percent %

Very Low 61 21.0 53 18.3 68 23.4

2 79 27.2 78 26.9 81 27.9

3 57 19.7 54 18.6 45 15.5

4 34 11.7 34 11.7 31 10.7

5 27 9.3 33 11.4 30 10.3

6 22 7.6 25 8.6 22 7.6

Very High 10 3.4 13 4.5 13 4.5

 
Table 4.5.  LAB Pull-down: Cognitive Load Frequencies and Percentages 

 



Data Analysis 
 

 

  Page 105 

C
ou

nt
 

Result: Cognitive Load (Understand, Use and Remember) 

Both navigation systems were determined to not burden cognitive load.  As, subjects felt the 

similar degree of low mental effort was needed to understand the tasks, use the navigation, and 

remember the navigation information with both navigation treatments. 

 
For the three cognitive load measures, the percentage of subjects that felt mental effort was 

needed to the degree of: 1-very low for: main/sub menu was 20.7 - 24.1, and LAB pull-down 

was 18.3 - 23.4; 2 for: main/sub menu was 27.6 - 29, and LAB pull-down was 26.9 - 27.9; 3 for: 

main/sub menu was 9.7 – 14.8, and LAB pull-down was 15.5 – 19.7; 4 for: main/sub menu was 

12.8 – 16.2, and LAB pull-down was 10.7 – 11.7; 5 for: main/sub menu was 10 – 12.1, and LAB 

pull-down was 9.3 - 11.4; 6 for: main/sub menu was 8.3 – 9.3, and LAB pull-down was 7.6 – 

8.6; and 7-very high for: main/sub menu was 3.1, and LAB pull-down was 3.4 – 4.5. 

 

4.3.5.4.  Usability 

To determine which navigation system, if any, was the most usable, subjects selected a nominal 

measure for the instruction: 

 Q1 Most Usable: Select which navigation system used during the tasks, you found to be the 

most usable: Main/Sub Menu, Breadcrumb, No Difference 

 
Most Usable 

 
 
 
 
 
 
 
 
 
Diagram 4.41.  Most Usable Frequency Distribution 

 
Mode: 2 (Breadcrumbs) 

142 cases  

 
Most of the 290 subjects (49%) found the LAB pull-down navigation was the most usable, while 

all others (50.9%) selected main/sub menu – 32.7% or no difference – 18.2%. 
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Result: Usability 

The LAB pull-down navigation system was determined to be the most usable as, subjects 

selected: breadcrumbs (49%); more than the other two choices (50.9%). 

 

4.3.5.5.  Satisfaction 

To determine which navigation system, if any, provided the most satisfaction, subjects selected a 

nominal measure for the instruction: 

 Q2 Most Satisfaction: Select which navigation system used during the tasks, you found to 

provide the most satisfaction: Main/Sub Menu, Breadcrumb, No Difference 

 
Most Satisfaction  

 
 
 
 
 
 
 
 
 
Diagram 4.42.  Most Satisfaction Frequency Distribution 

 
Mode: 2 (Breadcrumbs) 

134 cases  

 
Most of the 290 subjects (46.2%) found the LAB pull-down navigation provided the most 

satisfaction, while all others (53.7%) selected main/sub menu – 32% or no difference – 21.7%. 

 
Result: Satisfaction 

The LAB pull-down navigation system was determined to provide the most satisfaction as, 

subjects selected: breadcrumbs (46.2%), more than the other two choices (53.7%). 

 

4.3.5.6.  Preference 

To determine which navigation system, if any, was the most preferred, subjects selected a 

nominal measure for the instruction: 

 Q3 Preference: Select which navigation system used during the tasks, you found to be your 

most preferred: Main/Sub Menu, Breadcrumb, No Difference 
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Most Preferred  

 
 
 
 
 
 
 
 
 
Diagram 4.43.  Most Preferred Frequency Distribution 

 
Mode: 2 (Breadcrumbs) 

153 cases  

 
Most of the 290 subjects (52.7%) found the LAB pull-down navigation was the most preferred, 

while all others (47.2%) selected main/sub menu – 34.5% or no difference – 12.7%. 

 
Result: Preference 

The LAB pull-down navigation system was determined to be the most preferred as, subjects 

selected: breadcrumbs (52.7%), more than the other two choices (47.2%). 

 

4.3.5.7.  Navigation Awareness (Location and Paths) 

To determine which navigation system, if any, provided the most awareness of current location, 

current path, forward paths and back paths, subjects selected a nominal measure, from: Main/Sub 

Menu, Breadcrumb, and No Difference, for the instructions: 

 Q4 Navigation Awareness – Current Location: Select which navigation system used during 

the tasks, you found to be the most effective at making you aware of your current location 

within the site (Which page am I on within the site?):  

 Q5 Navigation Awareness – Current Path: Select which navigation system used during the 

tasks, you found to be the most effective at making you aware of your current page path 

(How did I get here?):  

 Q6 Navigation Awareness – Forward Paths: Select which navigation system used during 

the tasks, you found to be the most effective at making you aware of your possible paths 

forward (Where can I go forward to?):  

 Q7 Navigation Awareness – Back Paths: Select which navigation system used during the 

tasks, you found to be the most effective at making you aware of your possible paths back 

(Where can I go back to?): 
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Navigation Awareness - Current Location 

 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.44.  Navigation Awareness - Current Location Frequency Distribution  

 
Mode: 2 (Breadcrumbs) 

202 cases  

 
Most of the 290 subjects (69.6%) found the LAB pull-down navigation provided the most 

awareness of the current location, while all others (30.3%) selected main/sub menu – 18.9% or 

no difference – 11.4%. 

 
Result: Navigation Awareness - Current Location 

The LAB pull-down navigation system was determined to be the most effective in providing the 

most awareness of the current location as, subjects selected: breadcrumbs (69.6%), more than the 

other two choices (30.3%). 

 
Navigation Awareness - Current Path 

 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.45.  Navigation Awareness - Current Path Frequency Distribution  

 
Mode: 2 (Breadcrumbs) 

235 cases  
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Most of the 290 subjects (81%) found the LAB pull-down navigation provided the most 

awareness of the current path, while all others (18.9%) selected main/sub menu – 11.7% or no 

difference – 7.2%. 

 
Result: Navigation Awareness - Current Path 

The LAB pull-down navigation system was determined to be the most effective in providing the 

most awareness of the current path as, subjects selected: breadcrumbs (81%), more than the other 

two choices (18.9%). 

 
Navigation Awareness - Forward Paths 

 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.46.  Navigation Awareness - Forward Paths Frequency Distribution 

 
Mode: 2 (Breadcrumbs) 

178 cases  

 
Most of the 290 subjects (61.3%) found the LAB pull-down navigation provided the most 

awareness of the forward paths, while all others (38.6%) selected main/sub menu – 17.9% or no 

difference – 20.7%. 

 
Result: Navigation Awareness – Forward Paths 

The LAB pull-down navigation system was determined to be the most effective in providing the 

most awareness of the forward paths as, subjects selected: breadcrumbs (61.3%), more than the 

other two choices (38.6%). 
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Navigation Awareness - Back Paths 

 
 
 
 
 
 
 
 
 
 
 
 
Diagram 4.47.  Navigation Awareness - Back Paths Frequency Distribution  

 
Mode: 2 (Breadcrumbs) 

232 cases  

 
Most of the 290 subjects (80%) found the LAB pull-down navigation provided the most 

awareness of the back paths, while all others (20%) selected main/sub menu – 8.6% or no 

difference – 11.4%. 

 
Result: Navigation Awareness - Back Paths 

The LAB pull-down navigation system was determined to be the most effective in providing the 

most awareness of the back paths as, subjects selected: breadcrumbs (80%), more than the other 

two choices (20%). 

 
Result: Navigation Awareness (Location and Paths) 

The LAB pull-down navigation system was determined to be the most effective in providing 

subjects with the most navigation awareness for the: 1) current location with breadcrumbs 

(69.6%), compared to menu and no difference (30.3%); 2) current path with breadcrumbs (81%), 

compared to menu and no difference (18.9%); 3) forward paths with breadcrumbs (61.3%), 

compared to menu and no difference (38.6%); and 4) back paths with breadcrumbs (80%), 

compared to menu and no difference (20%). 
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4.4.  Correlation Analysis 

To fulfil the objectives of the research - to identify correlations within and between the subject 

performance and perception variables, to discover the effectiveness of the main/sub menu 

navigation system and the LAB Pull-down navigation system, suitable bivariate data analysis 

techniques informed the conduct of the investigation and the application of the representation of 

variable correlations. 

 
4.4.1.  Data Analysis Techniques 

Quantitative bivariate analysis techniques were implemented to statistically describe the 

relationship between two (an independent and dependent) variables, as related variables that 

have a correlation or as unrelated variables that have an independent relationship.  The direction 

of a correlation relationship is defined as: positive when the independent variable increases, the 

dependent variable also increases; and negative when the independent variable increases, the 

dependent variable decreases.  To identify if correlations existed between the variables, 

scattergrams were generated, measures of association, and tests of significance were applied. 

 
Scattergrams: presented information simultaneously via a plot constructed with two variables 

for nominal, ordinal, and interval measures.  Correlation relationships existence and directions 

were demonstrated by the line of best fit through the plots on the graph, as when positioned: in 

an upwards direction moving from the bottom-left to the top-right of the graph the relationship 

was positive; and in a downwards direction moving from the top-left to the bottom-right of the 

graph the relationship was negative. 

 
Measures of Association: reduced information about a bivariate relationship into a single 

numerical representation, the correlation coefficient, to measure the existence, direction (positive 

or negative) and strength (between +1 and –1) of the association, but not cause.  To calculate the 

correlation coefficient the: Pearson product moment correlation (Pearson r) was used for 

associations involving interval measures; and Spearman’s rank order correlation (Spearman’s 

rho p) was used for associations involving ordinal measures. 

 
Tests of Significance: determined whether the relationship between the variables had statistical 

significance as probable in the wider population, which enabled statements to be made regarding 

the findings.  To calculate the statistical significance: parametric tests that assumed the variable 

reflected a normal distribution in the population were conducted non-parametric tests that 

assumed the variable did not reflect a normal distribution in the population, were conducted.  
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Levels of statistical significance, that refer to the chance of an association between the variables 

being a result of sampling error, were reported at the standard level of 0.05 (5 in 100). 

 
Type I and Type II Errors: The errors may be described as one of two types: 1) Type I Errors: 

occur when the null hypothesis is rejected when in fact it is true, and 2) Type II Errors: occur 

when the null hypothesis is accepted when in fact it is false 

 
Inferential statistics were applied to test hypothesis and determine the relevance of the findings 

from the study population to the wider population on the basis of probability sampling.  Data was 

analysed to ascertain whether the hypothesis could be supported or rejected.  Types of hypothesis 

tested will be: 1) Hypothesis: assumes there is a relationship between the variables being tested, 

and 2) Null hypothesis: assumes there is no relationship between the variables being tested.   

 
The nominal, ordinal, and interval data collected from subjects via the research experiment and 

questionnaires, underwent bivariate analysis to determine the coefficient statistics, which 

described the relationship of a correlation of raw data, in numerical terms.  These quantitative 

statistics were then utilised in the identification of the significant correlations of the navigation 

treatments demographic, performance and perception variables. 

 

4.4.2.  Demographic, Performance and Perception Relationships 

The navigation treatments can be compared by determining the relationships that exist, and if so 

the strength, direction and significance within and between the demographic, performance, and 

perception independent and dependant variables. 

 
All correlations, within the sample involved analysis of 278 subjects (cases), and were calculated 

to be significant at the 0.05 level (two-tailed).  Correlation of all continuous data was undertaken 

for all variables, with 136 positive and negative correlations of varying strength, direction and 

significance found to exist.  As only significant clusters of correlations between variables were 

reported in this study, no performance variable correlations are detailed. 

 
Of the significant correlations that were found to exist for the demographic and perception 

variables, the correlation coefficients and significance are reported in the following statistical 

tables. 
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4.4.2.1.  Experience (Computer, Web Browsing and Navigation Systems) 

 
Demographic Experience Independent Variables 

Experience 

Dependent Variables Web Browsing

Menu 

Navigation

Breadcrumb 

Navigation  

Menu                          Correlation: 

Navigation                Significance: 

.790

.000

1 .569 

.000 

Breadcrumb                Correlation: 

Navigation                 Significance: 

.557

.000

.569

.000

1 

 

                                   Correlation: 

Computer                  Significance: 

.821

.000

.741

.000

.575 

.000 

 
Table 4.6.  Experience Correlations 

 
The above table details the related variables of the correlations identified within experience 

between web browsing, menu navigation, breadcrumb navigation and computer, with 

correlations described as: positive relationships - as the subjects’ experience with web 

browsing, menu navigation, breadcrumb navigation and computer increased so their experience 

with the same increased. 

 
4.4.2.2.  Navigation Awareness (Location and Paths) 

 
Perception Navigation Awareness Independent Variables 

Navigation Awareness 

Dependent Variables 

Most Effective 
Current Location

Most Effective 
Current Path

Most Effective 
Forward Paths 

Most Effective             Correlation: 

Current Path             Significance: 
.436

.000

1 .411 

.000 

Most Effective             Correlation: 

Forward Paths          Significance: 
.282

.000

.411

.000

1 

 

Most Effective             Correlation: 

Back Paths               Significance: 
.418

.000

.520

.000

.445 

.000 

 
Table 4.7.  Navigation Awareness Correlations 

 
The above table details the related variables of the correlations identified within navigation 

awareness between current location, current path, forward paths and back paths, with 

correlations described as positive relationships - as the subjects’ perception of navigation 

awareness for current location, current path, forward paths and back paths increased so their 

perception of the same increased. 
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4.4.2.3.  Main/Sub Menu: Helpfulness, Lostness and Cognitive Load 

 
Perception Main/Sub Menu Independent Variables

Main/Sub Menu 

Dependent Variables Helpfulness Lostness

Cognitive Load 

Understand  

Cognitive Load

Use 

                                   Correlation: 

Lostness                   Significance: 
.680 a

.000

1 -.364 

.000 

-.412

.000

Cognitive Load           Correlation: 

Understand               Significance: 
-.340 b

.000

-.364 b

.000

1 

 

.799

.000

Cognitive Load           Correlation: 

Use                           Significance: 
-.383 b

.000

-.412 b

.000

.799 c 

.000 

1

Cognitive Load           Correlation: 

Remember                Significance: 
-.343 b

.000

-.378 b

.000

.760 c 

.000 

.862 c

.000
 

Note: a, b, and c refer to the following corresponding details. 

 
Table 4.8.  Main/Sub Menu: Helpfulness, Lostness and Cognitive Load Correlations 

 
The above table details the related variables of the correlations identified within the main/sub 

menu treatment between helpfulness, lostness and cognitive load - effort needed to understand, 

use and remember, with correlations described as: a) positive relationship - as the subjects’ 

perception of navigation helpfulness increased so their perception of not feeling lost when using 

the navigation increased; b) negative relationships - as the subjects’ perception of navigation 

helpfulness and perception of not feeling lost when using the navigation increased their 

perception of the mental effort needed to understand the tasks, use the navigation, and remember 

the navigation information decreased; and c) positive relationships - as the subjects’ perception 

of mental effort needed to understand the tasks, use the navigation, and remember the navigation 

information increased so their perception of the same increased. 
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4.4.2.4.  LAB Pull-Down: Helpfulness, Lostness and Cognitive Load 

 
Perception LAB Pull-Down Independent Variables

LAB Pull-Down 

Dependent Variables Helpfulness Lostness

Cognitive Load 

Understand  

Cognitive Load

Use 

                                   Correlation: 

Lostness                   Significance: 
.787 a

.000

1 -.406 

.000 

-.463

.000

Cognitive Load           Correlation: 

Understand               Significance: 
-.351 b

.000

-.406 b

.000

1 

 

.811

.000

Cognitive Load           Correlation: 

Use                           Significance: 
-.426 b

.000

-.463 b

.000

.811 c 

.000 

1

Cognitive Load           Correlation: 

Remember                Significance: 
-.399 b

.000

-.411 b

.000

.776 c 

.000 

.845 c

.000
 

Note: a, b, and c refer to the following corresponding details. 

 
Table 4.9.  LAB Pull-Down: Helpfulness, Lostness and Cognitive Load Correlations 

 
The above table details the related variables of the correlations identified within the LAB pull-

down treatment between helpfulness, lostness and cognitive load - effort needed to understand, 

use and remember, with correlations described as: a) positive relationship - as the subjects’ 

perception of navigation helpfulness increased so their perception of not feeling lost when using 

the navigation increased; b) negative relationships - as the subjects’ perception of navigation 

helpfulness and perception of not feeling lost when using the navigation increased their 

perception of the mental effort needed to understand the tasks, use the navigation, and remember 

the navigation information decreased; and c) positive relationships - as the subjects’ perception 

of mental effort needed to understand the tasks, use the navigation, and remember the navigation 

information increased so their perception of the same increased. 
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4.4.2.5.  Navigation Systems: Cognitive Load (Understand, Use and Remember) 

 
Perception Main/Sub Menu Independent Variables 

LAB Pull-Down 

Dependent Variables 

Cognitive Load

Understand 

Cognitive Load  

Use 

Cognitive Load  

Remember  

Cognitive Load           Correlation: 

Understand               Significance: 
.602

.000

.441

.000

.413 

.000 

Cognitive Load           Correlation: 

Use                           Significance: 
.523

.000

.471

.000

.426 

.000 

Cognitive Load           Correlation: 

Remember                Significance: 
.477

.000

.414

.000

.355 

.000 

 
Table 4.10.  Navigation Systems: Cognitive Load Correlations 

 
The above table details the related variables of the correlations identified between the main/sub 

menu treatment cognitive load - effort needed to understand, use and remember and the LAB 

pull-down treatment cognitive load - effort needed to understand, use and remember, with 

correlations described as positive relationships - as the subjects’ perception of mental effort 

needed to understand the tasks, use the navigation, and remember the navigation information for 

one navigation system/treatment increased so their perception of the same for the other 

navigation system/treatment increased. 

 
4.4.2.6.  Most Usable, Most Satisfaction, and Most Preferred 

 
Perception Independent Variables

Dependent Variables Most Usable Most Satisfaction

Most                            Correlation: 

Satisfaction               Significance: 
.607

.000

1

Most                            Correlation: 

Preferred                   Significance: 
.599

.000

.606

.000

 
Table 4.11.  Most Usable, Most Satisfaction, and Most Preferred Correlations 

 
The above table details the related variables of the correlations identified between usability, 

satisfaction and preferred, with correlations described as positive relationships - as the subjects’ 

perception of usability, satisfaction and preferred increased so their perception of the same 

increased. 
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4.5.  Research Findings Summary 

Descriptive comparisons and identified correlations of the two navigation systems were 

investigated, with findings reported as a generalised representation of the population. 

 

4.5.1.  Navigation Treatment Session Order 

As stated previously, the division of subjects into two groups, with each group allocated an 

alternating navigation treatment session order, was an attempt to remove group disproportion and 

order of navigation treatment as variables.  Unfortunately, perhaps as a result of the low 

experience with breadcrumbs in the sample, navigation treatment session order could not be 

removed as a variable.  

 

4.5.2.  Demographics of the Sample 

Of the questionnaire sample, comprised of 290 subjects: 60% were female; 90% were similarly 

representative of the four age groups between 18 and 55, with no-one aged 66 –75; and most 

gauged their prior experience: as either intermediate or advanced for computer - 83.7%, web 

browsing - 79.3%, and main/sub menu navigation - 71.7%; and as none for breadcrumb 

navigation - 52.1%.  Of the experiment sample, comprised of 278 subjects the menu and 

breadcrumb experience levels were comparable within and between the two groups. 

 

4.5.3.  Comparison of Navigation Systems Performance and Perception 

LAB pull-down produced ‘more effective’ results in measures of: performance for: 1) efficiency; 

and perception for: 1) usability, 2) satisfaction, 3) preference, 4) navigation awareness - current 

location, 5) navigation awareness - current path, 6) navigation awareness - forward paths and 7) 

navigation awareness - back paths.  LAB pull-down produced ‘as effective’ results in measures 

of perception for: 1) helpfulness, 2) lostness, 3) cognitive load - understand tasks, 4) cognitive 

load - use navigation and 5) cognitive load - remember navigation information.  LAB pull-down 

produced ‘as ineffective’ results in measures of performance for: 1) accuracy - numerical 

content, 2) accuracy - textual content and 3) accuracy - page navigation.  LAB pull-down 

produced ‘less effective’ results in the measure of performance: for 1) speed. 
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4.5.4.  Correlation of Navigation Systems Demographics and Perception 

Significant correlations were found to exist for: one demographic measure: 1) within experience 

between computer, web browsing, menu navigation, and breadcrumb navigation; and five 

perception measures: 1) within navigation awareness between current location, current path, 

forward paths and back paths; 2) within the main/sub menu treatment between helpfulness, 

lostness and cognitive load - effort to understand, use and remember; 3) within the LAB pull-

down treatment between helpfulness, lostness and cognitive load - effort to understand, use and 

remember; 4) between the main/sub menu treatment cognitive load - effort to understand, use 

and remember and the LAB pull-down treatment cognitive load - effort to understand, use and 

remember; and 5) between most usable, most satisfaction, and most preferred. 

 

These findings as related to the research hypothesis and research problems are discussed in the 

next chapter. 
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Chapter 5.  Conclusion 
 

5.1.  Introduction 

This chapter will reveal the hypothesis and research conclusions, the implications, limitations of 

the research and suggestions for future research.  The data analysis of the sample subjects’ 

performance and perception measures, facilitated the discovery of the effectiveness of the two 

navigation systems, determined the main and sub research problems, and resolved the research 

hypotheses. 

 

5.2.  Research Hypothesis Conclusions 

The hypothesis: H1 – The location look-ahead breadcrumbs with a pull-down menu navigation 

system is effective for primary website navigation. 

 
The null hypothesis: H0 – The location look-ahead breadcrumbs with a pull-down menu 

navigation system is not effective for primary website navigation. 

 
Analysis of the subjects’ performance (efficiency, speed and accuracy) perception (helpfulness, 

lostness, cognitive load, usability, satisfaction, preference and navigation awareness) measures 

for the location look-ahead breadcrumbs with a pull-down menu navigation treatment validated 

H1 was supported and H0 was rejected. 

 

5.3.  Research Problems Conclusions 

The research had one main problem and several sub problems that were investigated, with 

responses determined for each that facilitated support of the hypothesis. 

 

5.3.1.  Research Main Problem 

The research main problem and response is as detailed: 

 
 Is the location look-ahead breadcrumbs with a pull-down menu (LAB pull-down) 

navigation system effective for primary website navigation? 
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The location look-ahead breadcrumbs with a pull-down menu (LAB pull-down) navigation 

system was determined to be effective for primary website navigation when compared to the 

baseline of the commonly used main/sub menu navigation system.  Evident as the LAB pull-

down navigation system was found to be: more effective in one performance measure and seven 

perception measures; as effective in five perception measures; as ineffective in three 

performance measures; and progressively effective (although currently less effective) in one 

performance measure. 

 
LAB Pull-down produced ‘more effective’ results in: 

 One performance measure: 1) efficiency; and 

 Seven perception measures: 1) usability, 2) satisfaction, 3) preference, 4) navigation 

awareness - current location, 5) navigation awareness - current path, 6) navigation awareness 

- forward paths, and 7) navigation awareness - back paths.   

LAB Pull-down produced ‘as effective’ results in:  

 Five perception measures: 1) helpfulness, 2) lostness, 3) cognitive load - understand tasks, 4) 

cognitive load - use navigation, and 5) cognitive load - remember navigation information.   

LAB Pull-down produced ‘as ineffective’ results in:  

 Three performance measures: 1) accuracy - numerical content, 2) accuracy - textual content, 

and 3) accuracy - page navigation; and 

LAB Pull-down produced ‘less effective’ results in:  

 One performance measure: 1) speed. 

 
Significant correlations were found to exist for:  

 One demographic measure: 1) within experience between computer, web browsing, menu 

navigation, and breadcrumb navigation; and 

 Five perception measures: 1) within navigation awareness between current location, current 

path, forward paths and back paths; 2) within the main/sub menu treatment between 

helpfulness, lostness and cognitive load - effort to understand, use and remember; 3) within 

the LAB pull-down treatment between helpfulness, lostness and cognitive load - effort to 

understand, use and remember; 4) between the main/sub menu treatment cognitive load - 

effort to understand, use and remember and the LAB pull-down treatment cognitive load - 

effort to understand, use and remember; and 5) between most usable, most satisfaction, and 

most preferred. 
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Although 52.1% of subjects had no breadcrumb experience, correlations identified within and 

between experience indicate that as the subjects’ experience with computer, web browsing, and 

menu navigation, increases so will their experience with breadcrumb navigation. 

 

5.3.2.  Research Sub-Problems 

The research sub problems and responses are as detailed. 

 
5.3.2.1.  Performance: Efficiency 

 Does LAB pull-down facilitate the fewest page loads to complete all the tasks? 

 
The LAB pull-down navigation system was determined to be more effective in facilitating the 

fewest page loads to complete all tasks (in all aspects).  The overall, difference between the 

average page loads for both encounters for LAB pull-down (36.75) and main/sub menu (44.28), 

was a was 7.53 pages.  Subjects on average loaded less pages for the first encounters between 

LAB pull-down (39) and main/sub menu (44) with a page load difference of 5 pages; and for the 

second encounters between LAB pull-down (35) and main/sub menu (45), with an increased 

page load difference of 10 pages.  Resulting that the main/sub menu second encounter increased 

by a page load, whereas the LAB pull-down second encounter decreased by 4 page loads, 

equating in an overall difference between the two treatments of 10 pages.  Between the two 

treatments, subjects on average loaded less pages when the LAB pull-down treatment was 

encountered first, second, and overall, with the majority using less pages; and the highest amount 

of 137 pages, loaded by a subject using the main/sub menu navigation.  Most subjects loaded the 

least amount of pages required by each treatment.  With 36 pages required for main/sub menu, 

and due to its nature, only 30 pages required for LAB pull-down. 

 

5.3.2.2.  Performance: Accuracy 

 Does LAB Pull-down facilitate the most correct answers when recalling numerical 

content? 

 Does LAB Pull-down facilitate the most correct answers when recalling textual content? 

 Does LAB Pull-down facilitate the most correct answers when recalling page navigation 

information? 

 Are subjects as accurate in their recall of answers to non-multiple choice questions at 

the end of the testing process? 
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The LAB Pull-down navigation system was determined to be as ineffective in assisting subjects’ 

in recalling correct answers for: 1) numerical content, 2) textual content, and 3) page navigation; 

as the majority of subjects’ answers were similarly incorrect with both navigation treatments.  

The subjects were also determined to be inaccurate in their recall of answers to non-multiple 

choice questions at the end of the testing process, as the majority of subjects’ content and 

navigation answers were incorrect with both navigation treatments. 

 

5.3.2.3.  Performance: Speed 

 Does LAB pull-down facilitate the fastest time to complete all the tasks? 

 
The LAB pull-down navigation system was determined to be less effective in facilitating the 

fastest time to complete all tasks.  Subjects on average took less time for each encounter with the 

main/sub menu navigation, and overall for both encounters with the main/sub menu (136.98), 

and LAB pull-down (180.76), the average time difference between the treatments was 43.78 

seconds.  Within the treatments the second encounters decreased in completion time, with the 

fastest task completion time produced by LAB pull-down when encountered second.  Within and 

between the two treatments, only LAB pull-down when encountered second showed continual 

completion time improvements for each task.  Between the treatments, the main/sub menu 

navigation system produced the fastest time for Task 1, 3, 4 and 5, with the LAB pull-down 

navigation system produced the fastest time for Task 2 and 6. 

 

5.3.2.4.  Perception: Usability, Satisfaction, and Preference 

 Do subjects select LAB pull-down as the most usable? 

 Do subjects select LAB pull-down as providing the most satisfaction? 

 Do subjects select LAB pull-down as the most preferred? 

 
The LAB Pull-down navigation system was determined to be more effective: 1) as the most 

usable, (49%); 2) in providing the most satisfaction (46.2%); and 3) as the most preferred, 

(52.7%), compared to menu and no difference in all instances. 
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5.3.2.5.  Perception: Navigation Awareness 

 Do subjects feel LAB pull-down makes them the most aware of their current location 

within the site structure (Which page am I on within the site)? 

 Do subjects feel LAB pull-down makes them the most aware of their current path 

within the site structure (How did I get here)? 

 Do subjects feel LAB pull-down makes them the most aware of their possible paths 

forward within the site structure (Where can I go forward to)? 

 Do subjects feel LAB pull-down makes them the most aware of their possible paths 

back within the site structure (Where can I go back to)? 

 
The LAB Pull-down navigation system was determined to be more effective in providing 

subjects with the most navigation awareness for the: 1) current location (69.6%); 2) current path 

(81%); 3) forward paths (61.3%); and 4) back paths (80%), compared to menu and no difference 

in all instances. 

 

5.3.2.6.  Perception: Helpfulness 

 Do subjects feel LAB pull-down is helpful? 

 
The LAB Pull-down navigation system was determined to be as effective in providing 

helpfulness, as, subjects felt both navigation treatments were similarly helpful, from the median 

point up to 7-very helpful for main/sub menu (88.6%) and LAB pull-down (88.3%);  

 

5.3.2.7.  Perception: Lostness 

 Do subjects feel lost when using LAB pull-down? 

 
The LAB Pull-down navigation system was determined to be as effective in alleviating lostness, 

as subjects felt similarly not lost with both navigation treatments, from the median point up to 7-

not lost for main/sub menu (86.5%) and LAB pull-down (87.5%);  

 

5.3.2.8.  Perception: Cognitive Load 

 Do subjects feel low mental effort is needed to understand the tasks with LAB pull-

down? 

 Do subjects feel low mental effort is needed to use LAB pull-down? 
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 Do subjects feel low mental effort is needed to remember the LAB pull-down 

information? 

 
The LAB Pull-down navigation system was determined to be as effective in alleviating the 

cognitive load.  As, subjects felt similarly low mental effort was needed to 1) understand the 

tasks with main/sub menu (52%) and LAB pull-down (48.2%); 2) use the navigation with 

main/sub menu (49.7%) and LAB pull-down (45.2%); and 3) remember the navigation 

information with main/sub menu (49.3%) and LAB pull-down (51.3%). 

 
To ensure subjects’ intrinsic cognitive load was low and not hindered by complexity imposed by 

information content, each experimental website contained three sections of basic information on 

animals, plants and minerals, distributed over 66 pages, in a hierarchical structure of three 

sections wide and five levels deep.  With identical content and structure, the sites only differed in 

the navigation systems. 

 
Task 1 took the longest to complete for both groups, as the experiment process was unfamiliar, 

with LAB pull-down times particularly slower as the majority of subjects’ had low breadcrumb 

experience. 

 
As subjects became familiar with the experiment process and more experienced with the LAB 

pull-down navigation, a process and navigation learning experience materialised as time 

improvements for successive tasks, with subjects indicating the cognitive load to understand the 

tasks, and use the LAB pull-down navigation was low.  This intimates the subjects’ extraneous 

load was not hindered by the task or navigation presentation imposed by the design. 

 
As Lewis (2011, p.1), notes from Paas, Renkl, & Sweller (2003), “intrinsic and extraneous load 

are additive, but when intrinsic load is low, the learner will probably have less trouble grasping 

the underlying content”. 

 
With subjects indicating that low mental effort was needed to remember navigation information, 

the intimation was that the subjects’ germane load was not burdened, and they would be able to 

recall content and navigation information.  However, this was not the case, as with the results for 

cognitive load measures being similarly low in both sites.  As was reflected in the results for 

accuracy, with the majority of subjects similarly incorrect in their answers to the numerical 

content, textual content and page navigation questions for both treatments. 
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As subjects’ breadcrumb experience was low, they could have been too occupied focusing on a 

combination of learning to use breadcrumbs, becoming familiar with the experiment process, and 

completing the task, to focus on information content. 

 
Although inaccurate, the majority of subjects had a preference for LAB-pull-down, manifested in 

selection as the most usable, most preferred, and providing the most satisfaction.  With the 

majority of subjects selecting the LAB pull-down as providing the most navigation awareness of 

the current location, current path, forward paths and back paths; indicating subjects have a solid 

understanding of the site structure, when using LAB pull-down.   

 
This correlates with the previous findings of Bowler et al. (2001), of subjects having less 

understanding of the website structure with no breadcrumbs, and the Lida-Rogers and Chaparro 

(2003) study that found subjects with breadcrumbs were able to construct a mental model, 

correctly identifying the site structure as hierarchical more often than those without 

breadcrumbs.   

 

5.4.  Research Implications 

The research identified implications from information gathered, regarding the use of 

breadcrumbs, to be utilised in future development of website navigation. 

 
Breadcrumb issues of inconsistent terms, and variability of implementation, uncovered in the 

literature review need to be address so designers can apply breadcrumbs in a more uniform and 

consistent manner. 

 
Designers should only be implementing breadcrumbs (LAB) as primary website navigation, as 

they have been shown to be effective as primary website navigation and when breadcrumbs 

(LLB) have been applied as secondary website navigation, previous studies found breadcrumb 

selection to be minimal.  The Lida et al. (2003), Lida-Rogers and Chaparro (2003) studies that 

had experimental sites with breadcrumbs as secondary navigation, found subjects often accessed 

other navigation tools instead of or in addition to breadcrumbs.  

 
The LAB have the ability to easily be used as a more effective primary navigation tool than other 

menu navigation systems, as they include more features than a menu alone.  As such, LAB can 

navigate all levels within the website, provide website location and path indication, promote 



Conclusion 
 

 

  Page 126 

navigation awareness of the current location, current path, and possible paths forward and back, 

allowing the subject to gain a solid understanding of the website structure.   

 

5.5.  Research Limitations 

The identified limitations of the research were: 

 
 Sampling Bias: Sampling bias presented in this research as: non-response error, as 

participation was voluntary; and representation error manifested as minor over-representation 

of females (175 to 115), and of subjects who encountered the main/sub menu first (169 to 

121), and under-representation of no subjects aged 66 - 75. 

 
 Non-completion Numbers: Some individuals did not complete the experiment, although as 

this was not recorded, the exact experiment non-completion numbers were unknown. 

 
 Information Location: Some of the task locations the subjects had to navigate may not have 

been on intuitive pages, e.g. LAB pull-down Task 4 ‘Find the flowers information’ – was in 

the Herbs and Spices sub-section, although subjects may have thought the location was in the 

Fruits sub-section or the Vegetables sub-section.  

 
 Term Unfamiliarity: The terms ‘menu’, ‘submenu’, and ‘breadcrumb’ were unfamiliar to 

some subjects, as expressed in their unsolicited feedback.  

 
 Experience Unfamiliarity: The levels ‘beginner, ‘intermediate’, ‘advanced’, and ‘expert’ 

were unclear to some subjects, as expressed in their unsolicited feedback, and suggested - 

occasional recreational IT user; regular recreational IT user; regular workplace IT user; and 

IT professional. 
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5.6.  Future Research Recommendations 

The recommendations for future research stemming from this research were: 

 
 Lostness: Future research could calculate lostness performance data to compare to lostness 

perception data. 

 
 Preference: Future research could test for subjective measures of preference, and allow 

subjects to make comments, to investigate why they prefer a specific treatment, i.e. ‘If prefer 

treatment, why prefer treatment?’   

 
 Recall: As unsolicited feedback received from subjects stated they did not know they were 

supposed to remember the information, future research experiment instructions could inform 

subjects they will be asked questions, which may encourage subjects’ recall of numerical and 

textual content and in turn, page navigation. 

 
 LAB Pop-up: This research tested LAB Pull down as primary website navigation, as LAB 

Pop-up has the same intrinsic abilities, testing its effectiveness as primary website navigation 

is possible.  As only one study has been conducted using LAB Pop-up, further research is 

needed to broaden the knowledge regarding this breadcrumb type. 

 
 Complexity:  This research measured subject’s perception of cognitive load with an 

experimental website that contained basic information on animals, plants and minerals, and 

required subjects to locate six pages distributed over 66 pages, in a hierarchical structure of 

three sections wide and five levels deep.  Future research measure cognitive load with an 

experimental website that contains more detailed information content, with a greater number 

of harder tasks, in a larger website with greater breadth and depth.  This will allow 

breadcrumbs to be tested with a variety of different site types that have different purposes, 

such as a business e-commerce site and an educational e-learning site.   

 
 Environment: The results of the study have the implications for research into the potential 

of breadcrumbs navigation awareness of structure to be transferred within other 

environments, such as a primary navigation alternative within a mobile phone. 
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5.7.  Final Comments 

Compared to the common main and sub menu, location look-ahead breadcrumbs (LAB) were 

found to be more usable, and preferred even by those with little breadcrumb experience.  In 

general, subjects found the navigation was helpful, did not feel lost, and felt low mental effort 

was needed for all instances of the cognitive load measures, and selected breadcrumbs as 

providing the most satisfaction. 

 
The LAB with the abilities of a menu, can navigate all levels within the website, as well as 

provide website location and path indication, promote navigation awareness of the current 

location, current path, and possible paths forward and back, allowing the subject to gain a solid 

understanding of the website structure.  They intrinsically require less pages navigation and have 

the potential to be move time effective as breadcrumb experience increases. 
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Research Participation Request Email 

 

Subject Can you help Sharon with her honours research  

From 
William Smart <bill.smart@scu.edu.au> (by way of Student Centre 
<studentemail@scu.edu.au>)  

Date Thursday, June 2, 2011 11:16 am 

To all-students@scu.edu.au  

 
Hi All, 
 
My name is Sharon Kendell, and I am conducting a research project as part 
of my "Bachelor of Information Technology with Honours Degree". 
 
The research involves investigation into the effectiveness of the "location 
look-ahead breadcrumbs with a pull-down menu" navigation as an 
alternative to the main and sub menu navigation system used by most 
websites. 
 
I am inviting all staff and students at Southern Cross University to 
participate in this research, by accessing the experimental website and 
completing the set tasks and associated surveys regarding website 
navigation. 
 
The experiment should take no longer than 15 - 20 mins to complete and 
your participation will be greatly appreciated. 
 
Please use the following link to access the experimental website: 
http://infotech.scu.edu.au/skende10/ 
 
Thank you for your time, 
Sharon Kendell 
skende10@scu.edu.au 
 
This research has been approved by the Human Research Ethics Committee 
of Southern Cross University. 
Approval number: ECN-11-084 
----------------------------------------------- 
Cheers, 
 
Dr William Smart 
Lecturer in Information Technology 
Southern Cross Business School 
Southern Cross University 
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Research Website Home Page 
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Demographic Questionnaire Page 
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LAB Pull-Down Usage Questionnaire Page 
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Main/Sub Menu Usage Questionnaire Page 
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LAB Pull-Down and Main/Sub Menu Assessment Questionnaire Page 
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LAB Pull-Down Experiment Tasks and Paths 

LAB pull-down tasks and path requirements with start and destination points -  

 
Task 1: Find the bug information   Start = bcs_home – Level 1 

Destination = bc_bug – Level 5 
 
Task 2: Find the spider information  Start = bc_bug – Level 5 

Destination = bc_spider – Level 5 
 

Task 3: Find the roots information   Start = bc_spider – Level 5 
Destination = bc_roots – Level 4 
 

Task 4: Find the flowers information  Start = bc_roots – Level 4 
Destination = bc_flowers – Level 4 

 
Task 5: Find the turquoise information  Start = bc_flowers – Level 4 

Destination = bc_turquoise – Level 3 
 

Task 6: Find the emerald information  Start = bc_ turquoise – Level 3 
Destination = bc_emerald – Level 3 

 

 

Main/Sub Menu Experiment Tasks and Paths 

Main/sub menu tasks and path requirements with start and destination points -  

 
Task 1: Find the deer information    Start = nav_home – Level 1 

Destination = nv_deer – Level 5 
 
Task 2: Find the penguin information  Start = nv_deer – Level 5 

Destination = nv_penguin – Level 5 
 

Task 3: Find the grape information   Start = nv_penguin – Level 5 
Destination = nv_grape – Level 4 

 
Task 4: Find the corn information    Start = nv_grape – Level 4 

Destination = nv_corn – Level 4 
 

Task 5: Find the silver information   Start = nv_corn – Level 4 
Destination = nv_silver – Level 3 

 
Task 6: Find the mercury information  Start = nv_silver – Level 3 

Destination = nv_mercury – Level 3 
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Research Website Hierarchy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Demographic 
Survey 

scu_exp_info 

scu_exp_access 

scu_exp_contact 

scu_exp_aboutbc 

exp_instruct home 

animals 

plants 

minerals 

vert 

mammals 

mcarn

mherb

cat 

deer 

home 

manatee 

whale 

birds 

bcarn

bherb

owl 

pigeon 

parrot 

penguin 

invert 

insects 
ibite

ipierce

beetle 

bug 

animals 

arahnids 

abite

asting

spider 

scorpion 

Level 1 Level 4 Level 2 Level 3 Level 5 

Two sites were constructed with the same 
hierarchy (as below).  Each site was 
identical with only the navigation changed.

index 

Path Minimal path pages 

LAB Pull-down 
destination pages 

Main/sub Menu 
destination pages 
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fruit 

trees 

vines

apple

grape

kiwi

lemon

vegetables 

above

below 

lettuce

carrot

onion

corn

minerals 

pure 

gold 

silver

carbon 

galena 

plants 

compound 

turquoise

amythest 

Level 4 

herbspice 

herb

spice

leaves

flowers

Level 2 

seeds

roots

Level 3 

LAB  
Pull-down 
Usage 
Survey 

emerald

mercury

Main/Sub 
Menu 
Usage 
Survey 

Go to:  
either  
exp_instruct page  
for next experiment  
or  
LAB Pull-down and 
Main/Sub Menu 
Assessment Survey 

Level 1 
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Research Data Information 

The research data characteristic, description, type, measurement, and code details, for the: Navigation Treatment Session Order, Demographic 

Questionnaire, Main/Sub Menu and LAB Pull-Down Web-Based Experiments, Main/Sub Menu and LAB Pull-Down Navigation Treatment Usage 

Questionnaires, and Navigation Treatment Assessment Questionnaire, are in the following tables. 

 

Navigation Treatment Session Order 

No. Characteristic Description  Type Measurement Code 

1 Session Order Identification of the first navigation 
treatment encountered by the subject 

Nominal 0 = Main/Sub Menu 

1 = Breadcrumb  

Order_First_Site 

 

Demographic Questionnaire 

No. Characteristic Description  Type Measure Code 

1 Gender Selection of gender Nominal 0 = Female  

1 = Male 

Gender 

2 Age Group Selection of age group (numbers of years old 
assembled in clusters) 

Ordinal 

Range 1 – 7 

1 = 18 – 25  

2 = 26 – 35 

3 = 36 – 45  

4 = 46 – 55 

5 = 56 – 65 

6 = 66 – 75 

7 = 75 + 

Age 
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No. Characteristic Description  Type Measure Code 

3 Experience –  

Computer 

Subjective level of skill with computers Ordinal  

Range 0 – 4 

0 = None 

1 = Beginner 

2 = Intermediate 

3 = Advanced 

4 = Expert 

Exp_Computer 

4 Experience –  

Web Browsing 

Subjective level of skill with web browsing Ordinal  

Range 0 – 4 

0 = None 

1 = Beginner 

2 = Intermediate 

3 = Advanced 

4 = Expert 

Exp_Web 

5 Experience –  

Main/Sub Menu Navigation 

Subjective level of skill with main/sub menu 
navigation 

Ordinal  

Range 0 – 4 

0 = None 

1 = Beginner 

2 = Intermediate 

3 = Advanced 

4 = Expert 

Exp_MS 

6 Experience –  

Breadcrumb Navigation 

Subjective level of skill with breadcrumb 
navigation 

Ordinal  

Range 0 – 4 

0 = None 

1 = Beginner 

2 = Intermediate 

3 = Advanced 

4 = Expert 

Exp_BC 
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Main/Sub Menu Web-Based Experiment 

No. Characteristic Description  Type Measure Code 

1 Menu: Performance –  

Efficiency for All Tasks 

Total number of page loads to complete all 
main/sum menu tasks 

Interval 

 

Amount (000) MS_Page_Count 

2 Menu: Performance –  

Speed for All Tasks 

Total completion time for all main/sum 
menu tasks 

Interval 

 

Seconds (000) MS_Time_Total 

3 Menu: Performance –  

Speed for Task 1  

Completion time for main/sum menu task 1 Interval 

 

Seconds (000) MS_Time_T1 

4 Menu: Performance –  

Speed for Task 2 

Completion time for main/sum menu task 2 Interval 

 

Seconds (000) MS_Time_T2 

5 Menu: Performance –  

Speed for Task 3 

Completion time for main/sum menu task 3 Interval 

 

Seconds (000) MS_Time_T3 

6 Menu: Performance –  

Speed for Task 4 

Completion time for main/sum menu task 4 Interval 

 

Seconds (000) MS_Time_T4 

7 Menu: Performance –  

Speed for Task 5 

Completion time for main/sum menu task 5 Interval 

 

Seconds (000) MS_Time_T5 

8 Menu: Performance –  

Speed for Task 6 

Completion time for main/sum menu task 6 Interval 

 

Seconds (000) MS_Time_T6 
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LAB Pull-Down Web-Based Experiment 

No. Characteristic Description  Type Measure Code 

1 LAB: Performance –  

Efficiency for All Tasks 

Total number of page loads to complete all 
LAB pull-down tasks 

Interval 

 

Amount (000) BC_Page_Count 

2 LAB: Performance –  

Speed for All Tasks 

Total completion time for all LAB pull-
down tasks 

Interval 

 

Seconds (000) BC_Time_Total 

3 LAB: Performance –  

Speed for Task 1 

Completion time for LAB pull-down task 1 Interval 

 

Seconds (000) BC_Time_T1 

4 LAB: Performance –  

Speed for Task 2 

Completion time for LAB pull-down task 2 Interval 

 

Seconds (000) BC_Time_T2 

5 LAB: Performance –  

Speed for Task 3 

Completion time for LAB pull-down task 3 Interval 

 

Seconds (000) BC_Time_T3 

6 LAB: Performance –  

Speed for Task 4 

Completion time for LAB pull-down task 4 Interval 

 

Seconds (000) BC_Time_T4 

7 LAB: Performance –  

Speed for Task 5 

Completion time for LAB pull-down task 5 Interval 

 

Seconds (000) BC_Time_T5 

8 LAB: Performance –  

Speed for Task 6 

Completion time for LAB pull-down task 6 Interval 

 

Seconds (000) BC_Time_T6 
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Main/Sub Menu Navigation Treatment Usage Questionnaire 

No. Characteristic Description  Type Measure Code 

1 Menu: Perception –  

Helpfulness 

Subjective level determining amount 
subjects found main/sub menu helpful 

Interval  

Range 1 – 7 

1 = Very unhelpful 

TO 

7 = Very helpful 

MS_Help 

2 Menu: Perception –  

Lostness 

Subjective level determining amount 
subjects felt lost using main/sub menu 

Interval  

Range 1 – 7 

1 = Very lost 

TO 

7 = Not lost 

MS_Lost 

3 Menu: Perception –  

Cognitive Load: 

Effort to Understand 

Subjective level of mental effort applied to 
understand the tasks on the main/sub menu 
site 

Interval  

Range 1 – 7 

1 = Very low 

TO 

7 = Very high 

MS_CL_Task 

4 Menu: Perception –  

Cognitive Load: 

Effort to Use 

Subjective level of mental effort applied to 
find the information on the main/sub menu 
site 

Interval  

Range 1 – 7 

1 = Very low 

TO 

7 = Very high 

MS_CL_Find 

5 Menu: Perception –  

Cognitive Load: 

Effort to Remember  

Subjective level of mental effort applied to 
remember the information on the main/sub 
menu 

Interval  

Range 1 – 7 

1 = Very low 

TO 

7 = Very high 

MS_CL_Remember 
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LAB Pull-Down Navigation Treatment Usage Questionnaire 

No. Characteristic Description  Type Measure Code 

1 LAB: Perception –  

Helpfulness 

Subjective level determining amount 
subjects found LAB pull-down helpful 

Interval  

Range 1 – 7 

1 = Very unhelpful 

TO 

7 = Very helpful 

BC_Help 

2 LAB: Perception –  

Lostness 

Subjective level determining amount 
subjects felt lost using LAB pull-down  

Interval  

Range 1 – 7 

1 = Very lost 

TO 

7 = Not lost 

BC_Lost 

3 LAB: Perception –  

Cognitive Load:  

Effort to Understand 

Subjective level of mental effort applied to 
understand the tasks on the LAB pull-down 
site 

Interval  

Range 1 – 7 

1 = Very low 

TO 

7 = Very high 

BC_CL_Task 

4 LAB: Perception –  

Cognitive Load: 

Effort to Use 

Subjective level of mental effort applied to 
find the information on the LAB pull-down 
site 

Interval  

Range 1 – 7 

1 = Very low 

TO 

7 = Very high 

BC_CL_Find 

5 LAB: Perception –  

Cognitive Load: 

Effort to Remember 

Subjective level of mental effort applied to 
remember the information on the LAB pull-
down site 

Interval  

Range 1 – 7 

1 = Very low 

TO 

7 = Very high 

BC_CL_Remember 
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Navigation Treatment Assessment Questionnaire 

No. Characteristic Description  Type Measure Code 

1 Perception –  

Usability 

Subjective selection of preference for most 
usable navigation 

Nominal 1 = Menu 

2 = Breadcrumb 

3 = No Difference 

Most_Usable 

2 Perception – 

Satisfaction 

Subjective selection of preference for 
navigation providing the most satisfaction 

Nominal 1 = Menu 

2 = Breadcrumb 

3 = No Difference 

Most_Satisfaction 

3 Perception – 

Preference 

Subjective selection of preference for most 
preferred navigation 

Nominal 1 = Menu 

2 = Breadcrumb 

3 = No Difference 

Most_Preferred 

4 Perception –  

Navigation Awareness: 

Current Location 

Subjective selection of navigation most 
effective for current location awareness 

Nominal 1 = Menu 

2 = Breadcrumb 

3 = No Difference 

Aware_Loc_Site 

5 Perception –  

Navigation Awareness: 

Current Path 

Subjective selection of navigation most 
effective for current path awareness 

Nominal 1 = Menu 

2 = Breadcrumb 

3 = No Difference 

Aware_Path_Page 

6 Perception –  

Navigation Awareness: 

Forward Paths 

Subjective selection of navigation most 
effective for paths forward awareness 

Nominal 1 = Menu 

2 = Breadcrumb 

3 = No Difference 

Aware_Path_Forward 

7 Perception –  

Navigation Awareness: 

Back Paths 

Subjective selection of navigation most 
effective for paths back awareness 

Nominal 1 = Menu 

2 = Breadcrumb 

3 = No Difference 

Aware_Path_Back 
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No. Characteristic Description  Type Measure Code 

8 Menu: Performance –  

Accuracy: Numerical Content  

Accuracy of numerical content recall in 
main/sub menu site (answer required one word 
answer – marked correct if one correct) 

Interval 

 

0 = Incorrect 

1 = Correct 

MS_Recall_Q1 

9 LAB: Performance –  

Accuracy: Numerical Content  

Accuracy of numerical content recall in LAB 
pull-down site (answer required one word 
answer – marked correct if one correct) 

Interval 

 

0 = Incorrect 

1 = Correct 

BC_Recall _Q2 

10 Menu: Performance –  

Accuracy: Textual Content  

Accuracy of textual content recall in main/sub 
menu site (answer required one word answer – 
marked correct if one correct) 

Interval 

 

0 = Incorrect 

1 = Correct 

MS_Recall _Q3 

11 LAB: Performance –  

Accuracy: Textual Content  

Accuracy of textual content recall in LAB pull-
down site (answer required one word answer – 
marked correct if one correct) 

Interval 

 

0 = Incorrect 

1 = Correct 

BC_Recall _Q4 

12 Menu: Performance – 

Accuracy: Page Navigation  

Accuracy of page navigation recall in main/sub 
menu site (answer required two names of pages 
from the last level – marked correct if either 
one correct) 

Interval 

 

0 = Incorrect 

1 = Correct 

MS_Recall _Q5 

13 LAB: Performance – 

Accuracy: Page Navigation  

Accuracy of page navigation recall in LAB 
pull-down site (answer required two names of 
pages from the last level – marked correct if 
either one correct) 

Interval 

 

0 = Incorrect 

1 = Correct 

BC_Recall _Q6 
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