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Abstract 

 

This study investigated how the type of map (paper and online) affects the 

effectiveness, efficiency, and satisfaction of performing typical map use tasks 

when planning a leisurely walking route. Twenty participants with basic 

awareness and experience of paper and online maps took part in the experiment. 

Based on a within-subjects repeated measures design, participants carried out 

five standard map use tasks on each type of map whilst thinking aloud. 

Experimental sessions were recorded through use of an ASL mobile eye tracker, 

and a dictaphone. Data on performance time, scores for effectiveness, 

success/failure, eye movements, and think aloud were collated and analysed to 

determine significance. Results showed that tasks performed on the paper map 

were significantly faster, accurate, successful, and less frustrating than on the 

online map. Eye movement data and associated think aloud provided further 

insight into these findings and provided a means to explore the results from a 

cognitive perspective, and thus contribute valuable research to the domain of 

cognitive cartography. The results suggest that perceptual and cognitive 

processes associated with visual search, image processing, and inference making 

were more readily afforded in the paper map condition. The singular and static 

visual image represented by the paper map enabled efficient detection and 

processing of graphical information, allowing more resources to be available to 

higher processes such as decision-making. This allowed for the production of a 

higher calibre of route planning where participants extracted more task relevant 

information from the map and created routes that were richer in real-world 

features. In contrast, the online map presented graphical and non-graphical 

information in a disjointed fashion within an interface that enabled the map to be 

manipulated and changed, which was coupled with usability problems with the 

online tools. This resulted in a heavier burden on cognitive load and an increased 

experience of frustration, which was detrimental to visual search and the 

efficient processing of information. Routes produced in the online map were less 

pragmatic and inferior. Participants expressed a significant preference for the 

paper map over the online map as the medium on which to carry out route 

planning. 
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 Section 1: Introduction 

 

In everyday life, people use maps to assist with a range of tasks such as travelling 

from one part of the city to another, locating a novel address, or planning a 

leisurely walking route. To enable the accomplishment of these tasks, maps 

designed to convey geographical information, and display dimensions of spatial 

reality on a reduced scale (Schofield and Kirby, 1994) must provide accurate 

information in a coherent manner, whilst maintaining aesthetic appeal (Mark et 

al, 1999). Effective cartographic design decisions are thus born out of an 

understanding of map reading strategies, and the perceptual and cognitive 

processes associated with them. 

 

Map reading occurs at various levels, and is dependent on the execution of tasks 

for a given purpose. For example, the task of feature location during route 

planning can include the reading of simple or complex features such as 

identifying a town, and deciphering relative heights of hills (Mark et al, 1999). 

Although the precise mechanics of map reading remain elusive, psychologists 

and cartographers continue to explore how map users interact with maps 

bringing them closer to defining the cognitive processes involved, and generating 

key principles for efficient map design (Lobben, 2007). One such established 

framework is Bertin’s image theory that set precedents for how visual variables 

affect the efficiency within which a map can be read (Mennecke, Crossland,  & 

Killingsworth, 2000). His legacy of providing guidelines and systematizing the 

process of cartographic communication to develop ‘efficient’ maps that provide 

instant perception is widely accepted by cartographers to this day (Board & 

Taylor, 1977; Morita, 2011). According to Bertin, the main properties of graphic 

images include six visual variables of size, value, texture, colour, orientation, and 

shape; variations of which govern the efficiency of legibility in a map (Morita, 

2011).   

 

The ‘efficiency’ with which a map can be read, belies its primary function as a 

tool for communication (Robinson, 1952 cited in Eastman, 1985). To this end, 

cognitive cartography and map-design research evolved out of a desire to 
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understand the perceptual and cognitive processes involved in map use 

(Montello, 2002). Studies contributing to cognitive cartography have implicated 

various perceptual and cognitive processes in map reading such as visual search 

(Nelson, 1994), recognition of components in short-term memory (Head, 1984), 

classification and comparison of information, and synthesis of meaning 

(Shortridge, 1982 cited in Nelson, 1994). By exploring the interaction between 

the map and the map reader, cartographers envisaged making informed design 

decisions to suitably communicate spatial information (Lloyd, 1997), facilitate 

the map-reading process, and thus improve the usability of maps.  

 

Investigating the perceptual and cognitive aspects of map reading is not without 

its difficulties. Such processes are difficult to record and observe as they occur 

internally, largely unconsciously, and involve multiple activities (Lobben, 2007). 

Nevertheless, a number of experimental techniques have been successfully used 

to interrogate the cognitive workings of the mind during map use. Empirical 

approaches include psychophysics which looked at the relationship between 

variation in a physical stimulus and a persons corresponding response thus 

providing a gage for determining design, and investigations into stimulus-

response reaction times where stimuli (e.g. symbols) that were detected faster 

were deemed superior (Montello, 2002). Other approaches include eye 

movement studies where specialist technology is used to track and record an 

individual’s eye movement whilst carrying out a map-based task to provide a 

record of how they visualise the scene (Montello, 2002). Qualitative methods of 

think aloud and interview have also been used to provide a subjective yet 

valuable insight into the actual thoughts and personal experience of an 

individual during map reading (Suchan & Brewer, 2000).     

 

Early use of eye movement technology in the 1970’s utilised rudimentary 

instruments such as a Kodak 8mm movie camera modified with a telephoto lens 

to capture images of corneal reflections (Jenks, 1973, cited in Steinke, 1987). 

Each frame of film was then analysed to decipher fixation locations making it an 

incredibly painstaking and time-consuming procedure; alternative equipment 

with the propensity to save time was available, but prohibitively expensive 
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(Steinke, 1987).   As a result, eye movement studies in cartography decreased in 

popularity partly due to issues with application, and overall disillusionment with 

the technique (Coltekin et al, 2009). Paradoxically, in the decades following the 

decline of eye movement studies, the emergence of the World Wide Web and 

advances in technology have led to widespread availability of maps and a 

drastically different landscape within which they are accessed and interacted 

with (Haklay & Zafiri, 2008). Present day cartographers need be skilled in 

graphic art, cognitive science, and computer technology in order to meet the 

increasing demands on efficient map use (Mark et al, 1999). From a research 

perspective, this dichotomy opens up new avenues for map design research at a 

salient time within which usability and user experience has become popularised 

by the domain of Human Computer Interaction (HCI).  

 

Through use of both quantitative and qualitative methods, the aim of this study 

is threefold. To investigate how people interact and carry out typical map-based 

tasks pertaining to route planning on paper and online maps, to explore if what 

is known about visual processing and cognitive demands of map use is affected 

by the type of media on which it is presented (paper or online), and to tackle the 

difficulties of examining cognitive processes through combined use of 

experimental techniques. 

  

Cartographic research into the real-world usage strategies of online maps is 

noticeably scarce, and research into complex activities such as route planning is 

disappointingly low (Gillner & Mallot, 2008).  The novelty of this study rests not 

only in its aim to explore route planning, but also in its attempt to revitalise and 

advocate the use of eye movement recording technology in studying map use. It 

is hoped that this study will not only highlight this area of research as justifiably 

important, but that the results and findings can be applied to improving the 

usability of online maps.  

 

The Ordnance Survey has recognised the potential value of this research; since 

its formulation, this study has attracted official sponsorship from the Ordnance 

Survey. 
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This report is organised in the following manner: section two provides a review 

of literature in key areas of cartographic research and provides a framework for 

which this study was devised. Section three comprises of the experimental 

design and procedure giving a detailed account of the methods employed to 

collect data. Section four presents the results of the practical investigation 

together with statistical analyses. Section five provides discussion of the results 

and explains the findings through relevant theories derived from cognitive 

cartography, psychology, and HCI, it also looks at limitations and possible areas 

for further study. The report concludes with a summary of its key findings.  
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Section 2: Literature review  

 

This section provides background information relevant to this study of how the 

performance of typical map based tasks is influenced by the type of map they are 

carried out on. It begins with an overview of cognitive cartography, providing 

context for the important relationship between human cognition and the 

empirical approach to map design research. It then reviews the validity of eye 

movement technology in cartography, giving an account of how the methodology 

has been used by cartographers, its ability to infer cognitive processes, and 

provides arguments for its validity as a tool for studying interactions between 

the map user and the map. The review then focuses on psychological theories 

and studies of perception and visual search that have influenced cartographers 

since the advent of cognitive cartography. It ends with a summary of conclusions 

that form the motivational basis of this study. 

 

2.1 Cognitive cartography and map design research 

Cognitive cartography gained formal recognition as part of the cartographic 

discipline in the 20th century. It focuses on the application of cognitive methods 

and theories to understand map use through principles of perception, learning 

and memory, reasoning, decision-making, and communication (Montello, 2002). 

Further sub-divided into three main areas of research, it is the area of map 

design research that is of greatest relevance to this particular study - focusing on 

how an understanding of cognition can be applied to the design process to create 

maps that are efficient, effective, and satisfying (Montello, 2002). 

 

The appeal of map design research rests on its ability to use cognitive studies to 

reveal how a map reader processes graphical representations, and applying this 

insight to developing principles of effective map design (Eastman, 1985). Studies 

following this empirical approach began with psychophysical methods in the 

1950’s (Lobben, 2004). These studies looked at the relationship between 

variation in a physical stimulus and consequent variation in a person’s response 

e.g. perception of graytone scale or volumetric symbols, and used that 

information to assist design (Montello, 2002).  
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Other forms of empirical studies involved tasks that were perceptual but not 

psychophysical and investigated specific components of maps (Lobben, 2004). 

As a result, studies into recognised features of maps began to emerge with focus 

on the speed and accuracy of visual search, and the perception of visual stimuli 

(Montello, 2002). Studies of note demonstrated that mixed typefaces of labels 

increased search times (Bartz, 1970), increased contrast of colour improves 

detectability of symbols in peripheral vision (Engel, 1977 cited in MacEachren 

1995), and the effect of colour in the visually impaired (Olson & Brewer, 1997). 

Together, these investigations formed the basis for a loose collection of 

guidelines that cartographers could use when making design decisions in 

relation to typography, symbols, and colour choice.  

 

Whilst those forms of research focussed on and are therefore inherently useful 

for traditional paper maps, the advent of online maps and multimedia since the 

internet boom post 1995 (Marsh & Haklay, 2010) has altered the demands of 

map design research. Contemporary cartographers are tasked with designing 

maps for screen-based media, and different interaction methods including 

keyboard, mouse, and mobile devices. In today’s digital landscape, online maps 

are typically presented alongside additional information and functionality (Lloyd 

& Bunch, 2003). Taken in context, the digital map reader is faced with the 

complex task of processing the map, as well as reading additional text, 

controlling the mouse, and deciphering functionality of the system in a changing 

visual display. This multi-tasking environment has led to the application of 

cognitive load theory to map design research. 

 

Cognitive load theory assumes that during task execution, the limited capacity of 

working memory interacts with long-term memory, whilst receiving auditory 

and visual input; causal factors in the form of environment and stimulus 

presentation, are highlighted as external aspects that affect cognitive load (Lloyd 

& Bunch, 2003). When applied to map design research, this suggests that an 

appreciation of cognitive load theory can assist research by providing design 

guidelines that optimise the availability of information whilst decreasing 
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cognitive load (Lloyd & Bunch, 2003), which in turn improves task performance, 

and the process of map reading.  

 

An appreciation of cognitive load, set within the changing landscape of map use 

has led towards increasing use of qualitative methods to studying interaction 

between the map reader and the map. Slocum (1995) used questionnaires to 

collect attitudinal data about the impact of technology on cartography use, 

Crampton (1992) used the think-aloud technique to ascertain how novices and 

experts use maps during orienteering, Monmonier and Gluck (1994) studied 

opinions of skilled users to improve design of dynamic cartography.  

 

Qualitative data collection techniques enable the researcher to formulate 

demanding questions about map use, and elicit amplified responses including 

feelings, thoughts, and actual experience (Suchan and Brewer, 2000). More 

commonly referred to as usability and user experience studies, these methods 

allow cartographers interested in real-world map use to collate naturalistic data. 

And in doing so, contribute more towards the body of research needed about the 

‘millions’ of common users accessing GIS software and public mapping websites 

(Haklay and Zafiri, 2008).  

 

In addition to psychophysical, perceptual, and qualitative approaches, 

cartographers looking for more direct ways to study the map reading process 

turned towards eye movement studies as an additional methodology. This trend 

heralded the most significant empirical approach to map design research 

(MacEachren, 1995; Montello, 2002), and provided further insight into how map 

readers interact with maps. 

 

2.2 Eye movement tracking as a methodology 

According to Just and Carpenter’s (1976) eye-mind hypothesis, particular parts 

of the visual field garner more attention then others, and the act of fixating can 

be viewed as an outward manifestation of cognitive processing. The 

physiological structure of the eye includes a non-uniform distribution of 

photoreceptors on the retina showing an increased density on a region known as 
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the fovea. It is this region upon which an image is at its highest resolution and 

the nervous system will act to keep an image of interest centred on this area 

(Redline and Lankford, 2001). When processing visual information, attention is 

controlled by bottom-up (sensory), and top-down (task) factors (Reichenbacher 

& Swienty, 2007). To gain visual information needed for a particular task such as 

map reading, internal goals will influence visual attention and eye movement 

behaviour (Renninger, Verghese, & Coughlan, 2007). And it is on this premise 

that eye movement technology is based, as they are designed to exclusively 

capture foveal vision (Manhartsberger & Zellhofer, 2005). This provides a record 

of areas attended to (and ignored) in the visual field, and patterns of eye 

movements from which conclusions about the visual stimuli can be drawn 

(Montello, 2002). 

    

The main measurements of eye movement research are fixations – when the eye 

demonstrates relatively stationary moments, and saccades – movements 

between fixations; attention and encoding of information occurs during fixations, 

but not saccades (Poole & Ball, 2005). Interpretation of eye movement data is 

dependent on the context in which it was recorded; it can indicate either a high 

level of interest or difficulty in encoding (Poole & Ball, 2005). If combined with 

use of think aloud (vocalisation of thoughts), ambiguity of eye movement results 

can be alleviated (Marsh & Haklay, 2010).  

  

Eye movement studies in cartography were popularised by Jenks (Steinke, 1987), 

and Dobson (1979) whose work sparked much optimism in the methodology. By 

recording the process of looking at a map, cartographers could obtain an 

objective source of data (Poole & Ball, 2005) displaying the temporal and spatial 

patterns (Montello, 2002) of map use.  Whilst the technique held much promise, 

early work in this area was dominated by free-form viewing of maps, this 

provided overviews of eye movement recordings but little in the way of 

significant findings (MacEachren, 1995). Cartographers were suffering from a 

lack of theoretical perspective, too broad a focus, and inadequate forms of 

analysis (Steinke, 1987).  
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With these criticisms in mind, studies that utilised eye movement tracking in the 

presence of well-defined tasks and relevant perceptual-cognitive theories 

produced significant findings of benefit to map design research (MacEachren, 

1995). Phillips, R; Noyes, E., & Audley, R. J. (1978) examined how type character 

on map designs influence visual search patterns, and suggested that designs 

which reduce the number of fixations were more effective than those that 

reduced duration. Dobson (1979) demonstrated how the structure of 

cartographic display influences decisions about where to direct foveal attention. 

With this degree of insight into perceptual activity, cartographers could produce 

better maps by applying these principles as measures of critical parameters to 

guide design, and empirically test their efficacy (Newman, 1997). However, 

research providing this degree of value to the cartographic community were few 

and far between. 

 

Despite the demonstrated usefulness of the technique, its perceived value waned 

and the initial optimism for eye movement studies began to trail off post 1980’s 

(Fabrikant et al, 2008; Steinke, 1987). Cartographers were largely disillusioned 

with the cost and time expenditures to achieve results, and the growing 

resentment that perceptual activity does not equate to reliable measures or 

explanations of cognitive processes further expedited its decline (MacEachren, 

1995). Decisions to move away from studies of eye movement were largely 

driven by technical limitations; useful time-saving equipment was expensive and 

generated massive amounts of data that cartographers were ill equipped to deal 

with, whilst other less expensive options were cumbersome and incredibly time 

consuming to use (Steinke, 1987).  

 

It was not the methodology itself which lacked validity, but the manner in which 

it was applied (Steinke, 1987). Eye movement studies today have achieved 

notable success in the field of HCI where good experimental design advocates the 

establishment of critical parameters (Newman, 1997), and a grounding in 

cognitive theories. Thus enabling the collation of data that can infer cognitive 

processing, and findings that can be applied to improving design (Jacob and Karn, 

2003). Eye tracking systems are easier to operate, and software is able to 
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facilitate calibration, set up, data analysis, and a means to visually display data 

(Jacob & Karn, 2003).  

 

In the last decade, eye movement studies of map use have given some weight to 

Montello’s (2002) notion that cognitive cartography will see a resurgence of 

interest in this methodology. Spurred by the lack of theory accompanying the 

exponential growth of novel graphics technology, Fabrikant et al (2008) collated 

eye movement data in static small multiple map displays (SMMDs) and 

developed a theoretical framework grounded in cognitive principles to provide 

insight into how SMMDs are used. Utilising eye movement technology in this 

instance provided an effective means to collect real-time measures of cognitive 

processing during the use of complex displays (Fabrikant et al, 2008). 

 

In an investigation of real-world map tasks, Brodersen, Andersen, & Weber, 

(2002) used eye movement technology as part of a battery of techniques to 

investigate the usability of a newly designed paper map in comparison to an 

older version. Eye movement recordings were used to provide objective 

information about how maps were scanned and to gage the effectiveness of their 

usage strategies as judged by an expert. Participants were asked to carry out a 

number of tasks based on typical map use and involved locating places, decoding 

the legend, and collating information to formulate hypothetical places to live. 

Fixation and areas of interest data demonstrate where the individual looked to 

answer different questions although these were not analysed through a robust 

statistical formula, making the significance of difference between the two 

versions impossible to ascertain. Brodersen et al (2002) present results in a 

largely assumption based manner, and do not refer to cognitive theories to 

provide a full explanation of map reading performance. It is interesting to note 

that use of interview, or think-aloud is likely to have provided more insightful 

and useful information about visual search strategies. 

 

2.3 Visual search 

Perceptual and cognitive processes involved in visual search is of key interest to 

cartographers, because it forms an essential part of map reading (Lloyd, 1997). 
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To carry out typical map based tasks such as finding a place name, or using the 

legend, the map reader must be able to locate and decode the necessary 

information in order to obtain visual awareness and proceed to executive 

activities of inference making (Reichenbacher & Swienty, 2007). Models and 

theories that explain how people search for items in visual displays provide 

cartographers with a starting point from which to understand how a map reader 

searches for items on maps (Nelson, 1994). 

 

The fundamental role of the visual search process is to decide where to fixate. 

Rather than searching randomly, people fixate on items that are nearby, and 

saccades tend to be governed by proximity to the centre of fixation (Halverson & 

Hornof, 2007). In addition, search processes vary depending on the type of task 

as well as the stimuli. Dominant theories outlining the stages of visual search 

include Feature Integration Theory, Guided Search, and Attentional Engagement 

Theory (MacEachren, 1995; Nelson, 1994). These arose out of tasks designed by 

psychologists to measure search efficiency where reaction times to find a target 

item within an area of non-target items are measured to indicate whether the 

search is a serial or parallel process (Nelson, 1994). In a serial search, each item 

is looked at to determine presence/absence of target features and the reaction 

time is therefore dependent on the set size (number of items in the visual field). 

In a parallel search, presence/absence of target features are determined without 

looking at each item, and the reaction time is independent of the set size (Nelson, 

1994).   

 

Studies supporting these theories were typified through use of stimuli in the 

form of different colours and alphabet letters, e.g. Treisman & Gelade (1980) 

used targets in the form of red ‘O’ in a field of non-target green ‘O’ and red ‘N’.  

However, studies using the map as a stimulus are comparatively few; these 

include Bartz (1970) typographic variations, Potash (1977) symbol design, and 

Kimerling (1975) greyscale variance. Research into this area has been conducted 

by psychologists and cartographers but rarely in collaboration (Lobben, 2004). 

As a result, the findings remain of significance to map design research, but 

limitations in experimental and theoretical procedure should be acknowledged. 
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Psychological research allocates primary attention to cognitive abilities at the 

expense of suitable materials i.e. the type and quality of the map used as stimulus 

for the experiment (Lobben, 2004). Whilst the reverse is apparent in 

cartographic research, suitable materials are used but results are typically 

presented in a fashion devoid of cognitive insight. This opens up a veritable ‘gulf’ 

of equatable research; findings from both disciplines are useful but somewhat 

limited in value.  

 

Studies that have successfully integrated cognitive theories with visual search 

behaviour on maps are comparatively few. One such study was carried out by 

Lloyd (1988); by devising a target detection task to ascertain what kind of search 

process was used on a map, reaction time data indicated that target perception 

occurred as a result of serial search (Lloyd, 1988). Locating a target involved 

looking at non-targets in a serial fashion to categorise whether or not it was the 

item being searched for and the ‘pop-out’ automatic effect of parallel searching 

only occurred whilst attempting to locate the target through memory (Lloyd, 

1988).  

 

Collectively, visual search studies provide cartography with a basis for 

understanding how information is searched for on maps (Nelson, 1994), and 

offer a means to explaining how variations to visual components in map design 

are likely to affect the efficiency, effectiveness, and satisfaction of using a map. 

Specifically that assisting the serial search process by designing maps to improve 

the ease with which objects can be identified will decrease search time and assist 

cognitive processing of information. 
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2.4 Motivation 

 

Analysis of the background literature enabled a number of overall conclusions to 

be drawn about studies of map use to date, the interactions that take place 

between the map reader and the map, and subsequent avenues for furthering 

research in cognitive cartography. 

 

Studies into map use most benefit map design research when they are grounded 

in sound perceptual and cognitive theories. Understanding the actual 

mechanisms and ‘ubiquitous’ nature of visualisation (Morita, 2011), perception, 

and cognition provides a framework from which meaningful investigations can 

be designed. Subsequent findings can be used to design maps that exploit 

perceptual and cognitive processes, maximise map use performance within the 

range of ‘normal’ cognitive function, and ultimately give rise to designing 

efficient maps that work in parallel with human ability (Lloyd and Bunch, 2003). 

 

The complexity of human cognition and the difficulties of inferring cognitive 

processes during map use necessitate an experimental procedure that utilises a 

suite of qualitative and quantitative evaluation methods. Empirical data such as 

recording reaction times is a useful means to assess performance efficiency but 

cannot provide deeper insight into how or why such effects arise. But when 

coupled with additional methodology such as think aloud and interview, 

investigators are able to explore map use and extract richer forms of data that 

tap into cognitive activities.  

 

In a similar vein, eye movement studies offer an objective form of data collection 

although cartographic interest in the methodology has declined. Improvements 

in eye movement recording technology, successful use of the technique in fields 

such as HCI, and the very nature of maps as a visual stimulus presents logical and 

attractive reasons to revive the interest in eye movement studies in map design 

research. Remembering the importance of working with the technology in 

conjunction with cognitive theories to provide meaningful and insightful results. 
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To date, studies of map use have predominantly focused on isolating and 

investigating usage of particular features of maps such as symbols and 

typography. Comparatively little research exists looking at complex real-world 

tasks such as route planning (Gillner & Mallot, 2008). Regarded as an everyday 

activity (Schofield and Kirby, 1994), route planning involves the execution of 

several typical map based tasks in an amalgamated form, and thus represents a 

viable aspect of map use worthy of further investigation.  

 

The evolution of maps and map use since the advent of the internet has opened 

up usage to novices, yet little research has been conducted on such users in a 

naturalistic setting. Whilst the Ordnance Survey estimates that digital data 

mapping accounts for 90% of its business with both private and public sectors 

(www.ordnancesurvey.co.uk), GIS lags woefully behind other industries in the 

digital and online domain. It would seem timely and highly apt to explore map 

use not only on traditional paper but also on the World Wide Web.  

 

The above factors were taken as motivation to address the research question: 

Route planning on leisure maps – how do paper and online maps affect task 

performance? 
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Section 3: Methodology, design, and procedure 

 

3.1 Methodology 

A practical experiment was designed to explore a typical map based task of route 

planning on paper and online maps. These were studied under the independent 

variables of efficiency, effectiveness, and satisfaction, which represent 

recognised ‘measures’ of usability within the HCI discipline (Jacob & Karn, 2003). 

Efficiency refers to time taken to complete a task, effectiveness refers to accuracy 

of task execution, and satisfaction refers to subjective responses to the task 

experience. 

 

Data collection required a broad suite of techniques with the ability to record 

both quantitative and qualitative data. These included think aloud, eye 

movement tracking, subjective scoring on a Likert scale, and semi-structured 

interview. Analysis of data through statistics and open coding yielded task 

completion times, scores for effectiveness, videos of eye movements, and verbal 

expression of subjective experience during the task. 

  

The study focussed on the everyday user possessing basic map reading skills. 

The motivation behind this decision was based on the notion that maps are 

essentially a communication tool (Eastman, 1985), and should afford usage 

without specialist knowledge (Frech & Koch, 2003) or training. It was further 

justified by ethnographic studies indicating the reliance on paper maps and low 

uptake of digital services by people planning and preparing to visit cities (Norrie 

& Signer, 2005). 

 

To complement the user group under investigation and to include real-world 

usage behaviour, maps of the New Forest were selected as materials upon which 

to base this experiment. The New Forest represents a typical destination for 

leisure walking in the UK. Maps of the area therefore represent no issues with 

language labelling, or cultural discrepancies with traffic or land use, making it 

suitable for the user group. It is anticipated that results from the experiment will 

provide broad applicability to maps representing similar areas in the UK.  
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The Ordnance Survey is the paramount producer of maps in the UK. A 

government aligned organisation, it produces maps for a multitude of services 

including leisure and sells in the region of 2.5 million paper maps each year 

(www.ordnancesurvey.co.uk). For this reason, two types of topographic maps 

from the Ordnance Survey’s range of products were selected as appropriate 

stimuli for use in the investigation; the paper map from the ‘Explorer’ series, and 

the online service ‘get-a-map’ (Fig 1.).  

 

Fig 1. Image of Explorer paper map (Left), and get-a-map online (right). 

             

 

Both types of map are available for purchase by the general public. The maps are 

produced in full colour, and provide identical levels of detail. Essentially, they 

represent one map design but are presented in two different formats – paper, 

and online. This makes them ideal stimulus materials for use in this study.  

 

The ‘Explorer’ paper map measured 53 x 53cm (1:25,000), whilst the online map 

was subject to PC monitor screen size, typically 17”.  
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3.1.1 Expectations 

Review of past research into map use, cognition, eye movement, and visual 

search led to the expectations that this study was likely to demonstrate that: 

 

1. Task completion will be more efficient and effective in the paper map 

condition where the presentation of geographic information in one visual 

image will facilitate gestalt visualisation and enable participants to 

process information more efficiently (Bertin, 1984, cited by Morita, 2011). 

Contravening gestalt visualisation, the online map presents information in 

four viewing areas (map, route information area, tool selection bar, side 

navigation), as well as in additional windows depending on the 

participants actions. Serial search will be uninhibited in the paper map 

condition and participants will be able to assess the visual scene without 

the need to manipulate the map. In contrast, the online map requires a 

combination of panning and zooming in order to acquire information. 

This will result in faster task completion, increased accuracy of 

performance, fewer ‘fails’, and scanpaths characterised by fewer fixations 

with longer durations taking place in the paper map.  

2. Lower levels of cognitive load due to minimal interaction with the paper 

map will contrast with higher levels of cognitive load in the online map 

where map use requires manual activities such as using the mouse to pan, 

scroll, and zoom into the map, as well as visually processing changes in 

the visual field, and use of functional online tools. Efficiency and 

effectiveness will correlate positively with measures of satisfaction, 

where speed and accuracy of task performance will be characterised by 

fewer expressions of confusion and frustration in the think aloud as a 

result of comparatively less demand on cognitive load in the paper map 

condition.   

3. Better overall performance of tasks in the paper map condition associated 

with fewer expressions of frustration in the think aloud will provide a 

comparatively positive user experience, and will result in participants 

indicating the paper map as their preferred medium for route planning.  
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3.2 Experimental design 

 

3.2.1 Participants 

Twenty mixed-sex participants with no learning, physical, or visual disabilities 

were recruited to take part in this study on a voluntary basis. All were aged 26 to 

39, educated to university degree level, and consisted of full-time MSc students, 

and full-time workers from IT, design, and financial industries. Crucial factors for 

recruitment to the study required all participants be native English speakers (or 

possess fluency), have everyday (non-expert) experience of paper maps and 

online maps i.e. understand functions of a legend/key, panning and zooming 

functions, and no previous visits or extensive knowledge of the New Forest. Use 

of eye movement technology necessitated participants have good vision or 

corrected with contact lenses.  

 

All participants read a one-page information sheet describing the experiment 

and signed a consent form prior to taking part. They were also given adequate 

time to ask questions and confirm they were happy to participate.  

 

3.2.2 Materials 

 

Table 1. Materials and purpose 

Material/item required 

 

Usage/purpose 

ASL mobile eye tracker and associated 

software 

To record eye movement and 

create video files for analysis  

Digital Dictaphone Record think aloud and interview 

20 copies of the New Forest map (OS 

explorer series, 1:25,000 scale) measuring 

53 x 53cm 

One for each participant to plan 

and mark their route 

One corresponding map legend Presented to the participant for use 

in conjunction with the paper map 

One nine point calibration paper chart 

measuring 53 x 53cm 

To calibrate the eye tracker with 

each participant in the paper map 

condition 

Subscriber level access to OS get-a-map 

online service 

For use in the online map condition 

One nine point calibration digital jpeg 

chart displayed in full size of the flat panel 

To calibrate the eye tracker with 

each participant in the online map 
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Material/item required 

 

Usage/purpose 

monitor condition 

One desktop PC with internet access, 

associated keyboard, and mouse  

For use with the online map 

condition 

One 17” flat panel colour monitor For use with the online map 

condition – mirroring the typical 

size of monitors of users at 

home/work 

Fixed chair and desk  For use with the online map 

condition (chair and desk), paper 

map condition (chair only)   

One marker pen, pencil, and biro For participants to use to the mark 

the map and draw their route in 

the paper map condition 

One printed copy of scenario A, and B 

(point size: 18) 

For use in conjunction with task 

five 

One printed copy of start point and end 

point for task one (point size: 18) 

For use in conjunction with task 

one 

One quiet room Insure interruptions or distractive 

elements do not occur during the 

experiment  

 

3.2.3 Task creation 

To successfully plan a route on a map, the map reader will need to carry out 

several sub-tasks (Nelson, 1994). These standard map use tasks are grouped 

under three main headings of navigation, measurement, and visualisation (Board, 

1975), and form an essential part of map reading in the form of localisation of 

information, measurement of distance, and decoding of symbols (Brodersen et al, 

2002). In layman terms, this involves searching for destinations, using the scale 

to estimate distance, and understanding the legend/key. Amalgamating these 

tasks demonstrates interpretive understanding, and enables the task of route 

planning. 

  

Considering the study was focussing on everyday users who are familiar but not 

highly skilled in route planning, four tasks relevant to typical map use were 

formulated to ease the participant into the experiment, and introduce them to 

the main sub-tasks of route planning, before presenting them with a scenario 

and asking them to plan an actual route.  
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To follow is a justification of each type of task created for the experiment and a 

brief explanation of the actual task designed (see appendix 1 for actual tasks). 

 

Task one – localisation: A fundamental aspect of navigation is the ability to locate 

a destination in relation to the map reader’s own position (Board, 1975). 

Actual task: The investigator indicates a location on the map by pointing (using a 

pencil or mouse depending on type of map) and the participant is asked to 

imagine this is their start point, and to locate a named destination on the map 

that represents their end point.  

 

Task two – measurement: Making sense of scale is a core ability enabling the 

map reader to demonstrate awareness that the map is an external 

representation of actual space (Schofield & Kirby, 1994). 

Actual task: The participant is asked what the distance is between the two points 

located in task one.  

 

Task three – decoding and searching on map: The ability to identify or recognise 

a symbol is crucial to interpreting a map and extracting additional information 

from it (Board & Taylor, 1977). 

Actual task: The participant is asked to point out a particular type of path 

anywhere on the map. This involves selecting the appropriate symbol from the 

legend, and searching the map for that entity. 

 

Task four – decoding and searching on a legend: (Relevance of this task is the 

same as the above decoding task). 

Actual task: The experimenter points to a symbol on the map and the participant 

is asked what it represents/means. This involves recognising the symbol within 

the legend. 

  

Task five – interpretive understanding demonstrated through route planning: 

This requires aspects of all of the above standard map reading abilities (Board, 

1975; Board & Taylor, 1977). 
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Actual task: The final task of route planning involved use of a scenario (appendix 

2). To be aligned with ecological validity, the scenario was based on a typical 

walk through the New Forest as suggested by the official tourist board website. 

To encourage creation of a realistic route within the time constraints of the 

experiment, the scenario stipulated four criteria: the route needed to be circular, 

a minimum of 10km, include a particular location that must visited at any point 

during the walk, and a place to stop and eat a packed lunch. These criteria also 

insured the use of localisation, decoding, and application sub-tasks, rather than a 

randomly drawn route with little planning or ecological validity. In addition to 

these criteria, participants were instructed to imagine they would use the route 

in the future and to make it as realistic as possible.  

 

3.3 Design 

To minimise possible effects of individual differences in participants, and 

confounding variables in the form of learning effects, the experiment was based 

on a within-subjects, repeated-measures design.  

 

The independent variable under investigation was the type of map - paper and 

online. The dependent variables were task completion time, task performance 

(success, assistance requested, fail), subjective values on a Likert scale, eye 

movement analysis through manual coding and open coding results of think 

aloud and semi-structured interview. 

  

Participants were randomly assigned to two groups and further divided into two 

sub-groups. Each participant carried out a set of five tasks (matched for 

similarity during the pilot study and referred to as task set A and B) on each map. 

Tasks and conditions (paper and online map) were counterbalanced through use 

of a Latin square (Table 2). This provided a systematic approach to variation of 

tasks and order of presentation.  
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Table 2. Latin square 

Group First condition Second condition 

1a Paper map  

Task set A 

Online map 

Task set B 

1b Paper map 

Task set B 

Online map 

Task set A 

2a Online map 

Task set A 

Paper map 

Task set B 

2b Online map  

Task set B 

Paper map 

Task set A 

 

3.3.1 Pilot study 

Several aspects of experimental procedure required assessment for suitability 

including task duration and type, method of evaluation, clarity of experimenter 

communication, and practical aspects of setting up and using eye movement 

tracking technology. Four participants satisfying criteria as outlined previously, 

took part in a pilot study that yielded the following results: 

 

• The one-hour heuristic was used to avoid participant fatigue. This 

allowed for a maximum of ten tasks to be carried out. 

• Printed copies of scenarios and instructions were tested for clarity of 

vision and comprehension. Type point 18 was suitable and instructions 

were succinct and presented in a bullet point list. Printed scenarios also 

avoided overloading working memory and insured participants were 

given equal, unbiased instruction. 

• Typical map based tasks including localisation, decoding (legend, symbols, 

and scale), and application were tested to insure participants were 

capable of performing the task as well as being performed within the one 

hour timeframe. 

• Use of eye movement technology required the participant be seated 50 – 

100 cm from the stimulus (map or computer screen). 
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• A fixed chair restricted movement of the participant helping to avoid 

issues with eye movement data collection. 

• Restricting movement of the participant in order for the eye movement 

tracker to work required the paper map be fixed to the wall rather than 

presented on a table. 

• Large size of the printed map coupled with viewing distance resulted in 

the legend being held in the hands of the participant rather than fixed to 

the wall alongside the map.  

• Exploring time required to get accustomed to the paper map, legend, 

online map and associated functionality indicated 10 seconds for the 

paper map, whereas the online map required watching a three minute 

online instructional video, and two minutes of actual practice with online 

tools needed to manipulate the map.   

• Retrospective think aloud avoided cognitive load during map use but 

participants were unable to provide useful insight into their actions post 

task. Coupled with time constraints, concurrent think aloud was selected 

as the preferred method.  

• Semi-structured interview allowed the participant to express additional 

ideas and reflect on the overall experience providing an insight into 

strategies used, expectations, user experience, and satisfaction. 

 

3.3.2. Procedure 

 

The following description outlines the procedure taken for group 1a, and 

provides a detailed account of how the experiment was carried out. The same 

procedure applies for all additional groups of participants with associated task 

sets and order of conditions adjusted as indicated by the Latin square. All 

participants were assessed on an individual basis. 

 

The session began with the following questions to confirm their suitability and to 

ease them into the practical element of the study.  

 

1. How often do you use paper maps and online maps? 
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2. What do you use them for? 

3. Which maps do you typically use? (specific names and brands) 

4. Have you ever used OS maps? If so, how frequently 

5. Have you ever used the get-a-map online service? 

6. Have you ever visited the New Forest? 

 

Participants were informed they possessed the appropriate level of experience 

and knowledge of maps and were briefed on the overall format of the study 

(tasks on a paper map followed by tasks on an online map, and finishing with a 

brief interview), and the process of thinking aloud that was required for the 

experiment. They were asked to carry out the tasks to the best of their ability, to 

design the route to be as realistic as possible, and to ask for assistance or 

clarification if necessary. 

 

First condition: Paper map 

The participant was seated in a fixed chair in front of the prepared experimental 

set up. This included the paper map of the New Forest fixed to the wall, covered 

by the nine point calibration chart. To insure the distance between the 

participant and the set-up was one that allowed for the map labels to be legible, a 

piece of paper with ‘The New Forest’ in a type size matching those on the map 

was temporarily presented on the wall, and the participant was asked to adjust 

their distance from the wall accordingly. The height at which the map and 

calibration chart were fixed to the wall was adjusted so that the participant was 

able to comfortably fixate their eyes on each calibration point with minimal head 

movement. 

 

The participant was asked to put on the ASL eye tracking glasses and to sit in a 

comfortable position that they would need to maintain for at least 20 minutes. 

Participants were asked to fixate on each of the nine points on the calibration 

chart until successful calibration was achieved. 

 

The calibration chart was removed from the wall exposing the map of the New 

Forest and the participant was presented with the map legend to hold. They 
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were asked to hold the legend up to their line of site during use to minimise head 

movements. 

 

Participants were asked to think aloud during the entirety of the experiment and 

were prompted with the phrase ‘what are you thinking now?’ if they were silent 

for longer than five seconds. 

 

Tasks one to four were verbally communicated to the participant, with the 

investigator following a pre-written script (appendix 1).  

 

The final task required actual route planning. At this point, the participant was 

asked to consider the map as belonging to them, and they were presented with a 

marker pen, biro, and pencil to use as they wish. The printed scenario (appendix 

2) for this task was stuck to the wall above the map and the participant was 

asked to begin when ready. 

 

Upon completion of all five tasks, participants were asked to think aloud and 

reflect on their experience and provide a score from one to ten indicating how 

effective they perceived the map was for completion of each task (ten being the 

highest mark for effectiveness).  

 

Second condition: Online map 

Seated in front of the PC, participants watched an instructional video lasting 

approximately three minutes about the get-a-map online service located on the 

Ordnance Survey website. They were then presented with the get-a-map service 

online and asked to familiarise themselves with the online tools and functionality. 

Participants were not allowed to look at the New Forest at this stage of the 

experiment. After two minutes, the participants were asked if they were ready to 

begin the experiment. 

 

As before, the participant was asked to put on the ASL eye tracking glasses and to 

sit in a comfortable position that they would need to maintain for at least 20 

minutes. Participants were asked to fixate on nine fixation points on the 
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calibration chart displayed on the monitor until successful calibration was 

achieved. 

 

Participants were again asked to think aloud during the entirety of the 

experiment. They were also informed that completion of the task must be 

completed within the confines of the get-a-map website and they were not 

permitted to search for information using other websites. 

 

Task set B was presented verbally and followed a pre-written script as before.  

Following completion, participants were asked to think aloud and provide scores 

for effectiveness. 

 

Semi-structured interview 

Participants were asked about their experience with both types of map and 

encouraged to voice their likes and dislikes of using the different formats. They 

were then asked the following question: 

 

1. Based on your experience today, which map did you prefer for route 

planning? 

 

Participants were debriefed and provided with feedback on their performance 

and given an opportunity to ask questions about the experiment.   
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Section 4: Results and analysis 

 

Dependent variables to assess task performance included time taken to complete 

the task, number of task failures, and effectiveness scores on a Likert scale. These 

produced quantitative data that were analysed for significance using three 

statistical tests. The Wilcoxon Signed Rank Test – designed for use with repeated 

measures, non-parametric data, was applied to time and score data. The 

McNemar Change test – designed for use with nominal data, was applied to the 

number of fails data where fails and successes were coded with “0” and “1” 

respectively, and also to the map preference data where paper and online were 

coded with “0” and “1” respectively. A Spearman’s Rho test was applied to the 

score and time data to reveal whether there was a relationship between 

subjective scores and time taken to complete the route planning task. 

 

To illicit a deeper insight into the perceptual and cognitive strategies, and 

interactive paradigms demonstrated by participants during each task, eye 

movement videos, concurrent think aloud, and interview responses were 

analysed through open coding.  

 

The actual routes that participants produced on both paper and online maps 

were assessed against the four criteria as defined in the task instructions. 

Analysis focused on how participants decoded and applied information 

presented by the map to plan their route. 
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4.1 Task completion time 

Completion time was shorter for all five tasks on the paper map compared to the 

online map (see histogram in appendix 3 and mean times in Table 3). 

  

Table 3. Mean time in seconds with standard deviation in parentheses. 

Tasks Paper map  Online map 

1. Localisation 47.35 (38.26) 121.35 (71.31) 

2. Measurement - scale 44.75 (17.18) 69.95 (71.98) 

3. Decode on map 49.50 (23.52) 15.00 (67.08) 

4. Decode on legend 17.25 (9.64) 11.75 (38.94) 

5. Route planning 286.05 (113.07) 388.85 (210.83) 

  

A Wilcoxon Signed Ranks test showed that the paper map elicited statistically 

significant shorter completion times in the localisation task (z=-3.54, p=0.00), 

decode on map task (z=-3.92, p=0.00), and the decode on legend (z=3.92, p=0.00). 

Time taken to complete the measurement task (z=-0.946, p=0.344), and the 

route planning task (z=-1.82, p=.067) were insignificant, and map type did not 

significantly effect task completion time on these two tasks.  

 

4.1.2 Task failure  

Task failure occurred when the participant gave an incorrect answer, was unable 

to provide an answer, or did not satisfy the conditions of the entire question e.g. 

in the route planning task participants were required to address specific criteria. 

Failures occurred across all five tasks, with a predominance occurring in the 

online map. Three failures occurred in the paper map condition, whilst a total of 

57 failures occurred in the online map condition (Fig 2). 
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Fig 2. Number and type of task failures occurring in paper and online map conditions. 
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A McNemar test showed that the number of failures in the localisation (p=0.31), 

decode on map (p=0.00), decode on legend (p=0.00), and route planning (p=0.00) 

tasks were significantly higher in the online map compared to the paper map. 

The number of failures in the measurement task in the paper map condition was 

statistically insignificant (p=1.00). 

 

4.1.3 Effectiveness scores on paper and online maps 

Effectiveness as indicated by participants on a Likert scale showed that the paper 

map was awarded higher scores than the online map for effectiveness and ability 

to enable the completion of five tasks (See histograms in appendix 4 and mean 

scores in Table 4).  

 

Table 4. Mean scores for effectiveness with standard deviation in parentheses. 

Tasks Paper map  Online map 

1. Localisation 6.65 (2.45) 5.35 (3.28) 

2. Measurement - scale 6.40 (2.11) 8.15 (1.95) 

3. Decode on map 6.85 (1.98) 0.15 (0.67) 

4. Decode on legend 8.65 (1.42 0.40 (1.23) 

5. Route planning 7.20 (1.79) 5.60 (1.75) 
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A Wilcoxon Signed Ranks test showed that effectiveness scores were 

significantly higher in the paper map for the decode on map task (z=-3.93, 

p=0.00), the decode on legend (z=3.95, p=0.00), and for planning a route (z=-

2.40, p=0.16). Effectiveness score in the measurement task was significantly 

higher for the online map (z=-2.45, p=0.14), and map type did not elicit a 

statistically significant effectiveness score in the localisation task (z=-1.79, 

p=0.07). 

 

4.1.4 Time taken and scores for effectiveness 

Time taken for completion of the route planning task was unexpectedly 

insignificant. As a result, analysis of time taken and scores for effectiveness was 

undertaken to determine whether there was a relationship between the two (fig 

3). 

  

Fig 3. Effectiveness score and time taken to complete the route planning task in the paper map 

and online map conditions. 
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A Spearman’s Rho test showed that the negative correlation between time taken 

to complete the task and effectiveness score was insignificant in both the paper 

map condition (r=-0.15 n=20 p= 0.52), and the online map condition (r=-0.22 

n=20 p= 0.33).  

 

4.2 Excluded data 

Due to unavoidable technical issues, data from some participants were excluded 

from the following qualitative analyses. The ASL mobile eye tracker failed to 

track eye movements due to a faulty cable resulting in four sets of incomplete 

results. Problems with the wireless internet connection resulted in a failure to 

save the routes planned by three participants on the get-a-map service.   

 

4.3 Analysis of route planning 

 

Routes created by participants for task five were judged as appropriate if they 

satisfied the criteria of the scenario, and offered real-world thinking i.e. use of 

symbols and avoidance of hazardous or unscenic areas. The ideal route would:  

• Be circular  

• Include visiting a particular area 

• A suitable place for lunch (suitability was judged by justifying choice in 

terms of scenery or use of legend to find picnic area rather than a random 

choice with no indication of reasoning) 

• A minimum of 10km in length 

• Take into consideration use of appropriate paths 

• Avoid overly marshy and unscenic areas (unless the participant indicated 

explicit awareness and intention e.g. shortcut). 

 

Table 5. Number of participants satisfying criteria with percentages in parentheses (%). 

 

Criteria Paper map Online map 

Circular route 17 (100) 17 (100) 

Include visit point 17 (100) 17 (100) 

Suitable place for lunch 15 (88) 11 (64) 

10km minimum 15 (88) 6 (35) 

Appropriate paths 15 (88) 11 (64) 

Avoids unscenic areas 15 (88) 11 (64) 

Satisfy all criteria 15 (88) 3 (18) 
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4.4 Eye movement videos, concurrent think aloud, and interview   

 

Videos of eye movements, recordings of think aloud, and interviews were 

manually coded to ascertain gaze patterns, strategies, and subjective thoughts of 

participants whilst carrying out the route planning task. This provides an insight 

into perceptual and cognitive processes occurring during the task, which will be 

looked at more closely in the discussion section. 

  

4.4.1 Eye movement and think aloud in the paper map condition 

All participants vocalised that their initial goal was to locate the visit point. Eye 

movement videos indicate participants searched for the visit point in one of two 

general ways.  The most widely adopted strategy was to fixate on the start point 

and conduct a circular search pattern where fixations from the start point 

gradually cover larger areas around the start point until the visit point was 

located. Participants vocalised that it was the most efficient method - because of 

the 10km round-trip criteria of the scenario, they correctly reasoned that the 

visit point would have to be within a 5km radius of the start point. Other 

participants opted to start their search at either the top or bottom corners of the 

map and fixate on labels from left to right/right to left, and gradually work their 

way through the map until the visit point was located.  

 

This part of the task was characterised by statements relating to ‘looking’ or 

‘seeing’. Open coding of think aloud recordings indicate participants were 

concerned that the process seemed ‘slow’ but continued with the chosen strategy 

and appeared confident that they would eventually find the target location. 

Typical utterances included “It’s a big area but I know I’ll find it”, “it’s definitely 

here, I’ll just keep looking at each bit of text”, “I’m looking for the letter W”. 

 

The same strategy was applied when looking for a suitable area in which to have 

the packed lunch. Fifteen out of 17 participants made good use of the legend to 

decode the ‘picnic area’ symbol and search for it within neighbouring areas that 

were a suitable distance from the start point and the visit point. Three out of 20 

participants chose to circle the three key points (start/end point, visit area, and 
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area for lunch) stating that it would help them to “plan the route” by allowing 

them to visualise the three ‘goals’ of the scenario. 

 

Prior to committing the route to the map through use of a pen or pencil, 

participants typically fixated on the locations necessary to satisfy the scenario 

(start/end point, visit area, area for lunch), with saccades between each of the 

key locations. This was characterised by a triangular scanpath. After locating and 

fixating on the three areas, the majority of participants then adopted the 

following strategy – they fixated on the legend to decipher the scale and estimate 

the distance covered by the three areas, then proceeded to scan the neighbouring 

area and the paths coinciding with the core locations of their route. Think aloud 

recordings here focussed on ‘accuracy’ and ‘practicality’ of the route e.g. “Can I 

use this path...yes, I can”, “I can include another stop here”, “I won’t go there 

because it’s too marshy”. After displaying eye movements which visually traced a 

rough route, participants began drawing the route on the paper map.  

 

Fifteen out of 17 participants fixated on other symbols and decoded them using 

the legend to include other features within their route. These included visiting an 

arboreum, other interesting tourist features, and made good use of suitable paths. 

Several participants clearly stated the need to avoid areas such as the sewage 

works, and motorway, in favour of a “prettier walking route”. 

 

Three out of 17 participants chose to correct/change a portion of their route 

upon initial completion of the route stating they wished to “extend it” to visit an 

additional area and make it “a better day out”, “more interesting”. Eye movement 

videos indicated they scanned the route upon completion, and fixated on a 

symbol or label close by which sparked the desire to change the route to include 

the feature within it “that looks nice”, “I wonder if I can visit that historical area”. 

 

Of the 15 participants who successfully created a minimum route of 10km, nine 

of them created routes at 12km or more.  
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4.4.2 Eye movement and think aloud in the online map 

Similarly to the paper map condition, the first sub-task participants chose to 

tackle was to locate the visit point on the map. Searching for the visit point could 

be achieved through two methods; using the get-a-map search function, or 

searching manually by panning and zooming in and out of the map. However, use 

of the search function resulted in erroneous results which meant participants 

had no option but to conduct the visual search whilst manually manipulating the 

map.  

 

Manual visual search was typically carried out in radial sections extending from 

the visit point and was coupled with panning and zooming of the map. Eye 

movement videos show that participants would position the start point to the 

top left, right, or centre of the screen and begin panning. In associated think 

aloud recordings they explained they were maximising the area around the start 

point in which to search for the target location. They then either moved the map 

to extend the area available for visual search or zoomed out. Observations at this 

stage revealed that zooming out was inefficient as it resulted in loss of 

information where labels were too small to read, and the participant was ‘forced’ 

to return to the original scale. Several participants chose to enlarge the map 

viewing area making it display within the entire screen but their desire to see the 

‘Route summary’ area resulted in them switching back to the default view (Fig 4). 

Open coding of think aloud indicate all participants experienced ‘insecurity’ and 

‘frustration’ characterised by comments such as “the labels disappear when I 

zoom out”. 
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Fig 4. Get-a-map default view (left), Get-a-map enlarged map area view (right).  

  

 

When panning and moving the map manually, participants appeared to lose their 

bearings and become disoriented. Although voicing the 5km radius strategy, they 

panned beyond that distance covering distances of 15 to 20km “I’ve lost the start 

point”, they also experienced further insecurity and doubt “I don’t think this is 

the best way to find it”, “I’ve gone too far”, “I don’t think I’m in the New Forest 

anymore”. Eye movements at this point were characterised by fixations on labels 

in the map area, panning to bring an unseen portion of the map into view and 

fixating on newly presented labels. Unlike the paper map condition, participants 

did not efficiently fixate back and forth between the start point and the current 

search area. 

 

In contrast to the paper map condition, 14 out of 17 participants began plotting 

the route simultaneously with making decisions about where to go. Whilst they 

did show attempts to visualise a larger area around the start point by zooming 

out, they typically chose to ascertain a rough idea of direction and size of route in 

advance of committing the route to the map. Eye movements at this point were 

characterised by saccades between three areas - the current plotting position, a 

maximum of 2km ahead of the current position, and the distance gage in the 

‘Route summary’ located at the bottom of the interface. These activities occurred 

in tandem, eye movement videos and think aloud revealed that they were 

thinking about their current location, where to go next, and keeping a close eye 
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on the distance covered - all at the same time whilst using the mouse to manually 

plot the route on the map. 

 

During the route plotting stage, all participants expressed ‘annoyance’ at 

encountering difficulties with the plotting tool i.e. fails to plot a marker, doesn’t 

snap to the path, accidentally starts a new path. Open coding indicated a lack of 

‘connection’ and ‘user control’ in relation to the device with statements such as 

“what is it doing?”, “why is it doing that?”. The functionality of the plotting tool 

requires that in order to follow the curvature of a path, the cursor must be 

moved a short distance between mouse clicks. This was a time consuming 

process and perhaps uncomfortable to click the mouse that many times. This 

resulted in participants opting to make fewer mouse clicks and resulted in routes 

that were incredibly angular rather than following the curved contours of paths. 

One participant commented, “In reality we don’t walk through a forest in straight 

lines”. 

 

Two out of 20 participants were able to locate the key to decipher the symbols 

and successfully searched for and selected a ‘picnic area’ in which to have their 

lunch. A further two participants also searched for the ‘picnic area’ symbol 

(although knowledge of the symbol was the result of learning it in the paper map 

condition, their eye movements are still of interest). The search process again 

relied on manually searching for the ‘picnic area’ and the trade-off between 

zooming out and loss of information resulted in scanning smaller areas of the 

map, panning the map to reveal more, and repeating the scanning process.  

 

Eleven out of 17 participants used appropriate paths; two of these participants 

had found the legend and were therefore confident in their choice. The 

remaining participants had either remembered what paths looked like from 

previous exposure or scanned the map to compare the different types of routes 

available and selected a marking at random with statements such as “I don’t 

know if this is a path I can walk on, I’ll assume it is”.  
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Eight out of 17 participants chose to correct their initial route in order to extend 

the distance. Despite this self-correction, only six participants successfully 

created a route satisfying the criteria of covering a minimum of 10km. Analysis 

of the think aloud recordings included a lacklustre mentality upon realisation 

that they had not met the distance criteria. This occurred regardless of whether 

the online map was the first or second condition, suggesting it was not the result 

of fatigue. When prompted by the investigator to revisit the instructions of the 

scenario and criteria, participants responded with comments such as “That’ll do”, 

“It doesn’t matter if it’s a bit less than 10km”.   

 

4.5 Map preference  

For the final question in the experimental session – “Which map do you prefer 

for route planning?” Fifteen participants preferred the paper map, and five 

participants preferred the online map (fig 5).  

 

Fig 5. Number of participants preferring the paper and online map 
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A McNemar test showed that preference for the paper map was significantly 

higher (p=0.04). 
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Section 5. Discussion 

 

This study aimed to explore how different map types (paper and online) 

influenced the performance of typical map-based tasks, and focused principally 

on route planning in leisure maps. It then related the findings and presented 

results in line with what is known about perceptual and cognitive processes of 

attending to visual stimuli.  

 

From a methodological perspective, this study utilised a suite of different data 

collection techniques, including eye movement and think aloud, in order to 

provide a deeper analysis of map reading/route planning behaviour. In doing so, 

the study aimed to revive and advocate the use of such methods in the study of 

maps. The most engaging aspect of this study is the combined quantitative and 

qualitative nature of the investigation, through which, it has identified 

measurable differences in map based task performance, and drawn attention to 

the effect that map design can have on perceptual and cognitive processes 

occurring during route planning.   

 

The major finding in this study was that the type of map on which typical map 

based tasks are carried out has an undeniably large effect on the efficiency, 

effectiveness, and satisfaction levels of task performance. Results demonstrated 

that task performance was superior in the paper map condition, as demonstrated 

by significantly faster task completion time, higher scores for effectiveness, 

successful task completion, and fewer indications of frustration in the user 

experience. This contrasts strongly with the online map condition, which 

resulted in one significant rating for effectiveness in the measurement (scale) 

task, no significant faster performance times, a total of 57 task failures, and 

unanimous voicing of annoyance and frustration in user experience.   

 

This section discusses each of the key findings in turn, providing possible 

explanations for the results from an experimental and theoretical perspective. It 

then explores possible limitations of the experiment, provides suggestions for 

additional and further study, and summarises the conclusions.   
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As expected, search times for the decoding tasks were significantly faster, and 

resulted in a significant task success rate in the paper map condition compared 

to the slower search times and significant failure rate in the online map condition. 

Results extracted from the eye movement and think aloud recordings 

complement these findings, and are indicative of a more positive user experience 

in the paper map condition. Participants appeared to approach the task more 

confidently in the paper map and ‘trusted’ task completion was achievable.  

 

Fig 6. Screenshot of get-a-map online with labels showing search function, and four areas of 

interest. 

 

 

By virtue of the physical format of the paper map, all necessary features (the 

map and the legend) are presented in a comprehensive and clear manner. The 

map communicates geographical information in one viewing area; the legend 

communicates symbols and decoding tools in another viewing area. In contrast, 
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the visual organisation of entities in the online map is such that it presents four 

dominant viewing areas within a smaller visual field (fig 6). The legend was non-

intuitively hidden from view, located as a tertiary level navigation item and 

accessible only by clicking on the left panel of the interface. Only two participants 

out of 20 were able to find and use it for decoding task. All remaining 

participants failed to find the legend, assumed it was unavailable, and thus had 

no chance of accurately decoding the symbol to discover its meaning or 

succeeding in the task.  

 

The inability to decode symbols in the online map has a huge detrimental impact 

on the map reader’s ability to use a map effectively. Decoding is a fundamental 

aspect of map use in general (Board & Taylor, 1977). Without the necessary 

information to tackle this sub-task, map readers are prevented from carrying out 

the simplest level of map use and cannot graduate to complex tasks such as route 

planning.  

  

The stark difference in visual presentation between the paper and online map 

captures the essence of Bertin’s image theory (Mennecke et al, 2000). The 

strength of the paper map is its ability to present the map reader with pieces of 

information in a format that allows them to perceive it simultaneously. This 

enables the map reader to understand and use the available data under the 

‘Gestalt’ framework (Mennecke et al, 2000). They are able to locate, group, and 

utilise the information in an efficient manner, allowing them to carry out the task 

of decoding symbols on the map/legend, and go on to perform the necessary 

sub-tasks required for successful route-planning. 

 

By contrast, the online map interface presents a larger number of information 

‘chunks’ in a comparatively inefficient manner that fails to conform to the basic 

premise of image theory. Vital information is intermingled with distractor 

information and spread across different areas of the screen, different levels of 

website structure, and within multiple browser windows. The map reader must 

decide between multiple areas in which to look for required information, and 

subsequent opening of new browser windows necessitates management and 
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encoding of visual information across a fragmented visual scene. This in turn 

prohibits the ease with which ‘Gestalt’ processing can occur (Mennecke et al, 

2000).  

 

Turning attention to the localisation task, again faster and more successful in the 

paper map, results of eye movement video analysis indicate that specific 

characteristics of the paper map facilitated the visual search process. In this task, 

the individual was asked to find a place called ‘Warwick slade’. The location can 

only be identified by the label so participants would be expected to carry out a 

top-down serial search process, fixating on each label in the visual field and 

assessing each one for suitability until arriving at the correct one (Nelson, 1994). 

Coupling this perceptual process with what is known about the structure of the 

eye provides a key insight into why the task was more successful with the paper 

map.  

 

Fig 7. The viewing area of the paper map relative to the viewing area of the online map (as 

indicated by the boxed area).  
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While peripheral vision is able to help guide the visual search process, visual 

acuity rapidly decreases from the fovea to the periphery (MacEacheren, 1995, 

Dobson, 1980). Peripheral vision is readily afforded in the paper map due to its 

size and singular viewing area (fig 7). This allowed participants to scan the map 

for the target location whilst maintaining perceptual awareness of where the 

start point was located. By providing an ‘anchoring’ aspect to their visual search, 

awareness of the start point in the periphery of the visual scene helped them to 

maintain a plausible distance from that area in which to search. Eye movement 

and think-aloud analysis revealed that participants frequently fixated on the 

start point with relatively smooth saccades, and maintained a visual sense of its 

location without the need to physically mark the map. In contrast, the restricted 

size of the map viewing area in the online version (fig 7), and consequent loss of 

the start point as a visual cue, resulted in significantly less awareness of distance. 

It also impacted users’ ability to search within a more limited and efficient area. 

Disorientation within the map and difficulty returning to the start point resulted 

in indirect saccades and a lack of control. Participants typically marked the start 

point using the marking tool to help them detect it with ease. This effect was 

supported through think aloud recordings, where statements in both conditions 

were highly contrasted: “I’m going to look back from the start point again” Vs 

“I’m lost, I think I went too far”, “this time I’ll put a marker on it so I can find it 

again”. 

 

Difficulty encountered in the localisation task prompted participants to state that 

it would be easier if the online map provided a ‘from/to’ option “like Google 

maps” that generates a route between two points automatically. Whilst the 

function and level of detail in the Ordnance Survey get-a-map and Google maps 

are different, the mismatch of concepts between the participants requirements in 

relation to the task—and the functionality of the online map—is interesting and 

worth noting.  The difficulty encountered in this task can be explained through 

the theory of cognitive fit.  

 

Task processing is more efficient as a consequence of good fit between task and 

technology, and as a result the map reader is able to develop an accurate 
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representation of the problem, thus reducing cognitive load (Mennecke et al, 

2000). As the online map does not present a viable problem solving option, 

locating start and end points in the task was processed less effectively compared 

to the paper map.  

 

The ability to estimate the distance between two points was judged by 

participants as being significantly better in the online map, which generated an 

accurate distance reading between two plotted points. It requires no mental 

estimation on the part of the participant, and was therefore considered easier 

than in the paper map—there, the emphasis is on the map reader to use the scale 

provided in the legend and apply that information to the map to arrive at an 

answer. Interestingly, the results of time to complete the task were insignificant. 

Think aloud recordings indicate that in the paper map condition, time was spent 

decoding and applying scale information to decipher the distance, and arrive at 

an answer. Participants were focussing solely on the actual task and processing 

relevant information gleaned from the map in order to arrive at an answer. In the 

online map condition, the map required manual manipulation. This involved a 

combination of panning (to locate and visualise the two target locations), and 

using the plotting tool to plot a line between them, which together results in the 

distance being presented to the participant. The plotting tool was unanimously 

regarded as “annoying” to use, and this resulted in allocating effort and time to 

recovering from issues with functionality. Participants’ focus was divided 

between getting the tool to work, in addition to fulfilling the task of deciphering 

the distance.  

 

Surprisingly, there was no significant difference in time taken to complete the 

actual route planning task. A review of existing research led to the expectation 

that the relative ease of the task would result in a faster task performance time, 

by virtue of encountering fewer difficulties. Closer analysis of eye movement 

videos and think aloud indicate that participants interacted very differently with 

each type of map. Either deliberately or unavoidably, they ended up allocating 

their time to different aspects of the task. With the paper map, participants were 

initially focussed on searching for the visit point. Once located, they then 
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searched for a suitable picnic area. They then estimated distances between the 

key points and visually ‘traced’ possible routes in their minds eye. As information 

or symbols attracted interest, they chose to include these in their route. Much 

time was spent thinking prior to committing the route to the paper. Eighteen out 

of 20 participants chose to use a pencil to draw their routes, and verbally stated 

this would allow them to make changes if necessary. This suggests that the action 

of pre-planning the route prior to marking the map was not directly related to 

fear of permanently marking the map and making mistakes. 

 

In contrast, with the online map, participants typically searched for the visit 

point and began plotting the route in tandem with the thinking process; the 

lunch spot being chosen along the way and only superficial reasons given to visit 

places. Remembering that participants were largely unable to find the legend 

will account for the comparatively lacklustre routes; effectively prevented from 

extracting map-based information, they were unable to decode and make use of 

symbolic information. However, much time was spent manipulating the map, 

panning, zooming, and overcoming issues with the plotting tool. Participants 

were somewhat distracted by the mechanics of the product rather than the 

importance of the task. MacEacheren’s (1995) statement—that, beyond simple 

communication, maps also stimulate ideas—is incredibly poignant in relation to 

the results of this task. It would appear that the visual processing of items worth 

attention were more successful and available in the paper map. As a 

consequence of the scale and the lack of distractive interaction elements, this 

resulted in the detection of blue symbols used to decode and apply more features 

to integrate into the route (Lloyd, 1997). Unexpectedly, participants in the paper 

map condition were more engrossed in the process of map use. Rather than 

completing the route planning task to its minimum criteria, they were adding 

more features to their route and being stimulated by the communication of ideas 

it affords.    

 

Head (1984) proposed a theoretical model for understanding the processes 

involved in how people read maps, which offers a cognitive explanation for the 

results of eye movement analysis in the route planning task. Focussing on 
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recognition processes and areas of the brain associated with long-term and 

short-term memory capacity, Head’s (1984) model suggests that the more 

complex or disjointed the visual components are, the greater the cognitive 

requirement and depth of processing involved in successfully interpreting the 

map. With the paper map, participants rely on the map itself and the legend – 

static entities that enable efficient visual processing and less demand on short-

term memory. With the online map, participants are faced with the map viewing 

area which is susceptible to change through panning and zooming, and has no 

fixed scale (Brown et al, 2001), difficultly finding the legend (which once found 

leads to a separate viewing window), and the route summary at the bottom of 

the interface which is constantly being updated with route plotting progression 

(Fig 8). This can be linked to changing scenes requiring more processing and 

increased demand upon perceptual and cognitive systems (Head, 1984).  

 

Fig 8. The route summary panel at the bottom of the interface displays walking distance and is 

constantly updated as the participant plots the route. 
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In light of Head’s (1984) model, when the success/failure rate of the route 

planning task is considered against the number and separation of visual 

components in the online map, and the veritable simplicity of the paper map, it is 

apparent that the limitations of the brain’s cognitive processes affects the ease 

with which map reading and route planning can be carried out. Results of eye 

movement, think aloud, and overall map preference lends support to this notion.   

 

With the majority of tasks being more efficient, effective, and satisfactory in the 

paper map condition, it is perhaps intuitive that a significant number of 

participants preferred it for route planning over the online map. Participants 

described how easy it was to see everything, the availability of the legend, and 

that they felt in ‘control’ of what they were doing. The crucial sub-tasks 

(localisation, measurement, decoding, application) associated with route 

planning were afforded in this condition (Board, 1975; Board & Taylor, 1977). 

What is surprising is that five out of 20 participants, all fairing worse in the 

online map condition, still stated a preference for that form of map. Closer 

inspection of these participants indicate several possible explanations. First, they 

framed their choice based on the efficacy of the internet in general: i.e., when 

planning a route they could go to other websites and find more information 

about the New Forest. When prompted to focus only on the experimental task, 

participants still maintained their choice—perhaps unable to dissociate their 

answer from their initial response. Second, they doubted their map reading skills 

stating that they liked the automated functions of the online map. Several 

participants announced their insecurity with map-use and therefore trusted the 

online version. Third, participants mistakenly believed that they were a lot faster 

on the online map and the paper map was too time consuming.  

 

5.1. Discussion of methodology  

Eye movement recording is the only direct means of accessing information 

pertaining to how people attend to and interact with visual scenes (Fabrikant et 

al, 2008). The ASL eye tracker used in this study established its usefulness as an 

investigative tool in two phases of this study. First, the investigator was able to 

monitor eye movements during the experiment and used it as a means to 
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suitably prompt and facilitate the think aloud process. Second, a permanent 

video file of the recorded session allowed post-experiment analysis to take place 

enabling the investigator to collate eye movement data, but also collate data 

regarding task performance time outside of the complex experimental setting.  

 

Eye movement technology has vastly improved since its cartographic hay day in 

the 1980’s (Steinke, 1987). The arduous set up process has now been replaced 

by one that is relatively simple. The technology used in this study took five 

minutes to set up at the start of the day, followed by five to ten minutes to 

calibrate each participant. Similarly, whilst eye movement technology does still 

create masses of data in the form of axis and pupil measurements, investigators 

also have the option of utilising available software that generates user friendly 

images of the visual scene overlayed with graphics depicting time/duration of 

fixations, saccades, and areas of interest to name a few.  

 

The results of this experiment were analysed through manual coding of eye 

movement videos. This involved watching the videos and annotating eye 

movements in conjunction with the think aloud recordings. Results were 

particularly enlightening for the actual route planning task for which empirical 

measurements alone were unable to provide insight into unexpected results. As 

predicted, effectiveness scores for route planning in the paper map condition 

were significantly higher than in the online map condition. However, 

performance time was insignificant, and there was no discernable difference in 

time taken to complete the task in either condition. Analysis of eye movement 

videos revealed that participants were allocating fixations and attending to 

particular features of the maps in different proportions. Fixations concentrated 

on task relevant features in the paper map condition (symbols, paths, 

surrounding areas), whereas in the online map condition, participants appeared 

to be  preoccupied with the route summary (distance), as well as localising 

fixations in relation to issues with the online plotting tool. 

 

As evidenced in this study, eye movement technology offers a user friendly mode 

of collating data rich in detail and insight.  Provided it is applied within an 
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experimental paradigm that works in parallel with perceptual and cognitive 

theories, results of eye movement data can provide incredibly useful and 

relevant information to the study of maps and map use.  

 

5.2. Limitations 

 

Careful consideration and planning went into the experimental design and 

procedure of this study in order to reduce confounding variables and safeguard 

the accuracy and validity of results. However, certain limitations are recognised 

as having the potential to have affected the findings of this investigation. 

 

Using eye movement recording technology, the presentation of the paper map 

required it be fixed to the wall. This immediately calls ecological validity into 

question as map readers typically use paper maps on a horizontal plane such as a 

table where they are more likely to physically interact with it with their hands 

and fingers (Perkins, & Gardiner, 2003). This aspect was indeed raised by several 

participants during the semi-structured interview as a matter of point rather 

than explicit complaint. This may have affected task performance time.  

 

All participants had experience of paper maps (to a novice degree) as well as 

experience of online maps such as Google maps and Multimaps. None of the 

participants had experience of using the Ordnance Survey’s get-a-map online 

service. To counter this issue, all participants watched the get-a-map 

instructional video, and also received practice to time to explore and become 

accustomed with the interface, available functionality, and tools. However, as 

demonstrated in the results, several issues occurred when using the service and 

the plotting tool caused much annoyance to participants during the tasks. 

Perhaps more experience or practice time would have alleviated this problem 

resulting in improved performance time and effectiveness. However, as 

communication with a research scientist at the Ordnance Survey revealed that 

full usability study has not been carried out on the get-a-map service, the 

possibility that the tool itself works to an unintuitive design cannot be overruled.  
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Lastly, results and conclusions presented in this report directly relate to two 

map products produced by the Ordnance Survey. Time allocated to conducting 

this study necessitated the investigation be carried out on a limited number of 

maps and on a limited number of map based tasks. Findings relating to intrinsic 

perceptual and cognitive processes involved in visual search and inference 

making, are applicable to other paper and online map products available in the 

marketplace. However further studies are required in order to provide more 

information and generate a deeper understanding of map use. 

 

5.3. Further studies 

 

This study opens up possibilities for further research extending what has been 

investigated here. First, the .csv file of eye movement data made available by the 

eye tracker software could have been used to provide a basis on which to 

perform more rigorous and empirical analysis.  Creating an algorithm to 

interrogate the numerical data would enable the extraction of exact fixation 

duration, and saccade distances. This may enable the results to stand up more 

firmly against other studies that have taken on a comparatively empirical 

approach to using eye movement technology in the study of maps e.g. Fabrikant 

et al, 2008. 

 

Second, replicating the study and introducing an additional element involving 

real-world usage of the map would be an ideal way to encourage motivation in 

participants. If participants are informed the map they produce in the lab will be 

subsequently used by them out in the New Forest, this is likely to increase the 

effort they generate to plan a route using real-world thinking i.e. using actual 

paths, making the route scenic and interesting. 

 

Third, to replicate the study using alternative map products available in the 

marketplace. This would provide more data and potentially enable further 

analysis, and conclusions to be drawn about paper and online maps as a whole. 

An experimentally valid basis for results looking at the dichotomy between map 

based tasks in paper maps and online maps in general.  
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Fourth and finally, to investigate additional aspects of route planning behaviour 

in online maps in order to build up a body of research that parallels the amount 

of research which has so far focussed on paper maps. This includes the 

asymmetry phenomenon where map readers are more likely to select routes that 

decrease cognitive load particularly when routes are designed within segmented 

presentation (Bailenson, Shum, & Uttal, 1998). These effects may well become 

exacerbated online due to their restricted size and segmented window structure. 

More research is required to address questions such as this.  

 



 55 

Section 6. Conclusion  

 

The findings of this study demonstrate that the effectiveness, efficiency, and 

satisfaction of route planning is significantly affected by the type of map on 

which it is performed. In the case of Ordnance Survey products used as stimuli 

for this investigation, the paper map facilitated superior levels of task 

performance in comparison to the online map. Overall performance was faster, 

more accurate, more successful, effective, and less frustrating.  

 

The paper map successfully communicated information such that it enabled 

features to be located, decoded, applied quickly and with relative ease; and 

resulted in task performance that was significantly more effective, efficient, and 

satisfactory than in the online map condition. This effect can be explained by its 

presentation of graphical information within a singular and static visual field 

that facilitates the ‘ubiquitous’ nature of visualisation (Morita, 2011). Map 

readers are able to conduct serial search processes (Lloyd, 1997), and process 

information in line with Gestalt principles (Mennecke et al, 2000). By reducing 

the burden on cognitive load, allowing more resources to be made available to 

higher processes such as decision making, the paper map facilitated significantly 

better task performance, and a higher calibre of route planning activity. In 

contrast, the restrictive size of the online map coupled with a changing visual 

field, fragmented nature of information presentation, and problematic 

interactive tools placed a heavier burden on cognitive load and antagonised the 

perceptual processes involved in serial search and visual information processing. 

Task performance was subject to significant failure rates and participants 

indicated the paper map as their preferred medium for route planning.  

 

The fundamental aims of this study were to investigate the complex task of route 

planning on different media, and to provide insight into the perceptual and 

cognitive processes taking place during task performance. The challenging scope 

of this investigation necessitated a comprehensive experimental procedure to 

capture both quantitative and qualitative data.  
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This study goes beyond the empirical approach to map design research, and 

provides information not only on how the type of map affects performance but 

also why. The use of eye movement recording technology – a methodology that 

fell out of favour with cartographers post 1980’s (Steinke, 1987), and 

corresponding think aloud were incredibly useful methods to provide further 

insight into interactions between the map and the map reader. Together they 

enabled the collation of data far richer than empirical studies alone, and allowed 

for important inferences to be made with perceptual and cognitive processes. 

Thus bridging the ‘gap’ between cartographic and psychological studies of map 

use, and contributing to the body of cognitive cartographic research in the 

manner of Lloyd (1997), Dobson (1979), and Fabrikant et al, (2008).  

 

The findings of this study provide salient information of relevance to both 

cartographers and interaction/user interface designers. They are extremely 

relevant to cartography, HCI, and GIS particularly with the increasing emergence 

of web and technological methods of presenting spatial information. Whilst the 

efficacy of the online map is restricted by screen size, other aspects of the online 

map can be modified in order to improve and work in parallel with what is 

known about perceptual and cognitive processes of map reading. Specifically, 

modifications to the interface and map area need to be explored to arrive at a 

solution that more readily affords image processing and reduces cognitive load. 

Results from this study indicate that the viewing areas of the interface need to be 

reduced, together with an avoidance of opening of new browser windows.  

 

Contemporary cartographers working in the online arena will need to further 

explore aspects of website structure, hierarchical content organisation i.e. 

improved access to the legend, usability of online tools, and uncluttered interface 

design, in order to arrive at more usable web mapping solutions.  
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Appendix 1 

Script for experimental session 

 

Type of task 

 

Question set A Question set B 

Localization – Finding 

information 

You are planning to walk 

from ‘Rhinefield Walk’ to 

‘Anderwood Inclosure’, 

please look for 

‘Anderwood Inclosure’ and 

point to it 

You are planning to walk 

from ‘Bolderwood Lodge’ 

to ‘Warwick Slade’, please 

look for ‘Warwick Slade’ 

and point to it 

Measurement – Scale What is the distance 

between the two? 

 

What is the distance 

between the two? 

 

Decoding – Identifying 

and understanding 

symbols (on map) 

Point out a cycling path on 

the map 

Point out a bridle path on 

the map 

 

Decoding – Identifying 

and understanding 

symbols (on legend) 

What does this symbol 

stand for? 

  

What does this symbol 

stand for? 

 

Interpretative 

understanding – context 

of information   

 

Route planning 

You’re planning a daytrip 

to the New Forest and will 

be leaving next week. 

 

Before you go, you’d like 

to plan a walking route and 

would like it to: 

 

Start and end in Burley 

Be a minimum of 10km 

Include the Burley Old 

Inclosure nature reserve 

Somewhere to eat your 

packed lunch 

 

You’re planning a daytrip 

to the New Forest and will 

be leaving next week. 

 

Before you go, you’d like 

to plan a walking route 

and would like it to: 

 

Start and end in Lyndhurst 

Be a minimum of 10km 

Include Poundhill heath 

Somewhere to eat your 

packed lunch 
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Appendix 2 

Scenarios one and two for route planning task 

 

You are going on a daytrip next week. 
Before you go, you decide to plan a walking route 
that: 
 

• Starts and ends in Burley 

• Is a minimum of 10km long  

• Visits the Burley Old Inclosure 

• Includes a stop somewhere to eat your packed 
lunch 

 
Use the pens provided to plan and draw your route. 
Or 
Use the online tools to plan and draw your route. 

 
 
 
You are going on a daytrip next week. 

Before you go, you decide to plan a walking route 
that: 
 

• Starts and ends in Lyndhurst 

• Is about 10km long  

• Visits Poundhill heath 

• Includes a stop somewhere to eat your packed 
lunch 

 

Use the pens provided to plan and draw your route. 
Or 
Use the online tools to plan and draw your route. 
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Appendix 3 

Histograms of time taken to complete tasks in both conditions 
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Time taken to decode and locate target
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Time taken to plan route

0

100

200

300

400

500

600

700

800

900

1000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Participant

T
im

e
 (

s
e
c
o

n
d

s
)

Online

score

 

 



 66 

Appendix 4 

Histograms of scores awarded for effectiveness in both conditions 
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Decode and find on map
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