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M. Brown, S. Sharples, J. Harding, C.J. Parker, N. Bearman, M. Maguire, 
D. Forrest, M. Haklay, M. Jackson. Usability of Geographic Information: 

Current challenges and future directions. Pages 855-865. 

The use of Geographic Information or GI, has grown rapidly in recent years. Previous 

research has identified the importance of usability and user centred design in enabling 

the proliferation and exploitation of GI. However, the design and development of usable 

GI is not simply a matter of applying the tried and tested usability methods that have 

been developed for software and web design. Dealing with data and specifically GI brings 

with it a number of issues that change the way usability and user centred design can be 

applied. This paper describes the outcomes of a workshop held in March 2010 exploring 

the core issues relating to GI usability. The workshop brought together an international 

group of twenty experts in both human factors and GI, from a wide range of academic 

and industrial backgrounds. These experts considered three key issues, the stakeholders 

in GI, key challenges applying usability to GI and the usability methods that can be 

successfully applied to GI. The result of this workshop was to identify some areas for 

future research, such as the production of meaningful metadata and the implications of 

blurring of the line between data producers and data consumers. 
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Victoria Doherty, Darryl Croft, Ashley Knight. Reprint of: Environmental 

information for military planning. Pages 866-873. 

A study was conducted to consider the implications of presenting Environmental 

Information (EI; information on current environmental features including weather, 

topography and visibility maps) for military planning to the growing audience of non-

technical users; to provide guidance for ensuring usability and for development of a 

suitable EI interface, and to produce an EI concept interface mock-up to demonstrate 

initial design ideas. Knowledge was elicited from current EI users and providers regarding 

anticipated use of EI by non-specialists. This was combined with human factors and 

cognition expertise to produce guidance for data usability and development of an EI 

interface. A simple mock-up of an EI concept interface was developed. Recommendations 

for further development were made including application of the guidance derived, 

identification of a user test-bed and development of business processes. 

 Keywords: Environmental; Presentation; Usability 



Martin C. Maguire. An analysis of specialist and non-specialist user 

requirements for geographic climate change information. Pages 874-
885. 

The EU EuroClim project developed a system to monitor and record climate change 

indicator data based on satellite observations of snow cover, sea ice and glaciers in 

Northern Europe and the Arctic. It also contained projection data for temperature, rainfall 

and average wind speed for Europe. These were all stored as data sets in a GIS database 

for users to download. The process of gathering requirements for a user population 

including scientists, researchers, policy makers, educationalists and the general public is 

described. Using an iterative design methodology, a user survey was administered to 

obtain initial feedback on the system concept followed by panel sessions where users 

were presented with the system concept and a demonstrator to interact with it. The 

requirements of both specialist and non-specialist users is summarised together with 

strategies for the effective communication of geographic climate change information. 

 Keywords: Climate change; Geographic information; Graphical 

representation; User needs 

Christopher J. Parker, Andrew May, Val Mitchell. The role of VGI and PGI 

in supporting outdoor activities. Pages 886-894. 

This paper explored the question of how volunteered and professional geographic 

information (VGI and PGI) can be used together in an outdoor recreation context. In 

particular, consideration is given to what makes each information source valuable to the 

user, and how this can be used to help developers of GIS provide more useful, usable 

and satisfying products. The assumption that VGI is inferior to PGI is shown to be 

unfounded; rather each has its own strengths in describing particular aspects of the user 

information landscape. Considering the opportunities to influence user activities, both 

VGI and PGI have a greater ability to influence the user in the planning phase than 

actually during the activity. The importance of the author of the information (volunteer or 

professional) is shown to be of less importance to the end-user than the characteristics 

which describe the information in terms of communication, frequency of updates and 

accessibility. 
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Andrew J. May. Using a ‘value-added’ approach for contextual design of 
geographic information. Pages 895-908. 

The aim of this article is to demonstrate how a ‘value-added’ approach can be used for 

user-centred design of geographic information. An information science perspective was 

used, with value being the difference in outcomes arising from alternative information 

sets. Sixteen drivers navigated a complex, unfamiliar urban route, using visual and 

verbal instructions representing the distance-to-turn and junction layout information 

presented by typical satellite navigation systems. Data measuring driving errors, 

navigation errors and driver confidence were collected throughout the trial. The results 

show how driver performance varied considerably according to the geographic context at 

specific locations, and that there are specific opportunities to add value with enhanced 

geographical information. The conclusions are that a value-added approach facilitates a 

more explicit focus on ‘desired’ (and feasible) levels of end user performance with 

different information sets, and is a potentially effective approach to user-centred design 

of geographic information. 

 Keywords: Information value; Geographic information; Vehicle 

navigation; UCD; Added-value 



Claire Ellul, Joanna Foord, John Mooney. Making metadata usable in a 

multi-national research setting. Pages 909-918. 

SECOA (Solutions for Environmental Contrasts in Coastal Areas) is a multi-national 

research project examining the effects of human mobility on urban settlements in fragile 

coastal environments. This paper describes the setting up of a SECOA metadata 

repository for non-specialist researchers such as environmental scientists and tourism 

experts. Conflicting usability requirements of two groups – metadata creators and 

metadata users – are identified along with associated limitations of current metadata 

standards. A description is given of a configurable metadata system designed to grow as 

the project evolves. This work is of relevance for similar projects such as INSPIRE. 

 Keywords: Metadata usability; Metadata complexity 

Edward Chandler, John Worsfold. Understanding the requirements of 
geographical data for blind and partially sighted people to make 

journeys more independently. Pages 919-928. 

Previous research has highlighted that blind and partially sighted people find various 

factors inhibit their abilities to make journeys. This paper proposes that the lack of 

accurate, appropriate and usable geographical data is one of the reasons for this and 

these can be tracked back to core human factors issues such as situational awareness, 

mental workload and environmental ergonomics. Following a review of applicable 

literature a hierarchical task analysis was performed to better understand the problems 

in terms of the complexity of various journey types and to identify the geographical data 

requirements in order to make successful journeys. The task analysis produced a number 

of results including highlighting four underlying principles which have an impact on the 

data requirements during any given journey. Finally the need for accessible and accurate 

geographical data requirements is introduced as a result of the literature review and the 

task analysis. These highlight the information required in order to facilitate more 

accessible travel for blind and partially sighted people by providing geographical 

information about their surroundings in a relevant, meaningful and usable way. 

 Keywords: Task analysis; Visually impaired navigation; Geographical data 

Zornitza Yovcheva, Corné P.J.M. van Elzakker, Barend Köbben. User 

requirements for geo-collaborative work with spatio-temporal data in a 
web-based virtual globe environment. Pages 929-939. 

Web-based tools developed in the last couple of years offer unique opportunities to 

effectively support scientists in their effort to collaborate. Communication among 

environmental researchers often involves not only work with geographical (spatial), but 

also with temporal data and information. Literature still provides limited documentation 

when it comes to user requirements for effective geo-collaborative work with spatio-

temporal data. To start filling this gap, our study adopted a User-Centered Design 

approach and first explored the user requirements of environmental researchers working 

on distributed research projects for collaborative dissemination, exchange and work with 

spatio-temporal data. Our results show that system design will be mainly influenced by 

the nature and type of data users work with. From the end-users' perspective, optimal 

conversion of huge files of spatio-temporal data for further dissemination, accuracy of 

conversion, organization of content and security have a key role for effective geo-

collaboration. 

 Keywords: User-centered design; Cartographic animation; Google 

Earth; Groupware 



Jenny Harding. Usability of geographic information – Factors identified 

from qualitative analysis of task-focused user interviews. Pages 940-
947. 

Understanding user needs for geographic information and the factors which influence the 

usability of such information in diverse user contexts is an essential part of user centred 

development of information products. There is relatively little existing research focused 

on the design and usability of information products in general. This paper presents a 

research approach based on semi structured interviews with people working with 

geographic information on a day to day basis, to establish a reference base of qualitative 

data on user needs for geographic information with respect to context of use. From this 

reference data nine key categories of geographic information usability are identified and 

discussed in the context of limited existing research concerned with geographic 

information usability. 

 Keywords: Geographic information; Information usability; User needs 

Julien Nelson, Stéphanie Buisine, Améziane Aoussat. Anticipating the 
use of future things: Towards a framework for prospective use analysis 
in innovation design projects. Pages 748-756. 

Anticipation of future product use is a persistent issue in User-Centered Design. In this 

paper, we argue that one obstacle to early integration of use analysis in innovation 

design is overreliance on retrospective use analysis, i.e. that which is based on clear 

references to existing products or activities. In contrast, innovation design projects are 

full of uncertainty, leading to a need for prospective analysis. After having described 

some limitations of prospective use analysis, we contend that creativity tools may be 

used to assist the anticipation of future product use, by allowing designers to approach 

the variability of situations of future use in a structured manner rather than by “muddling 

through”. We illustrate the expected benefits of this approach with two case studies, and 

describe some prospects for future research and practice in ergonomics. 

 Keywords: Innovation design; Product use analysis; Prospective 

ergonomics; Creativity 

Paddy C. Dempsey, Phil J. Handcock, Nancy J. Rehrer. Impact of police 

body armour and equipment on mobility. Pages 957-961. 

Body armour is used widely by law enforcement and other agencies but has received 

mixed reviews. This study examined the influence of stab resistant body armour (SRBA) 

and mandated accessories on physiological responses to, and the performance of, 

simulated mobility tasks. Fifty-two males (37 ± 9.2 yr, 180.7 ± 6.1 cm, 90.2 ± 11.6 kg, 

VO2max 50 ± 8.5 ml kg−1 min−1, BMI 27.6 ± 3.1, mean ± SD) completed a running 

VO2max test and task familiarisation. Two experimental sessions were completed (≥4 days 

in between) in a randomised counterbalanced order, one while wearing SRBA and 

appointments (loaded) and one without additional load (unloaded). During each session 

participants performed five mobility tasks: a balance task, an acceleration task that 

simulated exiting a vehicle, chin-ups, a grappling task, and a manoeuvrability task. A 5-

min treadmill run (zero-incline at 13 km·h−1, running start) was then completed. One min 

after the run the five mobility tasks were repeated. 

There was a significant decrease in performance during all tasks with loading 

(p < 0.001). Participants were off-balance longer; slower to complete the acceleration, 

grapple and mobility tasks; completed fewer chin-ups; and had greater physiological cost 

(↑ %HRmax, ↑ %VO2max, ↑ RER) and perceptual effort (↑ RPE) during the 5-min run. Mean 

performance decreases ranged from 13 to 42% while loaded, with further decreases of 



6–16% noted after the 5-min run. Unloaded task performance was no different between 

phases. 

Wearing SRBA and appointments significantly reduced mobility during key task elements 

and resulted in greater physiological effort. These findings could have consequences for 

optimal function in the working environment and therefore officer and public safety. 

 Keywords: Added load; Physical function; Mobility; Load carriage; Load 

position; Personal protective equipment 

Ralph H. Cullen, Wendy A. Rogers, Arthur D. Fisk. Human performance in 

a multiple-task environment: Effects of automation reliability on visual 
attention allocation. Pages 962-968. 

Diagnostic automation has been posited to alleviate the high demands of multiple-task 

environments; however, mixed effects have been found pertaining to performance aid 

success. To better understand these effects, attention allocation must be studied directly. 

We developed a multiple-task environment to study the effects of automation on visual 

attention. Participants interacted with a system providing varying levels of automation 

and automation reliability and then were transferred to a system with no support. 

Attention allocation was measured by tracking the number of times each task was 

viewed. We found that participants receiving automation allocated their time according to 

the task frequency and that tasks that benefited most from automation were most 

harmed when it was removed. The results suggest that the degree to which automation 

affects multiple-task performance is dependent on the relative attributes of the tasks 

involved. Moreover, there is an inverse relationship between support and cost when 

automation fails. 

 Keywords: Attention allocation; Multiple-task environment; Automation reliability 

Jin Qin, Hua Chen, Jack T. Dennerlein. Wrist posture affects hand and 

forearm muscle stress during tapping. Pages 769-779. 

Non-neutral wrist posture is a risk factor of the musculoskeletal disorders among 

computer users. This study aimed to assess internal loads on hand and forearm 

musculature while tapping in different wrist postures. Ten healthy subjects tapped on a 

key switch using their index finger in four wrist postures: straight, ulnar deviated, flexed 

and extended. Torque at the finger and wrist joints were calculated from measured joint 

postures and fingertip force. Muscle stresses of the six finger muscles and four wrist 

muscles that balanced the calculated joint torques were estimated using a 

musculoskeletal model and optimization algorithm minimizing the squared sum of muscle 

stress. Non-neutral wrist postures resulted in greater muscle stresses than the neutral 

(straight) wrist posture, and the stress in the extensor muscles were greater than the 

flexors in all conditions. Wrist extensors stress remained higher than 4.5 N/cm² and wrist 

flexor stress remained below 0.5 N/cm² during tapping. The sustained high motor unit 

recruitment of extensors suggests a greater risk than other muscles especially in flexed 

wrist posture. This study demonstrated from the perspective of internal tissue loading the 

importance of maintaining neutral wrist posture during keying activities. 

 Keywords: Biomechanical model; Muscle stress; Optimization; Tapping 



Hebo Ding, Päivi Leino-Arjas, Heikki Murtomaa, Esa-Pekka Takala, 

Svetlana Solovieva. Variation in work tasks in relation to pinch grip 
strength among middle-aged female dentists. Pages 977-981. 

Objectives 

We aimed to investigate the relationship of task variation during dental work history with 

pinch grip strength among dentists. 

Methods 

We measured pinch grip strength among 295 female Finnish dentists aged 45–63 years. 

Variation in dental work tasks during work history was empirically defined by cluster 

analysis. Three clusters of task variation emerged: low (most work time in restoration 

treatment/endodontics), moderate (about 50% in the former and 50% in 

prosthodontics/periodontics/surgery), and high (variable tasks including administrative 

duties). Hand radiographs were examined for the presence of OA in the wrist and each 

joint of the 1–3rd fingers. Information on hand-loading leisure-time activities, and joint 

pain was obtained by questionnaire. Glove size was used as a proxy for hand size. BMI 

(kg/m2) was based on measured weight and self-reported height. 

Results 

Dentists with low variation of work task history had an increased risk of low pinch grip 

strength in the right hand (OR 2.3, 95% CI 1.2–4.3), but not in the left (1.13, 0.62–

2.08), compared to dentists with high task variation, independent of age, hand size, 

hand-loading leisure-time activities, BMI and symptomatic hand OA. 

Conclusion 

The dentists with the most hand-loading tasks were at an increased risk of low pinch grip 

strength, independent of e.g. symptomatic hand OA. It is advisable among dentists to 

perform as diverse work tasks as possible to reduce the risk of decreased pinch grip 

strength. 

 Keywords: Pinch grip strength; Symptomatic hand OA; Dentists 

Andrea Maria Zanchettin, Luca Bascetta, Paolo Rocco. Acceptability of 

robotic manipulators in shared working environments through human-
like redundancy resolution. Pages 982-989. 

Next generation robotic manipulators are expected to resemble a human-like behavior at 

kinematic level, in order to reach the same level of dexterity of humans in operations like 

assembly of small pieces. These manipulators are also expected to share the same 

working environments with humans without artificial barriers. 

In this work we conjecture that making robots not only kinematically similar but also able 

to move and act in the same way as humans do, might facilitate their social acceptance. 

For this the kinematic redundancy of such new generation manipulators can be exploited. 

An experimental campaign has been organized to assess the physiological 

comfort/discomfort perceived by humans working side-by-side with robots. For 

comparison, a human-like and two alternative redundancy resolution strategies have 

been implemented. The analysis confirmed the hypothesis that a human-like motion of 

the robot helps in facilitating social acceptance, by reducing the perceived stress by 

humans in human-robot coexistence. 

 Keywords: Human–robot interaction; Redundancy resolution; Physiological 

ergonomics 



Kyunghui Oh, Aaron Rogoff, Tonya Smith-Jackson. The effects of sign 

design features on bicycle pictorial symbols for bicycling facility signs. 
Pages 990-995. 

The inanimate bicycle symbol has long been used to indicate the animate activity of 

bicycling facility signs. In contrast, either the inanimate bicycle symbol or the animate 

bicycle symbol has been used interchangeably for the standard pavement symbols in bike 

lanes. This has led to confusion among pedestrians and cyclists alike. The purpose of this 

study was to examine two different designs (inanimate symbol vs. animate symbol) 

involved in the evaluation of perceived preference and glance legibility, and investigate 

sign design features on bicycle pictorial symbols. Thirty-five participants compared 

current bicycle signs (inanimate symbols) to alternative designs (animate symbols) in a 

controlled laboratory setting. The results indicated that the alternative designs (animate 

symbols) showed better performance in both preference and glance legibility tests. 

Conceptual compatibility, familiarity, and perceptual affordances were found to be 

important factors as well. 

 Keywords: Bicycling; Preference; Glance legibility; Signs; Symbol 

K. Vogel, J. Karltun, J. Eklund, I.-L. Engkvist. Improving meat cutters' 

work: Changes and effects following an intervention. Pages 996-1003. 

Meat cutters face higher risks of injury and musculoskeletal problems than most other 

occupational groups. The aims of this paper were to describe ergonomics changes 

implemented in three meat cutting plants and to evaluate effects related to ergonomics 

on the individual meat cutters and their work. Data was collected by interviews, 

observations, document studies and a questionnaire (n = 247), as a post intervention 

study. The changes implemented consisted of reducing knife work to a maximum of 6 h 

per day and introducing a job rotation scheme with work periods of equal length. Tasks 

other than traditional meat cutting were added. A competence development plan for each 

meat cutter and easy adjustment of workplace height were introduced. The questionnaire 

showed a reduction in perceived physical work load. In general, the changes were 

perceived positively. Figures from the company showed a positive trend for injuries and 

sick leave. 

 Keywords: Comparison; Change programme; Consequence; MSD; Work 
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Corrado lo Storto. Evaluating ecommerce websites cognitive efficiency: 
An integrative framework based on data envelopment analysis. Pages 

1004-1014. 

This paper presents an integrative framework to evaluate ecommerce website efficiency 

from the user viewpoint using Data Envelopment Analysis (DEA). This framework is 

inspired by concepts driven from theories of information processing and cognition and 

considers the website efficiency as a measure of its quality and performance. When the 

users interact with the website interfaces to perform a task, they are involved in a 

cognitive effort, sustaining a cognitive cost to search, interpret and process information, 

and experiencing either a sense of satisfaction or dissatisfaction for that. The amount of 

ambiguity and uncertainty, and the search (over-)time during navigation that they 

perceive determine the effort size – and, as a consequence, the cognitive cost amount – 

they have to bear to perform their task. On the contrary, task performing and result 

achievement provide the users with cognitive benefits, making interaction with the 

website potentially attractive, satisfying, and useful. In total, 9 variables are measured, 

classified in a set of 3 website macro-dimensions (user experience, site navigability and 

structure). The framework is implemented to compare 52 ecommerce websites that sell 



products in the information technology and media market. A stepwise regression is 

performed to assess the influence of cognitive costs and benefits that mostly affect 

website efficiency. 

 Keywords: Cognition; Human–computer interaction; Electronic 

commerce; Website; Efficiency; Data envelopment 

analysis; Uncertainty; Ambiguity 

Hwa S. Jung, Hyung-Shik Jung. Survey of Korean pedestrians' natural 
preference for walking directions. Pages 1015-1023. 

The primary objective of this study was to investigate the stereotypes of Koreans 

regarding preferred walking directions when encountering various public walking 

facilities, and to provide useful information to pedestrians and traffic policy legislators. To 

this end, this study was conducted in two phases. In the first phase, we conducted 

observational research on pedestrians' walking directions in ten different situations. In 

the second phase, six hundred Korean male and female subjects were selected to 

investigate the various statistics about their preferred walking directions and their 

employment characteristics in diverse walking facilities. The results showed that 59.3% 

abided by the Left-side Traffic rule while 40.7% abided by the Right-side rule. On the 

contrary, 73.7% of respondents showed preferences to the Right-side Traffic rule. 

Moreover, right-handed people showed strong tendencies to walk on the right side of the 

road and vice versa, hence suggesting that the direction people naturally prefer in 

walking should be a crucial determinant when regulating traffic policies. 

 Keywords: Walking direction; Pedestrian; Hand dominance 

Wichai Eungpinichpong, Vitsarut Buttagat, Pattanasin Areeudomwong, 
Noppol Pramodhyakul, Manida Swangnetr, David Kaber, Rungthip 

Puntumetakul. Effects of restrictive clothing on lumbar range of motion 
and trunk muscle activity in young adult worker manual material 
handling. Pages 1024-1032. 

The objective of this study was to examine the effect of wearing restrictive trousers on 

lumbar spine movement, trunk muscle activity and low back discomfort (LBD) in 

simulations of manual material handling (MMH) tasks. Twenty-eight young adults 

participated in the study performing box lifting, liquid container handling while squatting, 

and forward reaching while sitting on a task chair when wearing tight pants (sizes too 

small for the wearer) vs. fit pants (correct size according to anthropometry). Each task 

was repeated three times and video recordings were used as a basis for measuring 

lumbar range of motion (LRoM). The response was normalized in terms on baseline hip 

mobility. Trunk muscle activity of rectus abdominis (RA) and erector spinae (ES) muscles 

were also measured in each trial and normalized. At the close of each trial, participants 

rated LBD using a visual analog scale. Results revealed significant effects of both pants 

and task types on the normalized LRoM, trunk muscle activity and subjective ratings of 

LBD. The LRoM was higher and trunk muscle (ES) activity was lower for participants 

when wearing tight pants, as compared to fit pants. Discomfort ratings were significantly 

higher for tight pants than fit. These results provide guidance for recommendations on 

work clothing fit in specific types of MMH activities in order to reduce the potential of low-

back pain among younger workers in industrial companies. 

 Keywords: Manual material handling; Lumbar range of motion; Trunk muscle 

activity 



Chase Boothe, Lesley Strawderman, Ethan Hosea. The effects of 

prototype medium on usability testing. Pages 1033-1038. 

Inconsistencies among testing methods and results in previous research prompted this 

study that builds upon a systematic usability testing research framework to better 

understand how interface medium influences users' abilities to detect usability flaws in 

applications. Interface medium was tested to identify its effects on users' perceptions of 

usability and abilities to detect usability problems and severe usability problems. Results 

indicated that medium has no effect on users' abilities to detect usability problems or 

perceptions of usability. However, results did indicate an interaction between the medium 

and the tested application in which users were able to identify significantly more usability 

problems on a higher fidelity medium using a particular application. Results also 

indicated that as users' perceptions of an application's usability increases, the users are 

less able to detect usability problems in that application. Usability testing should begin 

early in the design process, even if low fidelity mediums will be used. 

 Keywords: Usability; Perception; Human computer 

interaction; Prototype; Fidelity 

Tatsuo Nagata, Tsuneto Iwasaki, Hiroyuki Kondo, Akihiko Tawara. The 

effects of a convex rear-view mirror on ocular accommodative 
responses. Pages 1039-1043. 

Convex mirrors are universally used as rear-view mirrors in automobiles. However, the 

ocular accommodative responses during the use of these mirrors have not yet been 

examined. This study investigated the effects of a convex mirror on the ocular 

accommodative systems. Seven young adults with normal visual functions were ordered 

to binocularly watch an object in a convex or plane mirror. The accommodative 

responses were measured with an infrared optometer. The average of the 

accommodation of all subjects while viewing the object in the convex mirror were 

significantly nearer than in the plane mirror, although all subjects perceived the position 

of the object in the convex mirror as being farther away. Moreover, the fluctuations of 

accommodation were significantly larger for the convex mirror. The convex mirror caused 

the 'false recognition of distance', which induced the large accommodative fluctuations 

and blurred vision. Manufactures should consider the ocular accommodative responses as 

a new indicator for increasing automotive safety. 

 Keywords: Convex rear-view mirror; Ocular accommodative response; Infrared 

optometer 

 

 


