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Abstract. An increasing usage of mobile technologies has been seen among di-
verse age groups of users in recent years. The limited screen size and multiple
interaction styles inevitably produce much more workload on mobile technolo-
gies use; thus it is necessary to investigate the possible capabilities involved in
mobile navigation tasks. The particular interests of this study are the cognitive
capabilities, namely spatial ability, short-term memory and processing speed and
attention, as well as the visual abilities including vision acuity and visual percep-
tion of digital screens. Fifteen participants who covered a wide age range at-
tended in this field experiment to complete several navigation tasks with three
levels of complexity using an experimental mobile application. The results sug-
gest that the capability of processing speed and attention is more important than
the other capabilities for navigation performance and subjective preference. Spe-
cifically, the capability of processing speed and attention is significantly corre-
lated with user characteristics, including age, education experience, and technol-
ogy experience. The results can help designers to address the major capabilities
involved in mobile navigation tasks to make relevant allowance to include more
possible users, such as elderly people.
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1 Introduction

An increasing usage of mobile technologies have been seen in recent years, especially
among the older adults who aged 65 years old and above [1]. Mobile technologies can
provide improved mobility, better security and advanced functions that benefit users
from diverse age groups; thus it becomes more convenient for users to manage social
relationships, monitor health status as well as learn and search online information [2-
3]. However, the features of contemporary mobile technology make it inevitably pro-
duce much more workload on technology use. In the same time, the declines in capa-
bilities with aging could also slow down the human information processing cycle from
information perception to response execution. For instance, the small multi-touch
screens normally come with hidden buttons or menus, complicated information struc-
tures, as well as changeable interaction modes, which proposes more mental require-
ments for the mobile navigation tasks, especially for older adults. Thus it is necessary
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to investigate possible capacities involved in technology use and examine relevant lim-
itations to maintain a proper workload when design mobile technologies, in particular
considering the process of aging.

Designers should be aware of the typical changes with aging in terms of cognitive
functions and visual facilities, such as attention, memory, processing speed, and
visuospatial functioning [4]. For instance, the declines of cognitive capabilities may
harm the process of paying attention to multiple resources, encoding of new infor-
mation and retrieval of information from memory. The declines in visual abilities buffer
the process of executing technology tasks, such as information seeking [5-6]. Studies
demonstrate that most of the cognitive capabilities have started to decline as early as
mid-fifties, and then present a very fast decrease since the seventies [7]. In this way,
with aging, people are experiencing more difficulties in ignoring the irrelevant infor-
mation, dividing attention to different resources, recalling and recognizing the infor-
mation when doing technology tasks. Particularly, spatial ability is reported to be an
important determinant in technology usage especially menu navigation [8-10]. Users
with higher spatial ability are expected to have better mental model to understand the
underlying website structures to search the information efficiently while users [5, 11-
12].

While considerable studies have been conducted to investigate the effects of indi-
vidual characteristics in computerized web-navigation that utilizing larger screens and
mouse controlling, there is a distinct lack of research into the situation when navigating
and browsing by advanced mobile technologies. The issue of user experience exists at
different levels, from the user interface design to various task demands. Much of the
current studies are concentrated on the menu and interface design [13-14] as well as
web browsing styles [15]. However, considering of wider range of possible users and
increased task demands, it is also essential to examine how user capability make an
impact on mobile navigation tasks. This study aims to explore the effects of cognitive
and visual abilities on users’ task performance and subjective preference in mobile nav-
igation tasks. Three kinds of cognition capabilities were emphasized, namely short-
term memory, spatial ability, and processing speed and attention. Vision acuity and
visual perception of digital screens were measured by test performance and self-reports.
The results give some insights into the possible capabilities that involved in mobile
interface navigation with different levels of task complexity.

2 Methods

In order to investigate the role of related capabilities in mobile navigation tasks, a field
experiment was utilized to measure user’s mobile navigation performance and collect
their subject preference among fifteen participants. Since this study aimed to include e
a wider age range of users, participants were recruited from different age brackets from
20s to 80s. In this situation, the field experiment allows for flexible arrangement con-
sidering of older adults’ security and mobility issues. All the experimental environ-
ments were separated from the outside and kept quiet and tiny; the disturbing factors
were controlled in an acceptable range.



2.1 Participants

Fifteen participants were recruited from the community center and university in Hong
Kong. Participants were selected without any cognitive and visual impairments. Of all
the participants, experience of using advanced mobile technologies was reported, such
as smartphones, tables or smart watches. Participants demographic information was
collected, including age, gender and education level. In addition, prior technology ex-
perience was evaluated because of the high importance reported in previous studies [16-
17]. It is also notable that the experience with previous generations of technology may
also matter when interacting with new technologies, especially for older adults [18].
Thus, the technology experience was measured by computer experience and mobile
technology experience. Specifically, mobile technology experience was evaluated by
technology exposure (e.g. duration of use, intensity of use, diversity of use) and tech-
nology competence.

2.2 Capability measurement

Before the experiment, three particular cognitive capabilities in terms of working
memory, spatial ability, as well as attention and processing speed, were measured by a
modified Mini-Cog™ test [19] and symbol digit modalities test [20] respectively. The
Mini-Cog™ test was composed of a word recall test (WRT) and clock drawing test
(CDT). The spatial digit modalities test (SDMT) was administered to measure partici-
pants’ attention and processing speed. Additionally, visual abilities were evaluated in
terms of visual acuity and self-reported visual perception of digital screens.

Word recall test (WRT). The word recall test was used to evaluate the participants’
short-term memory. In this test, participants were required to remember 5 unrelated
words and then complete the following clock drawing test (CDT). After finishing the
CDT test, they were instructed to tell the 5 previously stated words. The number of
correctly recalled words was recorded as the test performance. Thus, the result scale
was from 0 to 5.

Clock drawing test (CDT). The clock drawing test was employed to evaluate partici-
pants’ spatial ability [21]. Provided with a circle on a paper, participants were first ver-
bally instructed to draw the number to display the clock face, and then were asked to
draw the hands of clock to read the time of 09:20. Each point was given to the partici-
pants if they correctly instructed the numbers on the circle or drew the hand of the clock
to indicate correct time. Thus, the result scale was from 0 to 2.

Spatial digit modalities test (SDMT). The spatial digit modalities test was adminis-
tered by asking participants to correctly match 9 pairs of symbols and numbers (e.g.,
“(”and “17, “#” and “27, “>" and “3”, ..., “&” and “9”). They were asked to complete
as many as paired symbols and numbers in 90 seconds. The number of correctly
matched pairs was recorded as user performance. Result scale is from 0 to 90.



Vision acuity (VA). This study used Tumbling E chart that calibrated and showed by
a 2048x1536 display screen. Participants were asked to read the chart from 1.9 meters’
distance with corrections. Starting from the biggest row, each participant was tested
three letters in each row. The vision acuity results were calculated and noted as the
minimum visual angel of each participant.

Self-reported visual perception (SVP). The participants were asked about their ability
of reading and recognizing the characteristics on a 2048x1536 display screen, such as
“is it easy for you to read or recognize the characteristics on this screen”. The responses
were marked as 1-5 from very difficult, difficult, neutral, easy and very easy.

2.3 Experimental Design

In order to reduce the influence of experience with specific mobile applications, a new
i0S mobile application was designed and built using Unity. To facilitate users real ex-
perience of using mobile technologies, this application was simulated to remind partic-
ipants to take specific medicine in time. Participants were instructed to navigate be-
tween a menu navigation page and four sub-pages to complete serval tasks. Totally,
three levels of task complexity were designed to simulate the real situations that the
users would face in different kinds of tasks.

Specifically, this study concerned the task complexity according to the cognitive
workload and requirements of the task. It was defined by how many information
sources the participants need to remember or integrate when doing the mobile naviga-
tion tasks. For instance, the task complexity of level 1 didn’t require participants to
remember or integrate information at all; whereas, the task complexity of level 2 re-
quired for some memory load when completing tasks. When coming to the task com-
plexity of level 3, users needed to remember some information as well as search for the
relevant information to integrate useful resources and make decisions.

Participants’ navigation performance was measured by their completion time, cor-
rectness rate, and the number of return steps and incorrect clicks. Following each task,
the participants were asked to evaluate their subjective preference. They need to eval-
uate in terms of ease-of-use from very difficult to very easy (ranking 1-5), the disorien-
tation from very disoriented to not disorientated at all (ranking 1-5), the effort needed
from many efforts needed to few efforts needed (ranking 1-5), and overall satisfaction
from very dissatisfied to very satisfied (ranking 1-5).

2.4 Procedure

Participants were provided with a brief experimental instruction and instructed to fill
the consent form upon arriving. Then they were required to answer some questions and
complete several tests according to the questionnaire. The first part of questions was
concerned participants’ age, gender, education level and technology experience. Fol-
lowing that, several paper-based assessments of short-term memory, spatial ability, and
processing speed and attention were administered. The Tumbling E chart was then used



to measure participants’ vision acuity and a digital display was showed to ask about
their visual perception of reading and recognizing texts.

Finally, participants were provided with a smartphone with a 1080 x 1920 digital
screen. Experimenters instructed them to use the application first and participants could
try and use the application freely. Then, participants were required to complete three
trials by themselves. With no questions or doubts, the experiment began. For each par-
ticipant, 9 tasks were assigned to them in the randomized order. The background system
recorded all the click data automatically.

3 Results

3.1 Participants description

In order to analyze the mobile navigation behavior among a wide age range of users,
we recruited fifteen participants aged from 24 and 81 years old. They averagely aged
at 47.73 years old, with an average education experience of 15.47 years. The partici-
pants reported that they had the experience of using computer for 11.10 years averagely
and have been adopted mobile technologies for about 5.19 years in average. They nor-
mally use the mobile technologies for 22.03 hours per week. High diversity of use was
reflected by the number of functions that used by these participants. On average, they
used 4.80 functions or applications, mainly for maintaining social relationships (100%),
some basic functions (93.33%), managing healthcare status (73.33%), information
searching (73.33%) and entertainment (46.67 %). When asked how confident they feel
when using mobile technologies, the majority participants reported they had a medium
technology competence level of 3.53.

3.2 Analysis of capability assessments

Three categories of cognitive capabilities were measured, namely short-term memory,
spatial ability, and processing speed and attention. Visual ability was assessed by the
participants’ vision acuity and self-reported visual perception. The details of assess-
ment results are shown in Table 1. Basically, most of the participants indicated a normal
level of short-term memory and spatial ability in the Mini-Cog™ test, with no signifi-
cant declines or impairment reported. The results of SDMT test varied a lot between
different participant, which may be because the total scores had wider range. For visual
abilities, no significant difficulties were reported from the participants with corrections
when reading on the digital screens.

Table 1. Capability assessment results (n=15)

Cognitive capability Visual ability

WRT CDT SDMT VA SVP
Mean 4.93 1.93 46.07 1.12 4.73
Standard Deviation | 0.26 0.26 19.23 0.48 0.59




To further analyze the relationship between participants’ capabilities and their de-
mographic factors, as well as the technology experience, the Spearman Test was em-
ployed. Results showed that the SDMT results indicated a significantly correlation with
participants’ age (p=0.000), education experience (p= 0.001), computer experience (p=
0.020), duration of use with mobile technologies (p= 0.003), intensity of use with mo-
bile technologies (p= 0.028), and competence of use with mobile technologies (p=
0.031). The visual abilities were also found some significant relationships with demo-
graphic factors and technology experience. Specifically, the minimum visual angel was
found to be positively correlated with age (p= 0.003) and negatively correlated with
duration of use with mobile technologies (p= 0.001). The self-reported visual percep-
tions were found to be negatively related with age (p= 0.034), and positively related
with education experience (p= 0.036) and duration of use with mobile technologies
(p=0.031). However, there is no correlation found in the other two capability assess-
ment results. The details of relevant correlations are shown in the following Fig. 1.

3.3 Capabilities involved in navigation tasks

The descriptive data of navigation performance of participants are shown in Table 2.
For navigation performance, participants outperformed when the level of task complex-
ity was lower (level 1 and level 2). They needed nearly half of the completion time, had
higher correctness rate, and less return steps and incorrect clicks. However, for subjec-
tive preference, no significant differences were reported between different levels of task
complexity.

In order to investigate the capabilities involved in mobile navigation tasks, the rela-
tions between capabilities and navigation performance as well as subjective preferences
were analyzed by the spearman test. The results showed that, for task complexity of
level 1, there were significant correlations between the SDMT results and completion
time (p= 0.000), as well as the correctness rate (p=0.007). For the task complexity of
level 2, significant relationship was found between SDMT results and completion time
(p=0.000). The similar relationships were also found when the task complexity was
level 3. Specifically, significant correlations were found between the SDMT results and
completion time (p=0.000), as well as correctness rate (p= 0.000). Details are further
shown in Fig. 2 and Fig. 3.

The correlation between capabilities and subjective preferences were also analyzed
by the spearman test. The results are as follows. For task complexity of level 1, there is
a significantly positive correlation between SDMT results and effort used (p=0.037),
and a significantly negative correlation between SDMT results and satisfaction (p=
0.008). The significantly negative correlation was also found between SDMT results
and satisfaction (p= 0.026), when the task complexity was at level 3.
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Fig. 1. Correlations between SDMT results and demographic factors and technology experience

Table 2. Descriptive data of navigation performance and subjective preference (n=15)

Mean (Standard Deviation)

Task complexity Level 1 Level 2 Level 3
Navigation Completion time | 31.24 (21.30) | 30.80 (19.03) | 62.49 (37.86)
performance | Correctness rate | 93.89 (9.16) 93.89 (13.16) | 85.56 (18.49)

Return steps 0.29 (0.47) 0.24 (0.39) 1.44 (1.24)
Incorrect clicks | 0.07 (0.14) 0.02 (0.09) 0.18 (0.28)
Subjective Ease-of-use 3.87 (0.80) 4.02 (0.62) 4.36 (0.77)
preference Disorientation 3.98 (0.97) 4.11 (0.65) 4.29 (0.73)
Effort 3.58 (1.03) 3.75 (0.95) 4.02 (0.81)

Satisfaction 3.58(0.94) |3.76(1.08) |3.73(0.83)
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4 Discussion

Mobile navigating in a small touch-screen is a complex process. Thus, knowing differ-
ent users’ capabilities and limitations can help in reducing workload in mobile technol-
ogy usage. This study is highlighted in the situation that a wider age range of users are
adopting mobile technologies in the modern society [22]. The present results provide a
number of interesting insights about mobile navigation behavior among participants
with a wide age range.



Results indicate that age, education experience, and technology experience have sig-
nificant correlations with SDMT results. The results supplemented previous studies that
showed age and education are important for cognitive capabilities [23-24]. With aging,
users suffer from declined processing speed and attention; while longer education ex-
perience may compensate relevant loss. In addition, current results also emphasize the
role of technology experience. Specifically, both of the duration of use of mobile tech-
nologies and the computer experience were found to be significantly correlated with
SDMT results. Nevertheless, further studies should be planned because these correla-
tions could be interactive. For instance, it may imply that users with declined processing
speed and attention tend to use less technologies; conversely, longer use of technologies
may help to slowdown the declines in processing speed and attention.

The results also show that the capability of processing speed and attention is im-
portant for users’ mobile navigation behavior in terms of objective performance and
subjective preference. Significant correlations were reported between completion time
and SDMT results at all the levels of task complexities, as well as correctness rate and
SDMT results at the level 1 and level 3 of task complexity. This result is interesting
because most of the previous studies mainly considered spatial ability and working
memory as critical factors in computerized web-navigation [25]. Few studies have in-
vestigated the role of processing speed and attention.

The possible reason may lie at two aspects. First, it may be because of the difference
between computerized web-navigation and mobile interface navigation. For computer-
ized web-navigation, the information structures are usually quite complex with flat or
hierarchical layers. Thus, users need to build the correct mental model to search for
useful information, which emphasizes the importance of spatial ability [25]. However,
the interaction style of direct manipulation makes it easier to jump between each pages
when using mobile technologies. Users can get access with more information with
shorter time. Therefore, it is more crucial to divide the attention to different resources
and process more information at one time, which needs higher level of processing speed
and attention. Second, it may be due to the limitations of method of Mini-Cog™ test.
The test was only sensitive for some significant declines or damage of cognition; thus
the sensitivity is not high enough for the participants in present study. Further research
should be conducted by improving the difficulties of tests or utilizing various perfor-
mance tests for spatial ability and short-memory to provide greater validity [26].

5 Conclusion

The field experiment outlined in this article found that the capability of processing
speed and attention is important for mobile interface navigation. Users with higher pro-
cessing speed and attention is more likely to find the information and complete the
navigation task efficiently and effectively. The capability in terms of processing speed
and attention is related to users’ age, education experience, and technology experience
with mobile technologies and computers. By investigating the capabilities involved in
mobile interface navigation, designers could better understand a wider range of users’



capability and limitation with different age, education experience and technology ex-
perience. In this way, it allows for including more possible users, such as elderly people.

The current results generate curiosity for some directions for future studies. First,
more participants should be included to add the validity of participant’s data. More age
groups should be settled to further analyze the effects of individual characteristics on
the mobile navigation behavior. Second, it would be interesting to explore the reason
of how the processing speed and attention influence user’s navigation behavior on small
screens of mobile technologies. It is also important to investigate how to design the
interface to compensate this capability lost. Third, other performance tests of spatial
ability and short-term memory should be utilized to further analyze their possible ef-
fects on mobile navigation behavior.

Acknowledgements. The authors would like to thank the Research Grants Council for
the UGC Funding Scheme from the Hong Kong Polytechnic University.

References

1. Harada, S., Sato, D., Takagi, H., Asakawa, C.: Characteristics of elderly user behavior on
mobile multi-touch devices. In: IFIP Conference on Human-Computer Interaction, pp. 323-
341. Springer, Berlin Heidelberg (2013). doi: 10.1007/978-3-642-40498-6 25

2. Gao, Q., Ebert, D., Chen, X., Ding, Y.: Design of a mobile social community platform for
older Chinese people in urban areas. Human Factors and Ergonomics in Manufacturing &
Service Industries. 25(1), 66-89 (2015). doi. 10.1002/hfm.20523

3. Zhou,J., Rau, P. L. P., Salvendy, G.: Use and design of handheld computers for older adults:
A review and appraisal. International Journal of Human-Computer Interaction. 28(12), 799-
826 (2012). doi. 10.1080/10447318.2012.668129

4. Drag, L. L., Bieliauskas, L. A.: Contemporary review 2009: cognitive aging. Journal of ger-
iatric psychiatry and neurology. 23(2), 75-93 (2010). doi: 10.1177/0891988709358590

5. Wagner, N., Hassanein, K., Head, M.: The impact of age on website usability. Computers
in Human Behavior. 37, 270-282 (2014). doi: 10.1016/j.chb.2014.05.003

6. Dommes, A., Chevalier, A., Lia, S.: The role of cognitive flexibility and vocabulary abilities
of younger and older users in searching for information on the web. Applied Cognitive Psy-
chology. 25(5), 717-726 (2011). doi: 10.1002/acp.1743

7. Schaie, K. W.: Handbook of the psychology of aging. Academic Press, San Diego (1996).

8. Ziefle, M., & Bay, S.: Mental models of a cellular phone menu. Comparing older and
younger novice users. In International Conference on Mobile Human-Computer Interaction,
pp. 25-37. Springer, Berlin Heidelberg (2004). doi: 10.1007/978-3-540-28637-0 3

9. Chen, C.: Individual differences in a spatial-semantic virtual environment. Journal of the
American society for information science. 51(6), 529-542 (2000). doi: 10.1002/(SICI)1097-
4571(2000)51:6<529::AID-ASI15>3.0.CO;2-F

10. Sein, M. K., Olfman, L., Bostrom, R. P., Davis, S. A.: Visualization ability as a predictor of
user learning success. International Journal of Man-Machine Studies. 39(4), 599-620 (1993).
doi. >10.1006/imms.1993.1075

11. Ahmed, 1., Blustein, J.: Influence of spatial ability in navigation: using look-ahead bread-
crumbs on The Web. International Journal of Web Based Communities. 2(2), 183-196
(2006). doi. http://dx.doi.org/10.1504/ITWBC.2006.010309



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

Westerman, S. J.: Computerized information retrieval: Individual Differences in the use of
spatial Vs nonspatial navigational information. Perceptual and Motor Skills. 81(3), 771-786
(1995). doi. 10.2466/pms.1995.81.3.771

Yu, N., Kong, J.: User experience with web browsing on small screens: Experimental inves-
tigations of mobile-page interface design and homepage design for news websites. Infor-
mation Sciences. 330, 427-443 (2016). doi. 10.1016/j.ins.2015.06.004

Murano, P., Sander, M.: User Interface Menu Design Performance and User Preferences:
A Review and Ways Forward. International Journal of Advanced Computer Science and
Applications. 7(4), 355-361 (2016). doi: 10.14569/1IJACSA.2016.070447

Roudaki, A., Kong, J., Yu, N.: A classification of web browsing on mobile devices. Journal
of Visual Languages & Computing. 26, 82-98 (2015). doi: >10.1016/j.jvlc.2014.11.010
Langdon, P., Lewis, T., Clarkson, J.: The effects of prior experience on the use of consumer
products. Universal Access in the Information Society. 6(2), 179-191 (2007). doi:
>10.1007/s10209-007-0082-z

Hurtienne, J., Horn, A. M., Langdon, P. M., Clarkson, P. J.: Facets of prior experience and
the effectiveness of inclusive design. Universal access in the information society. 12(3), 297-
308 (2013). doi:10.1007/s10209-013-0296-1

Docampo Rama, M.: Technology generations handling complex User Interfaces (Doctoral
dissertation). Technische Universiteit, Eindhoven (2001).

Borson, S., Scanlan, J., Brush, M., Vitaliano, P., Dokmak, A.: The Mini-Cog: a cognitive
“vital signs’ measure for dementia screening in multi-lingual elderly. International journal
of geriatric  psychiatry.  15(11), 1021-1027  (2000). doi:  10.1002/1099-
1166(200011)15:11<1021::AID-GPS234>3.0.CO;2-6

Benedict, R. H., Smerbeck, A., Parikh, R., Rodgers, J., Cadavid, D., Erlanger, D.: Reliability
and equivalence of alternate forms for the Symbol Digit Modalities Test: implications for
multiple sclerosis clinical trials. Multiple Sclerosis Journal. 18(9), 1320-1325 (2012). doi:
10.1177/1352458511435717

Agrell, B., Dehlin, O. The clock-drawing test. Age and Ageing. 27(3), 399-404 (1998).

Li, Q., Luximon, Y.: Older Adults and Digital Technology: A Study of User Perception and
Usage Behavior. In: Goonetilleke R., Karwowski W. (eds) Advances in Physical Ergonom-
ics and Human Factors. Advances in Intelligent Systems and Computing, vol. 489, pp. 155-
163. Springer, Cham (2016). doi: 10.1007/978-3-319-41694-6_16

Biswas, P.: Survey on Inclusive Human Machine Interaction Issues in India. In A Multi-
modal End-2-End Approach to Accessible Computing, pp. 23-41. Springer, London (2015).
doi: 10.1007/978-1-4471-6708-2_2

Wagner, N., Hassanein, K., Head, M.: The impact of age on website usability. Computers
in Human Behavior. 37, 270-282 (2014). doi: 10.1016/j.chb.2014.05.003

Juvina, 1., Van Oostendorp, H.: Individual differences and behavioral metrics involved in
modeling web navigation. Universal Access in the Information Society. 4(3), 258-269
(2006). doi: >10.1007/510209-005-0007-7

Johnson, D., Clarkson, J., Huppert, F.: Capability measurement for inclusive design. Journal
of Engineering Design. 21(2-3), 275-288 (2010). doi: 10.1080/09544820903303464



	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Capability measurement
	Word recall test (WRT). The word recall test was used to evaluate the participants’ short-term memory. In this test, participants were required to remember 5 unrelated words and then complete the following clock drawing test (CDT). After finishing the...
	Clock drawing test (CDT). The clock drawing test was employed to evaluate participants’ spatial ability [21]. Provided with a circle on a paper, participants were first verbally instructed to draw the number to display the clock face, and then were as...
	Spatial digit modalities test (SDMT). The spatial digit modalities test was administered by asking participants to correctly match 9 pairs of symbols and numbers (e.g., “(” and “1”, “#” and “2”, “>” and “3”, …, “&” and “9”). They were asked to complet...
	Vision acuity (VA). This study used Tumbling E chart that calibrated and showed by a 2048×1536 display screen. Participants were asked to read the chart from 1.9 meters’ distance with corrections. Starting from the biggest row, each participant was te...
	Self-reported visual perception (SVP). The participants were asked about their ability of reading and recognizing the characteristics on a 2048×1536 display screen, such as “is it easy for you to read or recognize the characteristics on this screen”. ...

	2.3 Experimental Design
	2.4 Procedure

	3 Results
	3.1 Participants description
	3.2 Analysis of capability assessments
	3.3 Capabilities involved in navigation tasks

	4 Discussion
	5 Conclusion
	References



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Average

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Average

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





