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Abstract— This paper explores new opportunities for elderly 
people who are no longer able to use their radio due to changes 
in psychomotor capacities in hands and fingers. We explore 
whether three alternative self-developed radio interfaces can 
provide these elderly people with new interaction mechanisms 
in the radio that allow them to re-establish use. The three 
radios are used to conduct measurements of psychomotor 
performance among 52 elderly participants. Our main findings 
indicate that providing elderly people suffering from reduced 
psychomotor capacities with appropriate interfaces cannot 
only re-establish interaction but also yield performance scores 
comparable to the scores of elderly people without any 
apparent reduction in psychomotor capacities. We further 
present our additional findings from a quantitative analysis of 
performance and discuss discovered opportunities. 

Keywords — psychomotor abilities; elderly; radio; assistive 
technology. 

I. INTRODUCTION 

One of the most appreciated and well-used devices for 
elderly people in Norway are radios. The radio has been 
with them throughout most of their long life, and in a world 
of rapid technological development, the radio as a piece of 
technology has withstood the test of time. Phones have 
become mobile, smart, small, and multi-purpose devices, 
and televisions have become bigger, flatter and expanded 
with secondary functions. In a local care home in Oslo (with 
the average resident age of 84 years), which was part of our 
empirical context, we observed that 91% of the 90 elderly 
residents had a radio device in the home that they would use 
on an average day. However, as much as the residents desire 
to hold on to their radios, the process of aging introduces a 
variety of cognitive and motor challenges that complicate 
the use of even familiar and simple technologies. Our prior 
studies have demonstrated how something seemingly simple 
as a radio is not considered as simple or functional when 
aging symptoms appear [1]. 

The purpose of this paper is to discuss the need for 
alternative radio interfaces for older people who, because of 
disabilities or other bodily challenges, are unable to operate 
normal radios. We investigate whether new interfaces can 
re-enable interaction between radios and users who are no 
longer able to operate them. We present three different 
functioning radios that are specifically designed for older 

people and discuss the psychomotor properties of these 
interfaces regarding the interaction opportunities they offer. 
This study involved 52 participants from 2013 through 2015 
in a systematic testing of our proposed interfaces. We use 
Fleishman’s taxonomy of psychomotor abilities and skills 
[2] to identify and measure the participants' ability to 
operate the three different radios. To support our discussion, 
we present a statistical analysis of the gathered data. The 
results are used to demonstrate how various participants 
preferred different interfaces based on their psychomotor 
capacities, and how participants with motor challenges in 
certain cases were able to match the performance of elderly 
people without these challenges. 

The paper is structured as follows. We introduce the 
motivation for focusing on the radio in Section 2, and we 
present related work on psychomotor and age-related studies 
within HCI in Section 3. In Section 4, the taxonomy used to 
describe and measure psychomotor abilities is defined. The 
research methods and three developed radios are described 
in Section 5 followed by results and analysis in Section 6. 
The paper ends with a discussion of why we believe new 
radio interfaces can help re-establishing psychomotor 
interaction with radios. 

 

II. BACKGROUND 

According to statistics from Statistics Norway (SSB), 
the older part of the population (aged 67-79) remains stable 
in the national average of radio listening in Norway [3]. The 
red line in Figure 1 shows an overview of the average 
percentage of the population who listens to the radio while 
the blue line shows the corresponding percentage for people 
aged 67-79. 

The number of minutes in average spent listening to the 
radio is illustrated in Figure 2, and as we can read from the 
graph, there is only one recorded case in the past 23 years 
(1997) where the elderly fraction of the population on 
average would listen less to the radio compared to the 
general population. We can also read from Figures 1 and 2 
that even in years where the number of elderly radio 
listeners was lower than the national average (i.e., 1994, 
1995, 2001, 2009, and 2010), the number of minutes spent 
in front of the radio was higher for the elderly radio 
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listeners. The difference between the older generation and 
the rest of the population seems to have diverged over time, 
and the difference in a ten-year perspective is now greater 
than ever. The mean difference between the amount of time 
the elderly used for radio listening compared with the rest of 
the population in the period from 1991 to 2000 was 7.0 
minutes while the corresponding difference in the period 
from 2005 to 2014 was over four times larger (33.1 
minutes). This difference demonstrates an interesting 
phenomenon, namely that the radio as a piece of technology 
is not on its way to extinction. Quite the contrary, they are 
on the rise again regarding both share of the population that 
listens to the radio (Figure 1), and the number of minutes 
spent in front of the radio per day (Figure 2). 

 

 
Figure 1. Percentage of population listening to the radio on an average day 

 

 
Figure 2. Number of minutes spent listening to the radio on an average day 

 
In our prior research (e.g., [4] and [1]) we have 

discussed aspects of the role technology has in the lives of 
elderly people. We have touched upon related topics such as 
the social importance of being able to operate 
communicative technologies such as radios to stay in touch 
with the outside world [4]. We also explored deeper issues 
concerning the ability to operate such devices and the way 
such devices are presented, for instance, design that is 
oversimplified or stigmatizing [1]. These studies have 
concentrated on the experience of interacting with 
technology and would consequently be better suited to 
further discuss the social and contextual aspects of 

interaction with technologies, for instance, loneliness and 
boredom. However, in this paper, the focus remains on the 
psychomotor ability to interact with the radio, and more 
precisely re-establishing a lost relationship between old 
users and technology. 

 

III. RELATED WORK 

A long time has passed since researchers began 
systematically investigating the relationship between aging-
related disabilities such as arthritis and the ability to interact 
with computers [5]. Morgan et al. [6] described significant 
differences in the execution of movement when comparing 
young adults with older adults, and more precisely the 
speed, sub-movements, and smoothness in movement. 
Similarly, Riviere & Thakor [7] use a comparative study 
between young, old, and motor-disabled subjects with 
regards to performance when operating tracking with a 
computer mouse. Their study claims that both aging and 
motor disability affect performance by increasing the 
inaccuracy and nonlinearity. Age has an apparent impact on 
our ability to interact and the extent to which we are able to 
adapt to new interaction mechanisms. This partly manifests 
itself through changes in psychomotor capacities. A recent 
study [8] claims the existence of age-related differences in 
the strategic repertoire, distribution, and execution within 
the sensorimotor domain. Regardless of the age of the 
intended user group, fine psychomotor abilities should be 
included in the determining of successful interactions [9].  

One of the very few laws that attempt to descriptively 
explain the psychomotor role of human-computer 
interaction through mathematical formulas is Fitts’ law. The 
original model was formulated over six decades ago and 
attempted described the linear relationship between 
movement time and index of difficulty. The model is still 
used today to quantify the difficulty of performing tasks and 
was in 2002 included in the ISO standard ISO 9241-9, 
which concerns non-keyboard input devices. However, 
since its conception, the model has undergone several 
modifications and refinements and does not pertain a 
universally accepted formulation today [10]. A shortcoming 
of Fitts’ law is its ability to properly determine and evaluate 
differently observed result in the psychomotor performance 
when studying different task types, varying motor skills and 
differences in motor performance [11]. Others have argued 
that there are several factors affecting our endpoint 
performance that are not properly captured in the 
mathematical model [12]. 

In the context of aging, studies on how psychomotor 
abilities affect user performance with computer tasks within 
the field of HCI can also be traced back to at least the early 
90s where researchers claimed and studied a relationship 
between the two [7]. Studies have been conducted within 
the field of HCI focusing on traditional interfaces, including 
WIMP and trackpads. For instance, psychomotor skills are 
an important part of the ability to operate a computer mouse, 
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and several studies have investigated the relation between 
psychomotor abilities and use performance operating a 
mouse or trackpad [5][9][13]-[16]. Common for most of 
these studies is that they include several components that 
make up the list of psychomotor abilities described in 
Fleishman taxonomy, e.g., precision control, arm-hand 
steadiness, manual dexterity and wrist-finger speed [12]. [5, 9, 13, 14, 15, 16] 

 

IV. PSYCHOMOTOR ABILITIES 

People undergo multiple reductions in both cognitive 
and motor skills as when entering later stages of life. In this 
study, we have chosen to focus on reduced psychomotor 
capacities in the hands and fingers, and how these changes 
affect the likeability to interact with radios. We have chosen 
not to describe this change as a limitation in the ability to 
interact since that would indicate an impossibility in an 
interaction between these individuals and the radio as 
technology. Instead, we believe that despite the undeniable 
changes in bodily capacities, our ability to interact with 
technology is not deprived, or necessarily not even reduced. 
We aim to demonstrate how adapting the technology to 
these changes in bodily capacities can prolong and re-
establish interaction. Nevertheless, the focus of this study is 
older people with symptoms, illnesses, and diagnoses 
associated with reduced capabilities in the hands and 
fingers. This includes individual types of rheumatic disorder 
associated with hands and fingers, osteoarthritis, as well as 
more general motor system disabilities such as Parkinson’s 
disease. Non-diagnosed elderly people showing symptoms 
affecting hands and fingers, such as trembling, involuntary 
movements, spasms were also included, as fine motor skills 
tend to decline with age [17]. We expanded our 
experimental group with elderly people claiming inability to 
operate radios, despite not being able to provide a medical 
record of a specific disability, as challenges associated with 
aging like inadequate blood flow and circulation to the 
muscles, injuries, stress, fatigue may also produce spasm in 
muscles that would reduce the psychomotor capacities. 
Several residents in our empirical context also reported 
similar symptoms of cramps from medical side effects, in 
particular from medication related to Parkinson's disease 
and Osteoporosis. Other types of developmental or genetic 
disorders that may have an impact on psychomotor 
capabilities, but that are not particularly prominent 
symptoms among the elderly people, were not included in 
this study (e.g., Down's syndrome, cerebral palsy and 
dystonia). 

 

A. Fleishman’s taxonomy 

Based on cognitive, sensory, physical, and psychomotor 
factors, Fleishman derived 52 skills and abilities describing 
human performance. Although this model was initially 
developed for a job-related environment, the taxonomy of 
Fleishman describes abilities and skills that can be 

associated with performance in everyday tasks [18]. The 
taxonomy separates abilities from skills; abilities are defined 
as characteristics and traits shaped throughout the first phase 
of our lives while skills describe the degree to which we can 
effectively carry out an action directly related to a given 
task. Common for the two is that both skills and abilities 
related to psychomotor capacities involve complex 
movement patterns and require practice and maintenance in 
order to remain intact [19]. 

As the aging process does not follow a schematic or 
linear development, it is difficult to consider any abilities or 
skills as less relevant than others. For instance, the cognitive 
factor constitutes the biggest share of skills and abilities and 
is obviously relevant also in the discussion of aging-related 
reduction of interaction capacities. It is further apparent that 
some of the motoric challenges stem from changes in the 
cognitive capacities, e.g., ideomotor apraxia where changes 
in semantic memory capacity reduce the ability to plan or 
complete motor actions. Studying this category involves 
abilities and skills that fuse cognitive, perceptual and 
physical abilities [20].  

Studies that focus on elderly people with motor 
challenges in their hands tend to carry an increased attention 
towards the abilities and skills that fall under the taxonomic 
category of physical factors. This is because the muscular 
restrictions and reduced bodily capabilities in the hands 
mainly tend to affect the abilities and skills covered by this 
category. Examples of abilities and skills included in this 
category are stamina, physical strength and flexibility, 
balance, and coordination. In previous studies of digital 
devices in the context of elderly people, we have been 
concerned with both stamina and physical strength (e.g., in 
[1]), but in this paper, we mainly focus on psychomotor 
factors. This is because most of the actions associated with 
the operation of a radio and other similar digital devices 
require movement and a configuration of hands and body 
that relies on the ability to combine physical movement with 
cognitive functions. Thus, psychomotor factors constitute 
our main interest, as this organically includes physical skills 
such as coordination, dexterity, reaction and manipulation. 
Unlike physical factors, psychomotor factors are also 
subjected to the influence of reduction in skills and abilities 
associated with secondary categories; psychomotor 
capacities often depend on a supportive capacity in addition 
to the physical. A reduction in other seemingly unrelated 
features (e.g., visual impairment) may, as Jacko & Vitense 
[20] point out, have an impact on psychomotor skills. 

 

B. Scope 

Our study is limited to psychomotor challenges of hands 
and fingers. Due to inadequate access to fully medically-
assessed participants, as well as claimed expertise, we do 
not address the impact of the decline in cognitive abilities 
and skills in this paper (e.g., dementia, depression, and 
forgetfulness). Our scope does not allow us to identify the 
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Figure 3. The three radios included in the study 

best interfaces for a given disease but instead let us study 
the relationship and possible correlation between motor 
challenges and performance when interacting with radio 
interfaces. Nor do we want to identify all skills and abilities 
that are included in the performance of work-related tasks; 
we aim to identify the specific abilities and skills that are 
involved in the operation of radios, and affected by reduced 
capacity in the hands and fingers. Abilities and skills in the 
taxonomy of Fleishmann are described as independent of 
each other [12], and it should consequently be possible only 
to study a selection of these. A similar approach has been 
conducted in prior research, more specifically in the 
research of [12, 14, 15, 16]. Table 1 gives an overview of 
the psychomotor abilities included in our study. A 
description is provided for each ability based on the original 
taxonomy of Fleishman [2] in the right column of the table. 

 
TABLE I. OVERVIEW OF PSYCHOMOTOR ABILITIES 

 
Psychomotor ability Description 

Precision control Ability to move control and the degree to 
which they can be moved quickly and 
repeatedly to exact positions. 

Arm-hand steadiness Ability to keep the hand and arm steady, 
both when suspended in air and while 
moving. Independent of strength and speed. 

Manual dexterity Ability to make quick and skillful 
coordinated movements with arms and one 
or both hands, as well as the ability to 
assemble, grab and move objects. 

Finger dexterity Ability to make quick, skillful, and 
coordinated movements with fingers of one 
or both hands. 

Wrist-finger speed Ability to repeat fast movements with wrist 
and fingers. 

Multi-limb 
coordination 

Ability to use two or more limbs 
simultaneously to coordinate movements 
when the body is not in motion. 

 
While all the abilities and skills described in the 

psychomotor category of the taxonomy are relevant in a 
broader scope, we have excluded certain abilities and skills 
from our test. These are abilities that are not relevant for our 

purposes, and the decision is taken by both the physical 
challenges we are focusing on, and the digital components 
and interfaces included in the study. Not all abilities are 
relevant for the operation of our radios; hence, measuring 
these abilities would be difficult with the radios. More 
precisely, rate control, reaction time, speed of limb 
movement, and response orientation have been excluded. 
The reason is that these four abilities are not directly 
determining the capacity to interact with our three radios, 
but instead, describe the degree to which we can interact 
with them, as well as the performance during use. Rate 
control is not appropriate in situations where speed and 
direction of an object are perfectly predictable [20] while 
the other three (reaction time, speed of limb movement, and 
orientation response) mainly concern efficiency of 
performance, rather than the distinctive ability to perform 
them. Also, both reaction time and response orientation are 
intended to capture our reaction to a given signal and our 
ability to quickly initiate the response routine, something 
which would be unnatural in a context where our 
participants are testing our radios. Thus, these four abilities 
have not been included in our tests. 

 

V. RESEARCH METHOD 

A. Radio #1 

The first radio is the leftmost radio in Figure 3, and it 
was developed in 2013. The focus of the radio is to provide 
an interface that provides users with similar experiences and 
interaction mechanisms as they are used to from their 
traditional radios. The feedback one gets from operating 
radio is reminiscent of interaction found in traditional radios 
with a distinct response to actions. The focus has also been 
on finding the materials that provide the best grip and 
resistance during the interaction. We have explored the 
properties of various materials (wood, steel, plastic) to find 
the best functioning design for the knobs. The main 
interaction takes place by turning on a coarse switch that 
clearly snaps in place when selecting the channel. A second 
switch is used to adjust the volume.  
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B. Radio #2 

The second radio is the middle radio from Figure 3, and 
was developed in 2014. This radio depends on physical 
interaction and does not use traditional switches or buttons. 
As with the other two radios, this radio is also screenless. 
The user operates the radio with the use of wooden cubes 
with built-in Near Field Communication (NFC) chips. The 
NFC chips are preconfigured with a given radio channel, 
and by placing these physical cubes on top of the radio, one 
interacts with the interface. By placing a piece with a given 
channel on top of the radio starts playing. Removing the 
cube ends the playback. The focus has been on designing a 
radio that does not require fine motor skills in fingers. 
During the design process, material, weight, size and shape 
were explored in consultation with users to find the best 
objects for physical operation of the radio. 

 

C. Radio #3 

The third radio is the rightmost radio in Figure 3, and 
was developed in 2015. The purpose of this radio was to 
allow users with tremors, involuntary twitching, and 
reduced fine motor skills to operate it. The radio is made of 
oak and has an aluminum cylinder with a wooden knob that 
automatically snaps to predefined positions using magnets. 
One operates the radio by positioning the wooden knob at a 
predefined position. A secondary exploratory feature is that 
the wooden knob swivels around the cylinder. The design of 
the radio offers deliberate constraints that prevent users 
from making mistakes during the interaction. The wooden 
knob is locked to the pole and the magnet in the cylinder 
both guides and limits the positioning. This allows 
involuntary actions to have less impact on the accuracy. 

 

D. Empirical context and participants 

This study was conducted at three local care facilities in 
Oslo. Each care facility consists of a set of apartments, with 
the largest holding 90 apartments. The care facilities consist 
of senior residents residing in independent apartments, but 
with shared access to a range of facilities, e.g., cafeteria, 
lounge, fitness center, and 24-hour staffed reception. The 
limited access to participants with motor challenges in 
hands and fingers led to three years of data gathering in 
order to yield an appropriate set of data. The requirement for 
participation was that the participant suffered from reduced 
ability or no ability to operate a store-bought radio and thus 
needed a more customized interface. The three store-bought 
radios used for participant selection were Pinell Supersound 
DAB, Pop DAB Radio and Argon DAB Radio, three highly 
popular brands in Norway. The data for this study was 
collected in the period 2013-2015. The three radios used in 
the tests were also built during the same period. 39 
participants (M = 82.1 years, SD = 6.31) participated in six 
tests. For each test, we recruited an independent control 
group consisting of 13 elderly people with no apparent 

motor disabilities (M = 80.4 years, SD = 5.29) who were 
asked to perform the same tasks as the experimental group. 

The testing involved 52 participants in total. Most 
people had medical documentation to assess their motor 
disabilities. The documentation was provided to us by 
themselves or by the local care home administration with 
their consent. A few participants unable to operate store-
bought radios and in the lack of proper medical 
documentation of disability were also invited to participate 
in the experimental group as they showed symptoms similar 
to those with proper diagnoses. Table 2 gives an overview 
of the participants and the documented or self-assessed 
disability or illness. 

 
TABLE II. OVERVIEW OF PARTICIPANT GROUPS 

 
Disability or illness N 

Cramps 8 

Muscle stiffness 3 

Osteoarthritis 8 

Parkinson’s disease 4 

Rheumatoid arthritis 3 

Tremor 13 

Control group 13 

Total 52 

 

E. Test procedure  

The participants in both groups were asked to interact 
with the three radios through a series of repeated tasks to 
measure their psychomotor performance. Three different 
tables and eight chairs were used to provide all participants 
with a setup that supported their preferred bodily 
configuration. Some participants were also sitting in their 
wheelchairs during the test, specifically three participants 
from the experimental group and one participant from the 
control group. For each of the radios, the participants were 
given a set of tasks that mimicked the context applicable 
parts of assignments given in standardized tests of 
psychomotor abilities, e.g., rotary pursuit test, steadiness 
tester, Minnesota manual dexterity test, Purdue pegboard, 
tapping board (as seen in [12], as well as O’Connor finger 
dexterity test, box and block test, Jebsen hand function test, 
and Moberg pick-up test. As we used our own set of tasks, 
the results are not meant to demonstrate the external validity 
and be directly comparable to other test results, but instead 
provide a set of tasks applicable to the three radios, thereby 
providing us with a measurement comparable within the 
study. To eliminate learning effects and bias due to 
unfamiliarity with novel interaction mechanisms, each 
participant was given a demonstration of the intended 
interaction of each radio, and each participant conducted ten 
trials for each radio (similar to [5]). The task order was 
randomized for each participant. We relied on randomized 
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repeated measures to minimize bias due to interpersonal 
variations between tests. The task set consisted of 12 tasks: 
gripping, turning, positioning, re-positioning, and resetting 
the main and secondary interaction element, as well as 
lifting and moving the radio. Time (seconds), error (count) 
and precision (position and distance) were observed and 
measured for each task, and the performance was graded on 
a normalized scale from 1-10 to make the performance 
metrics comparable. The computationally-generated 
normalized score used the four metrics above (seconds, 
count, position, and distance) to calculate the final score. 
Thus, the performance scores are not intended to be 
comparable beyond the scope of our research. In Figure 4, 
we see two participants from the experimental group testing 
the positioning and re-positioning of the main interaction 
element for Radio #2. 

 

 
 
Figure 4. Two residents participating in psychomotor measurements 

 

VI. RESULTS AND ANALYSIS 

The means and standard deviations for the psychomotor 
performance on a normalized scale from 1-10 across both 
groups are shown in Table 3. As expected, the control group 
had a better performance relatively compared to the 
experimental group for all three radios. The variation was 
larger for the control group, and we can read from the table 
that both groups demonstrated a similar within-group 
performance for each of the three radios. The average 
performance score was 7.43 (SD = 0.32) for the control 
group while it was 4.60 (SD = 0.22) for the experimental 
group. In Figure 5, we present the estimated marginal means 
for the control group vs. the regular group for all three 
radios. 

 
TABLE III. PSYCHOMOTOR PERFORMANCE SCORE 

 

Mean 
Std.  
Deviation 

 

N Radio # Group 
Lower  
Bound 

Upper  
Bound 

1 Control 7.385 .7372 6.730 8.039 13 

Experimental 4.517 1.2824 6.471 7.658 39 

2 Control 7.064 .5755 7.156 8.536 13 

Experimental 4.389 1.1787 4.139 4.895 39 

3 Control 7.846 .4328 4.046 4.732 13 

Experimental 4.897 1.4000 4.499 5.296 39 

A 2 (group: selection or control) x 3 (radio: #1, #2 or #3) 
between-subjects analysis of variance (ANOVA) was 
conducted to study the psychomotor performance between 
the three radios as a function of the performance. We 
registered significant main effects of group, F(1,150) = 
173.6, p < .005, n = .536, and radio, F(2,150) = 3.1, p = 
.048, n = .040. The main effects were not qualified by an 
interaction between group and radio, F(2,150) = 0.142, p = 
0.867, ηp2 = .002. The participants in the selection group (M 
= 4.601, SD = .107) had significantly lower performance 
than the participants in the control group (M = 7.432, SD = 
.186). The analysis also revealed a slightly lower 
performance difference between the three radios: (M = 
5.951, SD = .186), (M = 5.726, SD = .186), and (M = 6.372, 
SD = .186). Levene’s test for equality of variances was 
found to be violated for the present analysis (p = .001), and 
Bonferroni post-hoc analysis for the radios showed that 
Radio #2 had significantly lower performance than Radio #3 
at the .05 level, while differences between Radios #1 and #2 
and Radios #1 and #3 were not significant. 

 

 
Figure 5. Estimated marginal means of performance for both groups 

 
The results from Figure 5 only demonstrated how the 

estimated marginal means of the overall performance for all 
participants in the treatment group compared to the control 
group. For a post hoc evaluation of the performance within 
the experimental group, we performed a separate repeated 
measure analyzes for each level within the grouping factor 
to study the relationship between performance and 
psychomotor disability.  

We analyzed the data with mixed-design ANOVA using 
a within-subjects factor of disability (cramp, muscle, 
osteoarthritis, Parkinson's disease, Rheumatoid Arthritis, 
Tremor) and a between-subject factor of radio (Radio #1, 
Radio #2, and Radio #3). Mauchly’s test indicated that the 
assumption of sphericity had been violated (χ2(2) = 2.681, p 
= .026). Degrees of freedom were corrected using Huynh-
Feldt estimates of sphericity (ε = 1.000) as Greenhouse-
Geisser estimates reported an epsilon value above 0.75 (ε = 
.926) [21]. There were non-significant main effects of 
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disability, F(2, 66)  =  5.566, p = .006 and radio, F = (1, 33) 
= 8.129, p = .007. However, the main effects were qualified 
by a significant interaction between disability and radio, 
F(10, 66) = 17.011, p < .001. In Figure 6, we demonstrate 
how the interaction between disability and radio yielded a 
significant variation in the estimated marginal means of 
performance. 

 

 
Figure 6. Performance for each disability group across all three radios 

 
Again, the statistical results of this study do not attempt 

to provide a medical explanation for the performance but 
instead demonstrates a significant correlation in order to 
exemplify the need for various interfaces when addressing 
elderly people with psychomotor disabilities. The study only 
claims the presence of a significant difference in 
performance but does not provide any solutions. 

 

VII. DISCUSSION 

A. Psychomotor disabilities as a shift rather than a loss 

The analysis presented in the previous section 
demonstrates some important findings. First and foremost, 
we see that grouping all elderly people in one common 
category cannot be considered scientifically justifiable when 
their needs, capacities, and performances are so different. 
To group the elderly in one common category is both 
stigmatizing and improper design practice as it neglects 
individual needs. Also, we have presented empirical data 
suggesting that even the specific group of older people 
suffering from motor deficit in the hands and fingers would 
highly benefit from designs that paid individual attention to 
their needs. 

At first glance, it might look like Figure 5 illustrates a 
steady and consistent difference between the control group 
and the experimental group. However, this was not the case. 

Irregularities in performance resulted in statistically 
counteracting mean values, and glancing at Figure 5 one 
may wrongfully conclude that the older participants yielded 
a seemingly equal performance score for each radio 
regardless of their motor capacities. However, as presented 
in the secondary analysis of the relationship between disease 
and performance (illustrated in Figure 6), we see 
performance scores with high fluctuation within each group. 
We can confirm this by looking at the statistical analysis 
which indicated a significant interaction between disability 
and radio (p <.001). 

One way of understanding this phenomenon is to look at 
average performance score for each group. The participants 
who suffered from trembling serve as a good illustration. 
This group, which accounted for a third of the participants 
in the experimental group, had the lowest performance score 
on Radio #2 (M = 4.19, SD = 0.40), an intermediate 
performance score on Radio #1 (M = 05.07, SD = 1.57), and 
the highest on Radio #3 (M = 6.08, SD = 0.98).These results 
can be explained by the different types and various 
symptoms of tremor. Participants reported issues with 
intention tremor that could affect their aim, specific tremor 
which influenced goal-oriented action), as well as general 
stressing tremor. As Radio #2 required participants to raise a 
cube in midair and place it within a designated area, it was 
difficult for several participants to operate this radio. With 
more degrees of freedom compared with the other two 
radios, there was more room for both intentional and 
deliberate errors. This group performed best on Radio # 3 as 
involuntary movements would not give adverse effect or 
hinder progress in solving the task.  

A similar pattern can be seen in the group of participants 
who suffered from Rheumatoid Arthritis. They reported 
challenges with swelling, decreased sensitivity and reduced 
mobility, which resulted in problems with the interface of 
Radio# 1 (M = 2.83, SD = 0.99). The reduction in 
sensitivity in particular would mean that they struggled 
more with sensing moving, clicking, and snapping feedback 
from the radio. However, they delivered a good average 
performance score for Radio # 2 (M = 6.28, SD = 1.74), 
suggesting that they still had the capacity for interaction. 

Thus, loss or reduction in motor capacities does not an 
automatically reduce or deprive our interaction 
opportunities; it mainly shifts them. All three of our radios 
were developed to allow people with motor impairments in 
their hands and fingers to still use these limbs for 
interaction. And our results suggest that they are highly 
capable of doing so if presented the right interface. In their 
studies of differences in pointing movements between older 
and younger users, [16] argues that older people maintain 
the use of residual sensory information (vision and 
proprioception) and can achieve similar precision levels as 
younger users. However, the radios in our study do not need 
to be operated by hands and fingers. There are also 
opportunities explore new bodily uses and configurations. In 
certain context, radios are naturally operated through 
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different interaction mechanisms, for instance in cars. Prior 
studies have also demonstrated interaction opportunities for 
people with motor disabilities by the use of other bodily 
capacities. For instance, [22] use head gesture recognition 
for wheelchair control for elderly people suffering from 
Parkinson's disease and other restrictions in limb movement. 
The authors of [23] study wrist rotation as input 
mechanisms for mobile devices, and suggest that both 
hands-free and eyes-free interaction techniques would be 
feasible with further research. The research of [24] uses a 
voice-driven drawing application to include users with 
motor impairments. 

We should never exclude any people as potential users 
just because their capacities prevent them from using a 
given interface. Incompetence or inability in use should not 
be tied with technologies, but instead, be a use dimension 
related to the specific interaction mechanisms that the 
technology provide. Radio might be considered one piece of 
technology, but there are limitless opportunities when it 
comes to the way it is presented to the user. The results in 
this paper have demonstrated that people can re-establish 
meaningful relationships with technology by shifting the 
way of presentation. 

 

B. Extending and re-establishing purposeful interactions 

It is important to note that none of the three radios was 
perceived as uniformly better than the rest. Each radio 
would yield good scores with one or more groups, but there 
was always another group that would struggle with the same 
interface. This supports our claim that radios designed for a 
specific group of people, and with features that may even 
fully compensate for the motor deficit, will still not 
necessarily work for everyone. Hence, the results of this 
study demonstrate not only the need but also the possibility, 
to make individual adjustments in the design of interfaces. 
Even though we developed three radios, they all utilized 
nearly identical hardware, and the basic electronic 
components are the same in all three radios. The back of the 
three radios and how their hardware is enclosed in similar 
casement taking up roughly the same size is demonstrated in 
Figure 7. They were developed in three independent 
processes focusing on various psychomotor challenges, yet 
we see that only the packaging, i.e., the "outer shell" 
enclosing technology, is changed. By designing three 
different interfaces, we have shown that it is possible to re-
enable an entire group of elderly people who would 
otherwise have to abandon interaction with radios. And we 
achieved this while letting them continue to use their hands 
and fingers, something which is not a requirement for 
successful interaction. If we expand the design area to 
include all other bodily capacities, the potential to re-
establish purposeful interaction would be even greater, and 
the chance is simultaneously greater for technology to 
remain meaningful longer, even when living through a 
decline in psychomotor capacities. To offer users a variety 

of interfaces on top of the technology also provides users 
the ability to customize the interaction to their capacity 
levels, even if they were to discover at some point that some 
of their motor skills develop in a positive sense. Adapting to 
skill levels is encouraged by [19]. It would also open up 
more room to address changes in movements, actions and 
bodily configurations as psychomotor skills among user 
group changed. The authors of [6] suggest that there is a 
natural discontinuation in slow movements among older 
people. This is also supported by [5] who suggest that older 
participants depend on interfaces that allow for more sub-
movements in interaction. In general, it is considered 
reasonable to spend more time on interface adaptations 
since the majority of prior research only studied two-factor 
analysis of the interaction and psychomotor capacity in a 
context where other conditions such as frequency of use and 
expertise could have had an impact on the interaction [9]. 

 

 
Figure 7. The back of the three radios 

 
In our empirical context, this idea of introducing 

multiple interfaces is particularly important as Norway is 
facing an infrastructural change where all radios are 
switching from FM broadcasting to digital audio 
broadcasting (DAB). This will render all current FM radios 
unusable as of 2017. People with older radios are forced to 
buy new devices where the interaction may depend on users 
properly learning and understanding new interfaces, new 
terminologies, new frequencies and new mechanisms. 
However, prior research simultaneously suggests that 
elderly people are less willing to modify current strategies 
or adapt new strategies [5, 25]. This forced transition gives 
us a golden opportunity to introduce a variety of interaction 
mechanisms that can be incorporated into routines and 
habits while people are relatively able-bodied and only 
shows early symptoms. By doing so, the technology could 
potentially remain with them even if they were to enter a 
downward phase with reduction of capacities. If someone 
should not develop symptoms consistent with the 
expectations, having incorporated these new interaction 
mechanisms may still have a positive effect as it is often the 
underlying factors that are to be blamed for reduction of 
psychomotor skills, e.g., in the performance of tasks aiming 
[12]. 

Another important factor is the degree of stigmatization 
associated with use. Technology tailor-made for a certain 
group of people often succumbs to design choices so 
distinctive that other people can interpret the intended users 
their weaknesses just from the design itself. Our participants 
claimed that all three radios, but, in particular, Radio #3, 
had looks that did not suggest being specifically designed 
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for the target audience. The design did not emit the 
stigmatizing radiance often found in technology tailored for 
the elderly [4]. To early expose users interfaces that can 
have a secondary function ago, will also allow older staple 
acquaintances interaction mechanisms not yet been vital for 
their use. Thus, there is less chance that they will experience 
the design and interface as stigmatizing about it sometime in 
the future should be such that it was the specific interaction 
mechanism that allowed interaction; interaction is 
associated with routines and habits rather than to impose 
solutions. Early exposure to interfaces that can have a 
secondary function later will also allow older users to make 
acquaintances with interaction mechanisms that have not yet 
become vital for their use. This would mean fewer chances 
of experiencing the design and interface as stigmatizing, 
even though it sometime in the future may become the very 
interaction mechanism allowing interaction; the interaction 
is associated with routines and habits rather than to imposed 
solutions.  

This discussion of avoiding stigmatizing design further 
aligns with the idea of universal design. Design tailored for 
specific disabilities or illnesses does not exclude people 
without disabilities from using them. On the contrary, we 
found that the design of our three radios, and, in particular, 
Radio #3, appealed to participants and stakeholders that 
were not in the user group such as family members, 
employees at the care home, and even our self as designers. 
In future research, it would be interesting to investigate this 
aspect of the design further. While our results does not 
provide any significant evidence of one radio fully re-
establishing interaction for all types of psychomotor 
disabilities, we did see examples of radios elevating the 
interaction performance to the level of the control group for 
multiple types of disabilities and illness (as demonstrated 
with Radio #1 and Radio #2 in Figure 6). It is therefore not 
unreasonable for further research on this topic to generate 
designs that can reach even more people and help users 
achieve even better performance scores. Nevertheless, the 
aesthetics of the three radios demonstrate the important 
underlying idea that design tailored for a specific user group 
can very well be fully usable and appealing to everyone. 
There is no reason that design for elderly people cannot be 
design for all. 

 

VIII. CONCLUSION 

In this paper, we have discussed the opportunities to re-
establish interaction through the use of alternative 
interfaces. We have studied the case of elderly people 
suffering from a reduction in psychomotor capacities in 
hands and fingers to demonstrate how three different radio 
interfaces allowed them to return to the use of radios. Six 
rounds of tests were conducted with 52 participants in 2013-
2015. We demonstrate how none of the three radios were 
universally acclaimed, and how extending and re-
establishing purposeful actions require a more nuanced and 

adapted interface, even for a specific demographic as the 
one included in this study. Our main findings suggest that 
providing interfaces that acknowledge and compensate for 
psychomotor disabilities can re-enable interaction 
comparable to the level of fully-functional users. 

To investigate our findings further, we aim to conduct a 
long-term testing with these proposed models that will yield 
qualitative data better suited for an interpretive analysis; the 
addition of subjective opinions and experiences from elderly 
users living alongside our proposed designs will help 
support the claims presented in this paper. The work 
presented in this paper encourages further research into 
opportunities for re-establishing interaction. Our particular 
case should also only be considered a starting point for 
similar research with a different or expanded scope. We 
have studied a limited set of challenges, i.e., psychomotor 
disabilities in hands and finger, but we would like to 
advocate further research on similar topics such as 
discussion of other types of psychomotor abilities or the role 
of cognitive capacities in re-establishing interaction. 

 

REFERENCES 

 
[1] S. G. Joshi, “Designing for Experienced Simplicity. Why 

Analytic and Imagined Simplicity Fail in Design of Assistive 
Technology.” The International Journal on Advances in 
Intelligent Systems, vol. 8, no. 3&4, 2015, pp. 324-338. 

[2] E. A. Fleishman and M. E. Reilly, “Handbook of human 
abilities: Definitions, measurements, and job task 
requirements.” Consulting Psychologists Press, 1992. 

[3] S. Norway, "Norwegian Media Barometer, 2014," SSB. 
[4] S. G. Joshi, "Emerging ethical considerations from the 

perspectives of the elderly," in Ninth International 
Conference on Cultural Attitudes in computer-Human 
Interactions, M. Strano, H. Hrachovec, and S. Fragos, 2014, 
pp. 1-15. 

[5] M. W. Smith, J. Sharit, and S. J. Czaja, “Aging, motor 
control, and the performance of computer mouse tasks.” 
Human Factors: The Journal of the Human Factors and 
Ergonomics Society, vol. 41, no. 3, 1999, pp. 389-396. 

[6] M. Morgan, J. G. Phillips, J. L. Bradshaw, J. B. Mattingley, 
R. Iansek, and J. A. Bradshaw, “Age-related motor slowness: 
simply strategic?.” Journal of gerontology, vol 49, no. 3, 
1994, pp. M133-M139. 

[7] C. N. Riviere and N. V. Thakor, “Effects of age and 
disability on tracking tasks with a computer mouse: 
Accuracy and linearity.” Journal of Rehabilitation Research 
and Development, vol. 33, 1996, pp. 6-15. 

[8] C. Poletti, R. Sleimen-Malkoun, J.-J. Temprado, and P. 
Lemaire, “Older and younger adults’ strategies in 
sensorimotor tasks: Insights from Fitts’ pointing task.” 
Journal of Experimental Psychology: Human Perception and 
Performance, vol. 41, no. 2, 1994, p. 542. 

[9] C. Sutter and M. Ziefle. “Psychomotor user characteristics as 
predictors for a successful usage of small input devices.” in 
Proceedings of the HCI International 2005,  pp. 1-11. 

[10] R. W. Soukoreff and I. S. Mackenzie, “Towards a standard 
for pointing device evaluation, perspectives on 27 years of 

228Copyright (c) IARIA, 2016.     ISBN:  978-1-61208-470-1

eTELEMED 2016 : The Eighth International Conference on eHealth, Telemedicine, and Social Medicine (with DIGITAL HEALTHY LIVING 2016 / MATH 2016)



Fitts’ law research in HCI.” International journal of human-
computer studies, vol. 61, no. 6, 2004, pp. 751-789. 

[11] C. Sutter and M. Ziefle. “Psychomotor performance of input 
device users and optimized cursor control.” in Proceedings of 
the Human Factors and Ergonomics Society Annual 
Meeting. SAGE Publications. 2006, pp. 742-746. 

[12] Y. Cheong, R. L. Shehab, and C. Ling, “Effects of age and 
psychomotor ability on kinematics of mouse-mediated 
aiming movement.” Ergonomics, vol. 56, no. 6, 2013, pp. 
1006-1020. 

[13] Y.-K. Cheong, "Performance and movement kinematics of 
mouse pointing task: Perspectives from age, psychomotor 
ability, and visual ability," University of Oklahoma, 2007. 

[14] N. Đorđević, D. Rančić, and A. Dimitrijević. “Evaluation of 
User Cognitive Abilities for HCI.” in Proceedings of the 11th 
WSEAS International Conference on COMPUTERS, Agios 
Nikolaos, Crete Island, Greece. Citeseer. 2007, pp. 468-473. 

[15] J. Knight and G. Salvendy, “Psychomotor work capabilities.” 
Handbook of industrial engineering, 2nd edn. Wiley-
Interscience, New York, 1992, pp. 978-989. 

[16] L. Zhang, J. Yang, Y. Inai, Q. Huang, and J. Wu, “Effects of 
aging on pointing movements under restricted visual 
feedback conditions.” Human movement science, vol. 40, 
2015, pp. 1-13. 

[17] B. Makofske, “Manual Dexterity,” in Encyclopedia of 
Clinical Neuropsychology. Springer, 2011, pp. 1522-1523. 

[18] A. Furnham, S. Von Stumm, A. Makendrayogam, and T. 
Chamorro-Premuzic, “A Taxonomy of Self-Estimated 
Human Performance: The General Factor.” Journal of 
Individual Differences, vol. 30, no. 4, 2009,  pp. 188-193. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[19] M. H. Fogtmann. “Kinesthetic empathy interaction–
exploring the possibilities of psychomotor abilities in 
interaction design.” in Second International Workshop on 
Physicality, 2007, p. 37. 

[20] J. A. Jacko and H. S. Vitense, “A review and reappraisal of 
information technologies within a conceptual framework for 
individuals with disabilities.” Universal Access in the 
Information Society, vol. 1, no. 1, 2001, pp. 56-76. 

[21] A. Field and G. Hole, “How to design and report 
experiments.” Sage, 2002. 

[22] J. Gray, P. Jia, H. H. Hu, T. Lu, and K. Yuan, “Head gesture 
recognition for hands-free control of an intelligent 
wheelchair.” Industrial Robot: An International Journal, vol. 
34, no. 1, 2007, pp. 60-68. 

[23] A. Crossan, J. Williamson, S. Brewster, and R. Murray-
Smith. “Wrist rotation for interaction in mobile contexts.” in 
Proceedings of the 10th international conference on Human 
computer interaction with mobile devices and services. 
ACM. 2008, pp. 435-438. 

[24] S. Harada, J. O. Wobbrock, and J. A. Landay. “Voicedraw: a 
hands-free voice-driven drawing application for people with 
motor impairments.” in Proceedings of the 9th international 
ACM SIGACCESS conference on Computers and 
accessibility. ACM. 2007, pp. 27-34. 

[25] N. Walker, D. A. Philbin, and A. D. Fisk, “Age-related 
differences in movement control: Adjusting submovement 
structure to optimize performance.” The Journals of 
Gerontology Series B: Psychological Sciences and Social 
Sciences, vol. 52, no. 1, 1997,  pp. 40-53. 

 

229Copyright (c) IARIA, 2016.     ISBN:  978-1-61208-470-1

eTELEMED 2016 : The Eighth International Conference on eHealth, Telemedicine, and Social Medicine (with DIGITAL HEALTHY LIVING 2016 / MATH 2016)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


