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Cross-Modality Matching for Evaluating User
Experience of Emerging Mobile EEG Technology

Thea Radiintz

Abstract—Emerging technology for brain-state monitoring of-
fers the possibility to conduct measurements outside the labora-
tory. However, user-experience research is lacking. In this article,
we present and test an approach for determining the develop-
ment of user experience in the course of time using the so-called
cross-modality matching (CMM). We conducted experiments with
24 subjects and evaluated seven mobile electroencephalography
(EEG) devices. Using the CMM method, we registered the headset
pressure of the EEG devices and subject’s mood. We are able to
identify a correlation between headset pressure and mood and to
observe time trends. Subjects rated the heaviest, pin-based device
as less comfortable in the course of time. The gel-based EEG cap
is the most comfortable device regarding its long-time properties.
The CMM approach for user-experience evaluation of new EEG
technologies is direct, rapid, and easy to perform. This fact creates
new opportunities for future studies in the field of user experience
and human factors.

Index Terms—Dry sensors, electroencephalography (EEG),
psychophysical methods, usability testing and evaluation, wearable
devices.

I. INTRODUCTION

EGISTRATION of brain activity by means of electroen-
R cephalography (EEG) outside the lab is of increasing inter-
estbut also coupled with various challenges. The lack of research
about user acceptance regarding the measuring technique is one
of them. Meanwhile, mobile and easier to use EEG devices are
emerging. They make use of wireless signal transmission and
allow the subject to move more freely. Additionally, gel-free
sensors enable a quick and easy application of the electrodes.
The wearing comfort of the new devices is still unknown, as well
as whether user acceptance is improved relative to traditional
EEG acquisition. For the use of the devices in future studies, it
is of major importance that they do not cause head pressure, dis-
comfort issues, or alter subject’s mood state. This is particularly
important if the subjects are asked to wear the device for alonger
period of time. Knowledge about the wearing time, which is free
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of complaints or inconvenience can be especially important for
many investigations.

Usability studies with more than ten subjects and a within-
subject design for the comparison of more than three mobile,
consumer-grade EEG devices are rare. Little is known about
the evolution of comfort and the influence of the device on
subject’s mood in the course of time [1]. The few studies
involving user-experience research concentrated on one device
and used the traditional method of questionnaires to register
subjective ratings ([2]-[5]). In the study of Ekandem et al. [6]
participants were asked to evaluate two devices by completing
a post-experiment comfort survey after 15 min of wearing the
device. Three different EEG headsets were tested by Nijboer
et al. [7]. The 13 subjects participating wore every device for
approximately an hour during three sessions. At the end of
each session, they answered questions regarding the usability of
the headset by means of questionnaires. The study by Izdebski
et al. [1] consisted of two experiments. During the first experi-
ment, four devices were tested by four subjects while during the
second experiment three devices were tested by nine subjects.
Duration of the sessions varied between one and three hours
and the usability was assessed at the end of each session by a
questionnaire. Hairston et al. [8] conducted a usability research
experiment with a wearing time of 60 min and three wireless
devices. At the end of the session, participants provided comfort
ratings by means of a Likert scale and overall preference ratings
based on an ordinal scale. At the end of their article, the authors
stated that future studies should include the evolution of the
ratings over time and not only the subjective ratings conducted
after the experiment. This was a major goal of our study.

For this, we employed the method of cross-modality matching
(CMM). The CMM method can be traced back to psychophys-
ical research that aims to describe the relationship between
changes in the amplitude of a physical stimulus and the sub-
jective perception of these variations.

To recap, an important psychophysical question is the quan-
titative relation between a stimulus S and its subjective per-
ception. First relations were found experimentally by Weber in
1864. They were characterized by the so called just-noticeable
difference JN D that described the smallest change AS that
could be perceived between two stimuli. In this context, Weber
noticed that the greater the initial stimulus S, the larger the
difference AS needed to distinguish between a first and a second
stimulus and that the relation was a constant & (Weber’s law)
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Fig. 1. Principle of CMM according to Sydow and Petzold [31].

Fechner, a scholar of Weber, found that the relation between
stimulus S’ and perception P was logarithmic. In 1957, Stevens
introduced an extension ([9]) that showed that sensation magni-
tude was a power function of stimulus intensity (Stevens’ power
law)

P=b-S™. )

Both parameters (the constant b and Stevens’ exponent m) are
specific for each modality and were already determined for many
different ones (e.g., brightness, loudness, apparent length).

Based on the fact, that perceptions of different modalities
could be compared to each other, it could be concluded that a
stimulus intensity S; of one modality could be described by a
stimulus intensity Sy of another modality
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The principle of CMM relies on the idea of perception equal-
ization between different modalities (see Fig. 1). This way, a
not measurable modality (e.g., discomfort) can be expressed by
a measurable physical modality.

Currently, the method of CMM is gaining again more attention
in the scientific community. Researchers show increasing inter-
est to explore [10]-[12] and use the CMM method in order to
study human factors and usability aspects [13], [14]. The CMM
method can be applied in several situations and research studies.
It also provides a good option for conducting ratings from chil-
dren. The basic idea is similar to a standard procedure used by
pediatricians to assess children’s pain. They ask the child to press
their hand as strong as the pain is. This way, a not measurable
modality (e.g., pain, discomfort) can be expressed by a measur-
able physical modality (e.g., grip force). Application of CMM
in user-experience research appears quite appropriate due to the
fact that the method can give estimates of sensation’s magnitude
and, hence, of subjective perception. CMM can be conducted
in the course of time and provides real-time measurements.
Pepermans and Corlett [15] stated that CMM was well applicable
in ergonomics for the evaluation of perceived environmental

conditions, which could be difficult to measure subjectively
and for the investigation of pain, discomfort, or well-being of
a person [16]. At the same time, Pepermans and Corlett [15]
conceded that the CMM method has not experienced an extended
use in ergonomics. There exist a number of articles employing
CMM in order to study somatosensory perception ([17]-[23]),
pleasure and pain ([24]-[28]), or discomfort ([29], [30]). The
research of Forta et al. [30], as one of the latest published articles
focusing on practical ergonomics, is the most relevant item to
our study. Similar to our aim to assess user experience of several
EEG devices, they used CMM for obtaining subject’s subjective
comfort regarding whole-body vibrations while sitting.

To the best of our knowledge, the CMM method has rarely
been used in the context of user-experience research and has
never been used for evaluating emerging mobile EEG technol-
ogy. According to the International Organization for Standard-
ization, user experience is defined as user’s perceptions during
the use of a product. Thereby, “users’ perceptions and responses
include the users’ emotions, beliefs, preferences, perceptions,
comfort, behaviors, and accomplishments that occur before,
during, and after use” ([32], Section 3.15). In this study, we
focused on two factors of user experience: comfort and mood.
We employed the hand-grip force as a modality for CMM
ratings. By this, we registered the experienced head pressure
caused by the EEG headsets, subject’s general mood state, and
their change in the course of time. The employment of hand-grip
CMM for assessing mood and head pressure evolvement as
connected to emerging EEG technology is totally new.

In general, we expected that the wearing time of the devices
would have an impact on the comfort. Most of the few studies
related to wearing comfort of dry-EEG devices did not explicitly
report on the influence of wearing time of the devices (e.g., [3],
[33]). The ones that did, reported a duration in the range between
15 and 60 min ([2], [6], [8]). We assumed that subjects’ percep-
tion of headset pressure would increase after half an hour while
their current mood would become worse as long as the headset
was worn.

We also addressed the relation between discomfort and mood
that had its roots in the research area of embodied cognition,
particularly embodied emotion [34]. In this context, the physical
condition of a human has a direct influence on the mental state.
Hence, we assumed that subject’s mood was positively corre-
lated to the wearing comfort of the devices as assessed by the
individual perception of head pressure caused by the headset. For
the case of a positive correlation, we further assumed that head
pressure mediated the relation between device properties and
mood. Taken together, we formulated the following hypotheses.

1) During wearing time of the devices, the headset pressure
of all EEG devices will increase and subject’s mood will
get worse, regardless of model, or electrode type.

2) There is a significant positive correlation between current
head pressure from the EEG headset and subject’s current
mood.

a) The number of electrodes has an effect on the head
pressure and, thus, influences subject’s mood.

b) Device’s weight has an effect on the head pressure and
thus, influences subject’s mood.
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TABLE I
EEG DEVICES TESTED
Device (manufacturer) Electrode type Number of | Weight
electrodes

MindCap (mindTec) Dry sensors 1 119 g
48 Jellyfish (Mindo) Dry: foam-based 4 95 g
BRS8+ (BRI) Dry: spring-loaded 8 269 g

and foam-based
EPOC (Emotive) Saline based wet sensors 14 116 g
2.SAHARA (g.tec) Dry pin sensors 16 233 g
g.LADYbird (g.tec) Gel based 16 165 g
32 Trilobite (Mindo) Dry: spring-loaded 32 524 g

and foam-based

Fig.2. EEGdevices used: (a) MindCap; (b) 4S Jellyfish; (c) BR8+; (d) EPOC;
(e) g.SAHARA with dry electrodes; (f) g.LADYbird; and (g) 32 Trilobite.

II. MATERIALS AND METHODS

A. EEG Systems

We conducted market research and chose EEG devices that
had left the research-prototype state. These were expected to
be suitable for field studies, i.e., quickly and easily applicable
without limiting subject’s movement while sitting. Seven mobile
EEG devices with different characteristics were purchased (see
Table I, Fig. 2). In total, six of them were equipped with gel-free
electrodes. We also included g.tec’s g. LADYbird/g. Nautilus
system as a standard gel-based device well suited for mobile
use due to its wireless signal transmission and the use of active
electrodes.

B. Procedure and Subjects

Our study took place in an office where only the subject
and supervisor were present. In total, 24 subjects participating
(11 females and 13 males, 26—66 years of age, with a mean age
of 42.8) completed in the course of eight consecutive workdays
a total of eight sessions with duration of about 90 min each. The
first session was aimed at familiarizing the subjects with the
method of CMM and the computer tasks they had to perform
while wearing the EEG devices. We instructed the subjects
that we will not evaluate their performance because the main
goal of our study was the evaluation of the devices. During
the following sessions, one device per day was selected in
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Fig. 3. Timeline of daily sessions for the CMM registration.
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Fig.4. LabQuest2 interface for data display. (a) Used by the experimenter and
hand dynamometer. (b) Used by the subject [36].

random order and tested independently of the others. The study
was task independent with strong focus on devices’ comfort
evaluation. In order to control for side effects related to the
tasks, we kept task sequence identical for each device. For more
information, we want to draw readers’ attention to our paper
about the signal-quality evaluation of the devices ([35]). The
timeline of the daily session is presented in Fig. 3. The subjects
were wearing each device for approximately 60 min. All of the
investigations acquired were approved by the local review board
of our institution and complied with the tenets of the Declaration
of Helsinki. All procedures were carried out with the adequate
understanding and written consent of the subjects.

During the following sessions, CMM measurements aimed at
evaluating our hypotheses related to the EEG devices. At clearly
defined registration time points (see Fig. 3), subjects used the
hand-grip force device to answer questions regarding the current
head pressure caused by the EEG device and their current mood.
They were instructed to apply a greater hand-grip force, the
more negative their current mood was. Immediately thereafter,
the experienced headset pressure was registered similarly. For
doing so, subjects were instructed to grip stronger, the bigger
the experienced head pressure of the device was.

Hand-grip force was registered with a strain-gauge-based
hand dynamometer by Vernier Company (see Fig. 4). Measure-
ment of hand-grip force was performed with subject’s dominant
hand and all subjects were right handed. All values were re-
lated to subject’s maximal grip force that was measured at the
beginning of every experimental day.

III. RESULTS

For all subsequent calculations, we used the logarithms of
the relative grip-force values and proceeded as described in the
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TABLE II
RESULTS OF THE ANOVAS FOR HEADSET PRESSURE AND CURRENT MOOD
ASSESSED BY CMM ACROSS REGISTRATION POINTS AND DEVICES

F p | 7’
Registration points | Headset pressure | 10.083¢ | .001 | .305
Current mood 8.882¢ 001 | 279
Device Headset pressure 6.101 001 | 210
Current mood 1.887¢ 122 | .076
Registration points | Headset pressure | 2.789¢ 005 | .108
and device Current mood 2.150¢ .039 | .086

Note: Values of .001 are actually p < .001.
“Indicates Mauchly’s test of sphericity was significant (p < .05) and a
Greenhouse—Geisser correction was made to degrees of freedom.

following. All statistical calculations were carried out by means
of the SPSS software.

A. Evolvement of Headset Pressure and Mood in the
Course of Time

Our first hypothesis assumed that headset pressure would
increase in the course of time for all devices and subject’s current
mood would become worse. We carried out two analyses of
variance (ANOVAs) in order to find out if there were significant
differences between the registration points, devices, and if there
was an interaction between both. The dependent variable was
either the head pressure or current mood assessed by CMM. For
each ANOVA, we utilized a repeated-measures design with two
within-subject factors (seven levels for the device factor and five
or seven levels for the registration-points factor for head pressure
and current mood, respectively). Results are summarized in
Table II. General differences between the levels were examined
and tested with posthoc tests (Bonferroni corrected).

CMM values for headset pressure revealed a significant
main effect for time, device, and an interaction between both.
Fig. 5 (top) shows the headset pressure averaged over the
registration points and subjects for each device. Bonferroni
corrected posthoc tests showed significant differences between
the Trilobite and Jellyfish (p = .014), EPOC (p = .043), and
g.LADYbird (p = .003) as well as between the g. LADYbird and
BR8+ devices (p = .014). The head pressure was increased for
the Trilobite device and lowest for the g.LADYbird. Regarding
subjects’ mood CMM values indicated a significant main effect
for time and a weekly significant effect for the interaction
between time and device. No significant main effect could be
found for the device factor (Fig. 5, bottom). Results for the
posthoc tests regarding the registration points and the nature
of the interaction between the two factors are shown in Fig. 6
(bottom right) for headset pressure and in Fig. 7 (bottom right)
for current mood.

In general, headset pressure decreased five minutes after
application of the devices, gradually increased thereafter, and
reached its maximum value in 45 min (see Fig. 6). This held
true for almost all devices except for the g.SAHARA and
¢.LADYbird that revealed a flat temporal evolvement. For test-
ing the differences between the registration points for each de-
vice separately, we used seven one-factorial, repeated measures
ANOVAs with head pressure as dependent variable. Significant
differences were obtained only for the Trilobite device (F(2.44;
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Fig. 5. Headset pressure and current mood as measured by the hand-grip
force and averaged over the registration points and subjects for each device
(the stronger the grip, the bigger the experienced headset pressure of the device
and the more negative the current mood; calculation of analysis of variance
with repeated measures design and Bonferonni-corrected posthoc tests: s  x:
p < .001;%x:.001 < p < .01;%:.01 < p < .05;error bars indicating the
95% confidence interval).

56.22) = 17.97, p < .001, n? = .439). Bonferroni corrected
posthoc tests revealed a significant difference between the reg-
istration pointimmediately after application of the device and the
first 5 min. Thereby, the pressure decreased. Significant changes
could also be obtained between the means of the 5th min and the
25th min and between the means of the 45th min and all other
registration points before. In these cases, the headset pressure
increased significantly in the course of time.

Descriptive evaluation of subjects’ mood revealed that 5 min
after device wearing the mood got better for most devices.
Thereafter subjects’ mood got worse in the course of time and
became better after take off of the device. An exception was
the g. LADYbird device that did not show the same tendency. In
order to statistically evaluate differences between registration
points for each device, we computed one-factorial, repeated
measures ANOVAs with subjects’ current mood as depen-
dent variable. We found significant differences for the devices
MindCap (F(3.92; 90.24) = 2.06, p = .09, n?> = .082), BR8+
(F(2.74; 63.07) = 7.75, p < .001,7%? = .252), and Trilobite
(F(2.93;67.31) =7.24,p < .001,1*> = .239). For the MindCap
device Bonferroni corrected posthoc tests showed a significant
difference between the registration point after take off of the
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Fig. 6. Headset pressure: Development of the headset pressure measured by
the hand-grip force in the course of time and averaged over the subjects for each
device and registration point (the stronger the grip, the bigger the experienced
headset pressure of the device; calculation of analysis of variance with repeated
measures design and Bonferonni-corrected post-hoc tests: * % x:p < .001; s :
.001 < p < .01;%:.01 < p < .05;errorbars indicating the 95% confidence
interval).

headset and the mood in the 15th, 25th, and 45th min. Similar
significant differences indicating that the mood got better after
take off of the headset were found for the BR8+ device. We
observed significant changes in the means between the registra-
tion point without the device at the end and all other registra-
tion points. Posthoc tests for the Trilobite device revealed that
subjects’ mood decreased significantly between the registration
point before the application of the device and the 45th minute of
wearing. Moreover, subjects’ mood became significantly better
after removal of the device compared to the registration points
of the 15th and 45th min, respectively.

B. Correlation Between Headset Pressure and Subject’s Mood

We proceeded with the investigation of the relation between
subject’s mood and experienced head pressure caused by the
EEG headsets. To recap, subjects were instructed to apply a
greater hand-grip force, the more negative their current mood
was. Similarly, they were asked to grip stronger, the bigger
the experienced head pressure of the device was. Hence, with
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Fig. 7. Current mood: Development of the current mood measured by the

hand-grip in the course of time and averaged over the subjects for each device
and registration point (the greater the hand-grip force value, the more negative the
current mood; calculation of analysis of variance with repeated measures design
and Bonferonni-corrected posthoc tests: * % : p < .001; % :.001 < p <
.01; % : .01 < p < .05; error bars indicating the 95% confidence interval).

TABLE III
CORRELATIONS BETWEEN HEADSET PRESSURE AND SUBJECT’S CURRENT
MOOD FOR EACH DEVICE (N = 24, **:p < .01)

Pearson’s correlation coefficient r

MindCap 0.828%#:*
Jellyfish 0.884%:
BR8+ 0.964
EPOC 0.772%:
2.SAHARA 0.924%:
g.LADYbird 0.838%*
Trilobite 0.910%:*

increasing hand-grip values for the headset pressure, we ex-
pected higher grip-force values for the current mood as well.
We computed the means for both, the current mood and
the headset pressure over subject’s single values from the five
registration points. This was done for each device separately in
order to have an overall value of head pressure and mood from the
whole session for each subject and device. In the following, we
calculated the correlations between headset pressure and mood
for the devices. The results were highly significant, as shown
in Table III. All of the obtained effect sizes for the correlation
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Fig. 8.  Standardized regression coefficients for the relationship between de-

vice’s weight and subject’s current mood as mediated by headset pressure.
The standardized regression coefficient between device’s weight and current
mood, controlling for headset pressure, is in parentheses (x * *: p < .001; sx*:
001 < p <.01; % .01 <p <.05; N=(7devices x 24 subjects) = 168).
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Fig.9. Standardized regression coefficients for the relationship between num-

ber of electrodes and subject’s current mood as mediated by headset pressure.
The standardized regression coefficient between number of electrodes and
current mood, controlling for headset pressure, is in parentheses (x * x: p <.001;
o: p =.06; N = (7 devices x 24 subjects) = 168).

coefficients of the devices could be interpreted as large according
to the guidelines of Cohen denoted for r ([37]).

In the following, we wanted to know if head pressure mediated
the relation between device properties and mood. As postulated
in our two subhypotheses, the number of electrodes or device’s
weight could have an effect on the head pressure and, thus,
influence subject’s mood.

The relationship between device’s weight and subject’s cur-
rent mood was mediated by head pressure. As Fig. 8 illustrates,
the standardized regression coefficient between device’s weight
and head pressure was statistically significant, as was the stan-
dardized regression coefficient between head pressure and sub-
ject’s mood. The standardized indirect effect was 0.21 x 0.87 =
0.18. Standardized indirect effects were computed for each of
5000 bootstrapped samples, and the 95% confidence interval was
computed by determining the indirect effects at the 2.5th and
97.5th percentiles. The results indicated the indirect coefficient
was significant (b = 0.18, SE = 0.06, 95% CI = [0.07, 0.29]).
Device’s weight was no longer a significant predictor of mood
after controlling for the mediator head pressure (b = —0.02,
SE = 0.04, p = .58). That is consistent with full mediation.

Results of the investigation of the relationship between num-
ber of electrodes and subject’s current mood as mediated by
head pressure are shown in Fig. 9. The standardized regression
coefficient between number of electrodes and head pressure was
not significant but near significance level (p = .06), while the
standardized regression coefficient between head pressure and

subject’s mood was highly significant. The standardized indirect
effect was 0.15 x 0.87 =0.13. Standardized indirect effects were
computed for each of 5000 bootstrapped samples, and the 95%
confidence interval was computed by determining the indirect
effects at the 2.5th and 97.5th percentiles. The results indicated
the indirect coefficient was significant (b = 0.13, SE = 0.06,
95% CI = [0.01, 0.25]). There was no significant total effect
between number of electrodes and mood (b = 0.1, SE=0.08,
p = 0.2), i.e., number of electrodes did not directly predict
subject’s mood but only indirectly through head pressure.

IV. DISCUSSION

The main aim of our study was to use the rarely-used method
of CMM in order to investigate user-experience issues of emerg-
ing EEG technology in the course of time. We employed 24
subjects, tested seven different mobile EEG devices, and con-
ducted ratings of headset pressure and subject’s mood by means
of CMM.

A. Evolvement of Headset Pressure and Mood in the
Course of Time

We expected that in the course of time all EEG headsets would
be perceived as burdensome, regardless of model, or electrode
type. We also expected that subject’s mood would become worse
over the headset’s wearing time. The hypothesis could not be
confirmed for all devices. For headset pressure, we obtained a
significant main effect not only regarding registration points but
also regarding the devices. Additionally, there was an interaction
effect between both. Surprisingly, after 5 min of wearing, headset
pressure decreased for almost all devices and became significant
for the Trilobite device. Here, we assumed that subjects were
familiarized with the new device on their head and the initial
discomfort decreased. We have to note that in our study, subjects
did not have any previous experience with mobile, dry-electrode
EEG devices. Thus, the extent to which the found relations
depend on headset experience remains an interesting topic for
future research.

In the course of time, the headset pressure generally increased
until the 45th minute. This increase was particularly prominent
for the Trilobite, our heaviest device. This fits well to our
results from the mediator analysis. Furthermore, the Trilobite
device showed significant differences regarding head pressure
to the devices with soft electrodes (i.e., to the Jellyfish with
foam-based electrodes, EPOC with felt-pad electrodes, and
g.LADYbird with gel electrodes). For the sake of correctness,
we have to mention that these were also the lightest devices. The
g.LADYbird device seemed to be the most comfortable device
with significant differences to the BR+ and Trilobite devices. It
revealed no head-pressure evolvement in the course of time and
no significant differences between the registration points. This
could be responsible for the highly-significant interaction effect
of registration points and device.

Regarding subjects’ mood no differences between devices
could be obtained although there was a significant interaction
between device and registration points. In general, we observed
that after the headsets were removed from subject’s head the
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mood became obviously better for all devices with significant
differences to all previous measurements. An exception was
observed for the g.LADYbird device where subjects’ mood
remained almost constant not only in the course of time but
also after the removal of the headset. This might be a reason for
the weakly-significant interaction effect.

B. Correlation Between Headset Pressure and Subjects’ Mood

In our second hypothesis, we suggested a positive significant
correlation between headset’s comfort and subject’s current
mood. Correlation analysis yielded large, positive, and signifi-
cant correlation coefficients for all devices. We concluded that
subject’s mood was highly correlated to the headset pressure
and, thus, to the wearing comfort of the devices.

Furthermore, we investigated if headset pressure mediated
the effect of device properties on subject’s mood. Results indi-
cated that device’s weight was a significant predictor of head
pressure and that head pressure was a significant predictor
of subject’s mood. This supported the mediational hypothesis.
After controlling for the mediator, the significant relationship
of device’s weight and mood became insignificant, indicating a
full mediation. This result seemed reasonable because a greater
weight could contribute to a greater head pressure and lead to a
worse mood.

In contrary, the number of electrodes had only a significant
indirect effect through head pressure but no significant total
effect on mood. We assumed that there might be other factors
apart from the number of electrodes affecting both head pressure
and mood (as was the case with device’s weight). These might
confound the head pressure-mood relationship of our second
model. The predictor (in this case the number of electrodes)
might be only a part of a more complex model. For instance,
the type of electrode could have a greater involvement in sub-
ject’s current mood than the number of electrodes. This impact
could been even amplified by, e.g., device’s weight or wearing
duration.

Finally, we must be aware that other factors might exist
influencing subject’s current mood during the sessions. These
might be related to the environmental conditions, time on task,
or the interaction with the investigator. The randomized testing
of the devices across subjects tried to account for some of them.
Although, our sample size was relatively large for this kind of
study, it was fairly small for elaborate inferential statistics. As
a further limitation, we have to mention that during this study
new devices appeared on the market, e.g., the actiCAP Xpress
Twist/LiveAmp and the saltwater-based electrode system R-Net
both by BrainProducts or the new highly innovative approach
using in-ear EEG technology ([38], [39]). For evaluating these
and further emerging EEG technology, our study design and the
proposed CMM method could easily be used. Taken the CMM
results as a benchmark to make across-group comparisons [27]
would allow for an integration of the test results from new
devices into the findings already in existence. This would make it
possible to compare emerging EEG devices. Future studies could
also evaluate possible effects of specific tasks on user experience
of EEG devices as well as further aspects like appealing design,
emotions, and pleasure by means of CMM.

V. CONCLUSION

To sum up, subject’s mood and headset pressure were related
to each other and changed over the wearing time. This alternation
was particularly prominent for the Trilobite device where the
changes in the course of time became significant. In contrast,
the g.LADYbird device seemed to be the most comfortable.
We also found that head pressure was a mediator between
device properties and subject’s mood, with device’s weight as
significant predictor. We conclude that developers should attach
importance to the weight of the headset for assuring comfort and
well-being caused by their devices. In this respect they should
be aware of possible interaction effects between the weight,
electrode type, and the number of electrodes.

For our investigation, we made use of the method of CMM that
is gaining again more attention in the scientific community [40]-
[43]. We presented and tested this psycho-physiological
approach for evaluating user experience. By this, we compared
seven mobile EEG devices and gained reasonable results in the
course of time. Although our results might not be surprising, they
provide evidence about the feasibility and quality of the CMM
ratings. Compared to traditional methods for subjective ratings
the CMM approach is direct, rapid, and easy to perform. These
facts create new opportunities for future studies in the field of
user experience, experimental psychology, and human factors
research. Furthermore, our results provide scientific feedback
regarding the comfort claims of manufacturers of emerging
EEG technology. They are of particular interest for researchers
that want to use the new wearable devices for their studies.

In general, CMM offers good possibilities to overcome lin-
guistic or reading barriers or to assess ratings from cognitively
impaired subjects. Furthermore, subjects are not limited to a
preset scaling or limited number of answers and, thus, less prone
to social desirability restrictions caused by predefined answers
that could be interpreted as right or wrong. We hope that our
article contributes not only to the user-experience evaluation of
emerging EEG devices in the course of time but offers also a
new example with positive results regarding the applicability of
the CMM method.

ACKNOWLEDGMENT

The authors would like to thank G. Menzel and R. Bliithner
for their technical and overall support, our student assistant F.
Schroder for conducting the experiments, and M. Freyer and the
student assistants Y. Cao and 1. Pritschke for daily operational
support and graphic editing. Furthermore, we would like to thank
G. Freude and U. Rose for their general project support. More
information about the project where our data were acquired can
be found online.!

Author contributions: T. Radiintz initiated the project and was
responsible for the overall conception of the investigation. Data
analysis was performed by T. Radiintz. Data interpretation was
performed by T. Radiintz and B. Meffert. The manuscript was
written by T. Radiintz. Final critical editing was performed by
B. Meffert.

![Online]. Available:
Forschungsprojekte/f2402.html

http://www.baua.de/DE/Aufgaben/Forschung/


http://www.baua.de/DE/Aufgaben/Forschung/Forschungsprojekte/f2402.html

RADUNTZ AND MEFFERT: CMM FOR EVALUATING USER EXPERIENCE OF EMERGING MOBILE EEG TECHNOLOGY

Ethics statement: All of the investigations acquired were
approved by the local review board of the Federal Institute for
Occupational Safety and Health and complied with the tenets
of the Declaration of Helsinki. All procedures were carried
out with the adequate understanding and written consent of the
subjects.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

REFERENCES

K. Izdebski et al., “Usability of EEG systems: User experience study,”
in Proc. 9th ACM Int. Conf. Pervasive Technologies Related Assistive
Environ., 2016, pp. 34-1-34-4. [Online]. Available: http://doi.acm.org/10.
1145/2910674.2910714

V. V. Nikulin, J. Kegeles, and G. Curio, “Miniaturized electroencephalo-
graphic scalp electrode for optimal wearing comfort,” Clin. Neurophysi-
ology, vol. 121, pp. 1007-1014, 2010.

C. Grozea, C. Voinescu, and S. Fazli, “Bristle-sensors—low-cost flexible
passive dry eeg electrodes for neurofeedback and BCI applications,” J.
Neural Eng., vol. 8, no. 2, 2011, Art. no. 025008. [Online]. Available:
http://stacks.iop.org/1741-2552/8/i=2/a=025008

E. Mathe and E. Spyrou, “Assessment of user experience with a commer-
cial BCI device,” in Proc. Hellenic Conf. Elect. Comput. Eng. Students,
2015.

T. O. Zander et al., “Evaluation of a dry EEG system for application
of passive brain-computer interfaces in autonomous driving,” Frontiers
Human Neuroscience, vol. 11, p. 78, 2017. [Online]. Available: https:
/Iwww.frontiersin.org/article/10.3389/fnhum.2017.00078

J. Ekandem, T. Davis, I. Alvarez, M. James, and J. Gilbert, “Evaluat-
ing the ergonomics of BCI devices for research and experimentation,”
Ergonomics, vol. 55, no. 5, pp. 592-598, 2012. [Online]. Available:
http://dx.doi.org/10.1080/00140139.2012.662527

F. Nijboer, B. van de Laar, S. Gerritsen, A. Nijholt, and M. Poel, “Usability
of three electroencephalogram headsets for brain-computer interfaces: A
within subject comparison,” Interacting Comput., vol. 27, no. 5, pp. 500—
511, 2015. [Online]. Available: https://doi.org/10.1093/iwc/iwv023

'W. Hairston et al., “Usability of four commercially-oriented EEG sys-
tems,” J. Neural Eng., vol. 11, no. 4, 2014, Art. no. 046018. [Online].
Available: http://stacks.iop.org/1741-2552/11/i=4/a=046018

S. Stevens, “On the psychophysical law,” Psychological Rev., vol. 64,no. 3,
pp. 153-181, 1957.

T. M. Benz and V. Nitsch, “Is cross-modal matching necessary? A bayesian
analysis of individual reference cues,” in Haptics: Science, Technology,
and Applications, D. Prattichizzo, H. Shinoda, H. Z. Tan, E. Ruffaldi, and
A. Frisoli, Eds. Berlin, Germany: Springer, 2018, pp. 15-26.

K. M. Gomes and S. L. Riggs, “The effect of age on crossmodal matching
using auditory frequency,” in Proc. Human Factors Ergonom. Soc. Annu.
Meeting, vol. 61, no. 1, pp. 1552—1556, 2017. [Online]. Available: https:
//doi.org/10.1177/1541931213601752

K. Gomes and S. L. Riggs, “Crossmodal matching: A comparison of two
methods,” in Proc. Human Factors Ergonom. Soc. Annu. Meeting, vol. 60,
no. 1, pp. 1595-1599, 2016. [Online]. Available: https://doi.org/10.1177/
1541931213601368

M. C. Lee and J. Park, “There is no perfect evaluator: An investigation
based on prospect theory,” Human Factors Ergonom. Manuf. Service
Industries, vol. 28, no. 6, pp. 383-392, Jun. 2018.

S. L. Riggs and N. Sarter, “Tactile, visual, and crossmodal visual-tactile
change blindness: The effect of transient type and task demands,” Human
Factors, vol. 61, no. 1, pp. 5-24, 2019. [Online]. Available: https://doi.
org/10.1177/0018720818818028

R. G. Pepermans and E. N. Corlett, “Cross-modality matching as a subjec-
tive assessment technique,” Appl. Ergonom., vol. 14, no. 3, pp. 169-176,
1983. [Online]. Available: http://www.sciencedirect.com/science/article/
pii/0003687083900789

A. Campbell, “Subjective measures of well-being,” Amer. Psychologist,
vol. 31, pp. 117-124, 1976.

L. Walker and P. Walker, “Cross-sensory mapping of feature values in
the size-brightness correspondence can be more relative than absolute,” J.
Exp. Psychol., Human Perception Perform., vol. 42, no. 1, pp. 138-150,
2016.

T. N. Coates, “Source localization in cross modality matching of bright-
ness and loudness of young adults,” Communication Disorders, Mas-
ter’s Thesis, David O. McKay School of Education, Provo, UT, USA,
2015.

[19]

[20]
[21]
(22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

(38]

(39]

[40]

[41]

[42]

[43]

305

J. Hayes, “Measuring sensory perception in relation to consumer behav-
ior,” in Rapid Sensory Profiling Techniques. New York, NY, USA: Elsevier,
2015, pp. 53-69.

S. Simonetti, J. Kim, and C. Davis, “Cross-modality matching of linguistic
and emotional prosody,” in Proc. Interspeech, 2015, pp. 56-59.

J. Venrooij et al.,Perception-based motion cueing: Validation in driving
simulation,” in Proc. Eur.: Driving Simul. Conf. Exhib.,2015, pp. 153-161.
M. W. Heft and M. E. Robinson, “Age differences in suprathreshold
sensory function,” AGE, vol. 36, no. 1, pp. 1-8, Apr. 2013.

K. Bronner, K. Frieler, H. Bruhn, R. Hirt, and D. Piper, “What is the
sound of citrus?,” in Proc. 12th Int. Conf. Music Perception Cognition,
2012, pp. 142-148.

M. W. Heft and M. E. Robinson, “The challenge of measuring pain
in humans,” in Biological Measures of Human Experience Across the
Lifespan. Berlin, Germany: Springer, 2016, pp. 105-115.

C. Morewedge, Utility: Anticipated, Experienced, Remembered, 2nd ed.
Hoboken, NJ, USA: Wiley, 2016, ch. 10.

G. Lathwal, I. K. Pandit, N. Gugnani, and M. Gupta, “Efficacy of different
precooling agents and topical anesthetics on the pain perception during
intraoral injection: A comparative clinical study,” Int. J. Clin. Pediatric
Dentistry, vol. 8, pp. 119-122, 2015.

L. Bartoshuk, “The measurement of pleasure and pain,” Perspectives
Psychological Sci., vol. 9, no. 1, pp. 91-93, Jan 2014.

0. C. G. Colhado et al., Evaluation of low back pain: Comparative study
between psychophysical methods,” Pain Medicine, vol. 14,n0.9, pp. 1307—
1315, Sep. 2013.

Y. Huang and M. J. Griffin, “The discomfort produced by noise and
whole-body vertical vibration presented separately and in combination,”
Ergonomics, vol. 57, no. 11, pp. 1724-1738, Aug. 2014.

N. Forta, M. Schust, P. von Lowis, H. Kaiser, and A. Kreisel, “Subjective
comfort of fore-and-aft whole-body vibration measured with the cross-
modality matching method,” in Proc. 47th U.K. Conf. Human Response
Vibration, Southampton, England, 2012.

H. Sydow and P. Petzold, Mathematische Psychologie: Mathematische
Modellierung und Skalierung in der Psychologie. New York, NY, USA:
Springer, 1982.

ENIS0-9241-210:2019, Ergonomics of Human-System Interaction—Part
210: Human-Centred Design for Interactive Systems, Beuth-Verlag, Inter-
national Organization for Standardization, Geneva, Switzerland, 2019.
A. Pinegger, S. C. Wriessnegger, J. Faller, and G. R. Miiller-Putz, “Eval-
uation of different EEG acquisition systems concerning their suitability
for building a brain—computer interface: Case studies,” Frontiers Neuro-
science, vol. 10, p.441,2016. [Online]. Available: https://www.frontiersin.
org/article/10.3389/fnins.2016.00441

T. F. Price and E. Harmon-Jones, “Embodied emotion: The influence
of manipulated facial and bodily states on emotive responses,” Wiley
Interdisciplinary Rev., Cogn. Sci., vol. 6, no. 6, pp. 461-473, Sep. 2015.
T. Radiintz, “Signal quality evaluation of emerging EEG devices,” Fron-
tiers Physiol., vol. 9, p. 98, 2018. [Online]. Available: https://www.
frontiersin.org/article/10.3389/fphys.2018.00098

Vernier. (2017) Software and technology. Accessed: Jul. 2,2017. [Online].
Available: https://www.verniers.com

J. Cohen, “A power primer,” Psychological Bull., vol. 112, no. 1, pp. 155—
159, 1992.

V. Goverdovsky et al., “Hearables: Multimodal physiological in-ear sens-
ing,” Scientific Rep., vol. 7, no. 1, Jul. 2017, doi : 10.1038/s41598-017-
06925-2.

D. Looney et al.,“The in-the-ear recording concept: User-centered and
wearable brain monitoring,” IEEE Pulse, vol. 3, no. 6, pp. 32-42,
Nov. 2012.

S. L. Riggs and N. Sarter, “Crossmodal matching: The case for devel-
oping and employing a valid and feasible approach to equate perceived
stimulus intensities in multimodal research,” Human Factors, vol. 61,
no. 1, pp. 29-31, 2019. [Online]. Available: https://doi.org/10.1177/
0018720818816439

G. Hamilton-Fletcher, K. Pisanski, D. Reby, M. Stefariczyk, J. Ward,
and A. Sorokowska, “The role of visual experience in the emergence
of cross-modal correspondences,” Cognition, vol. 175, pp. 114-121,
2018. [Online]. Available: http://www.sciencedirect.com/science/article/
pii/S0010027718300593

B. Pitts, S. L. Riggs, and N. Sarter, “Crossmodal matching: A critical but
neglected step in multimodal research,” IEEE Trans. Human-Mach. Syst.,
vol. 46, no. 3, pp. 445450, Jun. 2016.

R. S. Schaefer, L. J. Beijer, W. Seuskens, T. C. M. Rietveld, and M.
Sadakata, “Intuitive visualizations of pitch and loudness in speech,” Psy-
chonomic Bull. Rev., vol. 23, no. 2, pp. 548-555, Apr. 2016. [Online].
Available: https://doi.org/10.3758/s13423-015-0934-0


http://doi.acm.org/10.1145/2910674.2910714
http://stacks.iop.org/1741-2552/8/i$=$2/a$=$025008
https://www.frontiersin.org/article/10.3389/fnhum.2017.00078
http://dx.doi.org/10.1080/00140139.2012.662527
https://doi.org/10.1093/iwc/iwv023
http://stacks.iop.org/1741-2552/11/i$=$4/a$=$046018
https://doi.org/10.1177/1541931213601752
https://doi.org/10.1177/1541931213601368
https://doi.org/10.1177/0018720818818028
http://www.sciencedirect.com/science/article/pii/0003687083900789
https://www.frontiersin.org/article/10.3389/fnins.2016.00441
https://www.frontiersin.org/article/10.3389/fphys.2018.00098
https://www.verniers.com
https://dx.doi.org/10.1038/s41598-017-06925-2
https://doi.org/10.1177/0018720818816439
http://www.sciencedirect.com/science/article/pii/S0010027718300593
https://doi.org/10.3758/s13423-015-0934-0


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


