- IP Address:18.223.172.252

https://econtent.hogrefe.com/doi/pdf/10.1027/1015-5759/a000764 - Wednesday, May 08, 2024 6:16:43 AM

Editorial

Measurement Does Not Take Place in a Legal

Vacuum

ldeas Regarding Regulation (EU) 2017/745 of the European
Parliament and of the Council on Medical Devices

Matthias Ziegler' and Dragos Iliescu?

T Psychological Institute, Humboldt-Universitéat zu Berlin, Germany

2 Faculty of Psychology and Educational Sciences, University of Bucharest, Romania

A typical paper on psychological assessment features a test
and provides details about reliability, validity, and other
psychometric properties supporting the test score interpre-
tation (Ziegler, 2014). The intended readership of such
papers is often other scientists. For tests used outside of
science such information is typically comprised within
easier read test manuals, intended for practitioners. The
set of rules to evaluate complex information is specified
in several standards which have been developed over dec-
ades. For example, the European Federation of Psycholo-
gists’ Associations’ review model of psychological and
educational tests (EFPA Board of Assessment, 2013) or
the American Psychological Associations Standards for
Educational and Psychological Testing (AERA, APA, &
NMCE, 2014) contain guidelines to evaluate the informa-
tion supporting a test score interpretation. To guarantee
the quality of the actual diagnostic process tests are used
in, specific norms, guidelines, or standards have been
released nationally (e.g., in Germany the DIN 33430,
2016; or in the Netherlands as described in Evers et al.,
2010; or by the British Psychological Society as described
in Lindley & Bartram, 2012; or in Spain as described in
Muiliz et al., 2011) and international (e.g., ISO, 2020) con-
texts. Herein, the accumulated scientific knowledge as well
as practical considerations are summarized. All of these
examples show the length the assessment community has
gone to in order to ensure that measurement instruments
and the actual diagnostic process involving those instru-
ments are of high quality. In fact, these guidelines (or sim-
ilar documents) probably belong to the success stories of
our science when it comes to establishing standards and
transferring them into good practice. However, a new EU
regulation aimed at medical devices could threaten this

success story and generate a whole new class of problems
affecting the assessment, especially in the clinical area.

Regulation (EU) 2017/745 of the
European Parliament and of the
Council on Medical Devices

Regulation (EU) 2017/745" of the European Parliament and
the Council on Medical Devices, also known as the Medical
Devices Regulation (MDR), was developed in response to
concerns about the safety and effectiveness of medical
devices in the European Union (EU). It applies to all med-
ical devices, including those used in the diagnosis, preven-
tion, monitoring, treatment, or alleviation of diseases. The
regulation aims to improve the oversight and regulatory
conditions of medical devices in the EU and to ensure that
only safe and effective devices are placed on the market
and used with beneficiaries. The development of the
MDR involved the European Parliament, the Council of
the EU, and the European Commission (2009, 2020), as
well as input from industry stakeholders and patient organi-
zations. The regulation was adopted in 2017 and entered
into force in 2021, with a 3-year transition period to allow
manufacturers to meet the new requirements. Thus, in
2024, the MDR will be actionable.

We note here that members of the psychological assess-
ment community were not among the entities listed as
involved in the development of the MDR; they were, to
the best of our knowledge, not identified among the stake-
holders and thus not invited to participate (albeit, as we will

"The regulation in different languages can be found here: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02017R0745-20200424.
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see, they may well be influenced by the MDR). Criticism
against the MDR in the psychological assessment commu-
nity is therefore not surprising. Nor is it surprising for any
new regulation to be met by criticism: the MDR has been
criticized by some medical industry stakeholders, who
argue that the new requirements are overly burdensome
and could lead to delays in the availability of new medical
devices or even to companies leaving the European market
(e.g., https://www.qualitydigest.com/inside/fda-compliance-
article/eu-regulation-driving-medical-device-manufacturers-
eu-market-112822). Some have also argued that the MDR
could lead to higher costs for manufacturers and consumers
(e.g., https://www.medtechdive.com/news/eu-mdr-costing-
smaller-medtechs-5-of-their-annual-sales-survey,/584399/.
The MDR has been featured in several publications, includ-
ing the Journal of the American Medical Association and the
European Journal of Health Law. Scientific journals that have
written about the MDR include the Journal of Medical
Devices and the Journal of Medical Devices, Data, and Systems.

Despite the attention the MDR has received in the medi-
cal media and medical industry, little was it discussed in psy-
chological assessment and in psychology in general. The
German Board of Assessment and Testing (DTK)® was
tasked by the German Federation of Psychological Associa-
tions to compose a statement dealing with the question of
whether psychometric tests are medical devices. This state-
ment was also accepted by the EFPA Board of Assessment
and was discussed in different settings by other interna-
tional associations, such as the International Test Commis-
sion and the European Association of Test Publishers. In
the following, we will summarize the core ideas of both
the MDR and the statement published by national and
international assessment experts (DGPS, https://www.
dgps.de/schwerpunkte/stellungnahmen-und-empfehlungen/
stellungnahmen/details/messtheoretisch-fundierte-tests-
sind-keine-medizinprodukte/; EFPA, https://www.efpa.eu/
regulation-eu-2017745-medical-devices-efpa-response). We
want to stress that this editorial is not written in an anti-
EU spirit. On the contrary, the authors strongly support
the European spirit in general and see the benefits EU-wide
regulations can have. At the same time, it is part of any
democratic process to openly discuss the effects of laws
and regulations and their application in our specific profes-
sional community.

Core Ideas of the Medical Devices
Regulation

To begin, it is important to clarify what a medical device is,
according to the MDR. To this end, we will list passages

from the regulation, which states “‘medical device’ means

any instrument, apparatus, appliance, software, implant,

reagent, material or other article intended by the manufac-
turer to be used, alone or in combination, for human beings
for one or more of the following specific medical purposes:

- diagnosis, prevention, monitoring, prediction, progno-
sis, treatment or alleviation of disease,

- diagnosis, monitoring, treatment, alleviation of, or
compensation for, an injury or disability,

- investigation, replacement, or modification of the anat-
omy or of a physiological or pathological process or
state,

- providing information by means of in vitro examination
of specimens derived from the human body, including
organ, blood, and tissue donations, and which does not
achieve its principal intended action by pharmacologi-
cal, immunological, or metabolic means, in or on the
human body, but which may be assisted in its function
by such means.” (European Commission, 2020, pp. 5-6)

Furthermore, medical devices are classified into several
categories. Here, the following text passage is of potential
importance:

“Software intended to provide information which is
used to take decisions with diagnosis or therapeutic
purposes is classified as class Ila, ... . Software
intended to monitor physiological processes is classi-
fied as class IIa, except if it is intended for monitoring
of vital physiological parameters, ... .” (European
Commission, 2020, p. 188)

When reading those passages, examples easily come to
mind where psychological tests are used in a clinical setting
with the purpose of diagnosing or treating mental illnesses.
Furthermore, tests of cognitive ability are often used in neu-
ropsychological settings for similar purposes. Such tests are
often computer-based and thus, software in a broader sense.
Thus, the first conclusion of those assessment experts this
editorial is based on (i.e., German Board of Assessment
and Testing) was that some of the tests used in clinical psy-
chological assessment might be prone to be classified as
medical devices when administered via a computer (though
not when administered in paper-and-pencil format).

Implications of the Medical Devices
Regulation for Quality Management
The actual regulation contains little guidance concerning

quality management. More details can be found in the
extensive annex (Annex I, 15.1):

ZMatthias Ziegler, the first author of this editorial is a member of the German Board of Assessment and Testing and participated in drafting the

statement featured here.
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“Diagnostic devices and devices with a measuring
function, shall be designed and manufactured in such
a way as to provide sufficient accuracy, precision and
stability for their intended purpose, based on appro-
priate scientific and technical methods. The limits
of accuracy shall be indicated by the manufacturer.”

To provide evidence for accuracy, precision, and stability a
complex process needs to be undertaken on a regular basis.
This would not only invoke costs but also has further impli-
cations. The costs result from the large number of test tak-
ers which typically have to be assessed to have a data set
sufficient in power to be utilized in typical psychometric
quality tests.

It might be considered a positive fact that the terms accu-
racy, precision, and stability are featured in the MDR - all
these are terms that are also typically used in psychological
assessment when gauging a test score’s reliability (Emons
et al, 2007; Gignac, 2014; Hancock & Mueller, 2001;
Nezlek, 2017; Revelle & Garner, 2022; Sijtsma, 2009; Zin-
barg et al., 2005). Unfortunately, other quality criteria like
validity, norming, or fairness to name but a few prominent
examples, are not directly addressed in the MDR. This
might seem like a blatant flaw at first but may be considered
less stringent when corroborated with the following point.

The MDR makes an explicit statement about the units of
measurement that are provided by medical devices (Annex
15.2): “The measurements made by devices with a measur-
ing function shall be expressed in legal units conforming to
the provisions of Council Directive 80/181/EEC.” This
directive (https://eur-lex.europa.eu/legal-content/EN/TXT/
HTML/?uri=CELEX:32009L0003&from=EN) contains a
table (see Figure 1). This table lists the quantities medical
devices measure and the units used for this purpose. Here
we can find quantities and units that are typical in physics
and other natural sciences, and which have a direct inter-
pretation. Validity evidence is in such contexts not as
important as it is for psychological tests where the typical
unit is a sum of points or a factor score.

Thus, the assessment experts of the German Board of
Assessment and Testing concluded in their statement that
applying the MDR to psychological tests would run the risk
of narrowing the quality focus to reliability aspects only.
Moreover, the assessment experts stated the worry that
some computer-based psychological tests might be placed
into the medical device category Ila by legal authorities
applying the MDR. Both worries seem reasonable and the
effect on quality management of applying the MDR to clin-
ical-psychological tests administered by computers seems
indeed problematic. Before further weighing in on this,
we will first outline what the literature defines as a psycho-
metric test based on measurement theory. Again, we will
closely follow the ideas in the statement published by the

© 2023 Hogrefe Publishing

assessment experts of the German Board of Assessment
and Testing.

What Is a Psychometric Test?

The European Federation of Psychologists’ Associations’
(EFPA) Board of Assessment defines a psychometric test
as any evaluative device or procedure in which a sample
of an examinee’s behavior in a specific domain is obtained
and subsequently evaluated and scored using a standard-
ized process (EFPA Board of Assessment, 2013). This defi-
nition encompasses all instruments that fall under this
category, regardless of the specific label they are given,
such as tests, scales, questionnaires, inventory, or projective
techniques. This definition is closely aligned with the defi-
nition provided by the APA Standards mentioned above.

Measurement according to a standardized process is a
key aspect of psychometric testing. This is achieved by
assigning numbers to observations in accordance with cer-
tain rules (Stevens, 1946). It is important to note that this
assignment of numbers does not yield a directly inter-
pretable quantity, as psychometric measurements do not
measure or report in a natural unit (Michell, 2001). Instead,
the measurement is interpreted by referencing a compara-
tive value, such as by converting it to a normed value in
norm-oriented testing or comparing it to a cut-off value
derived based on a comparison sample in criterion-oriented
testing. Such outputs from psychological assessments do
not have a unit of measurement that is recognized in Direc-
tive 80/181/EEC (see Figure 1).

Psychometric tests based on measurement theory (e.g.,
classical or probabilistic test theory) do provide information
that is taken into account in clinical-psychological diagnos-
tics, but only after interpretation by diagnosticians and con-
sideration of additional information (e.g., Witteman et al.,
2018). As noted above, national and international guideli-
nes exist on which to evaluate the quality of psychometric
tests. These guidelines all define quality based on various
criteria, including reliability (measurement accuracy, preci-
sion, stability), objectivity, validity, norming, fairness, and
more. This assessment of quality is more comprehensive
than that required by Regulation (EU) 2017/745 for medical
devices and often includes detailed checklists of informa-
tion to be considered in relation to the quality criteria.

Regarding the implementation of psychometric tests in
software, it is important to note that there is generally no
functional difference between a test administered using
paper and pencil and a computer-based test with respect
to Regulation (EU) 2017/745. In both cases, measurement
is achieved by assigning numbers, but with computer-based
testing, the assignment is done electronically rather than
using evaluation templates. The conversion to standard

European Journal of Psychological Assessment (2023), 39(2), 79-84
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1.2.3. SI derived units with special names and symbols

Unit Expression
Quantity In terms of
Name Symbol other SI | In terms of SI base units
units

Plane angle radian rad m - m!
Solid angle steradian | sr m? - m?2
Frequency hertz Hz st
Force newton | N m - kg -s?
Pressure, stress pascal Pa N-m?2 [ml-kg-s?
Energy, work; quantity of heat joule ] N-m m? - kg - s72
Power (1), radiant flux watt w J-st m? - kg - s
Quantity of electricity, electric charge coulomb | C s+ A
Electric potential, potential difference, electro- | volt v W-ATl [m?-kg-s3-Al
motive force
Electric resistance ohm Q V-A1l [m?-kg-s3-A?
Conductance siemens | S AVl [m?2- kgl s?- A2
Capacitance farad F C-V1l |[m?2-kgl-s*. A?
Magnetic flux weber Wb V-s m?-kg-s2- Al
Magnetic flux density tesla T Wb - m?|kg-s?2- Al
Inductance henry H Wb - Al m?-kg-s?- A2
Luminous flux lumen Im od - st cd
Hluminance lux Ix Im - m? [m?2-dd
Activity (of a radionuclide) becquerel | Bq 51
Absorbed dose, specific energy imparted, kerma, | gray Gy J kgl | m?-s?
absorbed dose index
Dose equivalent sievert Sv J kgl |m?-s?
Catalytic activity katal kat mol - s7!

(") Special names for the unit of power: the name volt-ampere (symbol “VA”) when it is used to express the apparent power of
alternating electric current, and var (symbol “var”) when it is used to express reactive electric power. The “var” is not included

in GCPM resolutions.

Figure 1. List of units for results derived with medical devices according to the MDR. Retrieved from https://eur-lex.europa.eu/legal-content/EN/
TXT/HTML/?uri=CELEX:32009L0003&from=EN. © Europaische Union, 1998-2023. Available under license CC BY 4.0 (https://creativecommons.

org/licenses/by/4.0).

values is also computer-based, but it follows the same rules
as those applied by human test administrators. As a result,
the error rate can be minimized with software-based test-
ing, but the resulting report and the resulting information
are the same. Therefore, the use of the software does not

European Journal of Psychological Assessment (2023), 39(2), 79-84

have any particular diagnostic significance, and it would
be inappropriate to classify the same instrument as a med-
ical device in some instances and not in others, depending
on the presentation mode, especially when technology is
often nothing more than a page-turner for a test.
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Conclusion by the German Board of
Assessment and Testing

To summarize the statement by the assessment experts of
the German Board of Assessment and Testing lays out
the core ideas of the MDR and portrays how it could be
used to construe an argument for a classification of soft-
ware-based clinical-psychological tests as medical devices.
They go on to lay out the risks for actual test quality by
highlighting the MDR’s sole emphasis on reliability-related
quality aspects. They also identify a core feature the MDR
ascribes to medical devices which is that the results capture
a specific quantity with a specific unit. These quantities and
units (Figure 1) are common in the natural sciences, partic-
ularly in physics, chemistry, and biology but not in psychol-
ogy. This part of the MDR constitutes one of the two pillars
on the experts from the German Board of Assessment and
Testing base their conclusion. The other pillar is the fact
that software-based clinical assessments in most cases are
the computer versions of paper and pencil tests. Of course,
there are psychological assessments that have no paper and
pencil version. However, their use of a computer’s capabil-
ities is usually that they present animations, sounds, or
other stimulation that would not be possible using paper
and pencil. The actual scoring is still done by assigning
numbers to observations, and the software serves a purpose
in the presentation, not the scoring itself. Moreover, the
actual scores have to be interpreted using norms or cutoffs.
This general rule also applies to more complex scoring
methods (e.g., factor scores from CFAs, person parameters
from IRT models, machine learning-derived scores, etc.).
These two arguments led the assessment experts to con-
clude (p. 9):

“Based on the information provided previously, it is
concluded here that psychometric tests are not med-
ical devices. This is also true in the case that the pro-
cedures are used in a software-based manner.

The decisive factor for this evaluation is that psycho-
metric tests can be used in a software-based manner,
but they do not constitute software in their own right.
Otherwise, every digitally administered patient ques-
tionnaire, which can also request information that is
taken into account in the diagnosis (e.g., age, gender,
drug consumption), would be a medical device of cat-
egory Ila with the corresponding necessary quality
assurance measures. ... In the interpretation of the
regulation, a legally relevant contribution of software
should therefore be independent as well as substan-
tial and rather technical in nature.

Furthermore, it is stated that the focus of quality
assurance for medical devices is on measurement

© 2023 Hogrefe Publishing

accuracy. This is justified since measurements
according to Directive 80/181/EEC have natural
units, which are directly interpretable. This is not
the case for psychometric tests, and the scores used
therefore do not appear in Directive 80/181/EEC.
An interpretation is made by comparison with an
empirically obtained reference sample. This also
applies to neuropsychological procedures that use
reaction times, for example. For this reason, demon-
strating the validity of this test score interpretation is
of paramount importance for psychometric tests.
Accordingly, the above guidelines for assessing the
quality of psychometric tests place much emphasis
on testing validity: does the procedure measure what
it claims to measure? This difference between mea-
surement in the medical versus psychological sense
is of considerable importance and supports the state-
ment not to classify tests based on measurement the-
ory as medical devices.”

We concur with this evaluation and agree that psychologi-
cal tests should not be classified as medical devices. It
has to be noted here that the advent of artificial intelligence
and deep learning in the psychological assessment will have
to be considered in this context as well (Fokkema et al.,
2022; Tliescu et al., 2022). Such methods are software-based
and typically use a large variety of data, not only answers
generated by test takers in response to items. However,
the vast majority of such applications are consonant with
a supervised learning process that tries to mimic the results
of a psychometric test or a clinically derived diagnosis.
Thus, none of the quantities and units characterizing med-
ical devices are likely to be the outcome of such tools. In
addition, while this seems to protect supervised learner
algorithms imitating a psychometric test from classification
as a medical device, supervised learners mimicking an
actual diagnosis or treatment plan, being much more com-
prehensive and also final in nature, are most likely not cov-
ered by the arguments presented here. The statement
should therefore not be perceived as a carte blanche for psy-
chological assessment per se but rather as a very specific
recommendation for software-based clinical-psychological
tests.

How to Move on?

These ideas, arguments, and considerations emphasize the
fact that psychological assessment does not occur in a legal
vacuum, to paraphrase a prominent quote. It is also clear
that psychological associations and assessment organiza-
tions need to take a more active stance in advocacy for
our domain, helping to inform the legal bodies that are writ-
ing such directives and laws. A simple first answer to the
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question stated above the paragraph could be to join such
associations and help them to address these issues by
becoming an active member.

These questions also need to be discussed in the psycho-
logical world by a broad range of experts. If psychologists
are not part of the debate in those delicate moments when
rules are developed that may apply to them, now or later,
they will be relegated to apply them without question -
and this is a sobering thought. Therefore, we invite all of
you to start such a discussion regarding MDR. For this pur-
pose, we created an email address where you can send your
thoughts and comments (discussions.ejpa@gmail.com).
Your input will be monitored by the EiC which will suggest
suitable contexts for further debate.

References

AERA, APA, & NMCE. (2014). Standards for educational &
psychological testing. APA.

DIN 33430. (2016). DIN 33430:2016-07, Anforderungen an Verfahren
und deren Einsatz bei berufsbezogenen Eignungsbeurteilungen
[Job related proficiency assessment]. Beuth Verlag.

EFPA Board of Assessment. (2013). EFPA Review Model for the
Description and Evaluation of Psychological and Educational Tests.
http://www.efpa.eu/professional-development/assessment

Emons, W. H., Sijtsma, K., & Meijer, R. R. (2007). On the consis-
tency of individual classification using short scales. Psycho-
logical Methods, 12, 105-120.

European Commission. (2009, March). Regulation (EU) 2017/745
of the European Parliament and of the Council on Medical
Devices. EC. https://eur-lex.europa.eu/legal-content/EN/TXT/
HTML/?uri=CELEX:32009L.0003&from=EN

European Commission. (2020, April). Medical Devices Regulation
(MDR). EC. https://eur-lex.europa.eu/legal-content/EN/TXT/?
uri=CELEX%3A02017R0745-20200424

Evers, A, Sijtsma, K., Lucassen, W., & Meijer, R. R. (2010). The
Dutch review process for evaluating the quality of psychological
tests: History, procedure, and results. International Journal of
Testing, 10, 295-317.

Fokkema, M., lliescu, D., Greiff, S., & Ziegler, M. (2022). Machine
learning and prediction in psychological assessment. European
Journal of Psychological Assessment, 38(3), 165-175.
https://doi.org/10.1027/1015-5759/a000714

Gignac, G. E. (2014). On the inappropriateness of using items to
calculate total scale score reliability via coefficient alpha for
multidimensional scales. European Journal of Psychological
Assessment, 30(2), 130-139. https://doi.org/10.1027/1015-
5759/a000181

Hancock, G. R., & Mueller, R. 0. (2001). Rethinking construct
reliability within latent variable systems. In R. Cudeck, S. du
Toit, & D. Sérbom (Eds.), Structural equation modeling: Present
and future — Festschrift in honor of Karl Joreskog (pp. 195-216).
Scientific Software International.

European Journal of Psychological Assessment (2023), 39(2), 79-84

lliescu, D., Greiff, S., Ziegler, M., & Fokkema, M. (2022). Artificial
intelligence, machine learning, and other demons. European
Journal of Psychological Assessment, 38(3), 163-164.
https://doi.org/10.1027/1015-5759/a000713

ISO 10667-1:2. (2020). Assessment service delivery — Procedures
and methods to assess people in work and organizational
settings. Beuth Verlag. https://www.iso.org/obp/ui/#iso:std:
is0:10667:-1:ed-2:v1:en

Lindley, P. A., & Bartram, D. (2012). Use of the EFPA test review
model by the UK and issues relating to the internationalization
of test standards. International Journal of Testing, 12, 108-121.

Michell, J. (2001). Teaching and misteaching measurement in
psychology. Australian Psychologist, 36, 211-218.

Muniz, J., Fernandez-Hermida, J. R., Fonseca-Pedrero, E., Cam-
pillo-Alvarez, A., & Pefa-Suérez, E. (2011). Evaluacién de tests
editados en Espana [Evaluation of tests published in Spain].
Papeles del Psicologo, 32, 113-128.

Nezlek, J. B. (2017). A practical guide to understanding reliability
in studies of within-person variability. Journal of Research in
Personality, 69, 149-155.

Revelle, W., & Garner, K. M. (2022). Measurement: Reliability,
construct validation, and scale construction. In H. T. Reis &
C. M. Judd (Eds.), Handbook of research methods in social and
personality psychology. Cambridge University Press.

Sijtsma, K. (2009). On the use, the misuse, and the very limited
usefulness of Cronbach’s alpha. Psychometrika, 74, 107-120.

Stevens, S. S. (1946). On the theory of scales of measurement.
Science, 103, 677-680.

Witteman, C. L. M., Van der Heijden, P., & Claes, C. (2018). Clinical
assessment: Psychodiagnostic decision making. De Tijdstroom.

Ziegler, M. (2014). Stop and state your intentions! Let’s not forget
the ABC of test construction. European Journal of Psychological
Assessment, 30(4), 239-242. https://doi.org/10.1027/1015-
5759/a000228

Zinbarg, R. E., Revelle, W., Yovel, I., & Li, W. (2005). Cronbach’s a,
Revelle’s B, and McDonald’s w H: Their relations with each
other and two alternative conceptualizations of reliability.
Psychometrika, 70, 123-133

Published online March 27, 2023

Matthias Ziegler
Psychological Institute
Humboldt-Universitat zu Berlin
Rudower Chaussee 18

12489 Berlin

Germany
matthias.ziegler@hu-berlin.de

Dragos lliescu

Faculty of Psychology and Educational Sciences
University of Bucharest

Sos. Panduri 90

050657 Bucharest

Romania

dragos.iliescu@fpse.unibuc.ro

© 2023 Hogrefe Publishing


http://www.efpa.eu/professional-development/assessment
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32009L0003&amp;from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32009L0003&amp;from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02017R0745-20200424
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02017R0745-20200424
https://doi.org/10.1027/1015-5759/a000714
https://doi.org/10.1027/1015-5759/a000181
https://doi.org/10.1027/1015-5759/a000181
https://doi.org/10.1027/1015-5759/a000713
https://www.iso.org/obp/ui/#iso:std:iso:10667:-1:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:10667:-1:ed-2:v1:en
https://doi.org/10.1027/1015-5759/a000228
https://doi.org/10.1027/1015-5759/a000228


<<
  /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 false
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


