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Abstract

Multiple-choice tests are widely used to assess cognitive ability, scholastic achievement
and knowledge. A multiple-choice (MC) item consists of a question stem that is
shown along with the correct answer and one or several distractors. From among
these response options, test-takers have to identify the solution. Test scores derived
from MC tests have been shown to satisfy high psychometric standards if guidelines
for good item writing are followed. However, investigations of MC tests in practice
revealed a high prevalence of ﬂawed item writing. By comparing the response options
that are shown simultaneously, testwise test-takers can capitalize on such ﬂaws to
increase their test scores, making MC tests biased against less testwise test-takers.
As a consequence, MC test scores may contain construct-irrelevant variance due
to individual diﬀerences in testwiseness. Discrete-option multiple-choice (DOMC)
testing has been proposed as a means to reduce such construct-irrelevant variance.
In DOMC items, the question stem is presented together with only one response
option at a time; additional options are shown only after the correctness of the present
option has been assessed in a yes/no decision. Thus, response options are presented
sequentially rather than simultaneously, precluding the possibility to compare the
relative plausibility of all alternatives. Previous investigations indicated that DOMC
testing makes items more diﬃcult, reduces the number of response options that have
to be shown, and reduces testing time as compared to traditional MC testing. The
present thesis expands the yet small body of research on the DOMC test format.
First, it is shown that DOMC is capable of reducing the eﬀectiveness of testwiseness
strategies, as indicated by the observation that the gap between DOMC and MC
test scores increases as the level of testwiseness increases. Next, by experimentally
establishing diﬀerent levels of knowledge, we ﬁnd that MC and DOMC test scores are
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equally capable of representing known ability levels, suggesting that MC and DOMC
test scores are equally valid. In exploratory analyses, we also ﬁnd that DOMC testtakers very rarely select the correct answer when they have no knowledge. This gives
surprising evidence to the notion that DOMC testing reduces test-takers’ chances to
randomly guess a solution. The remaining part of this thesis proposes and investigates
a new model of response behavior in sequential tests (MORBIST). On the basis of
signal detection theory, MORBIST describes the processes that lead to DOMC item
responses. Simulations based on MORBIST predict that DOMC test scores do not
only depend on test-takers’ ability, but also on their knowledge-independent individual
preference to choose late rather than early response options in DOMC items. We
ﬁrst demonstrate the existence of such individual diﬀerences in acceptance reluctance
in a correlational investigation. Acceptance reluctance is thereby identiﬁed as an
important cognitive trait in the domain of sequential knowledge tests. Consistent
with MORBIST’s prediction, the results of the correlational study also show that
higher acceptance reluctance is related to better test scores in a DOMC knowledge
test. Additional evidence of MORBIST’s usefulness is obtained by reproducing several
known properties of the DOMC test format in a computer simulation. In a concluding
experimental study, we establish low versus high acceptance reluctance using a payoﬀ
manipulation. The results conﬁrm that high acceptance reluctance causally leads to
increased DOMC test scores. Another computer simulation also shows that MORBIST
can adequately reproduce the observed test score gap between high and low acceptance
reluctance. Taken together, the present research shows ﬁrst evidence to the notion that
DOMC test scores contain some construct-irrelevant variance. To obtain an integrated
judgment on the viability of DOMC testing, this drawback has to be weighed up
against the advantages of the DOMC test format that include a reduced susceptibility
to testwiseness and random guessing.
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Zusammenfassung

Zur Erfassung von Wissen, kognitiver Fähigkeit und schulischer Leistung werden
häuﬁg Multiple-Choice-Tests verwendet. Eine Multiple-Choice (MC) Aufgabe besteht
aus einem Fragestamm, der gemeinsam mit der richtigen Antwort und mindestens
einem Distraktor vorgegeben wird. Aus den verschiedenen Antwortoptionen sollen
Testnehmer die korrekte Lösung auswählen. Die psychometrischen Eigenschaften
von MC-Tests genügen hohen Ansprüchen, wenn anerkannte Richtlinien zum Erstellung der Testaufgaben befolgt werden. Empirische Untersuchungen zeigen jedoch,
dass in der Praxis vorkommende Aufgaben oft Mängel aufweisen. Durch den Vergleich aller Antwortoptionen können testschlaue Personen solche Mängel ausnutzen,
um ihren Testwert zu verbessern. Aus diesem Grund können individuelle Unterschiede in Testschläue konstrukt-irrelevante Varianz in MC-Punktzahlen erzeugen, was
deren Validität gefährdet. Das Discrete-Option Multiple-Choice (DOMC) Verfahren
wurde vorgeschlagen, um diese Art konstrukt-irrelevanter Varianz zu reduzieren. In
DOMC-Aufgaben wird der Fragestamm nur mit einer einzigen Option vorgegeben;
weitere Antwortoptionen folgen erst, nachdem die Korrektheit der vorherigen Optionen bewertet wurde. Die bisherige Forschung konnte zeigen, dass DOMC-Aufgaben
im Vergleich zu traditionellen MC-Aufgaben schwieriger sind, die Präsentation von
weniger Antwortoptionen erfordern und in kürzerer Zeit bearbeitet werden können. Die
vorliegende Dissertation berichtet weiterführende Untersuchungen zu den psychometrischen Eigenschaften des DOMC-Antwortformats. Eine erste Untersuchung zeigt,
dass die sequentielle Vorgabe der Antwortoptionen Testnehmer wirksam daran hindert,
nur auf der Basis ihrer Testschläue die richtige Lösung zu identiﬁzieren. Dies belegt
der Umstand, dass die Diﬀerenz von MC- und DOMC-Punktzahlen umso größer ausfällt, je testschlauer Testteilnehmer sind. Danach wird mithilfe einer experimentellen
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Manipulation des Wissens von Studienteilnehmern gezeigt, dass MC- und DOMCPunktzahlen bekannte Wissenszustände vergleichbar valide abzubilden vermögen. In
einer explorativen Analyse wird außerdem festgestellt, dass DOMC-Testnehmer nur
selten zufällig die korrekte Lösung auswählen, wenn sie über kein Wissen verfügen. Der
darauﬀolgende Teil untersucht ein hier neu vorgeschlagenes Modell des Antwortverhaltens in sequentiellen Tests (MORBIST: a model of response behavior in sequential
tests). MORBIST beschreibt mithilfe der Signalentdeckungstheorie die Prozesse, die
beobachtbaren Antworten in DOMC-Aufgaben vorausgehen. MORBIST sagt vorher,
dass das Abschneiden in DOMC-Tests nicht nur von der Fähigkeit der Testnehmer
abhängt, sondern auch von ihrer wissensunabhängigen Neigung, eher späte als frühe
DOMC-Antwortalternativen zu akzeptieren. Die Existenz derartiger individueller
Unterschiede im Festlegungszögern, die in der vorliegenden Arbeit erstmals als für die
sequentielle Wissenstestung bedeutsamer kognitiver Trait belegt werden, wird in einer
ersten korrelativen Studie gezeigt. In Übereinstimmung mit der Vorhersage von MORBIST zeigt sich darin, dass hohes Festlegungszögern mit höheren DOMC-Punktzahlen
einhergeht als niedriges Festlegungszögern. Eine Computersimulation vermag weitere
empirische Beobachtungen der korrelativen Untersuchung erfolgreich zu reproduzieren
und erbringt dadurch weitere Belege für die Bedeutung des Festlegungszögerns und
für die Nützlichkeit von MORBIST. Eine abschließende Studie erzeugt hohes und
niedriges Festlegungszögern experimentell durch eine Manipulation der Auszahlungsmatrix. Die Ergebnisse bestätigen, dass hohes Festlegungszögern kausal zu höheren
Punktzahlen führt als niedriges Festlegungszögern. In einer weiteren Simulation kann
MORBIST die Punktzahldiﬀerenz zwischen Teilnehmern mit hohem und niedrigem
Festlegungszögern adäquat reproduzieren. Insgesamt belegen die durchgeführten Untersuchungen, dass DOMC-Testwerte mit konstrukt-irrelevanter Varianz kontaminiert
sind. Um die Brauchbarkeit des DOMC-Verfahrens abschließend zu beurteilen, muss
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dieser Nachteil gegen die empirisch belegten Vorteile des Verfahrens abgewogen werden,
zu denen eine bessere Kontrolle von Testschläue und Rateprozessen gehört.
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1

Scientiﬁc background

[. . . ] a century of experience with test construction and analysis clearly
shows that it is very hard to ﬁnd out where the scores are coming from if
tests are not constructed on the basis of a theory of item response processes
in the ﬁrst place. [. . . ] No table of correlations, no matter how big, can
be a substitute for knowledge of the processes that lead to item responses.
(Borsboom, Mellenbergh, & van Heerden, 2004, p. 1067f)
1.1

Multiple-choice testing
Multiple-choice (MC) testing is widely used to assess knowledge, scholastic

achievement and cognitive ability. In its common form, an MC item consists of a
question stem and a set of response options. One of the response options is the
correct answer that needs to be identiﬁed by the test-takers. Incorrect options are
called distractors. This version of MC testing is sometimes called “single-choice”
testing to highlight a distinction from response formats that may include multiple
correct answers (Dressel & Schmid, 1953; Kubinger, Holocher-Ertl, Reif, Hohensinn, &
Frebort, 2010; Štěpánek & Šimková, 2013). Whereas there is always only one solution
in MC items, the number of distractors may vary between items. Traditionally,
measurement textbooks advised test creators to write at least three or four distractors
to reduce the chance of randomly guessing the correct solution (Owen & Froman, 1987).
However, researchers now generally agree that creating two distractors in addition
to the solution is usually suﬃcient. Three options are comparably easy to write and
empirical investigations have found that this number oﬀers a suﬃciently high test
quality (Edwards, Arthur, & Bruce, 2012; Haladyna & Downing, 1993; Rodriguez,
2005). Even only two response options may suﬃce if the one accompanying distractor
is of high quality (Papenberg & Musch, 2017).
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The application of MC tests is motivated by pragmatic considerations. In
particular, MC items are scored easily by comparing a respondent’s answer to the
key – i.e., the correct solution – that is already determined during the item writing
process. Therefore, MC items can be scored eﬃciently, objectively and even in an
automized manner (Lindner, Strobel, & Köller, 2015; Tamir, 1991). This eﬃciency
is especially important when a large number of students is to be tested. MC testing
scales well with an increasing size of examinees. In this sense, MC testing stands in
stark contrast to other classical testing formats such as essays or oral examinations
that require more eﬀort in scoring. Such test formats also necessarily rely on a more
subjective assessment of student achievement (Malouﬀ, Emmerton, & Schutte, 2013).
In contrast, MC testing, by design, oﬀers the possibility to score test items objectively.
Arguably, objectivity in scoring can be regarded as the major strength of MC testing
(Haladyna, 2004). In particular, objective scoring procedures suppress conscious and
unconscious biases by human scorers who may, for example, fall prey to the “halo
eﬀect” (E. L. Thorndike, 1920) when assessing a student’s achievement. Malouﬀ et
al. (2013) showed that a written essay received lower scores when graders were led to
believe the writer had previously given a bad oral presentation, as opposed to a good
oral presentation. This eﬀect had a considerable size of d = 0.53 even though the
same performance was rated in both cases (also see Malouﬀ & Thorsteinsson, 2016).
In contrast, objective scoring based on applying the same standards for everyone is a
precondition for fair testing.
A long line of research also shows that test scores derived from MC tests
warrant reliable and valid conclusions on the knowledge and ability levels of testtakers (Downing, 2006). The key to a high psychometric quality is good item writing.
During the last decades, a vast amount of research has resulted in many item writing
guidelines, that today’s test creators can rely on to write MC test questions of high
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quality (Downing, 2002; Ebel, 1971; Farley, 1989; Haladyna, 2004; Haladyna, Downing,
& Rodriguez, 2002; Lindner et al., 2015; Siroky & Di Leonardi, 2015). Unfortunately
however, MC items in practice often do not follow these good item writing guidelines.
A large number of investigations into the quality of practically applied MC tests have
revealed an unsettling proportion of ﬂawed items (Brozo, Schmelzer, & Spires, 1984;
Downing, 2002; Hijji, 2017; Hughes, Salvia, & Bott, 1991; Jozefowicz et al., 2002;
Metfessel & Sax, 1958; Rogers & Bateson, 1991; Tarrant & Ware, 2008; Tarrant,
Knierim, Hayes, & Ware, 2006; Tomkowicz & Rogers, 2005; Willing, Ostapczuk, &
Musch, 2015). This contrast between practical experience and theoretical guidance
may explain why MC testing sometimes has a bad reputation among scholars and
laymen alike (Frederiksen, 1984). It also highlights a ﬂip side to the eﬃciency of
MC testing: whereas administering and scoring MC tests can be done eﬃciently, the
creation of high-quality items is a time-consuming and challenging task (Farley, 1989).
In particular, the creation of functioning distractors poses diﬃculties to many test
creators and teachers (Haladyna & Downing, 1993; Lee & Winke, 2013).
Poor item writing reduces the validity of MC test scores by introducing constructirrelevant variance to the measurement (Downing, 2005). As opposed to unsystematic
random variation in test scores due to unreliability, construct-irrelevant variance is
a systematic distortion of test scores that will consistently put some test-takers at
disadvantage, leading to unfair testing (Haladyna & Downing, 2004; Messick, 1989).
As an example, Downing (2005) reported that ﬂawed MC items were associated with
lower pass-rates on medical school tests. Thus, some students’ test scores were unfairly
impaired as a result of poor item writing rather than their own lack of knowledge.
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1.2

Testwiseness
If some students capitalize on item ﬂaws more eﬀectively than others, they

obtain an unfair advantage over their less cunning peers. The clever exploitation
of superﬁcial ﬂaws in MC item writing has been discussed under the umbrella term
of testwiseness. Testwiseness is conceptually independent from the attribute under
investigation1 and has been identiﬁed as the most prominent source of constructirrelevant variance in MC test scores (Foster & Miller, 2009; Gibb, 1964; Millman,
Bishop, & Ebel, 1965; Sarnacki, 1979; Thoma & Köller, 2018). Millman et al. (1965)
proposed a comprehensive taxonomy of testwiseness that still provides an important
frame of reference for this construct. Their work encompasses a wide spectrum of
test-taking strategies that also include general aspects like eﬃcient time usage in
testing situations. However, most aspects of testwiseness are speciﬁc to MC testing
and concern the ability to recognize superﬁcial cues to the solution that test creators
unwillingly introduce when writing items (Sarnacki, 1979). Starting with Gibb (1964),
researchers interested in measuring individual diﬀerences have therefore highlighted
the ability to use item cues as the deﬁning feature of testwiseness (e.g., Diamond &
Evans, 1972; Thoma & Köller, 2018). Testwise students are able to recognize such
unintended cues to artiﬁcially increase their test scores. If test-takers use cues to
identify the solution, their choice of the correct answer does not reveal their factual
knowledge, but only their testwiseness. Individual diﬀerences in testwiseness may
therefore lead to construct-irrelevant variance in MC test scores (Allan, 1992).
Often, cues arise as a consequence of idiosyncrasies in how item writers phrase
the question stem and the response options. For example, item writers are often
tempted to elaborate the solution more carefully than the accompanying distractors
1

It has however been argued that some partial knowledge of test content helps to better exploit
testwiseness cues (Rogers & Yang, 1996).
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because they ﬁnd it diﬃcult to formulate a concise solution. This often leads to
a solution that is visibly longer than the distractors, or more speciﬁc in meaning
(Sarnacki, 1979). Another problem is that the solution is sometimes more general in
meaning because all distractors include speciﬁc determiners such as “never”, “all”,
or “exclusively”. Such overqualiﬁng determiners easily falsify a statement and are
therefore often used in distractors, but less often in solutions (Slakter, Koehler, &
Hampton, 1970). With regard to response alternatives that can be sorted in a numeric
order, it has been shown that test writers tend to key one of the middle values
(Brozo et al., 1984). By selecting one of these middle values, even test-takers who are
completely unknowing – but testwise – may increase their chances of selecting the
correct solution. In their analysis of 1,220 sample items that had been used in real
college examinations, Brozo et al. (1984) found that in 65 out of 79 (82.3%) items
that had rank-ordered alternatives, one of the middle values was the solution. It has
also been found that when two response options are directly opposite in meaning,
one of them is often correct. This direct opposites cue occurs rather frequently in
real examinations, presumably because creating a distractor that simply reverses the
correct response option lightens the work load of a test writer. In the investigation by
Brozo et al. (1984), this cue was the most prevalent of nine testwiseness cues they
identiﬁed in American college examinations; 12.4% of all MC items contained two
response options that directly opposed each other.
The use of most testwiseness cues is made possible by the direct comparison of the
response options that are shown at the same time (Willing et al., 2015). For example,
the longest alternative can only be recognized when the length of all response options
can be compared. The eﬀectiveness of such meta-cognitive, comparative strategies is
therefore a drawback of the MC format that enables the simultaneous comparison of
the diﬀerent response options. As test creators are not interested in measuring how
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eﬀectively test-takers exploit item cues – but in assessing actual knowledge –, they
may wish to employ a test format that prevents the direct comparison of all response
options.
1.3

Discrete-option multiple-choice (DOMC)
In a study of what they called discrete-option multiple-choice (DOMC) testing,

Foster and Miller (2009) discussed that a sequential presentation of response options
might prevent the usage of testwiseness cues. In DOMC items, response options are
presented one after another in random order. Therefore, test-takers cannot directly
compare the plausibility of the diﬀerent response options using a relative judgment.
Instead, the correctness of each answer has to be evaluated in a separate yes/no
decision using an absolute judgment. For practical reasons, the DOMC item type
can only be administered using a computer (Kubinger, 2009). Figure 1 illustrates a
DOMC item.

   


 







 

Figure 1 . Illustrative example of a DOMC item in which the solution (“Paris”) is
presented as the fourth response option. The solution is shown only if all of the three
distractor options (“Marseille”, “Lyon”, and “Bordeaux”) have been rejected. A point
is awarded only if all distractors that have been presented prior to the solution are
rejected, and if the solution is accepted when it is shown.
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The basic elements characterizing the MC item type remain in DOMC testing.
That is, DOMC items also contain a question stem and a ﬁxed number of response
options, one of which is the solution. DOMC items are, however, usually answered
before all response options have been presented. This is because in DOMC testing,
the presentation of an item ends when one of the following conditions is met: (a) the
solution has been correctly identiﬁed as such; (b) the solution has incorrectly been
rejected, or (c) a distractor has incorrectly been accepted. In each of these cases, the
correctness of the response is determined, rendering the presentation of additional
options unnecessary. Instead, the next DOMC item is presented. Due to the random
order of the response options and the application of stopping rules, diﬀerent test-takers
are presented with diﬀerent subsets of all possible response options. Test-takers only
see all alternatives if the solution is the last option and if they are willing to reject all
distractors shown before.
That fewer response options have to be shown helps to reduce testing time
because test-takers have to read less item text. Foster and Miller (2009) observed that
compared to parallel MC items, DOMC items led to a reduction in testing time of
about 10%. Willing et al. (2015) even observed a reduction in testing time as large as
30%. Foster and Miller (2009) also argued that when test-takers are presented with
fewer response options, test security is enhanced. If test-takers are never presented
with a response option in the ﬁrst place, they cannot give it away to participants of
future examinations.
The DOMC test format has consistently been shown to increase item diﬃculties
in comparison to traditional MC testing (Foster & Miller, 2009; Kingston, Tiemann,
Miller, & Foster, 2012; Willing, 2013; Willing et al., 2015). A likely reason for this
observation is that DOMC test-takers have to base their decisions on only a subset of
the information that is available to MC test-takers. Moreover, performance in yes/no
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tasks such as DOMC items has long been known to be worse than performance in
forced-choice tasks such as MC items – the comparative availability of the distractors
facilitates the identiﬁcation of the target (Jang, Wixted, & Huber, 2009). However, as
long the test score range allows to discriminate between test-takers of low and high
ability, item diﬃculty in itself is not an indicator of psychometric quality. The more
important criteria of reliability and validity also have to be evaluated in order to allow
judgments on the comparative viability of MC and DOMC testing.
When Foster and Miller (2009) ﬁrst investigated the DOMC response format, they
observed that parallel MC tests and DOMC tests showed comparable psychometric
functioning with regard to item discrimination and thus, internal consistency. However,
they argued that DOMC tests oﬀer an important psychometric advantage over MC
tests by preventing testwiseness strategies. Thus, they expected that DOMC testing
reduces construct-irrelevant variance due to individual diﬀerences in testwiseness,
thereby increasing test score validity. They surmised that DOMC tests better prevent
usability of testwiseness cues because their usage usually relies on the simultaneous
availability of all response options, that is precluded by the sequential presentation of
response options in DOMC testing. Whereas Foster and Miller (2009) only provided a
logical argument for their claim, Willing et al. (2015) found evidence for the notion
that DOMC reduces cue usability by examining test items used in a continuing medical
education test. Of the ten items under investigation, eight items contained cues to their
solution. It was shown that cued items were easier than items that did not contain
cues. Furthermore, items in DOMC format were more diﬃcult than items in MC
format. This increased diﬃculty was however only observed for the items containing
cues, which was evident from an interaction of cue occurrence and test format on item
diﬃculty. Hence, it seemed that cue usage was hindered by the sequential presentation
of response options. This notion however relied on a quasi-experimental design as
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cue availability varied between items of diﬀerent content. Therefore, cue availability
and item content were confounded, and orthogonal experimental manipulations of
cue availability and item content were still needed. The present thesis therefore
reports an experimental study that manipulates cue usability independently from item
content to unambiguously investigate whether DOMC testing reduces cue usability
(see Appendix: Original Research Articles, Article 1).
Two other investigations also examined the psychometric functioning of parallel
MC and DOMC tests (Kingston et al., 2012; Willing, 2013). In these studies, estimates
of test score reliability, item discrimination and criterion-related validity indicated that
test quality was comparable for both formats. Therefore, even though DOMC testing
may prevent the usability of testwiseness cues, direct investigations of psychometric
quality indicate that DOMC test scores are no more valid than MC test scores. It
should be noted, however, that all of the previous comparisons of reliability and
validity of MC and DOMC test scores relied on correlational study designs. To
investigate test validity, correlational validation procedures approximate the attribute
under investigation by presenting a test that serves as a criterion with which the
to-be-validated test is correlated. This procedure yields an estimate of “criterionrelated validity” (Newton & Shaw, 2014). For example, an intelligence test may be
validated using an older version of the same test, which is in fact a standard approach.
Correlational studies however suﬀer from interpretational problems that preclude
strong conclusions. Borsboom et al. (2004) even surmised that any correlational
conception of validity might be “hopeless”. That is because correlational validation
studies evoke at least two problems. First, validation must start at one place – how do
we know that the criterion itself is a valid indicator of the attribute that is intended
to be measured (cf. Wechsler, 1944)? Moreover, correlations between a test and a
criterion do not necessarily indicate the degree to which a test actually measures
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a construct because correlations capture all systematic variance that is shared by
two measures. Such shared variance may be due to factors other than the construct
under investigation if both the test and the criterion are contaminated with the same
construct-irrelevant variance, such as test-takers’ anxiety, motivation, testwiseness or
propensity to take risks (e.g., Diamond & Evans, 1972; Duckworth, Quinn, Lynam,
Loeber, & Stouthamer-Loeber, 2011; Richardson & Norgate, 2015; Rowley & Traub,
1977). Disentangling the inﬂuence of diﬀerent, possibly intercorrelated factors is a
diﬃcult – if not impossible – task in correlational research (Westfall & Yarkoni, 2016).
The observation that MC and DOMC tests scores exhibit the same correlation with
some external criterion therefore does not provide compelling evidence that the two
test formats have comparable validity.
A promising way to overcome the problems associated with correlational validation is to employ an experimental approach (Diedenhofen & Musch, 2017; Erdfelder
& Musch, 2006; cf. Poizner, Nicewander, & Gettys, 1978). In experimental validation studies, test-takers’ ability levels are known – and not confounded by any
other variables –, because the information available to test-takers is manipulated
experimentally (cf. Poizner et al., 1978). The accuracy with which test scores reﬂect
the test-takers’ experimentally manipulated level of information therefore provides
a more reliable index of test validity than a mere correlation with some related test
or construct. Due to the advantages associated with experimental approaches, an
experimental validation of DOMC test scores is reported in the present thesis (see
Appendix: Original Research Articles, Article 2).
1.4

Response sets
DOMC testing might be capable of reducing construct-irrelevant variance due

to testwiseness. DOMC however is associated with a change in response format and
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it is therefore an open question whether DOMC testing introduces other methodspeciﬁc variance. This question is addressed for the ﬁrst time in the present thesis.
DOMC test scores may contain their own share of construct-irrelevant variance if
there are additional factors beyond ability that aﬀect test-takers’ item responses. This
notion is not implausible: DOMC item responses are given in an uncertain situation
characterized by incomplete information. Uncertain and ambiguous testing situations
tend to invoke individual diﬀerences in response sets if a test format allows test-takers
to make use of qualitatively diﬀerent response categories, such as responding “yes” or
“no” in a true-false test (Berg, 1955; Cronbach, 1946).
Response sets arise when test-takers systematically diﬀer in the degree to which
they make use of the available response categories. They can be thought of as an
inﬂuence of personality on test responses that operates above and beyond of what is
to be expected based on the actual trait under investigation. The observation that
personality variables aﬀect test responses has been made early (Swineford, 1938, 1941;
R. L. Thorndike, 1938; Wiley & Trimble, 1936). In more recent years, this area of
research has also been given attention (e.g., Kantner & Lindsay, 2012; Wetzel, Lüdtke,
Zettler, & Böhnke, 2016; Ziegler, 2015). The ongoing research interest is most likely
explained by the variety of response formats in which response sets occur, as has ﬁrst
been systematized by Cronbach (1946). Cronbach also concluded that the presence of
response sets threatens test validity. As the most prominent example of a response
set, acquiescence is the tendency “to agree with test items, regardless of their content”
(McGee, 1962, p. 229). That is, a preference to say “yes” when faced with a question
that requires a yes/no decision. In achievement testing, acquiescent persons may more
often agree with true-false statements when in doubt about their response, whereas
less acquiescent persons might more often disagree—even if they do not diﬀer in ability.
Individual diﬀerences in acquiescence can introduce construct-irrelevant variance to
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test scores if a preference for responding “no” or “yes” systematically inﬂuences test
scores. This might happen if the test creator tends to present more false or more true
statements on the test, leading to biased test results as a consequence of individual
diﬀerences in response set rather than ability.
A similar kind of response set can be investigated in the domain of recognition
memory where old and new words have to be distinguished. In such tasks, signal
detection theory can be used to distinguish ability from bias, i.e., the tendency to
conclude that an item is known from a previous learning phase rather than calling it
“new”. Kantner and Lindsay (2012) recently investigated the stability of such response
biases in old/new recognition memory tasks. In several experiments, they observed
high correlations between measures of response bias across experimental sessions.
They therefore concluded that “some people require more memory evidence than do
others before they are willing to call an item ‘old’ (p. 1163)”. Due to the stability of
individual diﬀerences in response bias, Kantner and Lindsay (2012) also coined the term
“cognitive trait” to describe response biases that reliably and systematically inﬂuence
observed behavior in any kind of cognitive tasks. They used this label to distinguish
biases from more general personality traits like extraversion and agreeableness, even
though they did not claim that cognitive traits have to be regarded as independent
concepts. For the present thesis, the concepts of response set and cognitive trait will
both be regarded as inﬂuences of personality on test responses, and no particular
distinction will be made between the two. As compared to the term response set,
the label cognitive trait may place a special focus on the reliability and stability of
individual diﬀerences, highlighting a trait-like character.
As compared to testwiseness, response sets constitute a diﬀerent kind of unwanted
inﬂuence on test responses. Testwiseness is based on a deliberate analysis of the
superﬁcial properties of MC items (Rogers & Yang, 1996). In contrast, response
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sets are based on an inherent personal preference for choosing a certain response
type (Sarnacki, 1979). For example, a testwise examinee may select “yes” more often
in a true-false test, but not because of a personal preference for responding “yes”,
but because she or he knows that the test creator tends to use more true than false
statements. Whereas testwiseness is seen as a threat to the validity of MC test scores,
it has been argued that MC testing is comparably free of response sets (Cronbach,
1950). That is because in MC testing, there are no diﬀerent types of responses – the
selection of each option belongs to the same qualitative response category. Note that
MC tests may allow for a response set when a penalty for false answers is included in
the scoring scheme (Sherriﬀs & Boomer, 1954). To reduce the success rate of random
guesses in MC tests – that is often considered to be a major disadvantage of MC
testing – test administrators often apply negative scores when test-takers select a
distractor. If such penalty scoring is applied and test-takers are uncertain about the
correct solution, they have to choose – based on their personal propensity to take
risks – if they nevertheless select one of the options or if they omit the response.
Unfortunately – with most scoring schemes –, the dominant strategy is to always select
an answer even if penalty scores are applied (cf. Dirkzwager, 1996; Frary, 1988; Rowley
& Traub, 1977). Risk averse test-takers are thereby unfairly put at a disadvantage.
In particular, female test-takers are discriminated against because they tend to omit
items more often (Baldiga, 2013; Ben-Shakhar & Sinai, 1991). Another possibility to
allow for a response set in MC testing is to include response options such as “none of
the above is true” or “all of the above is true” (Frary, 1991; Haladyna, 2004). In this
case, test-takers may diﬀer in their willingness to use one of these “catch-all” options.
Maybe for this reason, test writers are generally discouraged to use such options in
MC tests (Haladyna & Downing, 1989).
In the standard version of MC testing discussed here, the only plausible response
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set is one of positional bias. Test-takers may prefer to select response options in
dependence of their spatial location. For example, they might prefer one of the middle
options (Attali & Bar-Hillel, 2003; Wevrick, 1962). Research shows that test-takers
seem to have a small preference for selecting an option that is shown at the top of the
list of alternatives. This leads to slightly increased item diﬃculties when the key is one
of the later options (Hohensinn & Baghaei, 2017; Tellinghuisen & Sulikowski, 2008).
However, the evidence for individual diﬀerences in positional bias is weak; test-takers
do not seem to vary substantially in their propensity to select options as a function of
their spatial position (Cronbach, 1950). Furthermore, test creators seem to take care
to place the correct solution evenly among the possible positions (Brozo et al., 1984).
This suggests that even if individual diﬀerences in positional bias existed, they would
not introduce substantial variance to test scores.
Whereas DOMC testing may reduce construct-irrelevant variance due to testwiseness, it is well possible that it introduces other construct-irrelevant variance as
a consequence of a positional bias. In DOMC testing, positional bias would not be
concerned with spatial location, but with the sequential presentation order of the
response options. Some test-takers may prefer to select response options that are
presented early, whereas others may prefer late positions. Diﬀerences in positional
preference may be fueled by the uncertainty that is inherent to DOMC testing: even
though test-takers know that one of the response options will eventually be the correct
solution, they are clueless with regards to when the correct answer will be shown.
In this ambiguous situation, some test-takers may feel rushed to accept a plausible
response option early, while other respondents may be inclined to wait longer before
they accept an answer. No previous study has investigated whether DOMC item
responses are aﬀected by response sets. The present thesis reports ﬁrst evidence of
the existence of a positional response set that will be called acceptance reluctance (see
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Appendix: Original Research Articles, Article 3). Acceptance reluctance inﬂuences
test-takers proclivity to accept early DOMC response options and is identiﬁed as a
potentially important cognitive trait in the domain of sequential knowledge tests. If
individual diﬀerences in knowledge-independent acceptance reluctance aﬀect DOMC
test scores, DOMC test scores would be contaminated with construct-irrelevant variance. This would raise serious questions regarding the viability of DOMC testing as
an alternative to MC testing.
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Summary of new contributions

To extend the yet small body of research on the viability of DOMC testing, the
present thesis presents four empirical studies and a theoretical model of the processes
that lead to item responses in DOMC tests. The two major aspects of validity in
psychological assessment are investigated in the domain of DOMC testing (cf. Messick,
1989). That is: (a) how well do DOMC test scores capture the relevant signal, i.e.,
how well do they represent the construct under investigation, and (b) how well do
DOMC test scores suppress noise, i.e., to what degree are they susceptible or robust to
incorporating construct-irrelevant variance. The studies reported here do not employ
a traditional correlational approach to validation – correlating test scores with some
external criteria (Newton & Shaw, 2014) –, but instead focus on the causal processes
that lead to DOMC item responses. Thus, recent recommendations on the validation
of testing procedures were followed (e.g. Borsboom et al., 2004; Embretson, 2007;
Lissitz & Samuelsen, 2007). A particular emphasis was given to experimental methods
that traditionally have been underutilized in research on psychological assessment
(Erdfelder & Musch, 2006). Experimental methods are however necessary to investigate
the causal inﬂuence of attributes that are hypothesized to aﬀect test achievement (cf.
Borsboom et al., 2004; Messick, 1993). In particular, they are needed to analyze the
extent to which construct-irrelevant factors – such as testwiseness or response sets –
aﬀect test scores, because these unwanted factors may be correlated with the construct
under investigation (Rowley & Traub, 1977). For example, more testwise test-takers
may also be more intelligent, making it diﬃcult to assess the unique contribution of
testwiseness to test scores in purely correlational research (Diamond & Evans, 1972;
Scruggs & Lifson, 1985; cf. Westfall & Yarkoni, 2016).
In a ﬁrst study, we extend recent ﬁndings showing that DOMC is capable of
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preventing the usability of testwiseness cues (see Appendix: Original Research Articles,
Article 1). By varying test-takers’ testwiseness experimentally – thereby improving
the design over the previous quasi-experimental designs –, it is shown that DOMC
testing reduces cue usability particularly well when test-takers know about their
presence and actively search for them. Thus, DOMC testing reduces the test score
gap between more and less testwise test-takers and therefore has the potential to
reduce construct-irrelevant variance due to individual diﬀerences in testwiseness. As
a secondary ﬁnding – supporting the notion that DOMC prevents the usability of
testwiseness cues – it is shown that the reduction in cue usage is moderated by cue
validity: the more reliably cues hint towards the solution, the better will DOMC
prevent their usage.
Second, an experimental procedure is employed to compare the validity of
DOMC and MC test scores (see Appendix: Original Research Articles, Article 2). By
experimentally inducing diﬀerent levels of information, the ability levels of test-takers
are known and serve as a strong validation criterion. Based on a comparison of the
accuracy with which test scores predict information levels, a Bayes factor gives strong
evidence to the notion that MC and DOMC test scores are equally valid. Furthermore,
we ﬁnd no diﬀerence in internal consistency as measured by Cronbach’s α (Cronbach,
1951). By closely exploring the response behavior of completely uninformed test-takers,
we furthermore surprisingly ﬁnd that DOMC testing reduces the chance to luckily
guess the correct solution in comparison to MC testing. When DOMC test-takers have
no knowledge, they only choose the correct answer in 5% of all cases, as compared
to a success rate of 17% in MC format. When information is provided, test-takers
choose the correct solution in 87% of all MC item presentations and in 80% of all
DOMC item presentations. Thus, the gap between MC and DOMC test scores is
even larger when test-takers are uninformed, indicating that DOMC testing makes it
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particularly hard for uninformed test-takers to randomly guess a solution. Given that
the susceptibility to random guessing is often considered to be the major weakness
of MC testing (Kubinger et al., 2010), this result may encourage researchers and
practitioners to try out DOMC testing as an alternative procedure.
The remaining part of this thesis investigates a newly developed model of
response behavior in sequential tests (MORBIST ; see Appendix: Original Research
Articles, Article 3). We propose MORBIST as the ﬁrst formalization of the processes
that lead to DOMC item responses. The mathematical basis of MORBIST is the
Gaussian model of signal detection, which is a standard model of decision making in
many areas of psychological research (Kellen, Klauer, & Singmann, 2012; Macmillan
& Creelman, 2005; Pastore, Crawley, Berens, & Skelly, 2003). MORBIST assumes
that DOMC item responses are not only determined by the ability of test-takers, but
also by their knowledge-independent acceptance reluctance. Acceptance reluctance
is a positional response set that is based on test-takers’ willingness to choose late
rather than early response options in DOMC items.2 A high acceptance reluctance is
characterized by the application of a stricter and more conservative response criterion
for early options – and consequently, a preference for choosing later response options
–, whereas a low acceptance reluctance is characterized by the application of a more
liberal response criterion that favors the acceptance of early answers.
In a correlational study, we report ﬁrst evidence of the existence of individual
diﬀerences in acceptance reluctance. Whereas some test-takers consistently accept
response options early when faced with questions to which they cannot know the answer,
others consistently decide to reject more options. Thus, test-takers reliably show
low or high acceptance reluctance, respectively. To investigate potential correlates of
acceptance reluctance, we also assess other measures of response style and personality
2

As a German translation of acceptance reluctance we chose Festlegungszögern.
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such as risk-taking propensity (Dohmen et al., 2011; Lejuez et al., 2002), perfectionism
(Stoeber, Otto, Pescheck, Becker, & Stoll, 2007), need for cognition (Bless, Wänke,
Bohner, Fellhauer, & Schwarz, 1994; Cacioppo, Petty, Feinstein, & Jarvis, 1996), and
overclaiming (Paulhus, Harms, Bruce, & Lysy, 2003; Ziegler, Kemper, & Rammstedt,
2013). Acceptance reluctance is not related to any of these variables, indicating that
it might be a cognitive trait of its own (Kantner & Lindsay, 2012). We observe that a
higher acceptance reluctance is related to better test scores in a DOMC knowledge test.
This relationship remains signiﬁcant even when statistically controlling for overall
knowledge, suggesting that DOMC test scores may contain some construct-irrelevant
variance due to individual diﬀerences in knowledge-independent acceptance reluctance.
Next, we ﬁnd that a simulation based on the MORBIST model can reproduce
several results that have been observed in the correlational study. Thus, ﬁrst evidence
of MORBIST’s usefulness is obtained. The reproduced results include (a) a higher
diﬃculty of DOMC items as compared to MC items, (b) a higher number of false
acceptances of distractors in comparison to missed solutions in DOMC tests, (c) that
DOMC items are more diﬃcult when the solution is shown later, and (d) that in
DOMC tests, fewer response options have to be shown than in MC tests. Another
simulation shows that MORBIST can also account for the observation that higher
acceptance reluctance is associated with better DOMC test scores. By predicting that
DOMC test scores depend on individual acceptance reluctance, MORBIST suggests
that DOMC test scores contain a share of construct-irrelevant variance. MORBIST
thereby exempliﬁes how the investigation of internal response processes may help
to better understand test validity, as it reveals a direct link between these internal
processes and construct-irrelevant variance in DOMC test scores (cf. Borsboom et al.,
2004).
Last, using a within-participants manipulation, we establish high versus low
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acceptance reluctance to provide a ﬁnal empirical test of the claim that acceptance
reluctance causally inﬂuences DOMC test scores. In the experiment, a payoﬀ manipulation encourages the selection of either early or late response options to induce low
and high acceptance reluctance, respectively. Consistent with MORBIST’s predictions
and the correlational results, we ﬁnd that a high acceptance reluctance payoﬀ leads to
signiﬁcantly increased test scores. Therefore, the experiment conﬁrms that DOMC
test scores contain construct-irrelevant variance, raising questions on the viability of
DOMC testing as an alternative to traditional MC testing. On the basis of another
simulation, we compute a Bayes factor that evaluates the relative evidence the data
provide for the MORBIST model in comparison to a null hypothesis that assumes
no eﬀect of acceptance reluctance. The Bayes factor indicates that MORBIST describes the observed gap between test scores under high and low acceptance reluctance
substantially better than the null model. Thereby, MORBIST creates a direct link between psychological theory – as captured in the MORBIST simulation – and statistical
inference. Such analyses that connect statistics and theory are desirable (Vanpaemel,
2010). Unfortunately, however, there is usually no clear link between statistical testing
and substantive theory in psychological research (Kass, 2011; Rouder, Haaf, & Aust,
2018).
Because the experimental manipulation of acceptance reluctance was conducted
within participants, it was possible to compare test-takers’ performance in two successive DOMC tests. The comparison indicates that regardless of the level of acceptance
reluctance, test-takers tend to score better in the second DOMC test than in their
ﬁrst. This result suggests that test-takers become better at solving DOMC items
when increasing their familiarity with the new response mode.
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Discussion

Taken together, the present research presents a mixed picture on the viability of
DOMC testing. While successfully reducing the usability of testwiseness cues, DOMC
testing introduces its own share of construct-irrelevant variance due to individual
diﬀerences in acceptance reluctance. The ﬁnding that DOMC test scores contain some
construct-irrelevant variance was suggested by a correlational investigation, causally
conﬁrmed in an experimental study, and is theoretically underpinned by the newly
proposed MORBIST model that provides a link between DOMC response processes
and DOMC test scores. By investigating the response processes in DOMC testing more
closely than has been done before, our ﬁndings also identiﬁed knowledge-independent
acceptance reluctance as a new cognitive trait that deserves further research attention
in the future. Such research should for example investigate the temporal stability and
the domain speciﬁty of acceptance reluctance. Other research domains that may proﬁt
from a closer look at individual diﬀerences in acceptance reluctance include consumer
product choice (e.g. Bearden & Connolly, 2007) and eyewitness performance in police
lineups (e.g., Meisters, Diedenhofen, & Musch, 2018; Mickes, Flowe, & Wixted, 2012).
The present thesis reports the ﬁrst experimental validation of DOMC test scores
and therefore provides a methodologically particularly strong contribution to the
yet small body of research on DOMC testing. The experimental validation strongly
indicates that DOMC test scores are no less valid than MC test scores. While this
ﬁnding may be considered a success for the relatively new DOMC format – after
all, MC testing is the “gold standard” that has withstood long years of critical
scientiﬁc enquiries –, it raises the important question whether the technically more
demanding DOMC format should be employed in the ﬁrst place. While MC tests can
be administered relatively easy in paper-and-pencil settings, the DOMC test format
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can only be administered using a computer (cf. Kubinger, 2009). If DOMC testing
does not improve the reliability and validity of test scores – and even introduces its own
method-speciﬁc variance – the question is raised whether there are any circumstances
that justify the increased eﬀort that is necessary to administer DOMC tests. Indeed,
there may be applications that could beneﬁt from the advantages that DOMC tests
oﬀer. For example, high-stakes tests that require high test security may proﬁt from
the fewer response options shown in DOMC items (Foster & Miller, 2009). Moreover,
previous research indicated that DOMC can reduce testing time considerably, which
may also be a desired characteristic in some settings, for example online research.
The time savings may also allow to employ more test items in the same time, thus
potentially increasing reliability. Given that the best established ﬁnding on the DOMC
test format is an increased item diﬃculty, DOMC testing also oﬀers a rather simple
way to increase the diﬃculty of MC items, which may be an interesting application in
some settings.
Moreover, the reduced susceptibility to testwiseness and random guessing counters one of the most prevalent criticisms of MC testing, namely that test-takers may
obtain unduly high test scores even in the absence of any factual knowledge (Foster &
Miller, 2009; Kubinger, 2009; Kubinger et al., 2010; cf. Owen & Froman, 1987). The
reduced susceptibility to guessing was ﬁrst observed in our experimental validation,
establishing that the test score gap between MC and DOMC test scores is larger when
test-takers have no information about the correct answer. Due to the presence of this
interaction, the very low chance of guessing the solution (success rate: 5%) could
not be explained by a mere higher diﬃculty of DOMC items. It is thus suggested
that uninformed test-takers have strong diﬃculties to identify the correct solution
in DOMC items, which is therefore another advantage of DOMC testing. However,
as this result was surprising and was established in exploratory analyses, further
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research has to investigate the guessing success of DOMC test-takers. If the reduced
susceptibility to random guessing turns out to be a stable characteristic, an important
additional beneﬁt of DOMC testing has been identiﬁed. This potential beneﬁt alone
makes future investigations of the DOMC response format worthwhile.
To pass an integrated judgment on the viability of DOMC testing, several
additional aspects also have to be considered. First, whereas we observe individual
diﬀerences in acceptance reluctance that lead to unwanted variation in DOMC test
scores, it is possible that the magnitude of such individual diﬀerences would decrease
once test-takers get acquainted to the new test format. The experimental manipulation
of acceptance reluctance successfully inﬂuenced test-takers’ response criteria, indicating
that test-takers are capable of strategically adapting their response behavior in DOMC
tests. Test-takers also tended to perform better in their second DOMC test. Hence, it
is possible that test-takers learn to employ a better level of acceptance reluctance after
gathering more experience with DOMC testing. This might negate the problem of
individual diﬀerences in acceptance reluctance in the long run. However, more research
is needed to investigate the prevalence and the variation of individual diﬀerences in
acceptance reluctance. Such research should also assess how these individual diﬀerences
may change over time and across repeated testing.
When judging the usefulness of DOMC testing, we also should not forget that
the body of research on the DOMC format is still small. MC testing on the other
hand looks back on an entire century of scholarly research and practical experience.
Moreover, MC testing has accumulated a large amount of criticism in that time, similar
to the criticism that DOMC test scores contain some construct-irrelevant variance
due to acceptance reluctance. In fact, there are many scholars and practitioners who
completely object to the use of MC testing (see Frederiksen, 1984). Importantly,
the viability of MC testing rests on the availability of item writing guidelines that
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summarize the large amount of empirical ﬁndings. Given a long line of research, test
creators now have all the tools they need to write eﬀective MC test questions. Ninety
years back however, such information was not available. This should be considered
when judging the viability of DOMC testing that was only proposed in 2009 (Foster
& Miller, 2009). Nine years later, there is still only little experience with the DOMC
test format. It is also noteworthy that previous research – including the research
presented here – constructed DOMC items by simply presenting response options of
available MC items sequentially. Even though this is a convenient procedure, it is
possible that there is a need for DOMC speciﬁc item writing guidelines. Up to date,
no research has addressed which test items work well in DOMC format and which
do not. It is therefore possible that all of the previous investigations did not observe
the best possible performance of DOMC testing, simply because it was not known
what characteristics good DOMC items should possess. Maybe these characteristics
are diﬀerent from the properties that well-written MC items have. I therefore suggest
that future research on the DOMC test format should focus on how to maximize the
quality of DOMC test items, instead of focusing on comparative studies of DOMC
and MC testing. The investigation of new MORBIST model was a ﬁrst step in this
direction by focusing on the response processes in DOMC items speciﬁcally.
Given that both MC testing and DOMC testing have their own disadvantages—
generally, it seems to be unavoidable that a testing procedure has some ﬂaws—, it is
plausible that the decision to employ the DOMC response format should incorporate
situational requirements. If the positive aspects of DOMC testing – that include
better control of testwiseness and guessing, and increased test security compared to
conventional MC tests – are deemed desirable in a given application, DOMC testing
can and should be employed.
Our results encourage the application of experimental validation procedures in
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future studies. The reduced susceptibility to random guessing could only be identiﬁed
because – due to the experimental design – it was known whether respondents had
received the critical information that was necessary to answer items correctly. In
general, experimental validation studies have important advantages over correlational
studies because of the strict control over the validation criterion. Due to the improved
study design, we thereby obtained strong evidence to the notion that DOMC test
scores are as valid MC test scores. Importantly, the applicability of experimental
validation studies is not limited to the comparison of diﬀerent variants of multiplechoice testing; in principle, many testing procedures could be validated using an
experimental approach. Even test formats such as essays or oral examinations can be
investigated using experimental validations.
Finally, the proposed model of response behavior in sequential tests (MORBIST)
was found to provide a promising foundation for investigating the response processes
involved in answering DOMC questions. In particular, MORBIST successfully reproduced several empirically observed properties of the DOMC test format and also
accounted for the observation that high acceptance reluctance leads to better test
scores than low acceptance reluctance. As the present ﬁndings indicate that it is
worthwhile to further investigate the properties of DOMC testing, the MORBIST
formulations may oﬀer a helpful guidance for all researchers who are interested in
studying DOMC tests in the future.
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Sequentially presented response options
prevent the use of testwiseness cues in
multiple-choice testing
Martin Papenberg1 , Sonja Willing2 & Jochen Musch3

Abstract
Testwiseness — the ability to ﬁnd subtle cues to the solution by comparing all available response
options — threatens the validity of multiple-choice (MC) tests. Discrete-option multiple-choice
(DOMC) is an alternative testing format in which response options are presented sequentially
rather than simultaneously. A test consisting of items that included cues to their solutions was
constructed to test whether DOMC testing allows for a better control of testwiseness than MC
testing. Although test items were generally more difﬁcult in the DOMC than in the MC format,
the availability of item cues led to an increase in test scores that was considerably larger in the MC
condition. DOMC was thus shown to allow for a better control of testwiseness than MC. DOMC
testing also reduced the number of response options that had to be presented. The DOMC format
therefore seems to offer an interesting alternative to traditional MC testing.

Keywords: discrete-option multiple-choice, item cues, sequential item presentation,
testwiseness, multiple-choice testing
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Introduction
Multiple-choice testing is one of the most popular testing formats for the assessment of
knowledge. It is widely used in diverse settings including school tests, university exams,
vocational aptitude tests, and even TV quiz shows. In its standard form, a multiple-choice
(henceforth MC) item consists of a stem and a set of three to ﬁve response options, one
of which is the solution (Foster & Miller, 2009). The stem is the core of an item, which
presents the question that has to be answered. Next to the stem, all possible response
options are presented. The examinee’s task is to choose the correct answer from among
this set of options. Sometimes this variant of MC testing is called “single-choice” testing
because only one response option is the correct solution. Usually, all options (i.e., the
solution and the distractors) are presented simultaneously to the test taker.
MC testing of this kind provides an efﬁcient way to objectively measure cognitive ability.
Unlike other test formats such as open questions or essays, MC tests can be scored easily,
objectively, and even in an automated manner, rendering the testing of large groups
feasible (Tamir, 1991). Considering the approximately 90 years of research on MC tests,
Downing (2006) concluded that there is strong evidence for the validity of MC testing
across a wide range of areas.
Critics, however, have doubted that recording the mere selection of a MC response
option adequately assesses higher order thinking skills (Hancock, 1994). The selection
of an MC option may not reveal actual knowledge of a respondent, but simply indicate
the alternative a respondent considers to be the most plausible (Holmes, 2002). This
choice is based on a comparison that is performed by taking all available options into
account simultaneously. Therefore, a drawback of the MC test format is that cues that
indicate which solution is correct may be derived or identiﬁed by comparing the various
response options.
Gibb (1964) deﬁned testwiseness as the ability to ﬁnd and to make use of such extraneous
cues in MC items. Item cues have been shown to make MC items less difﬁcult, and
testwise persons who are capable of making use of item cues may use these cues to
increase their test scores (Allan, 1992). Rost and Sparfeldt (2007) surprisingly found
that by comparing all available response options, pupils could often identify the correct
solution without even knowing the question (cf. also Sparfeldt, Kimmel, Löwenkamp,
Steingräber & Rost, 2012).
Item cues that can be used to identify the correct answer also reduce the construct
validity of MC items if individual differences in testwiseness – that need not necessarily
be related to the examinee’s knowledge – add construct-irrelevant variance to MC test
scores (Haladyna & Downing, 2004; Millman, Bishop & Ebel, 1965; Rost & Sparfeldt,
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2007). In principle, items on carefully constructed tests should not be solvable by simply
using testwiseness strategies if guidelines for good item writing practices are followed
(Haladyna, 2004). However, many MC items are created under time pressure and by
authors who have little experience with test development (Downing, 2006). Accordingly,
Brozo, Schmelzer, and Spires (1984) found that even in a sample of 1,220 MC items
that had been used in real college examinations, 44 % of the items contained one of 10
different kinds of item cues. On average, for these ﬂawed items, using the available
cues almost tripled the probability of a correct solution as compared to a baseline of
random guessing. Several other investigations also showed a high prevalence of item
ﬂaws that allowed identifying the solution (e.g. Hughes et al., 1991; Metfessel & Sax,
1958; Tomkowicz & Rogers, 2005). In a more recent study, Tarrant and Ware (2008)
analyzed 10 tests that had been used for high-stakes assessments in a nursing program.
They also found that between 28 - 75 % of the MC test items contained ﬂaws, most of
which favored testwise students.
Testing formats that control for the application of testwiseness are therefore desirable.
Computerized alternatives to traditional MC tests allow more ﬂexibility in presenting
items, and presenting response options sequentially may help to control for guessing
(Kubinger, 2009). A sequential presentation of response options was ﬁrst used by Srp
(1994; cf. Kubinger, 2009) in a test of logical reasoning. In a study of what they called
discrete-option multiple-choice (henceforth DOMC) testing, Foster and Miller (2009)
discussed that a sequential presentation of response options might help to prevent the
use of testwiseness cues, because a sequential presentation precludes the simultaneous
comparison of all available response options prior to answering.
Like a standard MC item, a DOMC item consists of a stem and a number of response
options, one of which is the solution (Foster & Miller, 2009). The difference from
standard MC items is that response options are not presented simultaneously, but one at
a time in a random order. For each single option, the test taker therefore has to make
a decision about whether it is the correct solution or not. Unlike MC items, DOMC
items are usually answered before all response options have been presented. This is
because in DOMC testing, the presentation of an item ends when one of the following
conditions is met: (a) the solution has been correctly identiﬁed as such (in this case,
no more response options need to be presented); (b) the solution has incorrectly been
rejected, or (c) a distractor has incorrectly been accepted. In the latter two cases, there is
also no need to present additional response options because the item has already been
answered incorrectly. In other words, the presentation of a DOMC item ends as soon as
it has been answered correctly or incorrectly. After the presentation of a DOMC item
ends, none of the remaining response options is shown; instead, the next question is
presented. This feature of DOMC testing may help to reduce testing time in spite of the
sequential presentation, and Foster and Miller (2009) indeed observed that, compared to
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MC, DOMC reduced testing time by about 10 %. Foster and Miller (2009) also identiﬁed
the limited exposure of the various response options as another advantage of the DOMC
format. If a response option is never presented to a participant, he or she cannot recall it
or give it away to future participants. Test security is thus enhanced, and the reuse of
DOMC items on future exams is made easier. Taken together, these potential advantages
of DOMC testing make it worthy of further exploration.
Foster and Miller (2009) found that DOMC questions were more difﬁcult than standard
MC questions. This pattern was replicated in a subsequent study using a larger sample
(Kingston, Tiemann, Miller, & Foster, 2012), and was also observed in a study by
Hansmann (2010) using items from Srp’s (1994) sequential logical reasoning test. A
likely explanation for this higher difﬁculty is that in the DOMC format, it is no longer
possible to compare the plausibility of all available response options; rather, the examinee
repeatedly has to make decisions on the basis of the limited information that is provided
by each single option. To make correct decisions in sequential DOMC testing, the
examinee therefore has to be able to assess the correctness of each response option
separately, whereas in MC testing, all response options can be considered simultaneously
to identify the correct solution. Foster and Miller (2009) surmised that DOMC testing
might therefore motivate deeper learning because the solution has to be identiﬁed
by the learner without the help of accompanying distractors. Most important for the
present investigation, however, is that not being able to compare sequentially presented
response options may help to prevent the use of item cues. Both Foster and Miller
(2009) and Kingston et al. (2012) have therefore argued that DOMC may help to control
for the application of testwiseness. Although this assertion is plausible, more direct
evidence is needed to allow deﬁnitive conclusions regarding whether the DOMC answer
format allows to improve the control of testwiseness. In the present study, we therefore
investigated whether DOMC testing controls for testwiseness better than the traditional
MC format. To this end, we presented examinees with a test that contained cues about
the correct solution in each item and checked whether these cues could be used less
easily in DOMC testing.
Previous investigations showed that item-total-score correlations and internal consistencies were comparable for MC and DOMC items. These ﬁndings were interpreted as
showing that items were functioning equally well in both formats (Foster & Miller, 2009;
Kingston et al., 2012). However, the internal consistency of item scores may be increased
by the presence of construct-irrelevant response dimensions that affect all items simultaneously (Green, Lissitz & Mulaik, 1977). Hence, internal consistency does not provide
an appropriate estimate of item functioning if item responses are inﬂuenced by additional
factors such as testwiseness (cf. Cortina, 1993). To go beyond a correlational comparison
and to establish an unambiguous and direct causal link between testwiseness and test
scores, we experimentally manipulated the susceptibility of items to the use of item cues.
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By examining the causal processes that precede behavioral test responses, we followed
recent recommendations regarding the validation of testing procedures (e.g. Borsboom,
Mellenbergh, & van Heerden, 2004; Embretson, 2007; Lissitz & Samuelson, 2007).
Thus, the present study offers an experimental contribution to the validation of the
DOMC test format that has hitherto been tested using correlational (Foster & Miller,
2009; Kingston et al., 2012) or quasi-experimental designs (Willing, Ostapczuk, &
Musch, 2015). Willing et al. (2015) compared the difﬁculties of items from a continuing
medical education test that were either presented in MC or DOMC format. Some of
the items under investigation contained item cues; cue availability and item content
were therefore confounded. Possibly, the observed interaction of test format and cue
availability on test scores was therefore the result of differences in item content rather
than differences in cue availability. In the present study, we therefore experimentally
manipulated the presence of item cues.
To properly manipulate the availability of item cues, a testwiseness test is required.
Several tests have been constructed to measure the ability of individuals to take advantage
of the existence of item cues (e.g., Gibb, 1964; Diamond & Evans, 1972). A test of
testwiseness needs to fulﬁll the following criteria: First, the test questions must be rather
difﬁcult for the tested sample; participants should normally not have much knowledge
that would allow them to answer the questions. Second, each question must contain an
item cue, which, if used cleverly, will allow the test taker to identify the correct solution
or at least to increase the person’s probability of identifying the correct solution. If
these criteria are met, an item on a test of testwiseness can be solved if the item cue
is recognized and applied by the test taker. The number of items that can be solved
correctly can then be used as an index of the examinee’s testwiseness. Unfortunately, to
the best of our knowledge, no test of testwiseness has ever been published in the German
language. Because the content of existing instruments is often rather culture-speciﬁc, we
therefore constructed a new test for the present study, the details of which are provided
below in the Method section. After constructing this test of testwiseness, we also created
a parallel control test by removing all cues from the testwiseness test items. In our
experiment, we were thus able to create a condition in which students were asked to
solve items that did not contain any cues (no cue condition) or in which they were asked
to solve items containing such cues (cue condition). To establish an additional group that
would take a test that was even more susceptible to the use of item cues, we asked a third
group of students to work on a test that also contained item cues, and we additionally
informed the students in this group about the presence and the nature of these cues
(informed cue condition). We created this third condition to examine whether DOMC
can reduce the use of testwiseness even when examinees are explicitly informed about
the presence of cues. We randomly assigned students to each of the three groups, and
within these groups, we randomly assigned the students to either the MC or the DOMC
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condition.
Our main hypothesis was that with the increasing availability of item cues, the difference
in test scores between the DOMC and MC conditions would increase because the
DOMC format was expected to allow for a much better control of testwiseness than
the MC format. In particular, we expected that the susceptibility of items to the use
of testwiseness would be lowest in the no cue condition, would be larger in the cue
condition, and would be largest in the informed cue condition. If DOMC allows for
a better control of testwiseness than the MC format, this should lead to an interaction
between the cue condition and the answer format such that the difference between MC
and DOMC test scores would be larger when item cues were present and would be
largest when item cues were not only present but when their presence was also made
known to the respondents to make sure that the cues were noticed. In the informed
cue condition, we therefore expected MC participants to proﬁt considerably from the
available item cues, whereas we expected DOMC testing to hinder participants from
making a similarly extensive use of the item cues. In addition to the predicted interaction,
we also expected a possible main effect of the testing format as both Foster and Miller
(2009) and Kingston et al. (2012) had observed that MC items are typically easier to
answer than sequentially presented DOMC items. For this reason, a difference between
the scores in the MC and the DOMC conditions was expected to arise even when no
cues were present to be taken advantage of.
A secondary purpose of the present study was to investigate the efﬁciency of the new
DOMC answer format. This was done by calculating the reduction in the number of
response options that needed to be presented to the examinee by using the DOMC format
and by determining the decrease in testing time that could thus be achieved.

Method
Participants
We conducted the experiment using a sample consisting of 181 psychology students
(85.64 % female) between the ages of 19 and 35 years (M = 22.79, SD = 2.80). All
students were recruited via announcements in social network student groups. The data
of an additional 23 students who did not ﬁnish the questionnaire had to be discarded;
the number of dropouts did not differ between the response format conditions, χ 2 (1) =
1.83, ns. The experiment was conducted in accordance with the ethical standards of
psychological research. At the end of the test, students were debriefed and thanked and
were provided with the answers to all test questions.
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Materials
We constructed a German test of testwiseness that was based on the comprehensive
taxonomy of testwiseness cues published by Millman et al. (1965). It consisted of items
containing one of the following four cues that were also described by Gibb (1964) and
Brozo et al. (1984):
Direct Opposites (Brozo et al., 1984). When two alternatives are directly opposite in
meaning, one of them is usually correct. An example item we constructed using this cue
reads:
Dissolving ammonium nitrate in water leads to
a) an increase in temperature
b) a clouding of the water
c) a decrease in temperature
d) a blue color change
Using the direct opposites test cue, even a completely naïve test taker can increase the
probability of guessing the correct solution from 25 % to 50 %. In their analysis of
a sample of 1,220 MC items that had actually been used in real college examinations,
Brozo et al. (1984) found that 151 of these items (12.4 %) contained this cue.
Longest Alternative (Gibb, 1964; Brozo et al., 1984). Many teachers tend to take
more care in elaborating the real solution than when formulating distractors. If one
alternative is more verbose than other alternatives, it is therefore often the solution. When
constructing items using this cue, we followed Brozo et al.’s (1984) recommendation
and operationally deﬁned this cue as the situation in which one alternative is one line of
print longer than the other alternatives. In their analysis of a sample of 1,220 MC items
that had been used in real college examinations, Brozo et al. (1984) found that 54 of
these items (4.4 %) contained this cue. This is an example we used on our test:
Zombia. . .
a) was a Mongolian emperor of the 12th Century.
b) is a relatively short fan palm discovered on the island Hispaniola with clustered stems
and a very distinctive appearance caused by its persistent spiny leaf sheaths.
c) is a horror movie from the 70s.
d) is a Romanian mythical creature.
Middle Value (Brozo et al., 1984). Given a list of alternatives that can be ordered from
small to large, one of the middle values rather than one of the extreme values is typically
the correct solution. In their analysis of 1,220 sample items that had been used in real
college examinations, Brozo et al. (1984) found that in 65 out of 79 (82.3 %) items
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that had rank-ordered alternatives, one of the middle values was the solution. This is an
example of an item we constructed for our test containing this cue:
When did the Roman emperor Septimius Severus die?
a) 480 AD
b) 395 AD
c) 211 AD
d) 103 AD
Categorical Exclusives (Gibb, 1964). In an attempt to make distractors wrong, teachers
often construct distractor items by including overgeneralizations based on words such
as “never,” “always,” or “absolutely”. According to Gibb (1964), the solution is often
more general and can therefore often be found by looking for answer alternatives that do
not include one of these overgeneralizing qualiﬁers. This is an example of an item we
constructed containing this cue:
The Austrian composer Alban Berg (1885 - 1935)
a) never created a composition for the violin.
b) lost all of his seven children to typhus.
c) exclusively set music to Theodor Fontane’s work.
d) was born in Vienna and also died there.
We constructed six items for each of the above four cues; the ﬁnal test thus consisted
of 24 items. Each item consisted of a stem and four response options with one correct
solution. The content of the items was taken from a number of different domains of
general knowledge including history, sports, mineralogy, and botany, among others.
All questions were rather difﬁcult and typically could not be solved using personal
knowledge. This was conﬁrmed in a multiple choice pretest with 130 psychology
students who were asked to indicate whether they were certain that they had selected the
correct solution. For 20 of the 24 testwiseness questions, not a single student indicated
to be certain of his or her answer; for the remaining 4 items, only one of the 130 students
indicated to be certain of the answer. Thus, the students could not conﬁdently identify a
solution to these items. However, each item contained a cue that could be used to infer
the solution with at least some certainty.
For each of the 24 testwiseness items, a twin item was created in which the item cue
was removed. For example, to avoid the direct opposites cue, one of the direct opposites
was removed from the set of available response options and replaced with a new answer
alternative. To remove the longest alternative cue, we either shortened the solution,
lengthened the distractors, or both. The middle value cue was removed by making one of
the extreme alternatives the solution. Finally, the categorical exclusives cue was avoided
by removing overgeneralizing qualiﬁers such as “never” or “always”.
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All items were presented in an online questionnaire using the software Unipark (Version
7.1, Global Park AG, Germany). The sequence of the items was arranged in a random
order in both the MC and the DOMC conditions. Response options were also presented
in a random order. In the MC condition, one item was presented per page along with
all of the possible response options. In the DOMC condition, response options were
presented sequentially.
Design
The study used a 2 × 3 between-subjects design. The ﬁrst factor consisted of the testing
format and compared the two levels MC and DOMC. The second factor consisted of
the availability of testwiseness cues. This factor had three levels to establish the (a) no
cue, (b) cue, and (c) informed cue conditions. The susceptibility of the items to the
application of testwiseness cues increased from the ﬁrst to the last level of this factor.
Procedure
At the beginning of the questionnaire, students were asked to indicate their age, sex, and
education. They were then randomly assigned to one of the six experimental conditions
that resulted from crossing the 2 × 3 levels of the two experimental factors.
Students were ﬁrst introduced to the testing format that was used on the test. As the
DOMC format was expected to be less familiar, its description had to be more detailed.
The DOMC procedure was explained using a sample item, and students were informed
about the stopping criteria employed in the sequential presentation procedure.
The 57 students in the no cue condition worked on test items that did not contain any
item cues. The 61 students in the cue condition worked on items that contained such
cues. In the informed cue condition, another 63 students also worked on items containing
cues; they were additionally informed about the presence and the nature of these cues
before the test started. To this end, prior to the start of the test, each of the four cues was
described using an example.
For DOMC items, the question stem was presented above the ﬁrst, randomly drawn
response option. Test takers decided whether they accepted this response option as the
solution by clicking one of two buttons labeled “true” and “false”. When test takers
decided to reject a response option that was a distractor, the next randomly determined
response option was shown below the question stem that remained on display throughout.
Response options were shown until a response was recorded, and there was no time limit
on the test takers’ response decisions. After the correctness of one response option had
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been assessed, it was not possible to go back to previous options, nor was it possible to
go back to correct answers to previous items.
Data analysis
For each student, all responses were recorded, and a total test score for the 24 items was
computed. Additionally, we recorded the time needed to read the instructions and to
complete all items. We used R (3.3.3, R Core Team, 2016) and the R-packages afex
(0.16.1, Singmann, Bolker, Westfall, & Aust, 2016), effsize (0.7.1, Torchiano, 2016), and
papaja (0.1.0.9485, Aust & Barth, 2016) for all our analyses. For the statistical tests,
an alpha level of .05 was used. To compare the testwiseness scores across conditions,
a 2 × 3 (testing format [DOMC, MC] × availability of testwiseness cues [no cue, cue,
informed cue]) ANOVA was computed. ANOVA effect sizes were computed using the
generalized eta-squared η2G , indicating the proportion of the variance explained by each
factor or interaction (Olejnik & Algina, 2003). Effect sizes for the difference between
two means were calculated using Cohen’s d (1988).

Results
Testwiseness scores
Participants in the MC condition solved more items (M = 10.90, SD = 5.43) than participants in the DOMC condition (M = 7.27, SD = 3.51). This difference was statistically
signiﬁcant, F(1, 175) = 53.56, p < .001, η2G = .23. Test scores also increased as a function of the availability of item cues. Participants in the no cue condition obtained lower
scores (M = 5.87, SD = 2.46) than participants in the cue condition (M = 7.63, SD =
3.21) and participants in the informed cue condition (M = 14.20, SD = 4.39). This effect
of the cue availability factor was signiﬁcant, F(2, 175) = 120.52, p < .001, η2G = .58.
However, a signiﬁcant interaction showed that participants in the MC condition were
more successful in making use of an increased availability of item cues than participants
in the DOMC condition, F(2, 175) = 12.87, p < .001, η2G = .13 (see Figure 1).
Additional t-tests were computed to explore the nature of the interaction. All t-tests were
one-tailed because of the directed nature of our hypotheses, which predicted that the
availability of items cues would make items easier and that the sequential presentation of
response options would make items more difﬁcult. We found that participants obtained
higher scores when cues were available than when they were not available. This was
true both in the MC condition (8.53 [SD = 3.29] vs. 6.53 [SD = 2.74]), t(60) = 2.61,
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Figure 1: Test scores and their 95 % conﬁdence intervals are shown as a function of
(1) the two testing formats multiple-choice (MC) and discrete-option
multiple-choice (DOMC), and (2) the availability of testwiseness cues. The
dashed line indicates the chance level of 25 %, which is the expected test
score for a random guessing strategy. The maximal possible test score was 24.
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p < .01, d = 0.66, and in the DOMC condition (6.63 [SD = 2.84] vs. 5.19 [SD = 1.96]),
t(56) = 2.26, p < .05, d = 0.60. As compared to the cue condition, test scores were
further increased by informing participants of the cues in the informed cue condition.
Again, this was true both in the MC condition (16.75 [SD = 2.96] vs. 8.53 [SD =
3.29]), t(64) = 10.68, p < .001, d = 2.64, and in the DOMC condition (10.52 [SD =
3.39] vs. 6.63 [SD = 2.84]), t(50) = 4.49, p < .001, d = 1.25. Additional t-tests also
revealed that regardless of the availability of cues, participants who were given items
in the MC format scored higher than participants who were given items in the DOMC
format. This was true in the no cue condition (6.53 [SD = 2.74] vs. 5.19 [SD = 1.96]),
t(61) = 2.23, p < .05, d = 0.56, the cue condition (8.53 [SD = 3.29] vs. 6.63 [SD =
2.84]), t(55) = 2.33, p < .05, d = 0.62, and in the informed cue condition (16.75 [SD =
2.96] vs. 10.52 [SD = 3.39]), t(59) = 7.61, p < .001, d = 1.98.

To further explore how DOMC prevents the use of testwisenes cues, we tested whether
the reduction in cue usage was moderated by the type of cue.1 To this end, we repeated
the ANOVA from above, but included the repeated measures factor cue type [direct
opposites, categorical exclusive, middle value, longest alternative] in addition to the
factors test format [MC, DOMC] and cue susceptibility [no cue, cue, informed cue].
Table 1 shows the results of this 4 × 2 × 3 mixed ANOVA to which we applied a
Greenhouse-Geisser correction for violation of sphericity (Greenhouse & Geisser, 1959).
There was a signiﬁcant main effect of cue type, F(2.80, 490.15) = 37.98, p < .001,
η2G = .12. The longest alternative and categorical exclusive cue led to higher test scores
than the middle value and the direct opposites cue (see Figure 2). This pattern is in
accordance with the fact that the direct opposites cue and the middle value cue are not
perfect predictors of the solution. Using these cues, however, allows to eliminate two
of the four response options, and thereby improves the chance of guessing the correct
solution from 25 % to 50 %. In contrast, both the categorical exclusive and the longest
alternative cue directly point to the solution, and students made almost perfect use of
these cues in the MC test when they had been informed of their presence. A signiﬁcant
two-way interaction between cue susceptibility and cue type indicated that informing
students about the nature of the cues improved test scores more strongly for some
cues than for others, F(5.60, 490.15) = 26.47, p < .001, η2G = .17, and the signiﬁcant
three-way interaction between cue susceptibility, cue type and test format, F(5.60,
490.15) = 3.29, p < .01, η2G = .02, indicated that the superior control of testwiseness in
the DOMC test format was mainly due to a better prevention of the use of the categorical
exclusive and the longest alternative cue.
1 We

are grateful to an anonymous reviewer for suggesting this additional analysis.
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Figure 2: Average test scores and their 95 % conﬁdence intervals are shown by cue
type, test format, and cue availability. Each testwiseness cue was included in
six testwiseness items. The dashed line indicates the chance level of 25 %.
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Table 1: Results of a 4 × 2 × 3 mixed ANOVA investigating the inﬂuence of cue type,
test format, and cue availability on testwiseness test scores
Effect
Cue availability
Test format
Cue type
Cue availability × Test format
Cue availability × Cue type
Test format × Cue type
Cue availability × Test format × Cue type

F

df GG
1

df GG
2

p

η2G

120.52
53.56
37.98
12.87
26.47
2.59
3.29

2
1
2.80
2
5.60
2.80
5.60

175
175
490.15
175
490.15
490.15
490.15

< .001
< .001
< .001
< .001
< .001
.057
.004

.322
.095
.124
.048
.165
.010
.024

Note. The degrees of freedom were corrected using the Greenhouse-Geisser correction.
The cue type factor comprised the four testwiseness cues (direct opposites, categorical
exclusive, middle value, and longest alternative).

Number of response options presented in the DOMC condition
In the DOMC condition, the presentation of response options stopped whenever a
distractor was erroneously accepted as the solution. Moreover, the presentation always
stopped after the presentation of the solution because the solution could only be correctly
accepted or wrongly rejected, and both of these outcomes rendered it unnecessary to
present additional response options. The position of the solution was randomly varied.
The stopping criteria reduced the average number of response options that were presented
to the test takers in the DOMC condition. Because the solution was presented in each of
the four possible positions with equal probability, a perfectly knowledgeable test taker
who never incorrectly accepted a distractor could be expected to complete each item with
an equal probability (p = .25) after each of the four response options. Thus, on average,
a perfect test taker could be expected to see 2.5 out of the 4 possible response options
in the DOMC condition. For a less than perfect test taker, the presentation of a smaller
number of response options had to be expected because in the DOMC condition, the
presentation of the answer items stopped whenever a distractor was wrongly accepted
as the solution. Taken together, this resulted in a positively skewed distribution of the
average number of options that were presented to the test takers in the DOMC condition.
In particular, we found that in 40.51 % of cases, the item presentation ended after the
presentation of the very ﬁrst option. In 24.35 % of cases, this option happened to be the
solution, and in 16.16 % of cases, this option was a distractor that was wrongly accepted
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Table 2: Distribution of the number of response options students were shown in the
DOMC test
N options
no cue
cue
informed cue

1

2

3

4

M

SD

43%
40%
38%

33%
31%
32%

20%
22%
18%

4%
7%
12%

1.85
1.96
2.04

0.87
0.95
1.02

Note. Percentages show how often one, two, three or all four options were shown to the
test takers. The last two columns show the mean and the standard deviation of the
number of options shown.

as the solution. The item presentation ended after the second, third, and fourth response
options were presented for 31.98 %, 20.38 %, and 7.13 % of all items, respectively. On
average, this resulted in an end to the item presentation after 1.94 out of the four possible
response options (SD = 0.94).
When analyzing the number of response options participants were presented with separately for the three cue conditions, an interesting pattern emerged (see Table 2): participants tended to be presented with more response options if items were more susceptible
to the use of testwiseness cues. In the no cue condition, test takers were presented with
1.85 (SD = 0.87) response options on average. In the cue condition, test takers were
presented with 1.96 (SD = 0.95) response options on average, and in the informed cue
condition, test takers were presented with 2.04 (SD = 1.02) response options, respectively.
The most likely reason for this pattern is that there is a positive relationship between
the number of correct responses and the number of response options test takers have
to be presented with: when test takers are more apt at solving DOMC items correctly,
they will produce less false alarms and therefore score higher. Consequently, test takers
with higher scores – that is, test takers in the cue and in the informed cue condition – are
presented with more response options than test takers that did not obtain any cues.

Testing times
A t-test was computed to compare the testing times between the DOMC and MC
conditions. Participants in the DOMC condition (M = 358.58 s, SD = 147.56) ﬁnished
the test signiﬁcantly faster than participants in the MC condition (M = 454.52 s, SD =
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209.44), t(174) = 3.60, p < .001, d = 0.52. Thus, due to the smaller number of response
options that had to be presented in the DOMC condition, the time needed to answer
all items was reduced by 21 % when the response options were presented sequentially.
However, participants needed longer to read the extended instructions in the DOMC
condition (M = 82.78 s, SD = 50.11 vs. M = 20.44 s, SD = 9.30), t(87) = 11.17,
p < .001, d = 1.80. When the time needed to read the instructions was added to the
total testing time, the total time needed for the test was no longer signiﬁcantly different
between the MC (M = 474.96 s, SD = 212.13) and DOMC conditions (M = 441.36 s,
SD = 174.44), t(179) = 1.17, p = .24, d = 0.17.

Discussion
The present experiment shows that the DOMC answer format is capable of preventing
the use of item cues better than the traditional MC format. Even though the availability
of item cues led to an increase in test scores in both conditions, this increase was larger
in the MC condition. Although items were generally more difﬁcult in the DOMC than in
the MC format, this effect was strongest when item cues were present and participants
knew about these cues. As compared to the uninformed control condition, knowledge
about the presence of item cues allowed participants to correctly answer an additional
eight out of 24 questions in the MC condition. In the DOMC condition, the improved
control of the use of testwiseness cues that resulted from the sequential presentation
of the response options reduced this advantage to only four items. Thus, the DOMC
format allowed for a considerably better control of testwiseness than the MC format.
However, it is also true that this control was less than perfect, considering that the test
scores proﬁted from the availability of item cues even in the DOMC condition. This
was most likely because some item cues could be used even in the DOMC condition;
for example, in those cases in which all response options were presented before one of
the stopping criteria was met. Nevertheless, the DOMC format allowed for an improved
control of testwiseness that was greatly superior to that of the MC condition. However,
even in the MC test, performance was never perfect. Students answered 16.75 of the
24 testwiseness items correctly when they had been informed about the presence of
testwiseness cues. This less than perfect performance was not unexpected because only
the longest alternative and the categorical exclusive cue were perfect predictors of the
solution; the direct opposites and the middle value cue only improved the chance of
guessing the correct solution from 25 % to 50 % by allowing to eliminate two of the
four response options. Therefore, the expected test score assuming perfect cue usage
was 18 rather than 24 (out of 24). The empirical results follow this expected pattern
closely in the MC condition: when they were informed about the presence of these cues,
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students scored almost perfectly for items that included the longest alternative (97 %) or
categorical exclusive cue (88 %). Their performance was also very close to the expected
50 % for items containing a middle value or direct opposite cue (solution percentages
for these item types were 44 % and 50 %, respectively). Thus, DOMC prevented cue
usage most effectively for the item cues that most directly pointed towards the solution
(the longest alternative and the categorical exclusive cue).
Kingston et al. (2012) found that DOMC items were more difﬁcult than MC items and
surmised that this might be due to the better control of testwiseness that is afforded by
the DOMC answer format. We found that even in the no cue condition, participants
scored lower when given the test items in the DOMC format. This suggests that a higher
item difﬁculty might be a stable property of the DOMC format that cannot be attributed
solely to a better control of testwiseness.
An analysis of the number of response options that was presented in the DOMC condition
helped us understand why this format is more efﬁcient in controlling for testwiseness
than MC. In most cases (40.51 %), the presentation of DOMC items ended after the
presentation of only one of the four possible response options. Only 1.94 options had
to be shown on average, and in only 7.13 % of all items were all four response options
presented to the test taker. This large reduction in the number of response options that
were available for comparison made it difﬁcult for test takers to take full advantage of the
item cues in the DOMC condition. Moreover, even when all four response options were
presented, the memory load required to take advantage of the available item cues was
still considerably larger in the DOMC condition, owing to the sequential presentation of
the response options. Test security was also enhanced because many response options
were not presented at all; the reuse of DOMC items in future examinations was thus
made easier.
A reduction in test time may be seen as an additional advantage of the DOMC answer
format. Even though this reduction was no longer signiﬁcant when the time needed
for the extended instructions was taken into account in the present investigation, there
is little doubt that instructions can be shortened considerably once the test takers are
familiar with the new format.
One obvious disadvantage, however, is that the DOMC format is technically more
demanding and less easily implemented in school or university settings. The DOMC
format requires a computerized presentation of test items (Kubinger, 2009), and DOMC
exams are therefore not so easily administered and scored as traditional MC paper and
pencil exams.
While DOMC was successful in controlling construct-irrelevant variance due to testwiseness, it is possible that DOMC also introduces method-speciﬁc construct-irrelevant
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variance if there are additional factors beyond ability that affect test takers’ responses to
DOMC items. Responses to DOMC items are given in a state of incomplete information,
and individual differences in response style may inﬂuence test takers’ decisions (cf. Cronbach, 1946). For example, anxious test takers may feel rushed to accept a plausible
DOMC response option early, whereas more strong-nerved test takers might be willing to
wait longer for a suitable response. Future research should address this question to rule
out the possibility that DOMC responses are contaminated with individual differences
in response style. In the case of traditional MC tests, some ﬁndings suggest that there
might be differences in the willingness to guess between male and female test takers
(Baldiga, 2013; Ben-Shakhar & Sinai, 1991). If such gender-dependent differences in
response style occur, they might bias the results of DOMC tests. For this reason, it is
desirable to more directly measure potential individual differences in response style in
future studies of DOMC testing.
The present sample consisted of a rather selected group of mostly female psychology
students who are most likely rather familiar with any kind of tests and response formats.
Further research is therefore needed to explore whether the present results can be
generalized to different samples of test takers. Another limitation of the current results
should be addressed in future research. Although we established that DOMC helps to
control the use of testwiseness cues, this result was shown via experimental manipulation
and not by controlling individual differences in testwiseness. Therefore, to what extent
DOMC is capable of reducing construct-irrelevant variance due to individual differences
in testwiseness is still an open question. Another limitation is that based on the present
results, we cannot judge the degree to which testwiseness impairs the interpretability
of test scores in everyday testing situations. This is because the magnitude of potential
problems associated with the presence of testwiseness cues depends on the prevalence
of such cues. If items are well-written, testwiseness may not be a threat to the validity of
MC tests at all. However, previous ﬁndings suggest that even in high-stakes assessments,
a considerable portion of teacher-made MC items do contain cues to their solution (e.g.,
Brozo, Schmelzer, & Spires, 1984; Tarrant & Ware, 2008).
In summary, there seem to be three important characteristics of the new DOMC format.
First, our experiment showed that the DOMC format allows for a better control of
testwiseness than traditional MC testing. Second, DOMC testing reduces the number of
response options that are presented to the test taker and that are available for comparison
when trying to arrive at the correct solution. This enhances both test difﬁculty and test
security. Third, DOMC seems to have the potential to reduce testing time, at least once
the test takers get accustomed to the new format and no longer need lengthy instructions.
DOMC testing therefore seems to offer a promising alternative to the traditional MC
format, and it seems worthwhile to further explore the usefulness of this new testing
procedure.
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AN EXPERIMENTAL VALIDATION OF SEQUENTIAL TESTS
Abstract
The ability to recognize superficial cues pointing towards the solution (“testwiseness”) may
introduce construct-irrelevant variance to multiple-choice test scores. Presenting response
options sequentially has been proposed as a potential solution to this problem. In an
experimental validation, we determined the psychometric properties of a test based on the
sequential presentation of response options. We created a strong validity criterion by
providing participants with different levels of information on a domain about which they had
no prior knowledge. Participants’ knowledge was assessed using a traditional multiple-choice
test or a sequential test. The sequential presentation of response options led to test scores that
were as valid and reliable as multiple-choice test scores, but strongly decreased test-takers’
probability of guessing the correct answer. We conclude that the sequential presentation of
response options should be investigated more closely as a viable alternative to the traditional
multiple-choice test format.

Keywords: discrete-option multiple-choice, sequential testing, experimental validation,
test validity
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An experimental validation of sequential multiple-choice tests
Multiple-choice (MC) testing is one of the most popular testing formats for assessing
knowledge and aptitude. In its standard form, an MC item consists of a stem that poses the
question to be answered, and a set of response options, one of which is the solution. Multiplechoice tests can be scored objectively and efficiently, and allow many areas to be covered in
a short amount of time (Tamir, 1991). Although MC testing has been argued to be
appropriate for many subject areas (Downing, 2006), critics continue to highlight the
shortcomings associated with MC testing. Much of this criticism concerns the possibility of
test-takers obtaining high test scores in the absence of substantive knowledge. Due to lucky
guesses or testwiseness, test-takers may correctly solve MC items even if they do not have
the knowledge the item writers intended to measure (Foster & Miller, 2009; Kubinger,
Holocher-Ertl, Reif, Hohensinn, & Frebort, 2010). To address the problem of random
guessing, researchers have proposed changing either the response format (e.g., Kubinger et
al., 2010) or the scoring scheme of MC tests (e.g., Rowley & Traub, 1977).
Random guesses and individual differences in testwiseness tend to reduce the reliability
and validity of MC tests because they add construct-irrelevant variance (Allan, 1992; cf.
Messick, 1993; Millman, Bishop, & Ebel, 1965). Testwiseness is the ability to make
advantageous use of superficial cues that point toward the solution (Gibb, 1964). Test-writers
often inadvertently introduce such cues when creating items. For example, many test-writers
tend to elaborate the correct answer more carefully than the distractors; therefore, the most
verbose option is often the solution. Testwise test-takers may profit from using the “longest
alternative” cue to infer the solution by comparing all response options on a superficial level.
Several other testwiseness cues have also been identified (Millman, Bishop, & Ebel, 1965;
Brozo, Schmelzer, & Spires, 1984; Thoma & Köller, 2018).
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Individual differences in testwiseness may result in an unfair advantage for test-takers
who are more testwise, but not necessarily more knowledgeable than their less testwise peers
(Foster & Miller, 2009). As of yet, however, little research has addressed potential
modifications of the MC test format that may help to reduce the influence of testwiseness.
Instead, item writers are usually advised to closely follow guidelines of good item writing
practices and to avoid including extraneous cues testwise respondents can capitalize on
(Haladyna, 2004; Haladyna, Downing, & Rodriguez, 2002). Although there is no doubt
regarding the usefulness of this advice, creating high-quality MC items is a challenging and
time consuming task (Haladyna, 2004; Lee & Winke, 2013), and even in high-stake tests a
considerable portion of MC items been found to contain cues that favor testwise students
(Brozo et al., 1984; Hughes, Salvia, & Bott, 1991; Metfessel & Sax, 1958; Rogers & Bateson,
1991; Tarrant & Ware, 2008; Tomkowicz & Rogers, 2005).
To preclude participants from comparing response options and using testwiseness cues,
Foster and Miller (2009) recommended a sequential test format, coining the term discreteoption multiple-choice (DOMC) for a test involving the sequential presentation of response
options. DOMC items maintain all basic elements of traditional multiple-choice items; they
also consist of a question stem and several response options. Unlike in traditional MC tests,
however, the response options are presented one after another in random order (Foster &
Miller, 2009). Therefore, test-takers cannot compare response options prior to answering.
Instead, the correctness of each response option has to be evaluated in a separate yes/no
decision. For practical reasons, the DOMC test format is usually delivered electronically in a
computerized setting (Kubinger, 2009; Srp, 1994).
Unlike MC items, DOMC items are usually answered before all response options have
been presented. This is because in DOMC testing, the presentation of an item ends when one
of the following conditions is met: (a) the solution has been correctly identified; (b) the
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solution has been wrongly rejected, or (c) a distractor has been wrongly accepted as the
solution. In all of these cases, there is no need to present additional options to decide whether
an item has been solved. Recent investigations have found that, in contrast to traditional MC
items, less than half of the available response options are typically shown in a DOMC test,
and the modal number of response options shown before an item presentation is terminated is
just one (Papenberg, Willing, & Musch, 2017). As a result, three investigations have reported
that DOMC testing reduces testing time by around 10-30% (Foster & Miller, 2009;
Papenberg et al., 2017; Willing, Ostapczuk, & Musch, 2015). Foster and Miller (2009)
convincingly argue that test security also profits from the reduced number of options that
have to be conveyed in sequential testing.
A repeatedly reported finding is that DOMC items are more difficult than parallel MC
items (Foster & Miller, 2009; Kingston, Tiemann, Miller, & Foster, 2012; Papenberg et al.,
2017; Willing, 2013). A likely reason for this observation is that DOMC test-takers have to
base all but their last decision on only a subset of the information that is available to MC testtakers. However, item difficulty is not in itself an indicator of item quality, provided that
items cover a sufficiently large range of the ability being assessed. A more important
potential reason for employing sequential tests is that they might reduce the influence of
testwiseness because they prevent test-takers from comparing all response options prior to
answering (Foster & Miller, 2009). This was indeed the case in several recent investigations;
item difficulties between the MC and DOMC test formats differed more when they contained
a larger number of testwiseness cues (Papenberg et al., 2017; Willing et al., 2015). On the
one hand, these findings suggest that DOMC tests do not just make items more difficult; they
specifically prevent the use of testwiseness cues. Hence, DOMC testing might be expected to
decrease construct-irrelevant variance in test scores and thus improve test validity. On the
other hand, little is known about the processes involved in answering DOMC items. Due to
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the sequential decisions required, DOMC testing may add method-specific sources of
variance that do not affect MC test scores (Papenberg et al., 2017). In the present study, we
therefore investigated whether a change from the MC to the DOMC test format affects the
psychometric properties of a test, particularly the validity of test scores.
Three correlational studies comparing item discrimination indices, reliability
coefficients and criterion-related validity coefficients reported similar psychometric qualities
for MC and DOMC tests (Foster & Miller, 2009; Kingston et al., 2012; Willing, 2013).
Although these studies reported no difference in validity between MC and DOMC test scores,
correlational studies suffer from interpretational problems that preclude strong conclusions.
In a correlational validation study, a test is validated by determining its correlation with an
external criterion, which is used as a proxy for an attribute of interest (e.g., the test-taker's
knowledge). In such a design, it is not necessarily obvious what the test to be validated
actually measures, and it is uncertain whether the criterion captures the same or a similar
construct (Newton & Shaw, 2014). Moreover, correlations between a test and a criterion do
not necessarily indicate the degree to which a test actually measures a construct because
correlations capture all systematic variance that is shared by two measures. Such shared
variance may be due to factors other than the construct under investigation if both the test and
the criterion are contaminated with the same construct-irrelevant variance, such as test-takers’
anxiety, motivation, or propensity to take risks (e.g., Duckworth, Quinn, Lynam, Loeber, &
Stouthamer-Loeber, 2011; Rowley & Traub, 1977). The observation that MC and DOMC
tests scores exhibit the same correlation with some external criterion therefore does not
provide compelling evidence that the two test formats have comparable validity. Similarly,
item discrimination and internal consistency also rise when item responses are influenced by
additional factors, such as testwiseness; they therefore do not unequivocally reflect the degree
to which an item or a test measures a construct of interest (Green, Lissitz, & Mulaik, 1977).
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A promising way to overcome the problems associated with correlational validation is
to employ an experimental approach (Diedenhofen & Musch, 2017; Erdfelder & Musch,
2006; cf. Poizner, Nicewander, & Gettys, 1978). To experimentally validate a knowledge
test, participants with no prior knowledge in a domain are provided with previously unknown
information. Different knowledge groups can be established by varying the amount of
information provided to different groups. Then, the newly learned information can be
assessed using the test or test format to be validated. One major advantage of this approach is
that the amount of information available to test-takers is known and can be used as a strong
external validity criterion. Moreover, the experimental approach to validation ensures that
there are no systematic sources of variance other than the experimentally controlled levels of
information that vary between conditions. The accuracy with which test scores reflect the
participants’ experimentally manipulated level of information therefore provides a direct and
more reliable index of test validity than a mere correlation with some related test or construct.
To compare the validity of MC and DOMC test scores, we manipulated the information
provided to test-takers in an online experiment. Participants were provided with a fictitious
story that revealed either three, six, nine or twelve critical details, each of which solved a test
question that was presented afterwards in either MC or DOMC format. To determine how
well the four levels of information could be distinguished on the basis of participants’ test
scores, we conducted a one-dimensional linear discriminant analysis that tried to reassign
test-takers to their experimental group on the basis of their test scores. The percentage of
correct reassignments was then computed for both the MC and the DOMC tests in order to
compare the validity of the two test formats.
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Method
Design
The experiment had a 4 ൈ 2 [level of information ൈ test format] between-participants
design. The level of information factor was manipulated by including 3, 6, 9 or 12 critical
details in a short story, each of which solved one of the questions on a subsequent knowledge
test. We refer to these four levels of information as very little, little, much, and perfect
information hereinafter. The test format factor was varied by presenting test items in either
MC or DOMC format. Each participant was randomly assigned to one of the eight cells
resulting from the orthogonal crossing of the two experimental factors. A linear discriminant
analysis was used to determine whether test-takers could be correctly reassigned to their level
of information condition on the basis of their test scores.
Sample
An invitation e-mail was sent to members of a panel who had previously participated in
online experiments for the Department of Experimental Psychology at the University of
Duesseldorf. The study was started by 604 participants. Data from the 520 respondents
(56% female) who finished the study and responded to all test items could be included in our
analysis. The number of dropouts did not differ by test format, ߯ ଶ ሺͳǡ ܰ ൌ ͲͶሻ ൌ ͲǤͲͷ,
 ൌ Ǥͺʹʹ, or information condition, ߯ ଶ ሺ͵ǡ ܰ ൌ ͲͶሻ ൌ ͳǤͶ,  ൌ Ǥͺͺ. The average age of
participants was 38.31 years (SD = 12.98). The sample consisted of highly educated
individuals: 69% reported having a college degree and 20% a university entrance
qualification (German Abitur) as their highest educational attainment. Only 11% of the
participants reported a level of education below a university entrance qualification.
Material
A fictitious short story was written for the purpose of the present study and presented to
participants to induce different degrees of knowledge. Participants in each information

8

AN EXPERIMENTAL VALIDATION OF SEQUENTIAL TESTS
condition were provided with different amounts of information on critical details useful in
answering the subsequent knowledge test, which consisted of twelve items constructed to
measure knowledge of these critical details.
In the short story provided in the perfect information condition, 12 sentences contained
a critical detail. Each of these 12 critical details solved one of the questions in the subsequent
knowledge test. In the other information conditions, a randomly selected subset of only 3, 6
or 9 sentences contained critical details. If a critical detail was not disclosed, a different
sentence was displayed reporting a detail that was irrelevant for the subsequent knowledge
test. All experimental texts consisted of exactly 817 words to ensure that reading times did
not differ between conditions, and all test items consisted of four response options – one
solution and three distractors. An example of an item testing a critical detail read:
What form of sport did Luca enjoy?
a) Handball
b) Basketball
c) Football
d) Hockey
To provide test-takers with the critical detail necessary to answer this question, the following
sentences were used: “Luca loved to do sports. He was particularly fond of handball.” When
this critical detail was not provided in a given condition, the following sentences were
displayed instead: “Luca loved to do sports. He was very proud of his sportsmanship.”
To decrease feelings of frustration that might otherwise occur due to unanswerable
questions in the conditions with little knowledge, five additional dummy items were also
presented and interspersed randomly among the critical items. These dummy items could be
solved by all participants regardless of information condition because all texts contained the
corresponding information; responses to these items were therefore not analyzed further.
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Procedure
The study was conducted online and was administered using Unipark EFS Survey
software (10.4, QuestBack, 2015). On the first page, participants were provided with
introductory information on the study. Next, all participants were informed about both the
MC and the DOMC test formats regardless of experimental condition, and no information
was provided regarding whether they would later be tested in MC or DOMC format. We thus
ensured that participants’ encoding strategies did not vary as a function of the expected test
format (cf. Finley & Benjamin, 2012). Both test formats were explained in written
instructions and demonstrated using an example item. Participants were then instructed to
carefully read a short story and attend to all details contained therein. The next page
presented this story. The button to continue to the next page was not shown until 30 s after
the presentation of the story to make sure that participants did not skip this page.
On the following 17 survey pages, the 12 critical items and 5 dummy items were
administered in random order in either MC or DOMC format, depending on the experimental
condition. Participants were told that some of the questions would be very difficult or even
unsolvable on the basis of their knowledge. In the MC experimental condition, the question
stem and all response options were shown simultaneously. When a DOMC item was
presented, however, only the question stem and the first response option were shown. Testtakers then had to decide whether they accepted this option as the solution by clicking on one
of two buttons labeled “true” or “false”. When test-takers chose to reject a response option
that was a distractor, the next response option was shown. No further response options were
shown when a respondent either erroneously accepted a distractor, erroneously rejected the
solution, or correctly accepted the solution. It was not possible to go back to previously
presented options or items. After the experimental test was completed, test-takers were
presented with a final set of five additional dummy items that could also be solved by all
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participants regardless of information condition because all texts contained the information
that was necessary to solve them. These additional dummy items were not analyzed, but were
presented in a different test format than the experimental items to make sure that all
participants encountered both test formats they were introduced to at the beginning. Thus,
participants who answered the experimental items in MC format ended the testing session by
answering dummy items in DOMC format, while participants who answered the experimental
items in DOMC format ended the testing session by answering dummy items in MC format.
The study concluded by asking participants to provide information on their age, sex, and
educational attainment. In the end, participants were debriefed and informed of their test
score as well as the correct solutions to all test items. Median study completion time was 12
min.
Data analysis
We used R (3.4.2, R Core Team, 2017) and the R-packages afex (0.18.0, Singmann,
Bolker, Westfall, & Aust, 2016), BayesFactor (0.9.12.2, Morey & Rouder, 2015), cocron
(1.0.1, Diedenhofen & Musch, 2016), MASS (7.3.47, Venables & Ripley, 2002), papaja
(0.1.0.9492, Aust & Barth, 2016), and propint (0.2.12, Papenberg, 2017) in all analyses. To
evaluate the effectiveness of the experimental manipulation, we conducted a 4 ൈ 2
[information level ൈ test format] between-subjects analysis of variance (ANOVA) on
participants’ test scores using generalized eta squared ߟீଶ as an index of effect size. An alpha
error level of .05 was applied for all significance tests.
To determine test validity, we reassigned participants to the four information levels on
the basis of their test scores using a one-dimensional linear discriminant analysis (cf.
Diedenhofen & Musch, 2017). The linear discriminant analysis established groups of similar
test-takers by minimizing the variance of test scores within groups and maximizing the
variance of test scores between groups. The reassignment was conducted twice: (a) for all
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participants in the MC condition, and (b) for all participants in the DOMC condition. Each
participant’s reassigned information level was then compared to their experimentally induced
information level, allowing us to test whether the MC or DOMC test scores were more useful
in determining the level of information participants had originally been provided. We
compared the proportion of correct classifications between the MC and the DOMC conditions
in order to contrast the validity of the two competing test formats. We tested differences in
classification accuracy using a classical ߯ ଶ -test and a Bayes factor for independence in
contingency tables (Gunel & Dickey, 1974; Morey & Rouder, 2015). Bayes factors evaluate
the relative evidence data provide for two competing hypotheses (Morey & Rouder, 2011).
Often, a point null hypothesis is compared with an alternative hypothesis stating a range of
possible effects (Kass & Raftery, 1995). The Bayes factor (ܨܤଵ) reflects the ratio of the
evidence the data provide for preferring the alternative hypothesis that there is an effect over
ଵ

the null hypothesis that there is no effect. The inverse Bayes factor ܨܤଵ ൌ ி reflects the
భబ

ratio of the evidence the data provide for retaining the null hypothesis that there is no effect
over the alternative hypothesis that there is an effect. Thus, unlike classical significance tests
relying on p-values, Bayes factors are able to provide evidence not only in favor of the
alternative hypothesis, but also in favor of the null hypothesis (Dienes, 2014; Kass & Raftery,
1995). As alternative hypothesis, we used an uninformative default prior according to which
all combinations of correct and incorrect classifications are equally likely a priori (see Jamil
et al., 2017).
Results
Manipulation check
Figure 1 illustrates the distribution of test scores by information level and test format.
The participants' level of information strongly affected their test scores, ܨሺ͵, ͷͳʹሻ ൌ ͷͳͶǤͻ͵,
 ൏ ǤͲͲͳ, ߟீଶ ൌ Ǥͷ, indicating that the experimental induction of knowledge was successful.
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The DOMC test was found to be more difficult (M = 6.26, SD = 2.91) than the MC test (M =
7.36, SD = 2.70), ܨሺͳ, ͷͳʹሻ ൌ ǤͲ,  ൏ ǤͲͲͳ, ߟீଶ ൌ Ǥͳ͵. The interaction of test format and
information level was not significant, ܨሺ͵, ͷͳʹሻ ൌ ͳǤͻ,  ൌ Ǥͳͳ, ߟீଶ ൌ ǤͲͳ.

– Insert Figure 1 about here –

Reliability
Reliability was determined by computing Cronbach’s Į, and was found to not differ
between the DOMC (Į = 0.72) and the MC test (Į = 0.68), ߯ ଶ ሺͳሻ = 0.77, p = .38 in a
significance test conducting using the software cocron (Diedenhofen & Musch, 2016).
Validity
Figure 1 illustrates the results of the linear discriminant analysis. A total of 74.14% of
participants in the MC condition and 73.93% of participants in the DOMC condition were
reassigned correctly, ߯ ଶ ሺͳǡ ܰ ൌ ͷʹͲሻ ൌ ͲǤͲͲ,  ൌ Ǥͻͷ, ܨܤଵ ൌ ͳͲǤͶͲ. According to the
Bayes factor, the data favor the null hypothesis in comparison to the alternative hypothesis by
a factor of approximately 10, indicating that both test formats classified participants equally
well.
Additional analyses
Testing time. It has repeatedly been reported that the DOMC format reduces testing
time (Foster & Miller, 2009; Papenberg et al., 2017; Willing et al., 2015). To investigate
whether this finding could be replicated in the present study, we computed the median time
participants needed to respond to the 12 critical test items. The experimental validation
design of the present investigation allowed us to assess how test-takers’ information levels
were related to their response times; this was not possible in previous studies in which the
information available to test-takers was unknown. A 4 ൈ 2 [information level ൈ test format]
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ANOVA on median response times showed that responses were faster when more knowledge
was available, ܨሺ͵, ͷͳʹሻ ൌ ǤͲ͵,  ൏ ǤͲͲͳ, ߟீଶ ൌ ǤͲ͵ (see Figure 2). In contrast to the results
of previous studies, test-takers responded faster to MC items (M = 7.46 s, SD = 2.20 s) than
to DOMC items (M = 8.06 s, SD = 2.14 s), ܨሺͳ, ͷͳʹሻ ൌ ͻǤͻͻ,  ൌ ǤͲͲʹ, ߟீଶ ൌ ǤͲʹ. However,
a significant interaction between test format and information level suggested that the
difference between response times in DOMC and MC format depended on the test-takers'
knowledge, ܨሺ͵,ͷͳʹሻ ൌ ʹǤͺ,  ൌ ǤͲͶ, ߟீଶ ൌ ǤͲʹ. Figure 2 illustrates the nature of this
interaction: When test takers were given perfect information, MC items were processed faster
(M = 6.63 s, SD = 2.09 s) than DOMC items (M = 7.66 s, SD = 1.81 s), ݐሺͳʹǤͷͳሻ ൌ െ͵ǤͲͲ,
 ൌ ǤͲͲ͵, ݀ ൌ െͲǤͷ͵Ǥ When test takers were given much information, MC items were also
processed faster (M = 7.21 s, SD = 2.12 s) than DOMC items (M = 8.17 s, SD = 1.79 s),
ݐሺͳʹͻǤͲ͵ሻ ൌ െʹǤͺͳ,  ൌ ǤͲͲ, ݀ ൌ െͲǤͶͻǤ However, when test takers were given little
information, processing times did not differ significantly between MC items (M = 7.78 s, SD
= 2.26 s) and DOMC items (M = 8.17 s, SD = 2.92 s), ݐሺͳͳͺǤͷ͵ሻ ൌ െͳǤͶ,  ൌ ǤͳͶ͵,
݀ ൌ െͲǤʹǤ When test-takers had very little knowledge, there also was no significant
difference between response times for MC (M = 8.25 s, SD = 2.05 s) and DOMC items (M =
7.95 s, SD = 1.78 s), ݐሺͳʹͷǤͲͳሻ ൌ ͲǤͺͻ,  ൌ Ǥ͵, ݀ ൌ ͲǤͳ.

– Insert Figure 2 about here –

Correct responses by information availability. To investigate test-takers’ responses
more closely, we analyzed the extent to which participants made use of the information they
were provided with in the short story. When a critical detail was presented to participants,
they solved the corresponding test item correctly in 87.39% of all MC presentations, and in
80.30% of all DOMC presentations. To test this difference for statistical significance, we
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computed a confidence interval for differences in proportions as proposed by Donner and
Klar (1993, Method 2.1). This method takes the hierarchical structure of the data into account
and nests the correctness of responses within test-takers. Because the 95% confidence
interval of 7.09 percentage points (ൌ ͺǤ͵ͻ െ ͺͲǤ͵Ͳ) did not include 0 (95% CI [4.24, 9.94]),
the difference was statistically significant. When participants were not provided with a given
critical detail, they chose the correct answer in 17.31% of all MC presentations, but only
5.11% of all DOMC presentations, a difference of 12.20 percentage points (95% CI [9.46,
14.93]). Using the confidence interval approach proposed by Newcombe (2001) to determine
the significance of the difference between the differences in solution rates, we found that
solution rates for the two response formats differed more strongly when no information was
provided than when information was provided (ͳʹǤʹͲ െ ǤͲͻ = 5.11, 95% CI [1.16, 9.06]).
Thus, DOMC items were generally more difficult than MC items, and this effect was
strongest when no information was available; uninformed DOMC test-takers hardly ever
chose the correct solution.
Discussion
In a first experimental validation of the DOMC test format, we tested whether test
scores based on a sequential presentation of response options are as valid as traditional MC
test scores. We found that MC and DOMC test scores reflected the level of information that
was available to respondents equally well, suggesting that the sequential presentation of
response options results in test scores that are no less valid than MC test scores. This result is
in line with previous studies finding that reliability, item discrimination (Foster & Miller,
2009; Kingston et al., 2012) and criterion-related evidence of validity (Willing, 2013) do not
differ between MC and DOMC tests. Unlike previous studies, however, we conducted an
experimental validation. Methodologically, we therefore provide a particularly strong
contribution to the still small body of literature on the validity of the DOMC format. Because
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we experimentally induced different levels of information among participants, we were able
to compare MC and DOMC test scores with a particularly reliable external validation
criterion. In a linear discriminant analysis, we found that both test formats performed equally
well; they both correctly determined the group membership of 74% of participants. A Bayes
factor comparing classification performance between the MC and the DOMC condition
confirmed this result and provided strong evidence for the null hypothesis of no difference
between test formats. Thus, taken together, the present results strongly suggest that the
DOMC test format is no less valid than the MC test format in assessing individual differences
in knowledge.
When no information was provided at all, participants in the MC condition were not
able to identify the solution more often than would be expected assuming a random guessing
strategy. In fact, their performance (17% correct) was even below the 25% level that would
be expected by chance, indicating that the experimental items contained well-functioning
distractors that were more attractive to uninformed test-takers than the solution. Guessing
performance was even lower in the DOMC test format (5%). When test-takers had not been
provided with a critical detail, they were much less likely to select the correct answer in the
DOMC than in the MC test format. This finding provides evidence for the notion that the
DOMC test format is particularly successful in preventing successful guessing by uninformed
test-takers, making it attractive as an alternative to the traditional MC format. However,
further studies should explore the response processes involved in DOMC testing to achieve a
better understanding of test-takers’ decision-making and guessing strategies in sequential
testing. The present findings suggest that the DOMC format tends to make test-takers rather
conservative, as they were more reluctant to accept early response options than would be
optimal from a normative point of view. This may have put respondents who were too
conservative at a disadvantage. Potential individual differences in willingness to accept early
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response options – which may be independent of individual differences in knowledge –
should therefore be investigated more closely. If individual differences in response style
affect DOMC test scores, they may pose a threat to the validity of DOMC testing.
The present study may have precluded a more favorable outcome for the DOMC test
format because we successfully made sure that none of the items contained any cues to their
solution. This is not necessarily representative of real MC examinations used in practice;
studies by Brozo et al. (1984) and Tarrant and Ware (2008) found that between 28-75% of
the MC items presented in exams contained cues to their solution that could be exploited by
testwise examinees. Given that DOMC testing has been shown to reduce construct-irrelevant
variance due to testwiseness (Willing et al., 2015; Papenberg, et al., 2017), DOMC tests are
likely to outperform MC tests in terms of test score validity if items contain cues to their
solution that can more easily be exploited when answer options are presented simultaneously
rather than sequentially.
An important question is whether the technically more demanding DOMC format
should be adopted even if it does not improve reliability and validity compared to the MC test
format. The present results show that uninformed test-takers are far less likely to guess the
solution when response options are presented sequentially. Susceptibility to guessing is a
major disadvantage of the MC test format (Kubinger et al., 2010), a problem that may be
overcome by using the DOMC format. Another potentially interesting feature of the DOMC
test format is that it provides a convenient way to make items more difficult if desired in a
given application. Test security is also likely to profit from the use of the DOMC test format
because not all response options have to be revealed to test-takers (Foster & Miller, 2009).
Previous research indicated that testing time may be reduced considerably when
response options are presented sequentially due to the application of stopping rules. Reduced
testing times would then be another advantage of the DOMC test format (Foster & Miller,
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2009; Willing et al., 2015; Papenberg, et al., 2017). However, the results of the present study
indicate the opposite. Item responses were faster in the MC test, and this effect was most
pronounced when test-takers had perfect information; there were no differences in response
times when test-takers had little information. A possible explanation for this unexpected
finding is that our items differed in length from items used in previous studies. In the present
study, response options often consisted of only one word, and the maximum number of words
per option was nine. In a previous study by Papenberg et al. (2017), many response options
consisted of sentences containing more than 20 words. As the DOMC test format reduces the
number of response options that have to be presented to test-takers, a larger number of words
per option will result in a larger total savings in the number of words test-takers must process.
It is therefore likely that testing time is reduced most when the DOMC test format is
employed for response options that are rather verbose. The present results suggest that if
response options consist of only a few words that can be processed quickly, the MC test
format may result in shorter testing times than the DOMC test format. When response options
are short, the ratio of the length of the question stem to the length of the response options
becomes larger. When short response options are used, the additional time needed to make
repeated decisions in DOMC items may outweigh the reduction in testing time caused by the
application of stopping rules in DOMC tests, provided that the question stem has to be read in
both MC and DOMC items. Considering that the present study is the first to find reduced
testing times for an MC test compared to a DOMC test, future research should investigate
potential moderators of the time efficiency of the MC and the DOMC test formats more
closely.
To conclude, the existing body of research on the DOMC test format is still rather small
and needs to be expanded. The present study provides the first experimental demonstration
that DOMC tests are no less reliable and valid than MC tests. However, further validation
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studies should be conducted to test whether the present results can be generalized to other
tests and domains of knowledge, as well as to other populations of test-takers. A general
limitation that should also be addressed in future studies is that test-takers’ decision processes
during DOMC testing are not yet well understood, despite the fact that understanding
response processes has been identified as a key variable in test validation (Borsboom,
Mellenbergh, & Heerden, 2004). Future research should therefore strive to widen our
understanding of test-takers' answering processes in DOMC testing.
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Figure 1. Distribution of test scores by information level and test format. The size of the
circles represents the number of participants achieving the respective test score.
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Figure 2. Average median response time for critical test items as a function of test format and
level of information. Error bars indicate 95% confidence intervals.
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6(48(17,$/5(63216(%(+$9,25






FRPSDULVRQVRIWKH0&DQG'20&WHVWIRUPDWVIRXQGFRPSDUDEOHLWHPGLVFULPLQDWLRQ
LQGLFHVLQWHUQDOFRQVLVWHQFLHVDQGFRQFXUUHQWYDOLGLWLHV )RVWHU 0LOOHU.LQJVWRQHW
DO:LOOLQJ :KLOHWKLVPD\EHFRQVLGHUHGVXUSULVLQJOLWWOHLVDFWXDOO\NQRZQ
DERXWWKHLQIOXHQFHRIFRQVWUXFWLUUHOHYDQWUHVSRQVHELDVHVRQ0&DQG'20&WHVWVFRUHV2Q
WKHRQHKDQGYDULDQFHGXHWRWHVWZLVHQHVVPD\QRWQHFHVVDULO\FRQWDPLQDWHWKHUHVXOWRI0&
WHVWVLIJRRGLWHPZULWLQJSUDFWLFHVDUHIROORZHG +DODG\QD 2QWKHRWKHUKDQGZKLOH
'20&WHVWUHVXOWVVXFFHVVIXOO\VXSSUHVVFRQVWUXFWLUUHOHYDQWYDULDQFHGXHWRWHVWZLVHQHVV
:LOOLQJHWDO WKH\PD\EHFRQWDPLQDWHGE\RWKHUVRXUFHVRIFRQVWUXFWLUUHOHYDQW
YDULDQFHWKDWKDYHQRW\HWEHHQLGHQWLILHG7KHSUHVHQWVWXG\LQYHVWLJDWHVWKLVODWWHU
SRVVLELOLW\%\H[DPLQLQJWKH'20&UHVSRQVHSURFHVVPRUHFORVHO\ZHIROORZUHFHQW
UHFRPPHQGDWLRQVVWUHVVLQJWKHLPSRUWDQFHRILQYHVWLJDWLQJWKHLQWHUQDOSURFHVVHVWKDWSUHFHGH
WKHVHOHFWLRQRIDQVZHUVWRNQRZOHGJHLWHPV HJ%RUVERRP0HOOHQEHUJK +HHUGHQ
*RULQ/LQGQHU6WUREHO .|OOHU/LVVLW] 6DPXHOVHQ 
%DVHGRQDQHZFDXVDOPRGHORIKRZWHVWWDNHUVDQVZHU'20&LWHPVZHJHQHUDWH
K\SRWKHVHVRQWKHSRWHQWLDOGHWULPHQWDOLQIOXHQFHRIFRQVWUXFWLUUHOHYDQWVRXUFHVRIYDULDQFH
RQ'20&WHVWVFRUHV)RUDPRUHWKRURXJKHYDOXDWLRQRIWKHYDOLGLW\RIWKH'20&WHVW
SURFHGXUHZHSURSRVHDQGXVH025%,67DVDPRGHORIUHVSRQVHEHKDYLRULQVHTXHQWLDO
WHVWV025%,67LVEDVHGRQVLJQDOGHWHFWLRQWKHRU\WKHVWDQGDUGPRGHOXVHGWRGHVFULEH
GHFLVLRQPDNLQJLQPDQ\DUHDVRIPHPRU\UHVHDUFK 0DFPLOODQ &UHHOPDQ3DVWRUH
&UDZOH\%HUHQV 6NHOO\ :HVKRZWKDW025%,67FDQVXFFHVVIXOO\PRGHOWHVW
WDNHUV¶UHVSRQVHEHKDYLRULQ'20&WHVWVZKLOHVLPXOWDQHRXVO\DFFRXQWLQJIRUWKHLQGLYLGXDO
GLIIHUHQFHVLQUHVSRQVHVW\OHWKDWDUHDWWKHFHQWHURIWKHSUHVHQWLQYHVWLJDWLRQ
8VLQJVLJQDOGHWHFWLRQWHUPLQRORJ\025%,67FRQVLGHUVWKHSUHVHQWDWLRQRIDFRUUHFW
DQVZHUDVLJQDODQGWKHSUHVHQWDWLRQRIDGLVWUDFWRUQRLVH FI6WDQLVODZ 7RGRURY ,Q
VLJQDOGHWHFWLRQWKHRU\UHVSRQVHGHFLVLRQVDUHPDGHLQWZRFRQVHFXWLYHSKDVHVDQHYDOXDWLRQ
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SKDVHDQGDGHFLVLRQSKDVH,QWKHHYDOXDWLRQSKDVHWKHSODXVLELOLW\RIWKHFXUUHQWRSWLRQLV
DVVHVVHGDFFRUGLQJWRWKHVWUHQJWKRIWKHHYLGHQFHDVVRFLDWHGZLWKWKLVRSWLRQ 3DVWRUHHWDO
 $KLJKHUSHUFHLYHGVWUHQJWKRIHYLGHQFHLQFUHDVHVWKHSUREDELOLW\WKDWDUHVSRQVH
RSWLRQZLOOEHDFFHSWHGDVWKHVROXWLRQ7KHGHJUHHWRZKLFKGLVWUDFWRUVDQGVROXWLRQVLQYRNH
GLIIHUHQWVWUHQJWKVRIHYLGHQFHLVXVHGDVDQLQGH[RIWKHUHVSRQGHQWV¶GHJUHHRINQRZOHGJH
G¶ ,QWKHGHFLVLRQSKDVH±DIWHUDQRSWLRQKDVEHHQHYDOXDWHG±UHVSRQGHQWVKDYHWRGHFLGH
ZKHWKHUHQRXJKHYLGHQFHKDVEHHQFROOHFWHGWRMXVWLI\WKHDFFHSWDQFHRIWKHFXUUHQWUHVSRQVH
RSWLRQ7RDUULYHDWWKLVGHFLVLRQDUHVSRQVHFULWHULRQLVXVHGWRGHWHUPLQHZKHWKHUWKH
DYDLODEOHHYLGHQFHVXIILFHVWRDFFHSWWKHFXUUHQWRSWLRQ5HVSRQGHQWVZKRUHTXLUHVWURQJ
HYLGHQFHWRDFFHSWDQRSWLRQHPSOR\DFRQVHUYDWLYHUHVSRQVHFULWHULRQUHVSRQGHQWVZKR
UHTXLUHOHVVHYLGHQFHHPSOR\DPRUHOLEHUDOUHVSRQVHFULWHULRQ 6WDQLVODZ 7RGRURY 
025%,67H[SHFWVWKDWWKHVHTXHQWLDOUHVSRQVHPRGHRI'20&WHVWLQJLQIOXHQFHVWKH
UHVSRQVHFULWHULDWHVWWDNHUVHPSOR\,QD'20&LWHPLIQRSUHYLRXVRSWLRQZDVWKHVROXWLRQ
WKHSUREDELOLW\RIDUHVSRQVHRSWLRQEHLQJWKHVROXWLRQLQFUHDVHVZLWKLQFUHDVLQJVHULDO
SRVLWLRQ)RUH[DPSOHWKHILUVWRSWLRQLQDVHWRIILYHUHVSRQVHRSWLRQVLVWKHVROXWLRQZLWKD
SUREDELOLW\RIRQO\S  7KHSUREDELOLW\LVKLJKHU S   IRUWKHVHFRQG
RSWLRQEHFDXVHWKHVHFRQGRSWLRQLVSUHVHQWHGRQO\LIWKHILUVWRSWLRQZDVQRWWKHVROXWLRQ
7KHUHIRUHDIWHUDWHVWWDNHUKDVVXFFHVVIXOO\UHMHFWHGDGLVWUDFWRUHDFKIXUWKHURSWLRQKDVDQ
LQFUHDVLQJO\KLJKHUSUREDELOLW\RIEHLQJWKHVROXWLRQ,WKDVEHHQVKRZQWKDWUHVSRQGHQWVFDQ
DQGGRDGDSWWKHLUUHVSRQVHFULWHULDWRYDU\LQJWDUJHWSUREDELOLWLHV %XFKQHU(UGIHOGHU 
9DWHUURGW3OQQHFNH 025%,67WKHUHIRUHDVVXPHVWKDWWHVWWDNHUVJHQHUDOO\HPSOR\D
PRUHOLEHUDOUHVSRQVHFULWHULRQZLWKLQFUHDVLQJRSWLRQSRVLWLRQWRDFFRPPRGDWHWKHIDFWWKDW
WKHQXPEHURIRSWLRQVOHIWLVJUDGXDOO\GHFUHDVLQJ
7KHPRVWLPSRUWDQWDQGFULWLFDODVVXPSWLRQRI025%,67LVWKDWWHVWWDNHUVPLJKW
V\VWHPDWLFDOO\GLIIHULQWKHGHJUHHWRZKLFKWKH\DUHLQFOLQHGWRDFFHSWHDUO\UHVSRQVHRSWLRQV
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RYHUDQGDERYHZKDWLVZDUUDQWHGGXHWRQRUPDWLYHUHDVRQVDQGLQGLYLGXDOGLIIHUHQFHVLQ
NQRZOHGJH:HFDOOWKLVSRWHQWLDOLQGLYLGXDOUHVSRQVHELDVZKLFKLVLQGHSHQGHQWRIWHVW
WDNHUV¶NQRZOHGJHDFFHSWDQFHUHOXFWDQFHRU)HVWOHJXQJV]|JHUQ LQ*HUPDQ +LJK
DFFHSWDQFHUHOXFWDQFHLVFKDUDFWHUL]HGE\WKHDSSOLFDWLRQRIDUDWKHUFRQVHUYDWLYHUHVSRQVH
FULWHULRQIRUHDUO\RSWLRQVDQGWKXVDSUHIHUHQFHIRUFKRRVLQJODWHUUHVSRQVHRSWLRQV,Q
FRQWUDVWORZDFFHSWDQFHUHOXFWDQFHLVFKDUDFWHUL]HGE\WKHDSSOLFDWLRQRIDPRUHOLEHUDO
UHVSRQVHFULWHULRQZKLFKIDYRUVWKHDFFHSWDQFHRIHDUO\RSWLRQV,QRWKHUZRUGV025%,67
DFFRPPRGDWHVIRUWKHIDFWWKDWVRPHWHVWWDNHUVPD\KDYHDWHQGHQF\WRDFFHSWHDUO\RSWLRQV
WRDYRLGPLVVLQJWKHVROXWLRQZKHUHDVRWKHUVPLJKWEHPRUHZLOOLQJWRZDLWORQJHULQKRSHRI
DEHWWHUILW6XFKLQGLYLGXDOGLIIHUHQFHVLQUHVSRQVHVW\OHQHHGQRWEHUHODWHGWRWKHWUDLWXQGHU
LQYHVWLJDWLRQDQGLIWKH\RFFXUWKH\PD\LQWURGXFHELDVWRWKHPHDVXUHPHQW &URQEDFK
 
,QDYHU\HDUO\FRQWULEXWLRQ:LOH\DQG7ULPEOH  QRWHGWKDWLQGLYLGXDOGLIIHUHQFHV
LQUHVSRQVHFRQILGHQFHDFURVVVHYHUDODFKLHYHPHQWWHVWVFRXOGEHDVVHVVHGZLWKKLJKHU
UHOLDELOLW\WKDQWKHPHDVXUHVRIDFKLHYHPHQWWKHPVHOYHV)URPWKLVREVHUYDWLRQWKH\
FRQFOXGHGWKDW³VRPHSHUVRQDOLW\WUDLWRUWUDLWVLVRSHUDWLYH´7KRUQGLNH  DOVR
LQYHVWLJDWHGWKHLQIOXHQFHRID³FKHFNLQJWKUHVKROG´RQDWHVWRIPDWXULW\,QWKLVWHVW
UHVSRQGHQWVZHUHIUHHWRPDUNVWDWHPHQWVHLWKHURQFHRUWZLFHGHSHQGLQJRQWKHGHJUHHWR
ZKLFKWKH\UHMHFWHGWKHUHVSHFWLYHVWDWHPHQW7KRUQGLNHIRXQGWKDWWKHQXPEHURILWHPFKHFNV
FRXOGEHPHDVXUHGPRUHFRQVLVWHQWO\WKDQWKHDFWXDOPHDVXUHRIPDWXULW\SURYLGLQJHYLGHQFH
IRUFRQVLVWHQWEXWFRQVWUXFWLUUHOHYDQWLQGLYLGXDOGLIIHUHQFHVLQUHVSRQVHWKUHVKROGV,QJKDP
 DOVRH[SORUHGWKHLQGLYLGXDOVWDELOLW\RIWKHUHVSRQVHFULWHULRQLQ\HVQRGHFLVLRQWDVNV
LQWKHGRPDLQRIDFRXVWLFVHQVDWLRQ5HVSRQGHQWVZHUHDVNHGWRLQGLFDWHZKHWKHUWKH\KDG
KHDUGDVRXQGRUQRW,QJKDPIRXQGWKDWWKHDSSOLFDEOHUHVSRQVHFULWHULRQZDVVWDEOHERWK
ZLWKLQ U ± DQGEHWZHHQVHVVLRQV U ± LWFRXOGWKXVEHVKRZQWRUHOLDEO\
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GLIIHUEHWZHHQUHVSRQGHQWV.DQWQHUDQG/LQGVD\  UHFHQWO\LQYHVWLJDWHGWKHVWDELOLW\RI
UHVSRQVHWKUHVKROGVLQWKHGRPDLQRIROGQHZUHFRJQLWLRQPHPRU\LQDVLPLODUZD\,Q
VHYHUDOH[SHULPHQWVWKH\REVHUYHGKLJKFRUUHODWLRQVEHWZHHQUHVSRQVHWKUHVKROGVDFURVV
H[SHULPHQWDOVHVVLRQV7KH\WKHUHIRUHFRQFOXGHGWKDW³VRPHSHRSOHUHTXLUHPRUHPHPRU\
HYLGHQFHWKDQGRRWKHUVEHIRUHWKH\DUHZLOOLQJWRFDOODQLWHPµROG¶ S ´
7RWKRURXJKO\DVVHVVWKH'20&WHVWLQJSURFHGXUHLWLVLPSRUWDQWWRXQGHUVWDQGKRZ
LQGLYLGXDOGLIIHUHQFHVLQWKHWHQGHQF\WRHPSOR\DFRQVHUYDWLYHUHVSRQVHFULWHULRQPD\DIIHFW
LWHPUHVSRQVHVLQGHSHQGHQWO\RILQGLYLGXDOGLIIHUHQFHVLQNQRZOHGJH7RLQYHVWLJDWHWKLV
TXHVWLRQPRUHFORVHO\ZHILUVWUHSRUWDFRUUHODWLRQDOVWXG\WKDWHVWDEOLVKHGWKDWLQGLYLGXDO
GLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHGRLQGHHGH[LVW 6WXG\ %HFDXVHLQGLYLGXDOGLIIHUHQFHV
LQDFFHSWDQFHUHOXFWDQFHPD\DGGFRQVWUXFWLUUHOHYDQWYDULDQFHWR'20&LQVWUXPHQWVZH
WKHQUHSRUWWKHUHVXOWVRIDFRPSXWHUVLPXODWLRQWKDWH[DPLQHGZKHWKHULQGLYLGXDOGLIIHUHQFHV
LQWKHSURFOLYLW\WRDFFHSWHDUO\UHVSRQVHRSWLRQVV\VWHPDWLFDOO\LQIOXHQFH'20&WHVWVFRUHV
6WXG\ :HSUHGLFWDQGILQGWKDWHPSOR\LQJDKLJKWKUHVKROGDQGFKRRVLQJODWHUUHVSRQVH
RSWLRQVLQWKHVLPXODWLRQOHDGVWRKLJKHUWHVWVFRUHV,Q6WXG\ZHUHSRUWDQH[SHULPHQWZLWK
UHDOSDUWLFLSDQWVDLPHGDWSURYLGLQJDILQDOHPSLULFDOWHVWRIZKHWKHUFRQVWUXFWLUUHOHYDQW
GLIIHUHQFHVLQUHVSRQVHWKUHVKROGFDXVDOO\LQIOXHQFH'20&WHVWVFRUHV7RWKLVHQGZHWHVW
ZKHWKHUH[SHULPHQWDOO\LQGXFLQJDKLJKRUORZUHDGLQHVVWRDFFHSWHDUO\UHVSRQVHRSWLRQV
V\VWHPDWLFDOO\OHDGVWRKLJKRUORZVFRUHVLQ'20&WHVWVUHVSHFWLYHO\
)RUWKLVLQYHVWLJDWLRQLWZDVLPSRUWDQWWRREWDLQDPHDVXUHRIDFFHSWDQFHUHOXFWDQFH7R
FUHDWHWKLVPHDVXUHZHUHDVRQHGWKDWDFFHSWDQFHUHOXFWDQFHLVDUJXDEO\VWURQJHVWLQVLWXDWLRQV
RIKLJKXQFHUWDLQW\:KHQUHVSRQGHQWVNQRZDQDQVZHUZLWKKLJKFHUWDLQW\WKHLUUHVSRQVH
FULWHULRQLVOHVVLPSRUWDQWIRUWKHGHFLVLRQSURFHVV FI%HUJ&URQEDFK
,QJKDP :HWKHUHIRUHFUHDWHGDQXQFHUWDLQGHFLVLRQVLWXDWLRQWKDWDOORZHGXVWR
PHDVXUHLQGLYLGXDOGLIIHUHQFHVLQWKHZLOOLQJQHVVWRDFFHSWHDUO\DQVZHUV:HGLGWKLVE\
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SUHVHQWLQJTXHVWLRQVWKDWKDGQRFRUUHFWDQVZHUDWDOODORQJVLGHJHQHUDONQRZOHGJHLWHPVIRU
ZKLFKWKHUHZDVDFRUUHFWDQVZHU1RVROXWLRQLWHPVKDYHSUHYLRXVO\EHHQXVHGWRREWDLQD
PHDVXUHRIUHVSRQVHELDVLQWKHFRQWH[WRIPHDVXULQJRYHUFRQILGHQFHLQDYRFDEXODU\WHVW
.RHKOHU ,QQRVROXWLRQLWHPVUHVSRQVHVFDQQRWEHEDVHGRQNQRZOHGJHEHFDXVHQRQ
H[LVWLQJVROXWLRQVFDQQRWEHNQRZQWRWKHUHVSRQGHQWV,IWHVWWDNHUVDUHQRWPDGHDZDUHRI
WKHSUHVHQFHRIQRVROXWLRQLWHPVKRZHYHUWKH\FDQEHH[SHFWHGWRSURFHVVVXFKTXHVWLRQV
OLNHRWKHUWHVWLWHPV7KLVSURGXFHVDQXQFHUWDLQUHVSRQVHVLWXDWLRQLQZKLFKWKHGHFLVLRQ
SURFHVVLVXQDIIHFWHGE\LQGLYLGXDOGLIIHUHQFHVLQNQRZOHGJHLQ6'7WHUPVG¶LVVHWWR]HUR
:HXVHGWKHQXPEHURIRSWLRQVWHVWWDNHUVZDQWWREHVKRZQLQQRVROXWLRQLWHPVEHIRUH
DFFHSWLQJDQDQVZHUDVDNQRZOHGJHIUHHLQGLYLGXDOOHYHOPHDVXUHRIDFFHSWDQFHUHOXFWDQFH
,Q6WXG\ZHH[SORUHGD ZKHWKHUDFFHSWDQFHUHOXFWDQFHFDQEHPHDVXUHGUHOLDEO\
XVLQJQRVROXWLRQLWHPVE ZKHWKHUDFFHSWDQFHUHOXFWDQFHLVFRUUHODWHGZLWK'20&WHVW
VFRUHVDQGF ZKHWKHUDFFHSWDQFHUHOXFWDQFHFDQEHXVHGWRSUHGLFWWHVWVFRUHVLQ'20&WHVWV
RYHUDQGDERYHZKDWFDQEHSUHGLFWHGRQWKHEDVLVRIWHVWWDNHUV¶NQRZOHGJH,IDFFHSWDQFH
UHOXFWDQFHLQIOXHQFHV'20&WHVWVFRUHVLQGHSHQGHQWO\RIWHVWWDNHUV¶NQRZOHGJHOHYHOVWKH
YDOLGLW\RI'20&WHVWVFRUHVZRXOGEHFDOOHGLQWRTXHVWLRQ:HDOVRPHDVXUHGVHYHUDO
SHUVRQDOLW\WUDLWVWKDWPLJKWEHDVVRFLDWHGZLWKUHVSRQVHWKUHVKROGVWRH[SORUHWKH
QRPRORJLFDOQHWZRUNRIDFFHSWDQFHUHOXFWDQFHDQGSLQSRLQWSRWHQWLDODVSHFWVRISHUVRQDOLW\
WKDWPLJKWEHDVVRFLDWHGZLWKWKHXVHRIDFRQVHUYDWLYHUHVSRQVHWKUHVKROG$VDVHFRQGDU\
SXUSRVHRI6WXG\ZHIXUWKHUH[SORUHGWKHJHQHUDOSURSHUWLHVRIWKH'20&UHVSRQVHIRUPDW
7KLVDOVRDOORZHGXVWRXVHWKHUHVXOWVRI6WXG\DVHPSLULFDOEHQFKPDUNVIRUWKH025%,67
FRPSXWHUVLPXODWLRQLQ6WXG\
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6WXG\
0HWKRG
6DPSOH3DUWLFLSDQWVZHUHPHPEHUVRIDQRQOLQHUHVHDUFKSDQHOZKRKDG
SUHYLRXVO\FRQVHQWHGWRUHFHLYHLQYLWDWLRQVWRRQOLQHVWXGLHVFRQGXFWHGE\WKH8QLYHUVLW\RI
'XHVVHOGRUI2QO\WKHGDWDRIWKHSDUWLFLSDQWV IHPDOH ZKRILQLVKHGWKHWHVWZHUH
XVHGIRUDQDO\VLV7KHSDUWLFLSDQWV¶DYHUDJHDJHZDV\HDUV ܵ ܦൌ ͳͲǤͻͺ $OO
SDUWLFLSDQWVLQGLFDWHG*HUPDQDVWKHLUQDWLYHODQJXDJH7KHPDMRULW\RIWKHVDPSOHFRQVLVWHG
RIKLJKO\HGXFDWHGLQGLYLGXDOVSHUFHQWUHSRUWHGDEDFKHORUPDVWHURUHTXLYDOHQWGHJUHH
DVWKHLUKLJKHVWHGXFDWLRQDODWWDLQPHQWZKLOHDQRWKHUUHSRUWHGDXQLYHUVLW\HQWUDQFH
TXDOLILFDWLRQ *HUPDQ$ELWXU 2QO\UHSRUWHGQRWKROGLQJRQHRIWKHDERYHWZR
HGXFDWLRQDOTXDOLILFDWLRQV
0DWHULDOV
1RVROXWLRQLWHPV1RVROXWLRQLWHPVSRVHGDTXHVWLRQWRZKLFKQRVROXWLRQH[LVWV
%HFDXVHQRQHRIWKHDYDLODEOHUHVSRQVHRSWLRQVVROYHGWKHQRVROXWLRQLWHPVWKHVHLWHPV
FRXOGQRWEHDQVZHUHGFRUUHFWO\+RZHYHUWKHQXPEHURIRSWLRQVSDUWLFLSDQWVGHFLGHGWRORRN
DWLQQRVROXWLRQLWHPVEHIRUHHYHQWXDOO\DFFHSWLQJDQRSWLRQZDVXVHGDVDNQRZOHGJHIUHH
PHDVXUHRIDFFHSWDQFHUHOXFWDQFH7HVWWDNHUVZKRDFFHSWHGDODWHUUHVSRQVHRSWLRQZHUH
FRQVLGHUHGWRH[KLELWKLJKDFFHSWDQFHUHOXFWDQFH7RPHDVXUHDFFHSWDQFHUHOXFWDQFH
XQREWUXVLYHO\LWZDVLPSRUWDQWWRPDNHVXUHWKDWLWZDVQRWREYLRXVWKDWVRPHRIWKH
TXHVWLRQVGLGQRWKDYHDQ\VROXWLRQ)RUWKLVUHDVRQWKHVL[QRVROXWLRQLWHPVZHUH
LQWHUVSHUVHGUDQGRPO\DPRQJ'20&LWHPVWDNHQIURPDQH[LVWLQJNQRZOHGJHWHVWIRU
ZKLFKVROXWLRQVZHUHDYDLODEOH %2:,7+RVVLHS 6FKXOWH &DUHZDVWDNHQWRPDNH
DOORIWKHILYHUHVSRQVHRSWLRQVLQQRVROXWLRQLWHPVDSSHDUHTXDOO\SODXVLEOH7RWKLVHQGQR
VROXWLRQLWHPVVXFKDVWKHIROORZLQJZHUHXVHG
:KRGLVFRYHUHGWKH5H\QDOG,VODQGV"
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D-XDQ)HUQiQGH]/DGULOOHUR
E+HUQDQGRGH$ODUFyQ
F5X\/ySH]GH9LOODORERV
G6HEDVWLjQ9L]FDtQR
H*DUFLD-RIUHGH/RDtVD
7KH5H\QDOG,VODQGVGRQRWH[LVWDOWKRXJKWKLVFRXOGQRWEHNQRZQWRWKHUHVSRQGHQWV
EHFDXVHWKHUHDUHDQLPPHQVHQXPEHURILVODQGVLQWKHZRUOG7KH,QGRQHVLDQDUFKLSHODJR
DORQHIRUH[DPSOHFRQVLVWVRIPRUHWKDQLVODQGV :LNLSHGLD 7KHUHIRUHWHVW
WDNHUVZHUHQRWDEOHWRUHFRJQL]HWKDWQRVROXWLRQLWHPVGLGQRWFRQWDLQDVROXWLRQRQWKHEDVLV
RIWKHLUNQRZOHGJH$VDUHVXOWWKHQXPEHURIRSWLRQVWKH\UHMHFWHGEHIRUHHYHQWXDOO\
DFFHSWLQJRQHFRXOGEHXVHGDVDPHDVXUHRIWKHLUDFFHSWDQFHUHOXFWDQFH7KH*HUPDQYHUVLRQ
DQGDQ(QJOLVKWUDQVODWLRQRIWKHVL[QRVROXWLRQLWHPVDUHDYDLODEOHRQKWWSVRVILR[
.QRZOHGJHLWHPV7KH'20&NQRZOHGJHLWHPVVHUYHGWZRSXUSRVHV)LUVWWKH\
ZHUHXVHGWRLQYHVWLJDWHWKHUHODWLRQVKLSEHWZHHQDFFHSWDQFHUHOXFWDQFHDQG'20&WHVW
VFRUHV6HFRQGWKH\FDPRXIODJHGWKHQRVROXWLRQLWHPVLQWHUVSHUVHGDPRQJWKH'20&
LWHPV7KH'20&LWHPVZHUHVHOHFWHGIURPWKH%2:,7 %RFKXPHU:LVVHQVWHVW %RFKXP
7HVWRI*HQHUDO.QRZOHGJH+RVVLHS 6FKXOWH DZHOOYDOLGDWHG*HUPDQODQJXDJH
JHQHUDONQRZOHGJHWHVWWKDWFRYHUVVLPLODUFRQWHQWDVWKHVL[QHZO\FUHDWHGQRVROXWLRQLWHPV
7KHRULJLQDO%2:,7LWHPVFRQWDLQILYHRSWLRQVZLWKRSWLRQDOZD\VEHLQJ³QRQHRIWKH
DERYHLVWUXH´7KLVRSWLRQZKLFKQHYHUZDVWKHVROXWLRQLQWKHLWHPVZHVHOHFWHGLVQRW
VXLWDEOHIRU'20&WHVWLQJEHFDXVHRIWKHVHTXHQWLDOSUHVHQWDWLRQRIUHVSRQVHRSWLRQV,WZDV
WKHUHIRUHUHPRYHGIURPDOOLWHPVDQGUHSODFHGZLWKDQDGGLWLRQDOSODXVLEOHRSWLRQWRPDNH
VXUHWKDWERWKWKH%2:,7DQGWKHVL[QRVROXWLRQLWHPVFRQVLVWHGRIILYHUHVSRQVHRSWLRQV
HDFK7KHILQDOWRWDOWHVWWKXVFRQVLVWHGRI LWHPV
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7RREWDLQDQDGGLWLRQDOH[WHUQDOPHDVXUHRISDUWLFLSDQWV¶JHQHUDONQRZOHGJHXQDIIHFWHG
E\WKHPHWKRGVSHFLILFYDULDQFHZHH[SHFWHGWRFRQWDPLQDWH'20&VFRUHVZHVHOHFWHG
DQRWKHU%2:,7LWHPVDQGSUHVHQWHGWKHPLQWUDGLWLRQDO0&IRUPDWDIWHUSDUWLFLSDQWVKDG
DQVZHUHGWKH'20&LWHPV7KHRSWLRQ³QRQHRIWKHDERYHLVWUXH´ZKLFKZDVQRWWKH
VROXWLRQWRDQ\RIWKHVHLWHPVZDVDJDLQUHPRYHGWRPDNHWKHIRUPDWRIWKH0&LWHPV
FRPSDWLEOHZLWKWKDWRIWKH'20&LWHPV
3HUVRQDOLW\VFDOHV7REHWWHUXQGHUVWDQGWKHSV\FKRORJLFDOQDWXUHRIDFFHSWDQFH
UHOXFWDQFHDQGHVWDEOLVKDQRPRORJLFDOZHERILWVFRUUHODWHVZHPHDVXUHGVHYHUDOSHUVRQDOLW\
YDULDEOHVDQGUHVSRQVHELDVHVLQRUGHUWRLQYHVWLJDWHWKHLUSRWHQWLDOUHODWLRQVKLSZLWK
DFFHSWDQFHUHOXFWDQFH:HZDQWHGWRH[SORUHZKHWKHUDFFHSWDQFHUHOXFWDQFHLVEHVWFRQFHLYHG
RIDVDVSHFLILFWUDLWOLPLWHGWR'20&WHVWLQJRUVKRXOGUDWKHUEHFRQVLGHUHGDPRUHJHQHUDO
WUDLWRYHUODSSLQJZLWKRWKHUSHUVRQDOLW\WUDLWV
5LVNWDNLQJSURSHQVLW\'HFLVLRQVLQ'20&WHVWVDUHPDGHLQDQXQFHUWDLQVLWXDWLRQRI
LQFRPSOHWHLQIRUPDWLRQLQZKLFKWHVWWDNHUVSHUPDQHQWO\IDFHWKHULVNRIHLWKHUSUHPDWXUHO\
DFFHSWLQJDGLVWUDFWRURUPLVVLQJWKHVROXWLRQ0RUHULVNVHHNLQJUHVSRQGHQWVPLJKWEH
ZLOOLQJWRZDLWORQJHUIRUDEHWWHUUHVSRQVHRSWLRQZKHUHDVULVNDYHUVHSDUWLFLSDQWVPLJKW
SUHIHUWRDFFHSWDQHDUO\SODXVLEOHRSWLRQ5LVNWDNLQJSURSHQVLW\FDQEHRSHUDWLRQDOL]HGLQ
GLIIHUHQWZD\VZHGHFLGHGWRLQFOXGHERWKDEHKDYLRUDODQGDVHOIUHSRUWPHDVXUHRIULVN
WDNLQJSURSHQVLW\7RWKLVHQGZHSUHVHQWHGWKHVLQJOHTXHVWLRQDGYRFDWHGE\'RKPHQHWDO
 DVDVKRUWDQGYDOLGPHDVXUHRIULVNWDNLQJSURSHQVLW\ ³+RZGR\RXVHH\RXUVHOIDUH
\RXJHQHUDOO\DSHUVRQZKRLVIXOO\SUHSDUHGWRWDNHULVNVRUGR\RXWU\WRDYRLGWDNLQJ
ULVNV"´ 3DUWLFLSDQWVZHUHDVNHGWRLQGLFDWHWKHLUDQVZHUWRWKLVTXHVWLRQRQDSRLQW/LNHUW
VFDOHUDQJLQJIURP ³QRWDWDOOZLOOLQJWRWDNHULVNV´ WR ³YHU\ZLOOLQJWRWDNHULVNV´ 
$VKRUWYHUVLRQRIWKHEDOORRQDQDORJXHULVNWDVN %$57 ZDVXVHGDVDQDGGLWLRQDO
EHKDYLRUDOPHDVXUHRIULVNWDNLQJSURSHQVLW\ /HMXH]HWDO ,QWKH%$57UHVSRQGHQWV
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DUHDVNHGWRSXPSXSDEDOORRQ(DFKFOLFNRQDEXWWRQSXPSVXSWKHEDOORRQDQGJHQHUDWHV
PRQH\LQDYLUWXDOEDQN3DUWLFLSDQWVDFFXPXODWHPRUHPRQH\DVWKHEDOORRQJHWVODUJHU
+RZHYHUDOOPRQH\LVORVWLIWKHEDOORRQH[SORGHVZKLFKFDQKDSSHQDIWHUDQ\SXPS7R
DYRLGWKHULVNRIH[SORVLRQUHVSRQGHQWVFDQGHFLGHDWDQ\SRLQWWRILQLVKDUXQE\FDVKLQJLQ
WKHPRQH\WKH\KDYHDOUHDG\DFFXPXODWHGLQVWHDGRISXPSLQJXSWKHEDOORRQIXUWKHU7KLV
HQVXUHVWKDWWKHPRQH\IRUWKLVUXQFDQQRORQJHUEHORVWGXHWRDQH[SORGLQJEDOORRQ,QWKH
RULJLQDO%$57WKHULVNSURSHQVLW\VFRUHZDVFRPSXWHGDVWKHDYHUDJHQXPEHURISXPSVLQ
DOOUXQVLQZKLFKWKHEDOORRQGLGQRWH[SORGH7UDGLWLRQDOO\WULDOVLQZKLFKWKHEDOORRQ
H[SORGHGZHUHQRWFRQVLGHUHGLQGHWHUPLQLQJWKHULVNSURSHQVLW\VFRUH7KLVSURFHGXUH
KRZHYHUOHDGVWRDUWLILFLDOO\ORZVFRUHVIRUYHU\ULVNSURQHSDUWLFLSDQWV 3OHVNDF:DOOVWHQ
:DQJ /HMXH] 7KHUHIRUHIRUWKHSUHVHQWLQYHVWLJDWLRQZHFUHDWHGDVKRUWRQOLQH
YHUVLRQRIWKH%$57FRQVLVWLQJRIVL[UXQVXVLQJDQLPSURYHG%$57SURFHGXUH)ROORZLQJD
SURSRVDOE\3OHVNDFHWDO  ZHGLGQRWUHFRUGWKHQXPEHURIDFWXDOSXPSVEXWWKH
QXPEHURILQWHQGHGSXPSVLUUHVSHFWLYHRIZKHWKHUWKH\OHGWRDQH[SORVLRQ:HZHUHWKXV
DEOHWRXVHDOOUXQVLQFRPSXWLQJWKHULVNSURSHQVLW\VFRUHZLWKQRUXQVORVWGXHWRH[SORGLQJ
EDOORRQV 3OHVNDFHWDO 7RUHFRUGWKHLQWHQGHGSXPSVLQGHSHQGHQWRIH[SORVLRQ
VWDWXVZHUHFRUGHGDQGYLVXDOL]HGWKHLQWHQGHGQXPEHURISXPSVE\OHWWLQJSDUWLFLSDQWV
LQFUHDVHWKHDLUSUHVVXUHLQDQLQWHUPHGLDWHDLUUHVHUYRLUZKLFKZDVRQO\ODWHUUHOHDVHGLQWR
WKHEDOORRQ7KHDLUSUHVVXUHLQWKHLQWHUPHGLDWHUHVHUYRLUFRXOGEHLQFUHDVHGXSWRWLPHV
E\FOLFNLQJDEXWWRQ3DUWLFLSDQWVZHUHWROGWKDWWKHEDOORRQZRXOGH[SORGHDIWHUFOLFNVRQ
DYHUDJH$IWHUZDUGVZKHQWKHUHVHUYRLUZDVUHOHDVHGWKHEDOORRQZDVVHWWRH[SORGHDIWHUD
UDQGRPQXPEHURIDLUSUHVVXUHLQFUHDVHV(DFKLQFUHDVHLQDLUSUHVVXUHJHQHUDWHGXQLWVRID
YLUWXDOFXUUHQF\DQGSDUWLFLSDQWVZHUHLQVWUXFWHGWRDWWHPSWWRPD[LPL]HWKHLUHDUQLQJV7KH
DYHUDJHQXPEHURIUHVHUYRLUSXPSVDFURVVWKHVL[WULDOVZDVXVHGDVWKHSDUWLFLSDQW¶VULVN
SURSHQVLW\VFRUHDQGFRXOGUDQJHIURPWR
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1HHGIRUFRJQLWLRQLVWKHWHQGHQF\WRHQJDJHLQDQGHQMR\HIIRUWIXOFRJQLWLYHDFWLYLW\
&DFLRSSR3HWW\)HLQVWHLQ -DUYLV :HVXUPLVHGWKDWSHUVRQVKLJKLQQHHGIRU
FRJQLWLRQPLJKWEHUHOXFWDQWWRDFFHSWHDUO\UHVSRQVHRSWLRQVEHFDXVHWKH\ZRXOGZDQWWRVHH
PRUHRSWLRQVEHIRUHPDNLQJDGHFLVLRQ7RREWDLQDVKRUWPHDVXUHRIQHHGIRUFRJQLWLRQZH
VHOHFWHGWKHVL[EHVWGLVFULPLQDWLQJLWHPV WKUHHRISRVLWLYHDQGWKUHHRIQHJDWLYHSRODULW\ 
IURPWKH*HUPDQ1HHGIRU&RJQLWLRQ6FDOHSXEOLVKHGE\%OHVV:lQNH%RKQHU)HOOKDXHU
DQG6FKZDU]  2QHH[DPSOHLWHPUHDG³,SUHIHUP\OLIHWREHILOOHGZLWKSX]]OHVWKDW,
PXVWVROYH´1HJDWLYHO\SRODUL]HGLWHPVZHUHLQYHUWHGDQGQHHGIRUFRJQLWLRQVFRUHVZHUH
FRPSXWHGDVWKHDYHUDJHRIWKHVL[LWHPVZKLFKZHUHSUHVHQWHGRQDSRLQW/LNHUWVFDOH
3HUIHFWLRQLVP$SHUIHFWLRQLVWSUHGLVSRVLWLRQPLJKWVWLPXODWHWHVWWDNHUVWRFROOHFWDV
PXFKLQIRUPDWLRQDVSRVVLEOHEHIRUHPDNLQJDGHFLVLRQ7KHUHIRUHSHUIHFWLRQLVWWHVWWDNHUV
PLJKWZLVKWRVHHPRUHUHVSRQVHRSWLRQVEHIRUHFRPPLWWLQJWRRQH7RDVVHVVLQGLYLGXDO
GLIIHUHQFHVLQWKHWHQGHQF\WRVWULYHIRUSHUIHFWLRQZHXVHGWKHVWULYLQJIRUSHUIHFWLRQVFDOH
ZKLFKFRQVLVWVRIILYHLWHPVRQDSRLQW/LNHUWVFDOH 6WRHEHU2WWR3HVFKHFN%HFNHU 
6WROO 2QHH[DPSOHLWHPUHDG³,VWULYHWREHDVSHUIHFWDVSRVVLEOH´7KHVFRUHRQWKH
VWULYLQJIRUSHUIHFWLRQLVPVFDOHZDVFRPSXWHGDVWKHDYHUDJHRIWKHILYHLWHPVFRUHV
2YHUFODLPLQJLVWKHWHQGHQF\WRH[DJJHUDWHRQH¶VNQRZOHGJH7RDVVHVVWKLVWHQGHQF\
3DXOKXV+DUPV%UXFHDQG/\V\  GHYHORSHGDQRYHUFODLPLQJWHVWWKDWDVNV
SDUWLFLSDQWVWRLQGLFDWHKRZIDPLOLDUWKH\DUHZLWKVRPHUDUHZRUGV8QEHNQRZQVWWRWKH
UHVSRQGHQWVVRPHRIWKHZRUGVLQWKHRYHUFODLPLQJWHVWDUHILFWLWLRXVDQGWKHUHIRUHFDQQRW
SRVVLEO\EHNQRZQ7KHWHQGHQF\WRRYHUFODLPLVRSHUDWLRQDOL]HGDVWKHGHJUHHWRZKLFK
SDUWLFLSDQWVQHYHUWKHOHVVFODLPNQRZOHGJHRIWKHVHQRQH[LVWHQWZRUGV:HVXUPLVHGWKDW
RYHUFODLPLQJSDUWLFLSDQWVZKRUHDGLO\FODLPWREHNQRZOHGJHDEOHRQDQXQNQRZQPDWWHU
PLJKWDOVRDFFHSWDQHDUOLHUUHVSRQVHRSWLRQLQD'20&WHVW7RDVVHVVRYHUFODLPLQJZH
HPSOR\HGD*HUPDQYDULDQWRIWKHRYHUFODLPLQJWHVW 92&7 FRQVLVWLQJRIUHDOZRUGV
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HJ3ODWLQH DQGWKUHHILFWLWLRXVZRUGV HJ(QNOLYLH=LHJOHU.HPSHU 5DPPVWHGW
 3DUWLFLSDQWVLQGLFDWHGWKHLUIDPLOLDULW\ZLWKHDFKZRUGRQDSRLQWVFDOHZLWKKLJKHU
YDOXHVLQGLFDWLQJJUHDWHUIDPLOLDULW\7RFRPSXWHDQRYHUFODLPLQJLQGH[KLWDQGIDOVHDODUP
UDWHVZHUHFDOFXODWHG7KHKLWUDWHZDVWKHSURSRUWLRQRIWKHWZHOYHUHDOZRUGVZLWKZKLFKWKH
SDUWLFLSDQWVLQGLFDWHGIDPLOLDULW\DQGWKHIDOVHDODUPUDWHWKHSURSRUWLRQRIWKHWKUHHILFWLWLRXV
ZRUGVZLWKZKLFKWHVWWDNHUVLQGLFDWHGIDPLOLDULW\)ROORZLQJWKHSURFHGXUHGHWDLOHGLQ
3DXOKXVDQG+DUPV  WKHFDOFXODWLRQRIKLWDQGIDOVHDODUPUDWHVZDVUHSHDWHGIRUHDFK
SRVVLEOHFXWRIISRLQWRQWKHSRLQWVFDOH)RUH[DPSOHZKHQWKHFXWRIIZDVVHWEHWZHHQWKH
WKLUGDQGIRXUWKUDWLQJVFDOHFDWHJRULHVDUDWLQJJUHDWHUWKDQWKUHHIRUDUHDOZRUGZDV
UHFRUGHGDVDKLWDQGDUDWLQJJUHDWHUWKDQWKUHHIRUDILFWLWLRXVZRUGZDVUHFRUGHGDVDIDOVH
DODUP7KHUHVXOWLQJVL[SDLUVRIKLWDQGIDOVHDODUPUDWHVZHUHWKHQDYHUDJHGWRREWDLQD
JOREDOKLWDQGIDOVHDODUPUDWHIRUHDFKSDUWLFLSDQW7KHVXPRIWKHJOREDOKLWDQGIDOVHDODUP
UDWHFRUUHVSRQGVWRDQRYHUDOO\HVUDWHDQGZDVXVHGDVDQLQGH[RIRYHUFODLPLQJ FI3DXOKXV
+DUPV 
6HOIUDWLQJVRINQRZOHGJHDQGLQWHOOLJHQFH7KHWKUHVKROGVHPSOR\HGLQ'20&WHVWV
PD\EHDVVRFLDWHGZLWKNQRZOHGJHRULQWHOOLJHQFH)RUH[SORUDWRU\UHDVRQVZHWKHUHIRUH
FROOHFWHGVHOIUDWLQJVRINQRZOHGJHDQGLQWHOOLJHQFHXVLQJVLQJOHLWHPVWKDWDVNHGUHVSRQGHQWV
WRSURYLGHDQHVWLPDWHRIWKHSHUFHQWDJHRIWKHSRSXODWLRQWKH\H[SHFWHGWRKDYHPRUHJHQHUDO
NQRZOHGJHRUEHPRUHLQWHOOLJHQWWKDQWKHPVHOYHV$KLJKHUSHUFHQWDJHZDVFRQVLGHUHG
LQGLFDWLYHRIORZHUVHOIUDWHGNQRZOHGJHRULQWHOOLJHQFH
3URFHGXUH$OOVWXG\LQVWUXPHQWVZHUHLPSOHPHQWHGDVDZHEVXUYH\XVLQJWKH
VRIWZDUH8QLSDUN()66XUYH\ 4XHVW%DFN 3DUWLFLSDQWVVWDUWHGWKHVWXG\E\FOLFNLQJ
RQDOLQNLQDQHPDLOLQYLWDWLRQ7KHILUVWSDJHZHOFRPHGWKHSDUWLFLSDQWVDQGREWDLQHGWKHLU
LQIRUPHGFRQVHQWWRSDUWLFLSDWH2QWKHQH[WSDJHWKHVKRUWYHUVLRQRIWKH%$57ZDV
LQWURGXFHG7ZRWHVWUXQVIDPLOLDUL]HGSDUWLFLSDQWVZLWKWKHWDVNIROORZHGE\VL[UXQVIRU
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ZKLFKUHVSRQVHVZHUHUHFRUGHGDQGDQDO\]HG$IWHUZDUGVWKHIROORZLQJPHDVXUHVZHUH
SUHVHQWHGLQWKHIROORZLQJRUGHU  QHHGIRUFRJQLWLRQ  VWULYLQJIRUSHUIHFWLRQLVP  
RYHUFODLPLQJ  '20&NQRZOHGJHDQGQRVROXWLRQLWHPVDQG  0&NQRZOHGJH3ULRUWR
WDNLQJWKH'20&WHVWSDUWLFLSDQWVZHUHLQIRUPHGRIWKHUXOHVRIWKH'20&WHVWIRUPDW7KH
VWXG\FRQFOXGHGZLWKTXHVWLRQVSHUWDLQLQJWRGHPRJUDSKLFYDULDEOHVDQGZLWKVHOIUDWLQJVRI
JHQHUDONQRZOHGJHLQWHOOLJHQFHDQGULVNWDNLQJSURSHQVLW\,QWKHHQGSDUWLFLSDQWVZHUH
GHEULHIHGDQGWKDQNHGIRUWKHLUSDUWLFLSDWLRQDQGUHFHLYHGIHHGEDFNRQWKHLUSHUIRUPDQFHLQ
WKHNQRZOHGJHWHVWV
5HVXOWV
:HXVHGWKHVWDWLVWLFVSURJUDP5 5&RUH7HDP DQGWKH5SDFNDJHVDIH[
6LQJPDQQ%RONHU:HVWIDOO $XVW FRFRU 'LHGHQKRIHQ 0XVFK
 SDSDMD $XVW %DUWK DQGSV\FKRPHWULF )OHWFKHU LQ
RXUDQDO\VHV$VUHFRPPHQGHGE\/DNHQV  ZHXVHG&RKHQ¶V݀௭ ൌ

௧

DVDPHDVXUHRI

ξ

HIIHFWVL]HZKHQFRPSDULQJWZRGHSHQGHQWPHDQV FI5RVHQWKDO :KHQFRPSDULQJ
WZRLQGHSHQGHQWPHDQVZHXVHGWKHVWDQGDUGHIIHFWVL]HG &RKHQ $FFRUGLQJWR
&RKHQ  DYDOXHRIFDQEHLQWHUSUHWHGDVDVPDOOHIIHFWDYDOXHRIDPHGLXP
HIIHFWDQGDYDOXHRI!DODUJHHIIHFWIRUERWKRIWKHVHPHDVXUHV$QDO\VLVRIYDULDQFH
$129$ HIIHFWVL]HVZHUHFRPSXWHGXVLQJSDUWLDOHWDVTXDUHGߟଶ ZLWKߟଶ LPSO\LQJD
VPDOOHIIHFWߟଶ DPRGHUDWHHIIHFWDQGߟଶ DODUJHHIIHFWDFFRUGLQJWR&RKHQ
 
(YDOXDWLQJWKHLQGH[RIDFFHSWDQFHUHOXFWDQFH7KHDYHUDJHQXPEHURIUHVSRQVH
RSWLRQVSUHVHQWHGLQWKHVL[QRVROXWLRQ'20&LWHPVZDVFRPSXWHGDVDQLQGH[RI
DFFHSWDQFHUHOXFWDQFH2QDYHUDJHSDUWLFLSDQWVZHUHSUHVHQWHGZLWK 6'  RIWKH
ILYHUHVSRQVHRSWLRQVLQ'20&QRVROXWLRQLWHPV:KHUHDVSDUWLFLSDQWVPRVWIUHTXHQWO\
DFFHSWHGWKHWKLUGRIWKHILYHRSWLRQVVRPHSDUWLFLSDQWVVDZHLWKHUDODUJHURUDVPDOOHU
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QXPEHURIRSWLRQVEHIRUHDFFHSWLQJRQH0RVWLPSRUWDQWO\WKHQXPEHURIUHVSRQVHRSWLRQV
WHVWWDNHUVVDZZDVFRQVLVWHQWDFURVVWKHVL['20&QRVROXWLRQLWHPVDVLQGLFDWHGE\D
&URQEDFK¶VߙRI &URQEDFK 7KXVWKHUHZHUHUHOLDEOHLQGLYLGXDOGLIIHUHQFHVLQ
KRZUDSLGO\WHVWWDNHUVDFFHSWHGDGLVWUDFWRUDVWKHVROXWLRQLQQRVROXWLRQLWHPV
7RYDOLGDWHWKHSURSRVHGLQGH[RIDFFHSWDQFHUHOXFWDQFHZHXVHGWKHUHVSRQVHFULWHULRQ
FSDUWLFLSDQWVHPSOR\HGLQ'20&NQRZOHGJHLWHPV:HFRPSXWHGFVHSDUDWHO\IRUHDFK
RSWLRQSRVLWLRQWRLQYHVWLJDWHZKHWKHUWHVWWDNHUVDGDSWHGWKHLUUHVSRQVHFULWHULRQRYHUWKH
FRXUVHRIHDFK'20&LWHP7RILQGRXWZKHWKHULQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFH
UHOXFWDQFHPHDVXUHGRQWKHEDVLVRIWKHQRVROXWLRQLWHPVZHUHUHODWHGWRWKHUHVSRQVH
FULWHULRQWHVWWDNHUVHPSOR\HGLQUHDO'20&NQRZOHGJHLWHPVZHDOVRDQDO\]HGWKHUHVSRQVH
FULWHULRQFDVWKHGHSHQGHQWYDULDEOHLQDFRYDULDQFHDQDO\VLV $1&29$ ,QWKLVDQDO\VLV
WKHSRVLWLRQRIWKHUHVSRQVHRSWLRQZDVXVHGDVDUHSHDWHGO\PHDVXUHGLQGHSHQGHQWYDULDEOH
ZKLOHDFFHSWDQFHUHOXFWDQFHVHUYHGDVWKHFRYDULDWH7RFRPSXWHWKHUHVSRQVHFULWHULRQFZH
GHWHUPLQHGWHVWWDNHUV¶IDOVHDODUPDQGWKHKLWUDWHVIRUWKHILUVWVHFRQGWKLUGDQGIRXUWK
UHVSRQVHRSWLRQVLQ%2:,7'20&NQRZOHGJHLWHPV,WZDVQRWSRVVLEOHWRFRPSXWHFIRU
WKHILIWKDQGODVWUHVSRQVHRSWLRQEHFDXVHWKLVRSWLRQLVRQO\VKRZQZKHQLWLVWKHVROXWLRQ
WKXVDIDOVHDODUPRUFRUUHFWUHMHFWLRQFDQQHYHURFFXU7KHUHODWLYHIDOVHDODUPDQGKLWUDWHV
IRUHDFKSRVLWLRQZHUHWUDQVIRUPHGLQWRFXVLQJIRUPXOD  IURP6WDQLVODZDQG7RGRURY
 
F   ] + ] )$ 









,QIRUPXOD  ݖLVWKHLQYHUVHRIWKHFXPXODWLYHQRUPDOGLVWULEXWLRQIXQFWLRQ
$ORJOLQHDUFRUUHFWLRQZDVDSSOLHGWRFRPSHQVDWHIRUKLWRUIDOVHDODUPUDWHVRIRU
6WDQLVODZ 7RGRURY $FFRUGLQJWR)RUPXOD  ܿ  ͲLQGLFDWHVDFRQVHUYDWLYH
FULWHULRQDQGܿ ൏ ͲDOLEHUDOFULWHULRQ7KHUHVSRQVHFULWHULRQLVQHXWUDO ܿ ൌ Ͳ LISDUWLFLSDQWV
GRQRWOHDQWRZDUGVHLWKHUUHMHFWLQJRUDFFHSWLQJDUHVSRQVHRSWLRQ
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$GMXVWLQJWKHGHJUHHVRIIUHHGRPXVLQJD*UHHQKRXVH*HLVVHUFRUUHFWLRQZHIRXQGD
VWURQJHIIHFWRIUHVSRQVHRSWLRQSRVLWLRQRQWKHUHVSRQVHFULWHULRQFܨሺʹǤͺʹͷͶǤͶͲሻ ൌ
ͷͶǤͻʹ ൏ ǤͲͲͳߟଶ ൌ Ǥʹʹ7HVWWDNHUVDGDSWHGWKHLUUHVSRQVHFULWHULRQDQGJHQHUDOO\EHFDPH
PRUHOLEHUDOZLWKLQFUHDVLQJRSWLRQSRVLWLRQ VHH)LJXUH :HDOVRIRXQGWKDWWHVWWDNHUV¶
UHVSRQVHFULWHULRQZDVUHODWHGWRDFFHSWDQFHUHOXFWDQFHܨሺͳͳͻͶሻ ൌ ͻǤͺ ൌ ǤͲͲʹ
ߟଶ ൌ ǤͲͷ3DUWLFLSDQWVZKRZHUHPRUHUHOXFWDQWWRDFFHSWGLVWUDFWRUVLQQRVROXWLRQLWHPV
JHQHUDOO\DOVRHPSOR\HGDPRUHFRQVHUYDWLYHUHVSRQVHFULWHULRQLQ'20&LWHPV VHH
)LJXUH &RQVHTXHQWO\DFFHSWDQFHUHOXFWDQFHZDVDOVRDVVRFLDWHGZLWKWKHDFFHSWDQFHRI
IHZHUGLVWUDFWRUVLQWKH'20&NQRZOHGJHWHVW ݎൌ െǤ͵ ൏ ǤͲͲͳ

±3OHDVHLQVHUW)LJXUHDERXWKHUH±
1H[WZHH[SORUHGWKHUHODWLRQVKLSEHWZHHQDFFHSWDQFHUHOXFWDQFHDQGWHVWVFRUHVRQWKH
%2:,7NQRZOHGJHWHVW*HQHUDOO\WKHUHZDVDSRVLWLYHFRUUHODWLRQEHWZHHQWHVWVFRUHVDQG
DFFHSWDQFHUHOXFWDQFH7KLVZDVWUXHERWKIRUWKH'20&NQRZOHGJHWHVW ݎൌ Ǥʹͺ ൏ ǤͲͲͳ
DQGIRUWKH0&NQRZOHGJHWHVW ݎൌ Ǥͳ ൌ ǤͲͳ:HFRPSDUHGWKHVHWZR3HDUVRQ
FRUUHODWLRQVXVLQJWKH5SDFNDJHFRFRU 'LHGHQKRIHQ 0XVFK DQGIRXQGDFFHSWDQFH
UHOXFWDQFHWREHPRUHVWURQJO\DVVRFLDWHGZLWK'20&WKDQZLWK0&WHVWVFRUHV ݖൌ ʹǤͲͲ
 ൏ ǤͲͷ
:HWKHQFRQGXFWHGDKLHUDUFKLFDOUHJUHVVLRQWRWHVWZKHWKHUDFFHSWDQFHUHOXFWDQFHZDV
UHODWHGWR'20&WHVWVFRUHVEH\RQGZKDWFRXOGEHH[SODLQHGRQWKHEDVLVRISDUWLFLSDQWV¶
OHYHORIJHQHUDONQRZOHGJH7RWKLVHQGZHFRPSDUHGDUHJUHVVLRQPRGHOWKDWLQFOXGHG0&
WHVWVFRUHVDVWKHRQO\SUHGLFWRURI'20&WHVWVFRUHVZLWKDPRGHOWKDWDGGHGDFFHSWDQFH
UHOXFWDQFHDVDQDGGLWLRQDOSUHGLFWRU0&WHVWVFRUHVH[SODLQHGRIWKHYDULDQFHLQ
'20&WHVWVFRUHVܴ ଶ ൌ ǤͷͲܨሺͳǡͳͻͶሻ ൌ ͳͻʹǤͺͲ ൏ ǤͲͲͳ$GGLQJDFFHSWDQFHUHOXFWDQFH
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DVDQDGGLWLRQDOSUHGLFWRULPSURYHGWKLVSUHGLFWLRQE\DVPDOOEXWVLJQLILFDQWPDUJLQ
߂ܴ ଶ ൌ ǤͲʹܨሺͳͳͻ͵ሻ ൌ ͳͲǤͳ ൌ ǤͲͲʹ
,WLVSRVVLEOHWKDWLQGLYLGXDOGLIIHUHQFHVLQNQRZOHGJHFRQWULEXWHWRWKHREVHUYHG
FRUUHODWLRQEHWZHHQ'20&WHVWVFRUHVDQGDFFHSWDQFHUHOXFWDQFH0RUHNQRZOHGJHDEOH
SDUWLFLSDQWVPLJKWEHPRUHUHOXFWDQWWRHQGRUVHLQFRUUHFWRSWLRQVEHFDXVHWKH\DUHXVHGWR
EHLQJDEOHWRWHOOZLWKFRQILGHQFHZKHWKHUDQDQVZHULVWUXHRUIDOVH:HWKHUHIRUHFRPSXWHG
DSDUWLDOFRUUHODWLRQEHWZHHQ'20&WHVWVFRUHVDQGDFFHSWDQFHUHOXFWDQFHWKDWFRQWUROOHGIRU
WKHRYHUDOOOHYHORINQRZOHGJHDVPHDVXUHGE\WKH0&WHVW7KLVSDUWLDOFRUUHODWLRQZDV
VLJQLILFDQWU S SURYLGLQJDGGLWLRQDOHYLGHQFHIRUWKHQRWLRQWKDWDFFHSWDQFH
UHOXFWDQFHLQIOXHQFHV'20&WHVWVFRUHVLQGHSHQGHQWO\RISDUWLFLSDQWV¶NQRZOHGJH
3HUVRQDOLW\FRUUHODWHVRIDFFHSWDQFHUHOXFWDQFH7DEOHGHWDLOVWKHFRUUHODWLRQV
EHWZHHQDFFHSWDQFHUHOXFWDQFHDQGDOORWKHUPHDVXUHVZHFROOHFWHG$FFHSWDQFHUHOXFWDQFH
ZDVQRWUHODWHGWRDQ\RIWKHSHUVRQDOLW\YDULDEOHVZHDVVHVVHG,QSDUWLFXODULWZDVXQUHODWHG
WRULVNWDNLQJSURSHQVLW\ UHJDUGOHVVRIZKHWKHUWKLVZDVPHDVXUHGYLDVHOIUDWLQJVRUYLDWKH
EDOORRQDQDORJXHULVNWDVN QHHGIRUFRJQLWLRQSHUIHFWLRQLVPRYHUFODLPLQJVHOIUDWHG
NQRZOHGJHDQGVHOIUDWHGLQWHOOLJHQFH

±3OHDVHLQVHUW7DEOHDERXWKHUH±

$GGLWLRQDODQDO\VHV7REHWWHUXQGHUVWDQGWKHSURFHVVHVLQYROYHGLQ'20&WHVWLQJ
ZHFRQGXFWHGIXUWKHUH[SORUDWLRQVRIWHVWWDNHUV¶UHVSRQVHVWR'20&NQRZOHGJHLWHPV:H
IRXQGWKDWIDOVHDODUPVRFFXUUHGPRUHIUHTXHQWO\WKDQPLVVHVDFURVVDOO'20&LWHPV
LQGLFDWLQJWKDWWHVWWDNHUVSUHPDWXUHO\DFFHSWHGDGLVWUDFWRU 0 6'  PRUHRIWHQ
WKDQWKH\ZURQJIXOO\UHMHFWHGDFRUUHFWVROXWLRQ 0 6'  ݐሺͳͻͷሻ ൌ ͵ǤͶͺ
 ൏ ǤͲͲͳ݀௭ ൌ ͲǤʹͷ$SRWHQWLDOH[SODQDWLRQIRUWKLVSUHSRQGHUDQFHRIIDOVHDODUPVLVWKH
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KLJKHUEDVHUDWHRIGLVWUDFWRUV'HSHQGLQJRQWKHSRVLWLRQRIWKHVROXWLRQWKHUHDUHEHWZHHQ
RQHDQGIRXURSSRUWXQLWLHVWRDFFHSWDGLVWUDFWRULQD'20&WHVWLWHPEXWRQO\RQH
RSSRUWXQLW\WRPLVVWKHVROXWLRQ0RUHRYHUZHIRXQGWKDWZKHQWKHVROXWLRQZDVSUHVHQWHGDV
WKHILUVWRSWLRQ'20&NQRZOHGJHLWHPVZHUHVROYHGFRUUHFWO\LQRIDOOFDVHV:KHQWKH
VROXWLRQZDVSUHVHQWHGDW3RVLWLRQRUWKHSURSRUWLRQRIFRUUHFWUHVSRQVHVZDV
DQGUHVSHFWLYHO\7KXV'20&LWHPVZHUHPRUHGLIILFXOWLIWKHVROXWLRQ
RFFXUUHGLQDODWHUSRVLWLRQ$FURVVDOO'20&LWHPSUHVHQWDWLRQVWHVWWDNHUVZHUHSUHVHQWHG
ZLWKRIWKHUHVSRQVHRSWLRQVRQDYHUDJH 6'  ,QRIDOOFDVHVRQO\RQH
RSWLRQZDVSUHVHQWHGRURSWLRQVZHUHSUHVHQWHGLQDQGRIDOO
LWHPSUHVHQWDWLRQVUHVSHFWLYHO\
'LVFXVVLRQ
6WXG\SURYLGHGILUVWHYLGHQFHIRUWKHQRWLRQWKDWUHVSRQVHVLQ'20&WHVWVDUH
DIIHFWHGE\LQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFH7RDUULYHDWWKLVFRQFOXVLRQZH
WHVWHGZKHWKHUWKHQXPEHURIRSWLRQUHMHFWLRQVLQQRVROXWLRQLWHPVYDULHGV\VWHPDWLFDOO\
EHWZHHQWHVWWDNHUV7KHXVHRIQRVROXWLRQLWHPVHQVXUHGWKDWUHVSRQVHGHFLVLRQVZHUHQRW
LQIOXHQFHGE\WHVWWDNHUV¶NQRZOHGJH6XUSULVLQJO\UHDGLQHVVWRUHMHFWGLVWUDFWRUVZDVTXLWH
FRQVLVWHQWDVLQGLFDWHGE\D&URQEDFK¶VߙRI7KHVHV\VWHPDWLFGLIIHUHQFHVDPRQJWHVW
WDNHUVRQQRVROXWLRQLWHPVLQGLFDWHGWKDWDIDFWRURWKHUWKDQNQRZOHGJHLQIOXHQFHV'20&
WHVWWDNHUV¶UHVSRQVHV
,QWKHSUHVHQWLQYHVWLJDWLRQZHFRQFHSWXDOL]HDFFHSWDQFHUHOXFWDQFHDVDQLQGLYLGXDO¶V
VWDEOHSUHIHUHQFHIRUODWHUUHVSRQVHRSWLRQVLQ'20&LWHPV$FFRUGLQJWR025%,67WKLV
SUHIHUHQFHLVH[SHFWHGWRVKDSHWKHUHVSRQVHFULWHULRQWHVWWDNHUVHPSOR\LQ'20&LWHPV,Q
SDUWLFXODU025%,67DVVXPHVWKDWWHVWWDNHUVDGDSWWKHLUUHVSRQVHFULWHULRQWRWKHSRVLWLRQRI
'20&UHVSRQVHRSWLRQV,QDFFRUGDQFHZLWK025%,67¶VSUHGLFWLRQVZHIRXQGLQD
UHSHDWHGPHDVXUHV$1&29$WKDWWHVWWDNHUV¶UHVSRQVHFULWHULRQZDVUHODWHGWRERWK
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DFFHSWDQFHUHOXFWDQFHDQGWKHSRVLWLRQRIUHVSRQVHRSWLRQV:HDOVRREVHUYHGDVLJQLILFDQW
FRUUHODWLRQRI ݎൌ Ǥʹͺ S EHWZHHQ'20&WHVWVFRUHVDQGDFFHSWDQFHUHOXFWDQFH
LQGLFDWLQJDQDGYDQWDJHIRUSDWLHQWWHVWWDNHUVZKRGLGQRWDFFHSWRSWLRQVSUHPDWXUHO\
,PSRUWDQWO\WKHSDUWLDOFRUUHODWLRQ U S  EHWZHHQ'20&WHVWVFRUHVDQG
DFFHSWDQFHUHOXFWDQFHWKDWFRQWUROOHGIRUWKHRYHUDOOOHYHORINQRZOHGJHDVPHDVXUHGE\DQ
LQGHSHQGHQW0&WHVWZDVDOVRVLJQLILFDQWSURYLGLQJHYLGHQFHIRUWKHQRWLRQWKDWDFFHSWDQFH
UHOXFWDQFHLQIOXHQFHV'20&WHVWVFRUHVLQGHSHQGHQWO\RISDUWLFLSDQWV¶NQRZOHGJH
,QDGGLWLRQDODQDO\VHVZHIRXQGWKDWWKHSUHPDWXUHDFFHSWDQFHRIDGLVWUDFWRUFDXVHGDQ
LQFRUUHFWUHVSRQVHPRUHRIWHQWKDQWKHZURQJIXOUHMHFWLRQRIWKHVROXWLRQ:HWKHUHIRUH
DVVXPHWKDWWKHPDLQDGYDQWDJHRIKLJKDFFHSWDQFHUHOXFWDQFHOLHVLQDYRLGLQJWKHSUHPDWXUH
DFFHSWDQFHRIGLVWUDFWRUV:HDOVRIRXQGWKDWWKHGLIILFXOW\RI'20&LWHPVGHSHQGHGRQWKH
SRVLWLRQRIWKHVROXWLRQ'20&LWHPVZHUHSDUWLFXODUO\GLIILFXOWZKHQWKHVROXWLRQZDV
SUHVHQWHGODWHDVWKHIRXUWKRUILIWKRSWLRQ7KLVLVPRVWOLNHO\EHFDXVHWKHSUREDELOLW\RI
FRPPLWWLQJDWOHDVWRQHHUURUDFFXPXODWHVDFURVVRSWLRQSRVLWLRQV:KHQWKHVROXWLRQLV
VKRZQDVWKHILUVWRSWLRQWHVWWDNHUVKDYHRQO\RQHRSSRUWXQLW\WRFRPPLWDQHUURUQDPHO\
E\PLVVLQJWKHVROXWLRQ,IWKHVROXWLRQLVVKRZQDVWKHIRXUWKRSWLRQKRZHYHUWKHUHDUHWKUHH
RSSRUWXQLWLHVWRFRPPLWDIDOVHDODUPEHIRUHWKHVROXWLRQFDQHYHQEHSUHVHQWHG
$OWKRXJKZHIRXQGHYLGHQFHWKDWDFFHSWDQFHUHOXFWDQFHDVDUHVSRQVHVW\OHZDVUHODWHG
WRUHVSRQVHGHFLVLRQVLQD'20&WHVWZHGLGQRWILQGDQ\UHODWLRQVKLSVEHWZHHQDFFHSWDQFH
UHOXFWDQFHDQGWKHSHUVRQDOLW\YDULDEOHVZHDVVHVVHG1RQHRIWKHPSUHGLFWHGWKHLQGLYLGXDO
GLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHZHREVHUYHGVXJJHVWLQJWKDWDFFHSWDQFHUHOXFWDQFH
PLJKWEHDVHSDUDWHWUDLWWKDWFDQDQGVKRXOGEHGLVWLQJXLVKHGIURPRWKHUSHUVRQDOLW\
YDULDEOHV7KLVZRXOGEHLQOLQHZLWKPRVWSUHYLRXVUHVHDUFKZKLFKWHQGHGWRILQGOLWWOH
HYLGHQFHIRUV\VWHPDWLFUHODWLRQVKLSVEHWZHHQUHVSRQVHELDVHVDQGSHUVRQDOLW\WUDLWV 0F*HH
5RUHUEXWVHH%HUJ :LWKUHJDUGWRSDUWLFLSDQWV¶ULVNWDNLQJSURSHQVLW\DV
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PHDVXUHGLQWKH%$57IRUH[DPSOHLWLVSRVVLEOHWKDWULVNDYHUVLRQKDVGLYHUJLQJHIIHFWV
GHSHQGLQJRQZKHWKHUWHVWWDNHUVSULPDULO\WU\WRDYRLGIDOVHDODUPVRUDYRLGPLVVLQJWKH
FRUUHFWVROXWLRQ6XFKLQGLYLGXDOGLIIHUHQFHVZRXOGPDNHLWLPSRVVLEOHWRSUHGLFWWKH
GLUHFWLRQRIWKHFRUUHODWLRQEHWZHHQULVNWDNLQJSURSHQVLW\DQGDFFHSWDQFHUHOXFWDQFH
6WXG\
7KHUHVXOWVRI6WXG\VXJJHVWWKDW'20&WHVWWDNHUVH[KLELWV\VWHPDWLFDQGUHOLDEOH
GLIIHUHQFHVLQWKHLUZLOOLQJQHVVWRDFFHSWHDUO\UHVSRQVHRSWLRQV,QDVLJQDOGHWHFWLRQ
IUDPHZRUN025%,67FDQDFFRXQWIRUWKLVILQGLQJE\DVVXPLQJWKDWWHVWWDNHUVGLIIHULQWKH
UHVSRQVHFULWHULDWKH\HPSOR\DWGLIIHUHQW'20&DQVZHUSRVLWLRQV:KLOHLWLVUDWLRQDOWRXVH
DPRUHOHQLHQWUHVSRQVHFULWHULRQIRUODWHDQVZHURSWLRQV025%,67DVVXPHVWKDWVRPHWHVW
WDNHUVDUHDOVRZLOOLQJWRDFFHSWDQHDUO\UHVSRQVHRSWLRQ$FULWLFDOTXHVWLRQLVZKHWKHUVXFK
LQGLYLGXDOGLIIHUHQFHVLQUHVSRQVHVW\OHFDXVHGLIIHUHQFHVLQWHVWVFRUHVWKDWDUHXQUHODWHGWR
DELOLW\7KHUHVXOWVRIWKHFRUUHODWLRQDO6WXG\VXJJHVWWKDWKLJKDFFHSWDQFHUHOXFWDQFHLV
UHODWHGWRDKLJKHUSUREDELOLW\RIDQVZHULQJ'20&LWHPVFRUUHFWO\,IKLJKDFFHSWDQFH
UHOXFWDQFHLQFUHDVHV'20&WHVWVFRUHVWKLVZRXOGLPSO\WKDW'20&WHVWVFRUHVFRQWDLQ
YDULDQFHGXHWRDFRQVWUXFWLUUHOHYDQWUHVSRQVHVW\OH,Q6WXG\ZHWKHUHIRUHFRQGXFWHGD
FRPSXWHUVLPXODWLRQWRLQYHVWLJDWHZKHWKHU025%,67FDQDFFRXQWIRUWKHREVHUYDWLRQWKDW
KLJKDFFHSWDQFHUHOXFWDQFHOHDGVWRKLJKHU'20&WHVWVFRUHV7RYDOLGDWH025%,67ZH
DOVRLQYHVWLJDWHGZKHWKHUWKHPRGHOFDQDFFRXQWIRUVRPHNQRZQFKDUDFWHULVWLFVRI'20&
WHVWLQJ7RWKLVHQGZHWHVWHGZKHWKHU025%,67D FRUUHFWO\SUHGLFWVWKDW'20&LWHPVDUH
PRUHGLIILFXOWWKDQWUDGLWLRQDO0&LWHPVE FDQDFFRXQWIRUWKHIDFWWKDWLQ'20&WHVWVODWH
DQVZHURSWLRQVDUHOHVVOLNHO\WREHVHHQE\WKHWHVWWDNHUF FDQDFFRXQWIRUWKHIDFWWKDWWKH
GLIILFXOW\RI'20&LWHPVLQFUHDVHVZLWKWKHLQFUHDVLQJVHULDOSRVLWLRQRIWKHVROXWLRQDQGG 
FDQDFFRXQWIRUWKHILQGLQJWKDWWKHUHW\SLFDOO\DUHPRUHIDOVHDODUPVWKDQPLVVHVLQD'20&
WHVW$OO025%,67VLPXODWLRQVZHUHFRQGXFWHGXVLQJWKH5SURJUDPPLQJODQJXDJH 5&RUH
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7HDP 7KHVLPXODWLRQFRGHLVIUHHO\DYDLODEOHDQGFDQEHDFFHVVHGYLD
KWWSVRVILR[
%DVLFDVVXPSWLRQV
,QWKHVLPXODWLRQ025%,67PRGHOHGWKHVHTXHQWLDOSURFHVVLQJRI'20&UHVSRQVH
RSWLRQV(DFK'20&LWHPZDVUHSUHVHQWHGE\DQDQVZHUYHFWRULQGLFDWLQJWKHFRUUHFWQHVVRI
DOOUHVSRQVHRSWLRQV7KXVIRUH[DPSOH  UHSUHVHQWHGD'20&LWHPLQZKLFKWKH
VROXWLRQZDVSUHVHQWHGDVWKHVHFRQGRIIRXUDQVZHURSWLRQV7KHSRVLWLRQRIWKHVROXWLRQZDV
GHWHUPLQHGUDQGRPO\IRUHDFKLWHP)RUHDFKUHVSRQVHRSWLRQDUDQGRPYDOXHZDVJHQHUDWHG
UHSUHVHQWLQJWKHOHYHORIHYLGHQFHHYRNHGLQDK\SRWKHWLFDOREVHUYHU:HHPSOR\HGWKH
*DXVVLDQPRGHORIVLJQDOGHWHFWLRQWKXVDVVXPLQJWKDWHYLGHQFHVWUHQJWKLVGLVWULEXWHG
QRUPDOO\ZLWKGLIIHUHQWPHDQVIRUVROXWLRQVDQGIRUGLVWUDFWRUV 0DFPLOODQ &UHHOPDQ
 ,QRXUVLPXODWLRQWKHVLJQDOGHWHFWLRQSDUDPHWHUG¶UHSUHVHQWHGWHVWWDNHUV¶DELOLW\WR
GLIIHUHQWLDWHEHWZHHQVROXWLRQVDQGGLVWUDFWRUV7KHUHIRUHWKHPHDQRIWKHGLVWULEXWLRQRIWKH
GLVWUDFWRUVZDVVHWWRDQGWKHPHDQRIWKHGLVWULEXWLRQRIWKHVROXWLRQZDVVHWWRG¶IRUDOO
WHVWWDNHUV7KHVWDQGDUGGHYLDWLRQZDVVHWWRIRUERWKWKHVROXWLRQGLVWULEXWLRQDQGWKH
GLVWUDFWRUGLVWULEXWLRQ
)RUHDFKRSWLRQSUHVHQWHGWKHUHVSRQVHSURFHVVZDVVLPXODWHGE\GUDZLQJDUDQGRP
QXPEHUIURPWKHDSSOLFDEOHGLVWULEXWLRQRIHYLGHQFHVWUHQJWKV IRUHLWKHUVROXWLRQVRU
GLVWUDFWRUV 1H[WWKLVUDQGRPQXPEHUZDVXVHGWRGHWHUPLQHZKHWKHUWKHVWUHQJWKRI
HYLGHQFHDVVRFLDWHGZLWKWKHFXUUHQWRSWLRQVXUSDVVHGWKHUHVSRQVHFULWHULRQFZKLFK
UHSUHVHQWHGWKHOHYHORIHYLGHQFH025%,67UHTXLUHGWRDFFHSWDQRSWLRQDVEHLQJFRUUHFW
7KLVUHVSRQVHFULWHULRQZDVWDNHQIURPWKHYHFWRURIUHVSRQVHFULWHULD025%,67FUHDWHGIRU
HDFKVLPXODWHGWHVWWDNHU7RWKLVHQGHDFKWHVWWDNHUZDVPRGHOHGZLWKDYHFWRURIUHVSRQVH
WKUHVKROGVF  FFQ IRUD'20&LWHPFRPSULVLQJQUHVSRQVHRSWLRQV$QRSWLRQZDV
DFFHSWHGDVWKHVROXWLRQZKHQHYHULWVHYLGHQFHVWUHQJWKZDVKLJKHUWKDQLWVDVVRFLDWHG
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UHVSRQVHFULWHULRQ'20&VFRULQJZDVDSSOLHGE\DZDUGLQJRQHSRLQWIRUHDFKLWHPLQZKLFK
WKHFRUUHFWUHVSRQVHRSWLRQZDVDFFHSWHG7KHWRWDO'20&WHVWVFRUHZDVFRPSXWHGDVWKH
VXPRIDOO'20&LWHPVFRUHV
,Q0&WHVWVDOODQVZHURSWLRQVDUHDYDLODEOHVLPXOWDQHRXVO\7KHUHIRUHQRIL[HG
UHVSRQVHFULWHULRQKDVWREHDSSOLHGZKHQDQVZHULQJ0&LWHPVLQVWHDGWKHRSWLRQWKDW\LHOGV
WKHKLJKHVWVWUHQJWKRIHYLGHQFHFDQDOZD\VEHFKRVHQDVWKHVROXWLRQ FI*UHHQ 0RVHV
1RUPDQ :LFNHOJUHQ 7KXVZKHQHYHUWKHVROXWLRQLQYRNHGWKHKLJKHVW
VWUHQJWKRIHYLGHQFHLQWKHVLPXODWLRQRQHSRLQWZDVDZDUGHGIRUFRUUHFWO\VROYLQJWKLVLWHP
$WRWDO0&WHVWVFRUHZDVWKHQFRPSXWHGDVWKHVXPRIDOO0&LWHPVFRUHV
)LUVWVLPXODWLRQ
,QWKHILUVWVLPXODWLRQWHVWWDNHUVZHUHVLPXODWHGWRSURFHVV'20&LWHPV
DQGDQRWKHUWHVWWDNHUVZHUHVLPXODWHGWRSURFHVV0&LWHPV(DFKLWHPFRQVLVWHG
RIILYHDQVZHURSWLRQV7KHDELOLW\SDUDPHWHUG¶ZDVVLPXODWHGIRUHDFKWHVWWDNHUE\GUDZLQJ
DUDQGRPYDOXHIURPDQRUPDOGLVWULEXWLRQ  ܯൌ ͳǤͷǡ ܵ ܦൌ ͲǤͷ ,QWKH'20&FRQGLWLRQWKH
UHVSRQVHFULWHULRQYHFWRUZDVVHWWRܿ ൌ ሺͲǤͶǡͲǤ͵ʹǡͲǤͳ͵ǡͲǡ െλሻIRUHDFKWHVWWDNHU:LWKWKH
H[FHSWLRQRIWKHODVWRSWLRQ±ZKLFKLISUHVHQWHGPXVWEHWKHVROXWLRQDQGVKRXOGWKHUHIRUH
EHDFFHSWHG±WKLVYHFWRUFRUUHVSRQGHGWRWKHHPSLULFDOO\GHWHUPLQHGDYHUDJHUHVSRQVH
FULWHULDWHVWWDNHUVHPSOR\HGLQ6WXG\ FI)LJXUH 5HVSRQVHGHFLVLRQVZHUHUHFRUGHGDV
GHWHUPLQHGLQWKHVLPXODWLRQ)RUWKH'20&FRQGLWLRQZHDOVRUHFRUGHGWKHVHULDOSRVLWLRQ
RIWKHVROXWLRQWKHQXPEHURIRSWLRQVVKRZQDQGWKHQXPEHURIIDOVHDODUPVDQGPLVVHV
5HVXOWV7KHVLPXODWLRQVXFFHVVIXOO\UHSURGXFHGZKDWKDVUHSHDWHGO\EHHQREVHUYHGLQ
HPSLULFDOVWXGLHVWKH'20&LWHPVZHUHPRUHGLIILFXOW  ܯൌ ͲǤͷͶ6' ͲǤͳͶ WKDQWKH0&
LWHPV  ܯൌ ͲǤͷ6' ͲǤͳͷ ݐሺͳͻͻͺሻ ൌ ͳǤʹͺ ൏ ǤͲͲͳ݀ ൌ ͲǤ2QDYHUDJH 6'
 DQVZHURSWLRQVKDGWREHVKRZQEHIRUHD'20&LWHPZDVDQVZHUHGHLWKHUFRUUHFWO\
RULQFRUUHFWO\,WHPSUHVHQWDWLRQHQGHGDIWHUWKHILUVWVHFRQGWKLUGIRXUWKRUILIWKDQVZHU
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RSWLRQLQDQGRIDOOLWHPSUHVHQWDWLRQVUHVSHFWLYHO\7KLVSDWWHUQ
LVYHU\VLPLODUWRWKHHPSLULFDOUHVXOWVZHREVHUYHGLQ6WXG\ZKHUHWKHUHVSHFWLYHQXPEHUV
ZHUHDQG
7KHGLIILFXOW\RIWKHVLPXODWHG'20&LWHPVYDULHGDVDIXQFWLRQRIWKHVHULDOSRVLWLRQ
RIWKHVROXWLRQ,IWKHILUVWRSWLRQZDVWKHVROXWLRQLWHPVZHUHVROYHGFRUUHFWO\LQRIDOO
FDVHV,IWKHVROXWLRQZDVWKHVHFRQGWKLUGIRXUWKRUILIWKRSWLRQLWHPVZHUHVROYHGLQ
DQGRIDOOFDVHVUHVSHFWLYHO\7KLVSDWWHUQLVYHU\VLPLODUWRWKHHPSLULFDO
UHVXOWVREVHUYHGLQ6WXG\ZKHUHWKHUHVSHFWLYHQXPEHUVZHUHDQG
,QWKHVLPXODWLRQIDOVHDODUPVRFFXUUHGPRUHRIWHQ 0 6'  WKDQPLVVHV
0 6'  ݐሺͻͻͻሻ ൌ ʹͳǤͶ͵ ൏ ǤͲͲͳ݀௭ ൌ ͲǤͺVLPLODUWRZKDWZDVREVHUYHG
HPSLULFDOO\LQ6WXG\7KLVREVHUYDWLRQGRHVQRWGLUHFWO\FRQWULEXWHWRDQLQGHSHQGHQW
YDOLGDWLRQRI025%,67KRZHYHUEHFDXVHLWGHSHQGVRQWKHYDOXHVFKRVHQIRUWKHFULWHULRQ
YHFWRUZKLFKZHGHWHUPLQHGXVLQJWKHUHVSRQVHVHPSLULFDOO\REVHUYHGLQ6WXG\7KHIDFW
WKDWHPSOR\LQJWKHVHFULWHULDSURGXFHGDVLPXODWHGUHVSRQVHEHKDYLRUWKDWFORVHO\PLUURUHG
WKHHPSLULFDOO\REVHUYHGEHKDYLRUQHYHUWKHOHVVDWWHVWVWRWKHYDOLGLW\RI025%,67
6HFRQGVLPXODWLRQ
,QWKHVHFRQGVLPXODWLRQZHV\VWHPDWLFDOO\YDULHGWKHUHVSRQVHFULWHULRQYHFWRUWR
VLPXODWHKLJKDQGORZDFFHSWDQFHUHOXFWDQFHUHVSHFWLYHO\,QWKHORZDFFHSWDQFHUHOXFWDQFH
FRQGLWLRQZHXVHGDQHXWUDODQGUDWKHUOLEHUDOUHVSRQVHFULWHULRQWKDWUHPDLQHGFRQVWDQWIRU
DOOEXWWKHODVWRSWLRQ7RWKLVHQGDFULWHULRQYHFWRUZLWKWKUHVKROGVܿ ൌ ሺͲǡͲǡͲǡͲǡ െλሻZDV
HPSOR\HGWRPDNHVXUHWKDWWKHUHVSRQVHFULWHULRQZDVPLGZD\EHWZHHQWKHGLVWULEXWLRQRI
WKHVROXWLRQDQGWKHGLVWULEXWLRQVRIWKHGLVWUDFWRUVDQGWKDWWKHODVWRSWLRQZDVDOZD\V
DFFHSWHGLIQRSULRURSWLRQKDGEHHQFKRVHQ,QWKHKLJKDFFHSWDQFHUHOXFWDQFHFRQGLWLRQZH
XVHGDUHVSRQVHFULWHULRQWKDWZDVPRUHFRQVHUYDWLYHWKDQLQWKHORZDFFHSWDQFHUHOXFWDQFH
FRQGLWLRQIRUHDUO\RSWLRQVDQGJUDGXDOO\EHFDPHPRUHOLEHUDOIRURSWLRQVSUHVHQWHGODWHU
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ܿ ൌ ሺͲǤǡͲǤͶǡͲǤʹǡͲǡ െλሻ7KHDELOLW\SDUDPHWHUVG¶ZHUHDJDLQGUDZQDVUDQGRPYDOXHVIURP
DQRUPDOGLVWULEXWLRQ  ܯൌ ͳǤͷǡ ܵ ܦൌ ͲǤͷ ,QWRWDOWHVWWDNHUV±SHUDFFHSWDQFH
UHOXFWDQFHFRQGLWLRQ±HDFKSURFHVVLQJ'20&LWHPVZHUHVLPXODWHG
5HVXOWV$VVXUPLVHGDQGFRQVLVWHQWZLWKWKHFRUUHODWLRQDOILQGLQJVLQ6WXG\DKLJK
VLPXODWHGDFFHSWDQFHUHOXFWDQFHOHGWRKLJKHUWHVWVFRUHV 0 6'  WKDQDORZ
VLPXODWHGDFFHSWDQFHUHOXFWDQFH 0 6'  ݐሺͳͻͻͺሻ ൌ Ǥͺ ൏ ǤͲͲͳ
݀ ൌ ͲǤ͵ͳ
'LVFXVVLRQ
,QWKHILUVWVLPXODWLRQ025%,67VXFFHVVIXOO\UHSURGXFHGVHYHUDONQRZQSURSHUWLHVRI
WKH'20&WHVWIRUPDW)LUVW'20&WHVWVFRUHVZHUHORZHUWKDQ0&WHVWVFRUHV7KLVZDV
H[SHFWHGEHFDXVHSHUIRUPDQFHLQD\HVQRGHFLVLRQWDVNLVXVXDOO\SRRUHUWKDQSHUIRUPDQFHLQ
DIRUFHGFKRLFHWDVN -DQJ:L[WHG +XEHU ,QWKHVLPXODWLRQWKHRGGVRIVROYLQJDQ
0&LWHPZHUHKLJKHUWKDQWKHRGGVRIVROYLQJD'20&LWHP RGGVUDWLR  
 7KLVRGGVUDWLRFORVHO\PLUURUVSUHYLRXVFRPSDULVRQVRI0&DQG'20&WHVWVFRUHV,Q
WZRHPSLULFDOGDWDVHWV.LQJVWRQHWDO  UHSRUWHGKLJKHURGGVRIVROYLQJDQ0&LWHP
WKDQD'20&LWHP RGGVUDWLRV  DQG UHVSHFWLYHO\ 
025%,67DOVRVXFFHVVIXOO\UHSURGXFHGWKUHHHPSLULFDOUHVXOWVREWDLQHGLQ6WXG\
)RU'20&LWHPV  GLIILFXOW\LQFUHDVHGZKHQWKHVROXWLRQZDVSUHVHQWHGDVRQHRIWKHODWHU
RSWLRQV  IDOVHDODUPVRFFXUUHGPRUHRIWHQWKDQPLVVHVDQG  LWHPSUHVHQWDWLRQPRVW
IUHTXHQWO\VWRSSHGDIWHUWKHSUHVHQWDWLRQRIRQO\RQHRSWLRQDQGOHDVWIUHTXHQWO\DIWHUWKH
SUHVHQWDWLRQRIDOOILYHRSWLRQV)UHTXHQFLHVIRUWKHSUHVHQWDWLRQRIWZRWKUHHRUIRXU
UHVSRQVHRSWLRQVOD\LQEHWZHHQWKHVHWZRH[WUHPHV7KLVFRPSOHWHO\SDUDOOHOSDWWHUQRI
UHVXOWVSURYLGHGDQHQFRXUDJLQJILUVWYDOLGDWLRQRI025%,67DQGOHQWVXSSRUWWRWKHQRWLRQ
WKDW025%,67DGHTXDWHO\FDSWXUHVWKHSURFHVVRIUHVSRQGLQJWRD'20&LWHP,PSRUWDQWO\
WKHVHFRQGVLPXODWLRQVKRZHGWKDW025%,67DOVRSUHGLFWVLQFUHDVHG'20&WHVWVFRUHVIRU
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KLJKDFFHSWDQFHUHOXFWDQFH,QWKLVVLPXODWLRQKLJKDFFHSWDQFHUHOXFWDQFHZDV
RSHUDWLRQDOL]HGXVLQJDQDGDSWLYHFULWHULRQWKDWVWDUWHGFRQVHUYDWLYHO\DQGJUDGXDOO\EHFDPH
PRUHOLEHUDOIRUODWHUUHVSRQVHRSWLRQV7KLVOHGWRLQFUHDVHGWHVWVFRUHVHYHQWKRXJK
DFFHSWDQFHUHOXFWDQFHZDVLQGHSHQGHQWRINQRZOHGJHLQWKHVLPXODWLRQDQGWKXVZDVQRW
FRQIRXQGHGZLWKNQRZOHGJHDVLQWKHFRUUHODWLRQDO6WXG\7DNHQWRJHWKHUDOOVLPXODWLRQ
UHVXOWVZHUHFRQVLVWHQWZLWKWKHHPSLULFDOUHVXOWVREWDLQHGLQ6WXG\DQGVXSSRUWHGWKH
QRWLRQWKDWDFFHSWDQFHUHOXFWDQFHDGGVFRQVWUXFWLUUHOHYDQWYDULDQFHWR'20&WHVWVFRUHV
6WXG\
,Q6WXG\ZHHVWDEOLVKHGWKHRFFXUUHQFHRIUHOLDEOHLQGLYLGXDOGLIIHUHQFHVLQ
DFFHSWDQFHUHOXFWDQFHXVLQJD'20&WHVWZLWKQRVROXWLRQLWHPV,Q6WXG\ZHXVHG
025%,67WRVLPXODWHKRZDFFHSWDQFHUHOXFWDQFHFRQWULEXWHVWRSHUIRUPDQFHRQ'20&
WHVWV7KHVLPXODWLRQVVKRZHGWKDWLQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFH
V\VWHPDWLFDOO\LQIOXHQFH'20&WHVWVFRUHVKLJKDFFHSWDQFHUHOXFWDQFHOHDGVWRKLJKHU
VFRUHV+RZHYHUWKH025%,67VLPXODWLRQZDVEDVHGRQDVVXPSWLRQVWKDWPD\QRWEHPHWLQ
UHDO'20&WHVWLQJVLWXDWLRQVDQGFRXOGWKHUHIRUHRQO\OHQGSODXVLELOLW\WRWKHQRWLRQWKDW
'20&WHVWVFRUHVDUHFRQWDPLQDWHGE\FRQVWUXFWLUUHOHYDQWYDULDQFHGXHWRLQGLYLGXDO
GLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFH,Q6WXG\ZHWHVWHGWKLVQRWLRQH[SHULPHQWDOO\ZLWK
KXPDQSDUWLFLSDQWVLQDPRUHHFRORJLFDOO\YDOLGPDQQHUWKDWGLGQRWGHSHQGRQWKH
FRUUHFWQHVVRIWKHDVVXPSWLRQVXQGHUO\LQJ025%,67
:HH[SHULPHQWDOO\PDQLSXODWHGDFFHSWDQFHUHOXFWDQFHZLWKLQWHVWWDNHUVWRLQYHVWLJDWH
LWVFDXVDOLQIOXHQFHRQDFKLHYHPHQW:HWKXVDYRLGHGWKHFRQIRXQGEHWZHHQNQRZOHGJHDQG
DFFHSWDQFHUHOXFWDQFHWKDWRFFXUUHGLQ6WXG\ZKHUHDFFHSWDQFHUHOXFWDQFHZDVFRUUHODWHG
ZLWKERWK'20&DQG0&WHVWVFRUHV,Q6WXG\PRUHNQRZOHGJHDEOHSDUWLFLSDQWVZHUHDOVR
PRUHUHOXFWDQWLQDFFHSWLQJDQVZHUVHYHQWKRXJKDFFHSWDQFHUHOXFWDQFHZDVPHDVXUHGXVLQJ
VHSDUDWHQRVROXWLRQLWHPV0RUHNQRZOHGJHDEOHSDUWLFLSDQWVPLJKWKDYHEHHQPRUHUHOXFWDQW
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WRHQGRUVHLQFRUUHFWRSWLRQVEHFDXVHWKH\DUHXVHGWREHLQJDEOHWRWHOOZLWKFRQILGHQFH
ZKHWKHUDQDQVZHULVWUXHRUIDOVH8VLQJDQH[SHULPHQWDODSSURDFK6WXG\DLPHGWR
HVWDEOLVKDQXQDPELJXRXVFDXVDOOLQNEHWZHHQDFFHSWDQFHUHOXFWDQFHDQG'20&WHVWVFRUHV
WKDWGLGQRWGHSHQGRQLQGLYLGXDOGLIIHUHQFHVLQNQRZOHGJH7RWKLVHQGSDUWLFLSDQWV
FRPSOHWHGD'20&WHVWLQWZRGLIIHUHQWFRQGLWLRQVDKLJKDQGDORZDFFHSWDQFHUHOXFWDQFH
FRQGLWLRQZKLFKZHUHUHDOL]HGZLWKLQSDUWLFLSDQWVXVLQJDSD\RIIPDQLSXODWLRQ+LJK
DFFHSWDQFHUHOXFWDQFHZDVLQGXFHGE\RIIHULQJDKLJKHUSD\RIIIRUODWHUFKRLFHVSURYLGHGWKDW
WKH\ZHUHFRUUHFWORZDFFHSWDQFHUHOXFWDQFHZDVLQGXFHGE\RIIHULQJDKLJKHUSD\RIIIRU
HDUO\FKRLFHV:HH[SHFWHGWKDWWHVWVFRUHVLQWKHKLJKDFFHSWDQFHUHOXFWDQFHFRQGLWLRQZRXOG
EHKLJKHUWKDQLQWKHORZDFFHSWDQFHUHOXFWDQFHFRQGLWLRQHYHQWKRXJKWKHFRXQWHUEDODQFHG
ZLWKLQSDUWLFLSDQWVGHVLJQPDGHVXUHWKDWWKHUHZHUHQRV\VWHPDWLFLQGLYLGXDOGLIIHUHQFHVLQ
NQRZOHGJHEHWZHHQSDUWLFLSDQWVH[KLELWLQJKLJKDQGORZDFFHSWDQFHUHOXFWDQFH2EVHUYLQJ
WKLVSUHGLFWHGSDWWHUQZRXOGSURYLGHVWURQJVXSSRUWWRWKHQRWLRQWKDWKLJKDFFHSWDQFH
UHOXFWDQFHLVFDXVDOO\OLQNHGWREHWWHU'20&WHVWSHUIRUPDQFHLQGHSHQGHQWO\RIWHVWWDNHUV¶
NQRZOHGJH
0HWKRG
:HDVNHGSDUWLFLSDQWVWROHDUQYRFDEXODU\LQDQXQIDPLOLDUODQJXDJH:H
H[SHULPHQWDOO\LQGXFHGKLJKRUORZOHYHOVRIDFFHSWDQFHUHOXFWDQFHDQGLQYHVWLJDWHGWKHLU
LQIOXHQFHRQVFRUHVLQDVXEVHTXHQW'20&YRFDEXODU\WHVW
0DWHULDOV7RDYRLGIORRUDQGFHLOLQJHIIHFWVLQ'20&WHVWVFRUHVZHH[SHULPHQWDOO\
FRQWUROOHGIRUSDUWLFLSDQWV¶NQRZOHGJHOHYHOV7RWKLVHQGSDUWLFLSDQWVZHUHVKRZQDOLVWRI
ZRUGVZULWWHQLQWKHILFWLYHODQJXDJH'RWKUDNLWRJHWKHUZLWKWKHLU*HUPDQWUDQVODWLRQ HJ
³6LHJHU´³QDMDKDN´ :HH[SHFWHGSDUWLFLSDQWVWRQRWEHIDPLOLDUZLWKWKHVHZRUGVEHFDXVH
WKHUHDUHQRQDWLYHVSHDNHUVRI'RWKUDNLH[FHSWIRUVRPHILFWLRQDOKRUVHPHQLQWKH79VHULHV
³*DPHRI7KURQHV´,QWRWDOZRUGVZHUHVHOHFWHGIURPD'RWKUDNLGLFWLRQDU\FUHDWHGE\
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WKHOLQJXLVWZKRGHYLVHGWKH'RWKUDNLODQJXDJHIRUWKHVHULHV 3HWHUVRQ 7RFRQVWUXFW
WKH'20&WHVWIRXUGLVWUDFWRUVZHUHFUHDWHGIRUHDFKZRUG HJ³MDKDQDN´³DMDQDN´
³QMDND´DQG³NDQDMDN´ UHVXOWLQJLQILYHUHVSRQVHRSWLRQVIRUHDFKLWHP(DFK'20&LWHP
VWHPKDGWKHIRUP³7KHGRWKUDNLZRUGIRU *HUPDQZRUG LV«´5HVSRQVHRSWLRQVZHUH
SUHVHQWHGVHTXHQWLDOO\DQGLQUDQGRPRUGHUEHQHDWKWKHFRQWLQXRXVO\VKRZQLWHPVWHP
,WZDVQRWSRVVLEOHWRXVHWKHVDPHLWHPVLQERWKDFFHSWDQFHUHOXFWDQFHFRQGLWLRQV
EHFDXVHWKHSD\RIIPDWUL[ZDVYDULHGZLWKLQSDUWLFLSDQWV7KHLWHPVZHUHWKHUHIRUHVSOLW
LQWRWZRVHWVRIHTXDOVL]HWKDWZHUHSUHVHQWHGDVWZRVHSDUDWHWHVWVRQHLQWKHKLJK
DFFHSWDQFHUHOXFWDQFHDQGRQHLQWKHORZDFFHSWDQFHUHOXFWDQFHFRQGLWLRQ7KHDVVLJQPHQWRI
WKHWZRLWHPVHWVWRWKHWZRSD\RIIFRQGLWLRQVDQGWKHRUGHURIWKHSD\RIIFRQGLWLRQVZHUH
FRXQWHUEDODQFHGDFURVVSDUWLFLSDQWV7KHFRPSOHWHOLVWRIDOOH[SHULPHQWDOVWLPXOL±LQFOXGLQJ
WKHGLVWUDFWRUVDQG(QJOLVKDQG*HUPDQWUDQVODWLRQV±FDQEHUHWULHYHGIURP
KWWSVRVILR[
'HVLJQ/RZDQGKLJKDFFHSWDQFHUHOXFWDQFHZHUHHVWDEOLVKHGXVLQJDSD\RII
PDQLSXODWLRQWKDWZDVFRQGXFWHGZLWKLQSDUWLFLSDQWV7KXVHDFKWHVWWDNHUFRPSOHWHGWZR
'20&WHVWKDOYHVWKDWHPSOR\HGGLIIHUHQWSD\RIIPDWULFHV2QHKDOIRIWKHLWHPVZHUH
SUHVHQWHGDORQJZLWKDSD\RIIPDWUL[WKDWLQFHQWLYL]HGWKHVHOHFWLRQRIHDUO\RSWLRQVWRLQGXFH
ORZDFFHSWDQFHUHOXFWDQFH,QWKLVSKDVHRIWKHH[SHULPHQWSDUWLFLSDQWVUHFHLYHGDSD\RIIRI
DQGSRLQWVLIWKH\DFFHSWHGDVROXWLRQSUHVHQWHGDVWKHILUVWVHFRQGWKLUG
IRXUWKRUODVWRSWLRQUHVSHFWLYHO\7KHRWKHUKDOIRIWKHWHVWLWHPVZHUHSUHVHQWHGDORQJZLWK
DSD\RIIWKDWLQFHQWLYL]HGWKHVHOHFWLRQRIODWHRSWLRQVWRLQGXFHKLJKDFFHSWDQFHUHOXFWDQFH
,QWKLVSKDVHRIWKHH[SHULPHQWSDUWLFLSDQWVUHFHLYHGDSD\RIIRIDQGSRLQWVLI
WKH\DFFHSWHGDVROXWLRQSUHVHQWHGDVWKHILUVWVHFRQGWKLUGIRXUWKRUODVWRSWLRQ
UHVSHFWLYHO\$GGLWLRQDOO\RQHSRLQWZDVDZDUGHGIRUHDFKFRUUHFWUHMHFWLRQRIDGLVWUDFWRU
UHJDUGOHVVRISD\RIIFRQGLWLRQ7KLVPDGHVXUHWKDWSDUWLFLSDQWVUHFHLYHGSRLQWVIRUDOOFRUUHFW
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GHFLVLRQVEXWQRWIRUDQ\LQFRUUHFWGHFLVLRQV5HJDUGOHVVRISD\RIIFRQGLWLRQWKHRSWLPDO
GHFLVLRQZDVDOZD\VWRVHOHFW³WUXH´ZKHQHYHUDVROXWLRQZDVVKRZQDQG³IDOVH´ZKHQHYHUD
GLVWUDFWRUZDVVKRZQ7KLVVWUDWHJ\KRZHYHUZDVRQO\DYDLODEOHLQWULDOVLQZKLFKWHVWWDNHUV
DFWXDOO\NQHZWKHVROXWLRQ,QWULDOVLQZKLFKWHVWWDNHUVZHUHQRWVXUHRIWKHVROXWLRQWKH
UDWLRQDOGHFLVLRQZDVWRHLWKHULQFUHDVHRUGHFUHDVHDFFHSWDQFHUHOXFWDQFHRYHUWKHFRXUVHRI
DQLWHPDFFRUGLQJWRWKHDSSOLFDEOHSD\RIIPDWUL[
'XULQJWKHWHVWWKHSD\RIIVDVVRFLDWHGZLWKHDFKUHVSRQVHRSWLRQZHUHDOZD\VGLVSOD\HG
RQWKH³WUXH´DQG³IDOVH´EXWWRQVUHVSHFWLYHO\7KHSD\RIIDVVRFLDWHGZLWKWKH³WUXH´EXWWRQ
ZDVXSGDWHGDFFRUGLQJWRWKHSD\RIIPDWUL[ZKHQHYHUDQHZUHVSRQVHRSWLRQZDVSUHVHQWHG
ZKLOHWKH³IDOVH´EXWWRQDOZD\VLQGLFDWHGWKDWRQHSRLQWFRXOGEHJDLQHGE\UHMHFWLQJDQ
RSWLRQSURYLGHGWKDWWKLVRSWLRQZDVDFWXDOO\ZURQJ%\HPSOR\LQJRQHRIWKHDERYHSD\RII
VFKHPHVRQWKH³WUXH´EXWWRQLWZDVWKXVSRVVLEOHWRLQGXFHDELDVWRZDUGHLWKHUHDUO\RUODWH
UHVSRQVHRSWLRQV7KHGHSHQGHQWYDULDEOHZDVWKH'20&WHVWVFRUHZKLFKFRXOGUDQJHIURP
WRLQHDFKWHVWKDOIUHSUHVHQWLQJWKHKLJKDQGWKHORZDFFHSWDQFHUHOXFWDQFHFRQGLWLRQV
UHVSHFWLYHO\
6DPSOH7KHH[SHULPHQWZDVFRQGXFWHGLQDFRPSXWHUODERUDWRU\DWWKH8QLYHUVLW\RI
'XHVVHOGRUI3DUWLFLSDQWVZHUHVHDWHGLQIURQWRIDFRPSXWHUVFUHHQSUHVHQWLQJDOO
H[SHULPHQWDOVWLPXOLDQGHQWHUHGWKHLUUHVSRQVHVXVLQJDPRXVH'DWDZHUHFROOHFWHGIURPD
WRWDORISDUWLFLSDQWV7KHGDWDIURPWKHSDUWLFLSDQWVZKRLQGLFDWHGDQDWLYHODQJXDJH
RWKHUWKDQ*HUPDQZHUHGLVFDUGHGWRPDNHVXUHWKDWDOOSDUWLFLSDQWVZHUHFDSDEOHRI
XQGHUVWDQGLQJWKHGHWDLOHGLQVWUXFWLRQVH[SODLQLQJWKHSD\RIIPDWULFHV7KHILQDOVDPSOH
WKHUHIRUHFRQVLVWHGRI݊ ൌ ͳͻͳSDUWLFLSDQWV IHPDOH 3DUWLFLSDQWV¶DJHUDQJHGIURP
WR\HDUV 0 6'  3DUWLFLSDQWVZHUHLQFHQWLYL]HGE\WKHRSSRUWXQLW\WDNH
SDUWLQDORWWHU\LQZKLFKWKUHHSUL]HV DQG(XURV ZHUHUDIIOHGRIIDPRQJWKH
RISDUWLFLSDQWVZKRHDUQHGWKHPRVWSRLQWV7KLVORWWHU\ZDVFRQGXFWHGWRHQFRXUDJH
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SDUWLFLSDQWVWRIROORZWKHLQVWUXFWLRQVFORVHO\7KHVDPSOHFRQVLVWHGRISV\FKRORJ\
VWXGHQWVIURPWKH8QLYHUVLW\RI'XHVVHOGRUIZKRUHFHLYHGSDUWLDOFRXUVHFUHGLWIRUWKHLU
SDUWLFLSDWLRQVWXGHQWVIURPYDULRXVRWKHUIDFXOWLHVDQGYROXQWHHUVQRWVWXG\LQJDWWKH
8QLYHUVLW\RI'XHVVHOGRUI8VLQJWKHVRIWZDUH* 3RZHU )DXO(UGIHOGHU%XFKQHU 
/DQJ ZHGHWHUPLQHGWKDWWKLVVDPSOHVL]HZDVVXIILFLHQWWRGHWHFWVPDOOHIIHFWV
ሺ݀௭ ൌ ǤʹͲ RIDFFHSWDQFHUHOXFWDQFHRQ'20&WHVWVFRUHVZLWKDVWDWLVWLFDOSRZHURILQ
DRQHWDLOHGWWHVWFRQGXFWHGLQDFFRUGDQFHZLWKWKHRQHGLUHFWLRQDOQDWXUHRIWKHK\SRWKHVLV
&RKHQ 
3URFHGXUH
7KHH[SHULPHQWZDVSUHVHQWHGLQDZHEEURZVHUXVLQJ8QLSDUN()66XUYH\
4XHVW%DFN 7KHILUVWSDJHSUHVHQWHGLQWURGXFWRU\LQIRUPDWLRQRQWKHVWXG\DQG
REWDLQHGSDUWLFLSDQWV¶LQIRUPHGFRQVHQW2QWKHQH[WSDJHSDUWLFLSDQWVZHUHLQWURGXFHGWRWKH
'20&WHVWIRUPDWLQZULWWHQLQVWUXFWLRQVWKDWSURYLGHGDGHWDLOHGH[SODQDWLRQRIWKHSD\RII
PDQLSXODWLRQ3DUWLFLSDQWVZHUHLQVWUXFWHGWRPD[LPL]HWKHLUSD\RIIRYHUWKHFRXUVHRIWKH
VWXG\E\FRQVLGHULQJWKHQXPEHURISRLQWVRIIHUHGDVDIXQFWLRQRIWKHSRVLWLRQZKHQHYHUWKH\
ZHUHQRWVXUHDERXWWKHLUDQVZHU7RDFKLHYHWKHGHVLUHGH[SHULPHQWDOPDQLSXODWLRQRI
DFFHSWDQFHUHOXFWDQFHZHSRLQWHGRXWWKDWLWZRXOGEHUDWLRQDOWRVHOHFWHDUOLHURSWLRQVZKHQ
HDUO\RSWLRQVZHUHDVVRFLDWHGZLWKDKLJKHUSD\RIIDQGWRVHOHFWODWHURSWLRQVZKHQODWH
RSWLRQVZHUHDVVRFLDWHGZLWKDKLJKHUSD\RII3DUWLFLSDQWVZHUHDOVRLQIRUPHGWKDWWKH\ZRXOG
RQO\UHFHLYHSRLQWVZKHQWKH\PDGHDFRUUHFWGHFLVLRQDQGWKDWWKH\ZRXOGRQO\EHDOORZHG
WRWDNHSDUWLQWKHORWWHU\IRUWKUHHPRQHWDU\SUL]HVLIWKH\GLGZHOORQWKHWDVN7KLVPDGH
VXUHWKDWSDUWLFLSDQWVSULPDULO\WULHGWRDQVZHUFRUUHFWO\EXWWRRNWKHSD\RIIPDWUL[LQWR
DFFRXQWZKHQHYHUWKH\ZHUHQRWVXUHDERXWWKHFRUUHFWDQVZHU7RLOOXVWUDWHWKHUHVSRQVH
IRUPDWDQGWKHYDU\LQJSD\RIIVWHVWWDNHUVQH[WZRUNHGRQVL[H[DPSOHLWHPVKDOIRIZKLFK
HPSOR\HGDKLJKDQGKDOIDORZDFFHSWDQFHUHOXFWDQFHSD\RIIPDWUL[,QHDFKH[DPSOHLWHP
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SDUWLFLSDQWVZHUHDVNHGWRLGHQWLI\WKHFRUUHFW(QJOLVKWUDQVODWLRQRID*HUPDQZRUGIURP
DPRQJILYHDQVZHUDOWHUQDWLYHVLQWKHVHTXHQWLDO'20&WHVWIRUPDW
7KHVXEVHTXHQWOHDUQLQJSKDVHSUHVHQWHG'RWKUDNLZRUGVIRUILYHVHFRQGVHDFK
DORQJZLWKWKHLU*HUPDQWUDQVODWLRQV)ROORZLQJWKLVOHDUQLQJSKDVHWKHSD\RIIPDWUL[XVHGLQ
WKHILUVWKDOIRIWKHWHVWSKDVHZDVH[SODLQHGEULHIO\DJDLQWRHQVXUHWKDWWHVWWDNHUVZRXOG
UHPHPEHUDQGFRQVLGHUWKHSD\RIIVZKHQPDNLQJWKHLUUHVSRQVHGHFLVLRQV1H[WWKH
'RWKUDNLZRUGVSUHYLRXVO\HQFRXQWHUHGGXULQJWKHOHDUQLQJSKDVHZHUHSUHVHQWHGDJDLQLQ
UDQGRPRUGHULQ'20&WHVWIRUPDW7KHRUGHULQZKLFKWKHUHVSRQVHRSWLRQVZHUHSUHVHQWHG
LQHDFKLWHPZDVGHWHUPLQHGUDQGRPO\IRUHDFKSDUWLFLSDQW)ROORZLQJWKLVWHVWLQJSKDVH
DQRWKHUOHDUQLQJSKDVHDQGDQRWKHUWHVWLQJSKDVHZHUHFRQGXFWHGLQZKLFKWKHUHPDLQLQJVHW
RI'RWKUDNLZRUGVZDVWDXJKWDQGWHVWHGXVLQJWKHRWKHUSD\RIIPDWUL[)LQDOO\VRPH
GHPRJUDSKLFGDWDZHUHFROOHFWHG7HVWWDNHUVZHUHWKHQGHEULHIHGDQGWKDQNHGDQGZHUH
SURYLGHGZLWKIHHGEDFNUHJDUGLQJWKHFRUUHFWQHVVRIWKHLUUHVSRQVHVDQGWKHWRWDOQXPEHURI
SRLQWVWKH\KDGHDUQHG
5HVXOWV
0DQLSXODWLRQFKHFN7RFKHFNWKHHIIHFWLYHQHVVRIWKHPDQLSXODWLRQZHFRQGXFWHGD
ʹ ൈ ͶZLWKLQVXEMHFWV$129$DQDO\]LQJWKHLQIOXHQFHRIWKHSD\RIIPDWUL[>ORZYVKLJK
DFFHSWDQFHUHOXFWDQFH@DQGWKHSRVLWLRQRIUHVSRQVHRSWLRQV>@RQWKHWHVWWDNHUV¶
GHFLVLRQWKUHVKROGFZKLFKZDVHVWLPDWHGXVLQJWKHVWDQGDUGVLJQDOGHWHFWLRQIRUPXOD  
SUHYLRXVO\XVHGLQ6WXG\$VH[SHFWHGWKLV$129$UHYHDOHGDVWURQJHIIHFWRISRVLWLRQ
SDUWLFLSDQWVJHQHUDOO\GHFLGHGPRUHOLEHUDOO\RQODWHUUHVSRQVHRSWLRQVܨሺʹǤͺ͵ͷ͵ͺǤͲͶሻ ൌ
ͺͷǤͺͻ ൏ ǤͲͲͳߟଶ ൌ Ǥ͵ͳ VHH)LJXUH 7KHUHZDVDOVRDVWURQJHIIHFWRIWKHSD\RII
PDQLSXODWLRQܨሺͳͳͻͲሻ ൌ ͳͳͲǤ ൏ Ǥ ͲͲͳߟଶ ൌ Ǥ͵3DUWLFLSDQWVUHVSRQGHGPRUH
FRQVHUYDWLYHO\LQWKHKLJKDFFHSWDQFHUHOXFWDQFHFRQGLWLRQHPSOR\LQJKLJKHUSD\RIIVIRUODWHU
RSWLRQV DYHUDJHܿ ൌ ͲǤ͵ʹܵ ܦൌ ͲǤͶͷ WKDQLQWKHORZDFFHSWDQFHUHOXFWDQFHFRQGLWLRQ
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HPSOR\LQJKLJKHUSD\RIIVIRUHDUO\RSWLRQV DYHUDJHܿ ൌ ͲǤͳͳܵ ܦൌ ͲǤͶͳ 7KHH[SHULPHQWDO
LQGXFWLRQRIWZRGLIIHUHQWOHYHOVRIDFFHSWDQFHUHOXFWDQFHZDVWKXVIRXQGWREHVXFFHVVIXO$V
LOOXVWUDWHGLQ)LJXUHWKHUHZDVDOVRDVLJQLILFDQWLQWHUDFWLRQEHWZHHQSD\RIIPDWUL[DQG
SRVLWLRQܨሺʹǤͻͲͷͷͳǤͺͷሻ ൌ ͳͶǤͲ ൏ ǤͲͲͳߟଶ ൌ ǤͲLQGLFDWLQJWKDWDVH[SHFWHGWKH
GLIIHUHQFHLQWKHWKUHVKROGHPSOR\HGLQWKHKLJKDQGORZDFFHSWDQFHUHOXFWDQFHFRQGLWLRQV
ZDVODUJHVWIRUHDUO\RSWLRQVDQGEHFDPHVPDOOHUIRUODWHUUHVSRQVHRSWLRQV'XHWRWKHLUPRUH
FRQVHUYDWLYHUHVSRQVHFULWHULRQWHVWWDNHUVZHUHSUHVHQWHGZLWKPRUHUHVSRQVHRSWLRQVSHU
LWHPLQWKHKLJKDFFHSWDQFHUHOXFWDQFHFRQGLWLRQ 0 6'  WKDQLQWKHORZ
DFFHSWDQFHUHOXFWDQFHFRQGLWLRQ 0 6'  ݐሺͳͻͲሻ ൌ Ǥͳͺ ൏ ǤͲͲͳ7KLV
GLIIHUHQFHLQWKHQXPEHURIUHVSRQVHRSWLRQVVKRZQZDVHTXLYDOHQWWRDQHIIHFWVL]HRI
݀௭ ൌ ͲǤͷʹ

±3OHDVHLQVHUW)LJXUHDERXWKHUH±

+\SRWKHVLVWHVW$SDLUHGWWHVWVKRZHGWKDW±DVSUHGLFWHGE\025%,67±'20&WHVW
VFRUHVZHUHVLJQLILFDQWO\KLJKHULQWKHKLJKDFFHSWDQFHUHOXFWDQFHFRQGLWLRQ 0 6' 
 WKDQLQWKHORZDFFHSWDQFHUHOXFWDQFHFRQGLWLRQ 0 6'  ݐሺͳͻͲሻ ൌ
ʹǤͲʹ ൌ ǤͲʹʹǡRQHWDLOHG݀௭ ൌ ͲǤͳͷ:HZHUHWKXVDEOHWRFRQILUPWKHFHQWUDOSUHGLFWLRQRI
DSRVLWLYHFDXVDOHIIHFWRIDFFHSWDQFHUHOXFWDQFHRQ'20&WHVWVFRUHV
9DOLGDWLRQRI025%,677RGHWHUPLQHZKHWKHU025%,67FDQDGHTXDWHO\GHVFULEH
WKHHPSLULFDOUHVXOWVDQGUHSURGXFHWKH'20&WHVWVFRUHVREVHUYHGLQ6WXG\ZHXVHG
025%,67WRVLPXODWH'20&WHVWVFRUHVEDVHGRQWKHDELOLWLHVG¶DQGUHVSRQVHFULWHULDFZH
REVHUYHGIRUWKHSDUWLFLSDQWVLQ6WXG\7RFRPSXWHG¶DVDQLQGH[RIHDFKSDUWLFLSDQW¶V
DELOLW\WRGLVWLQJXLVKEHWZHHQFRUUHFWDQGLQFRUUHFWRSWLRQVZHFDWHJRUL]HGKLVRUKHUDQVZHUV
WRHYHU\VLQJOHSUHVHQWDWLRQRIDVROXWLRQRUDGLVWUDFWRUDFURVVDOOLWHPV7KLVUHVXOWHGLQD
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[WDEOHIRUHDFKSDUWLFLSDQWFRQWDLQLQJWKHQXPEHURIKLWV DFFHSWHGVROXWLRQV PLVVHV
UHMHFWHGVROXWLRQV IDOVHDODUPV DFFHSWHGGLVWUDFWRUV DQGFRUUHFWUHMHFWLRQV UHMHFWHG
GLVWUDFWRUV 2QWKHEDVLVRIWKLVWDEOHDQDELOLW\LQGH[G¶ZDVFRPSXWHGIRUXVLQJIRUPXOD  
IURP6WDQLVODZDQG7RGRURY  
G¶ ] + ±] )$  







,QDGGLWLRQZHFRQVWUXFWHGHLJKW[WDEOHVIRUHDFKSDUWLFLSDQWVHSDUDWLQJKLWVIDOVH
DODUPVFRUUHFWUHMHFWLRQVDQGPLVVHVE\WKHSRVLWLRQRIWKHUHVSRQVHRSWLRQV>@DQG
WKHOHYHORIDFFHSWDQFHUHOXFWDQFH>ORZKLJK@2QWKHEDVLVRIWKHVHWDEOHVHLJKWUHVSRQVH
FULWHULDZHUHFRPSXWHGIRUHDFKSDUWLFLSDQWXVLQJWKHSURFHGXUHGHWDLOHGLQ6WXG\$VLQ
6WXG\ZHDOZD\VDVVXPHGDFULWHULRQRIെλIRUWKHILIWKRSWLRQ:HWKHQXVHG025%,67
WRILUVWVLPXODWHUHVSRQVHVIRUDOOWHVWWDNHUVXVLQJWKHUHVSRQVHFULWHULDREVHUYHGIRUWKH
LWHPVSUHVHQWHGLQWKHKLJKDFFHSWDQFHUHOXFWDQFHSKDVH1H[WZHVLPXODWHGWKHUHVSRQVHV
RIWKHVDPHWHVWWDNHUVXVLQJWKHUHVSRQVHFULWHULDREVHUYHGIRUWKHLWHPVLQWKHORZ
DFFHSWDQFHUHOXFWDQFHSKDVH7KLVSURFHVVZDVUHSHDWHGWLPHVZLWKGHVFULSWLYH
VWDWLVWLFVDVZHOODVWKHWYDOXHDVVRFLDWHGZLWKHDFKSDLUHGFRPSDULVRQRIORZDQGKLJK
DFFHSWDQFHUHOXFWDQFHWHVWVFRUHVUHFRUGHGIRUHDFKUXQ7KHVLPXODWLRQFRGHLVIUHHO\
DYDLODEOHDQGFDQEHDFFHVVHGYLDKWWSVRVILR[$FURVVDOOVLPXODWLRQVKLJK
DFFHSWDQFHUHOXFWDQFHOHGWRFRUUHFWDQVZHUVRQDYHUDJH 6'  ZKLOHORZ
DFFHSWDQFHUHOXFWDQFHOHGWRFRUUHFWDQVZHUV 6'  7KHKLJKHUWHVWVFRUHV
HPSLULFDOO\REVHUYHGLQWKHKLJKDFFHSWDQFHUHOXFWDQFHFRQGLWLRQLQ6WXG\FRXOGWKXV
VXFFHVVIXOO\EHUHSURGXFHGE\025%,672QDYHUDJHWKHVLPXODWHGWHVWVFRUHVEHWZHHQWKH
KLJKDQGWKHORZDFFHSWDQFHUHOXFWDQFHFRQGLWLRQZHUHFRUUHODWHGZLWKU WKLVFORVHO\
UHSURGXFHGWKHHPSLULFDOFRUUHODWLRQRIREVHUYHGLQ6WXG\
)LQDOO\ZHFRPSDUHGWKHOLNHOLKRRGRIWKHGDWDREVHUYHGLQ6WXG\XQGHUWKHQXOO
K\SRWKHVLVRIQRLQIOXHQFHRILQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHDQGWKH
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DOWHUQDWLYH025%,67SUHGLFWLRQRIDV\VWHPDWLFSRVLWLYHLQIOXHQFHRIDFFHSWDQFHUHOXFWDQFH
RQ'20&WHVWVFRUHV7KLVDOORZHGXVWRFRPSXWHD%D\HVIDFWRUWKDWTXDQWLILHGWKHUHODWLYH
HYLGHQFHIRUWKHQXOOK\SRWKHVLVDQGWKHSUHGLFWLRQPDGHE\025%,67DQGWREDVHRXU
VWDWLVWLFDOLQIHUHQFHGLUHFWO\RQVXEVWDQWLYHSV\FKRORJLFDOWKHRU\DVUHFRPPHQGHGE\
9DQSDHPHO  7RFRPSXWHWKHOLNHOLKRRGRIWKHGDWD±LHWKHREVHUYHGWHVWVFRUH
GLIIHUHQFHEHWZHHQKLJKDQGORZDFFHSWDQFHUHOXFWDQFH±XQGHU025%,67WKHSUREDELOLW\
GHQVLW\RIWKHREVHUYHGWYDOXH W  ZDVHVWLPDWHGRQWKHEDVLVRIWKHGLVWULEXWLRQRIWKH
WYDOXHVFRPSXWHGLQWKHVLPXODWLRQ7KLVZDVGRQHXVLQJDORJVSOLQHVHVWLPDWRU .RRSHUEHUJ
FI0RUH\5RXGHU3UDWWH 6SHFNPDQ 7KHOLNHOLKRRGRIWKHREVHUYHGGDWD
XQGHUWKHQXOOK\SRWKHVLVZDVGHWHUPLQHGDVWKHSUREDELOLW\GHQVLW\RIWKHFHQWUDOW
GLVWULEXWLRQZLWK݊ െ ͳGHJUHHVRIIUHHGRPDW ݐൌ ʹǤͲʹ7KHUDWLRRIWKHVHWZROLNHOLKRRGV²
WKH%D\HVIDFWRU²ZDV+HQFHWKHGDWDZHUHDSSUR[LPDWHO\WLPHVPRUHOLNHO\XQGHU
025%,67±ZKLFKSUHGLFWVDQHIIHFWRIDFFHSWDQFHUHOXFWDQFHRQWHVWVFRUHV±WKDQXQGHUWKH
QXOOPRGHODVVXPLQJQRHIIHFWRIDFFHSWDQFHUHOXFWDQFH7KLVILQGLQJFDQEHLQWHUSUHWHGDV
VXEVWDQWLDOHYLGHQFHVXSSRUWLQJ025%,67 .DVV 5DIWHU\ 
)LJXUHLOOXVWUDWHV025%,67¶VSUHGLFWLRQVDQGWKHUHVXOWLQJ%D\HVIDFWRU7KHUHODWLYH
HYLGHQFHWKHGDWDSURYLGHIRUWKHWZRFRPSHWLQJPRGHOVDUHLOOXVWUDWHGE\WKHWZREODFN
FLUFOHVVKRZLQJWKHOLNHOLKRRGUDWLRVXQGHUWKHWZRPRGHOV FI5RXGHU0RUH\ 
:DJHQPDNHUV 7KHYHUWLFDOOLQHLQ)LJXUHVKRZVWKHVL]HRIWKHHIIHFWRIDFFHSWDQFH
UHOXFWDQFHRQWHVWVFRUHVREVHUYHGIRUWKHKXPDQSDUWLFLSDQWVLQ6WXG\)RUWKLVILJXUH
ݐYDOXHVZHUHFRQYHUWHGWRWKHHIIHFWVL]HLQGH[݀௭ ൌ

௧

IRUEHWWHULQWHUSUHWDELOLW\7KHILJXUH

ξ

VKRZVWKDW025%,67SUHGLFWVDUHODWLYHO\VPDOOHIIHFWVL]HRIDFFHSWDQFHUHOXFWDQFHRQWHVW
VFRUHVJLYHQWKHSDUWLFLSDQWV¶REVHUYHGUHVSRQVHFULWHULD

±3OHDVHLQVHUW)LJXUHDERXWKHUH±
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$GGLWLRQDODQDO\VHV,QH[SORULQJWKHWHVWUHVXOWVZHQRWLFHGWKDWWHVWWDNHUVVFRUHG
EHWWHULQWKHVHFRQGWHVW 0 6'  WKDQLQWKHILUVW 0 6'  
ݐሺͳͻͲሻ ൌ ʹǤͺͻ ൌ ǤͲͲͶ݀௭ ൌ ͲǤʹͳUHJDUGOHVVRIWKHRUGHULQZKLFKWKHWZRSD\RII
FRQGLWLRQVZHUHSUHVHQWHG7KLVUHVXOWLQGLFDWHVWKDWDOHDUQLQJHIIHFWRFFXUUHGRYHUWKHFRXUVH
RIWKHH[SHULPHQWOHDGLQJWRLQFUHDVHGWHVWVFRUHVLQWKHODWHUWHVW7KLVOHDUQLQJHIIHFWLVPRVW
OLNHO\DWWULEXWDEOHWRWKHWHVWWDNHUV¶LQFUHDVLQJIDPLOLDULW\ZLWKWKH'20&WHVWIRUPDWRUWKH
'RWKUDNLODQJXDJHDQGZDVFRQWUROOHGIRUE\FRXQWHUEDODQFLQJWKHRUGHURIWKHWZRSD\RII
FRQGLWLRQV7KHUHIRUHLWGRHVQRWDIIHFWWKHPDLQUHVXOWWKDWDFFHSWDQFHUHOXFWDQFHOHDGVWR
EHWWHUVFRUHV
'LVFXVVLRQ
$SSO\LQJVLJQDOGHWHFWLRQWKHRU\WRWKHDQDO\VLVRIUHVSRQVHVWR'20&WHVWVZH
GHYHORSHG025%,67DPRGHORIUHVSRQVHEHKDYLRULQVHTXHQWLDOWHVWV$FFRUGLQJWR
025%,67UHVSRQVHGHFLVLRQVDUHWKHMRLQWSURGXFWRIWHVWWDNHUV¶NQRZOHGJHDQGWKHLU
UHVSRQVHFULWHULRQ7KHUHVSRQVHFULWHULRQLVDVVXPHGWRYDU\RYHUWKHSUHVHQWDWLRQRID
'20&LWHP*HQHUDOO\WHVWWDNHUVVKRXOGEHFRPHLQFUHDVLQJO\PRUHOLEHUDOIURPWKHILUVWWR
WKHODVWUHVSRQVHRSWLRQWRFRPSHQVDWHIRUWKHIDFWWKDWODWHUUHVSRQVHRSWLRQVKDYHDKLJKHU
SUREDELOLW\RIEHLQJWKHVROXWLRQEHFDXVHIHZHUUHVSRQVHVDUHOHIW$GGLWLRQDOO\025%,67
DVVXPHVWKDWWKHUHDUHLQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHWKDWLVLQWKHWHQGHQF\
WRUHMHFWHDUO\UHVSRQVHRSWLRQV2QWKHEDVLVRIWKHVHDVVXPSWLRQVDQGXVLQJDVLJQDO
GHWHFWLRQPRGHO025%,67SUHGLFWVWKDWKLJKHUDFFHSWDQFHUHOXFWDQFHLVFDXVDOO\UHODWHGWR
KLJKHUVFRUHVLPSO\LQJWKDW'20&WHVWVFRUHVDUHFRQWDPLQDWHGZLWKXQZDQWHGFRQVWUXFW
LUUHOHYDQWYDULDQFH7KXV025%,67QRWRQO\SURYLGHVDPRGHOIRUWKHLQWHUQDOUHVSRQVH
SURFHVVGXULQJ'20&WHVWLQJEXWDOVRVXJJHVWVDGLUHFWOLQNEHWZHHQWKHVHSURFHVVHVDQG
WHVWYDOLGLW\ FI%RUVERRPHWDO 
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0DQLSXODWLQJDFFHSWDQFHUHOXFWDQFHZLWKLQSDUWLFLSDQWVXVLQJDSD\RIIPDQLSXODWLRQ
ZHIRXQGWKDWKLJKDFFHSWDQFHUHOXFWDQFHOHDGVWREHWWHUWHVWVFRUHVWKDQORZDFFHSWDQFH
UHOXFWDQFHHYHQZKHQQRLQGLYLGXDOGLIIHUHQFHVLQNQRZOHGJHDUHLQYROYHG7KLVH[SHULPHQWDO
ILQGLQJLVFRQVLVWHQWZLWKWKHFRUUHODWLRQDOILQGLQJLQ6WXG\WKDWKLJKDFFHSWDQFHUHOXFWDQFH
±RSHUDWLRQDOL]HGDVWKHQXPEHURIRSWLRQVWHVWWDNHUVUHMHFWHGLQQRVROXWLRQLWHPV±LV
DVVRFLDWHGZLWKKLJKHUWHVWVFRUHV0RUHRYHULWVKRZVWKDWWKLVFRUUHODWLRQFDQQRWEHVROHO\
DFFRXQWHGIRUE\LQGLYLGXDOGLIIHUHQFHVLQNQRZOHGJH
$OWKRXJKWKHHIIHFWVL]HRIWKHLQIOXHQFHRIDFFHSWDQFHUHOXFWDQFHRQ'20&WHVWVFRUHV
ZDVUHODWLYHO\VPDOOLQWKHH[SHULPHQWDOVHWWLQJRI6WXG\LWVKRXOGQRWEHFRQFOXGHGWKDWLQ
PRUHDSSOLHGVHWWLQJVDFFHSWDQFHUHOXFWDQFHKDVRQO\PLQRUHIIHFWVRQ'20&WHVWVFRUHV
7KLVLVEHFDXVH6WXG\ZDVQRWGHVLJQHGWRGHWHUPLQHWKHH[WHQWWRZKLFKLQGLYLGXDO
GLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHGLVWRUW'20&WHVWVFRUHVEXWUDWKHUWRHVWDEOLVKWKHLU
FDXVDOFRQQHFWLRQ8QGHUVXFKFLUFXPVWDQFHV025%,67SUHGLFWHGDVPDOOHIIHFWVL]HRI
DFFHSWDQFHUHOXFWDQFHRQ'20&WHVWVFRUHV VHH)LJXUH 0RUHRYHUZKLOHWKHREVHUYHG
HIIHFWRIDFFHSWDQFHUHOXFWDQFHRQWHVWVFRUHVZDVUHODWLYHO\VPDOORQWKHDJJUHJDWHOHYHO G] 
 LWLVLPSRUWDQWWRQRWHWKDWLQGLYLGXDOVHPSOR\LQJDORZHUUHVSRQVHWKUHVKROGDUH
V\VWHPDWLFDOO\SXWDWDGLVDGYDQWDJHE\WKH'20&WHVWIRUPDW'20&WHVWVDUHWKHUHIRUH
XQIDLUO\ELDVHGDJDLQVWWHVWWDNHUVZLWKORZDFFHSWDQFHUHOXFWDQFH
6WXG\DOVRVKRZHGWKDWLQSULQFLSOHWHVWWDNHUV¶UHVSRQVHFULWHULDLQ'20&WHVWLQJ
FDQEHLQIOXHQFHGE\HPSOR\LQJDSSURSULDWHLQFHQWLYHV7KLVGHPRQVWUDWHVWKDWWHVWWDNHUVDUH
FDSDEOHRIVWUDWHJLFDOO\DOWHULQJWKHLUUHVSRQVHEHKDYLRULQ'20&WHVWV,WLVWKHUHIRUH
UHPDUNDEOHWKDWRXUH[SORUDWRU\DQDO\VHVLQ6WXG\VKRZHGWKDWWHVWWDNHUVWHQGHGWRSHUIRUP
EHWWHULQWKHLUVHFRQG'20&WHVW7KLVILQGLQJVXJJHVWVWKDWWHVWWDNHUVHPSOR\EHWWHU
UHVSRQVHVWUDWHJLHVDVWKH\EHFRPHLQFUHDVLQJO\DTXDLQWHGZLWKWKH'20&WHVWIRUPDWDQGLV
UHPLQLVFHQWRIDGHEDWHVXUURXQGLQJWKHPXOWLSOHFKRLFH 0& TXHVWLRQIRUPDWVRPHGHFDGHV
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DJR,QDQHDUO\VWXG\HPSOR\LQJWKH0&WHVWIRUPDW6ZLQHIRUG  UHSRUWHGWKDWER\V
ZHUHPRUHZLOOLQJWKDQJLUOVWRJDPEOHZKHQWKH\ZHUHXQVXUHRIDQDQVZHUDQGVXJJHVWHG
WKDWVXFKGLIIHUHQFHVLQZLOOLQJQHVVWRJXHVVPD\V\VWHPDWLFDOO\ELDV0&WHVWVFRUHV6HYHUDO
GHFDGHVODWHUKRZHYHU%HQ6KDNKDUDQG6LQDL  RQO\IRXQGPLQRUJHQGHUGLIIHUHQFHV
LQJXHVVLQJWHQGHQFLHVZKLFKWKHUHIRUHDOVRDFFRXQWHGIRURQO\DVPDOOIUDFWLRQRIWKH
REVHUYHGJHQGHUGLIIHUHQFHLQPXOWLSOHFKRLFHWHVWV7KLVLPSOLHVWKDWWKHLQIOXHQFHRI
FRQVWUXFWLUUHOHYDQWYDULDEOHVVXFKDVLQGLYLGXDOGLIIHUHQFHVLQWKHSURSHQVLW\WRWDNHULVNVRU
ZLOOLQJQHVVWRDFFHSWHDUO\DQVZHUVPD\GHFUHDVHRYHUWLPHDVWHVWWDNHUVEHFRPHPRUH
DFTXDLQWHGZLWKDQHZWHVWIRUPDW,WLVWKHUHIRUHFRQFHLYDEOHWKDWWKHYDULDQFHLQ'20&WHVW
VFRUHVWKDWLVDWWULEXWDEOHWRLQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHJUDGXDOO\
GLPLQLVKHVZLWKUHSHDWHG'20&WHVWLQJ7KLVSRVVLELOLW\GHVHUYHVIXUWKHULQYHVWLJDWLRQLQ
IXWXUHVWXGLHVRIWKH'20&WHVWIRUPDW
2QDWKHRUHWLFDOOHYHORXULQYHVWLJDWLRQVVXJJHVWWKDW025%,67RIIHUVDXVHIXO
IUDPHZRUNIRUGHVFULELQJUHVSRQVHGHFLVLRQVLQ'20&WHVWV,QWKHVLPXODWLRQVFRQGXFWHGLQ
6WXG\025%,67UHSURGXFHGVHYHUDONQRZQSURSHUWLHVRIWKH'20&WHVWIRUPDW
LQFOXGLQJLWVKLJKHUGLIILFXOW\FRPSDUHGWR0&WHVWVDQGWKHLQIOXHQFHRIWKHSRVLWLRQRIWKH
VROXWLRQRQWKHGLIILFXOW\RI'20&LWHPVDVZHOODVWKHUHGXFHGQXPEHURIRSWLRQVWKDW
XVXDOO\KDYHWREHVKRZQ0RUHRYHUXVLQJD%D\HVLDQIUDPHZRUN6WXG\IRXQGWKDWWKH
OLNHOLKRRGRIWKHREVHUYHGGLIIHUHQFHLQWHVWVFRUHVEHWZHHQORZDQGKLJKDFFHSWDQFH
UHOXFWDQFHZDVVL[WLPHVKLJKHUXQGHU025%,67WKDQXQGHUWKHQXOOK\SRWKHVLVSURYLGLQJ
VXEVWDQWLDOHYLGHQFHWKDWDFFHSWDQFHUHOXFWDQFHV\VWHPDWLFDOO\LQIOXHQFHV'20&WHVWVFRUHV
7KLVUHVXOWHQFRXUDJHVIXUWKHULQYHVWLJDWLRQVRIDFFHSWDQFHUHOXFWDQFHDVD³FRJQLWLYHWUDLW´
.DQWQHU /LQGVD\ 
,Q6WXG\DFFHSWDQFHUHOXFWDQFHZDVFRUUHODWHGDFURVVVHYHUDOQRVROXWLRQLWHPVWKXV
HVWDEOLVKLQJWKHH[LVWHQFHRIUHOLDEOHLQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHLQWKH
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ILUVWSODFH:KLOHDFFHSWDQFHUHOXFWDQFHKDGQHYHUEHIRUHEHHQLQYHVWLJDWHGDVDFRJQLWLYH
WUDLWLQSUHYLRXVVWXGLHVRI'20&WHVWLQJRXUILQGLQJVUHVHPEOHRWKHUGHPRQVWUDWLRQVRI
LQGLYLGXDOGLIIHUHQFHVLQUHVSRQVHVW\OHVIRURWKHUUHVSRQVHIRUPDWVVXFKDVWUXHIDOVHWHVWV
&URQEDFK6ZLQHIRUG7KRUQGLNH 5HVSRQVHVW\OHVKDYHDOVRUHFHLYHG
LQFUHDVHGDWWHQWLRQLQSHUVRQDOLW\UHVHDUFKLQUHFHQW\HDUV HJ.DQWQHU /LQGVD\
:HW]HO/GWNH=HWWOHU %|KQNH=LHJOHU 2WKHUUHVHDUFKGRPDLQVWKDWPD\
SURILWIURPDFORVHUORRNDWLQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHLQFOXGHFRQVXPHU
SURGXFWFKRLFH HJ%HDUGHQ &RQQROO\ DQGH\HZLWQHVVSHUIRUPDQFHLQSROLFH
OLQHXSV HJ0LFNHV)ORZH :L[WHG0HLVWHUV'LHGHQKRIHQ 0XVFK 
7RVXPPDUL]HWKHSURSRVHGPRGHORIUHVSRQVHEHKDYLRULQVHTXHQWLDOWHVWV
025%,67 ZDVIRXQGWRSURYLGHDSURPLVLQJIRXQGDWLRQIRULQYHVWLJDWLQJWKHUHVSRQVH
SURFHVVHVLQYROYHGLQDQVZHULQJ'20&TXHVWLRQV6LPXODWLRQVFRQGXFWHGRQWKHEDVLVRI
025%,67±DVZHOODVDGGLWLRQDOFRUUHODWLRQDODQGH[SHULPHQWDOLQYHVWLJDWLRQV±VKRZHGWKDW
NQRZOHGJHLQGHSHQGHQWLQGLYLGXDOGLIIHUHQFHVLQDFFHSWDQFHUHOXFWDQFHV\VWHPDWLFDOO\DIIHFW
'20&WHVWVFRUHVZKLFKWKHUHIRUHLQFOXGHVRPHFRQVWUXFWLUUHOHYDQWYDULDQFH7RPDNHDQ
LQIRUPHGGHFLVLRQRQWKHXVHIXOQHVVRIWKH'20&WHVWIRUPDWLQSUDFWLFDOVHWWLQJVWKLV
SUREOHPKDVWREHZHLJKHGDJDLQVWWKHSRWHQWLDOSRVLWLYHDVSHFWVRI'20&WHVWLQJZKLFK
LQFOXGHEHWWHUFRQWURORIWHVWZLVHQHVVLQFUHDVHGWHVWVHFXULW\DQGUHGXFHGWHVWLQJWLPHV
FRPSDUHGWRFRQYHQWLRQDO0&WHVWV
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5HIHUHQFHV
$XVW) %DUWK0  SDSDMD&UHDWH$3$PDQXVFULSWVZLWK50DUNGRZQ5HWULHYHG
IURPKWWSVJLWKXEFRPFUVKSDSDMD
%HDUGHQ-1 &RQQROO\7  0XOWLDWWULEXWHVHTXHQWLDOVHDUFK2UJDQL]DWLRQDO
%HKDYLRUDQG+XPDQ'HFLVLRQ3URFHVVHV±
%HQ6KDNKDU* 6LQDL<  *HQGHUGLIIHUHQFHVLQPXOWLSOHFKRLFHWHVWV7KHUROHRI
GLIIHUHQWLDOJXHVVLQJWHQGHQFLHV-RXUQDORI(GXFDWLRQDO0HDVXUHPHQW±
%HUJ,$  5HVSRQVHELDVDQGSHUVRQDOLW\7KHGHYLDWLRQK\SRWKHVLV-RXUQDORI
3V\FKRORJ\±
%OHVV+:lQNH0%RKQHU*)HOOKDXHU5) 6FKZDU]1  1HHGIRU
&RJQLWLRQ(LQH6NDOD]XU(UIDVVXQJYRQ(QJDJHPHQWXQG)UHXGHEHL'HQNDXIJDEHQ
>1HHGIRUFRJQLWLRQ$VFDOHPHDVXULQJHQJDJHPHQWDQGKDSSLQHVVLQFRJQLWLYHWDVNV@
=HLWVFKULIW)U6R]LDOSV\FKRORJLH±
%RUVERRP'0HOOHQEHUJK*- YDQ+HHUGHQ-  7KHFRQFHSWRIYDOLGLW\
3V\FKRORJLFDO5HYLHZ±
%UR]R:*6FKPHO]HU59 6SLUHV+$  $VWXG\RIWHVWZLVHQHVVFOXHVLQ
FROOHJHDQGXQLYHUVLW\WHDFKHUPDGHWHVWVZLWKLPSOLFDWLRQVIRUDFDGHPLFDVVLVWDQFH
FHQWHUV 7HFKQLFDO5HSRUW *HRUJLD6WDWH8QLYHUVLW\&ROOHJH5HDGLQJ 
/HDUQLQJ$VVLVWDQFH(5,&GDWDEDVH (' 5HWULHYHGIURP
KWWSHULFHGJRY"LG ('
%XFKQHU$(UGIHOGHU( 9DWHUURGW3OQQHFNH%  7RZDUGXQELDVHG
PHDVXUHPHQWRIFRQVFLRXVDQGXQFRQVFLRXVPHPRU\SURFHVVHVZLWKLQWKHSURFHVV
GLVVRFLDWLRQIUDPHZRUN-RXUQDORI([SHULPHQWDO3V\FKRORJ\*HQHUDO±
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&DFLRSSR-73HWW\5()HLQVWHLQ-$ -DUYLV:%*  'LVSRVLWLRQDO
GLIIHUHQFHVLQFRJQLWLYHPRWLYDWLRQ7KHOLIHDQGWLPHVRILQGLYLGXDOVYDU\LQJLQQHHG
IRUFRJQLWLRQ3V\FKRORJLFDO%XOOHWLQ±
&RKHQ-  6WDWLVWLFDOSRZHUDQDO\VLVIRUWKHEHKDYLRUDOVFLHQFHV QGHG +LOOVGDOH
1-/DZUHQFH(UOEDXP
&URQEDFK/-  5HVSRQVHVHWVDQGWHVWYDOLGLW\(GXFDWLRQDODQG3V\FKRORJLFDO
0HDVXUHPHQW±
&URQEDFK/-  )XUWKHUHYLGHQFHRQUHVSRQVHVHWVDQGWHVWGHVLJQ(GXFDWLRQDODQG
3V\FKRORJLFDO0HDVXUHPHQW±
&URQEDFK/-  &RHIILFLHQWDOSKDDQGWKHLQWHUQDOVWUXFWXUHRIWHVWV3V\FKRPHWULND
±
'LHGHQKRIHQ% 0XVFK-  FRFRU$&RPSUHKHQVLYH6ROXWLRQIRUWKH6WDWLVWLFDO
&RPSDULVRQRI&RUUHODWLRQV3/R621(H
'RKPHQ7)DON$+XIIPDQ'6XQGH86FKXSS- :DJQHU**  
,QGLYLGXDOULVNDWWLWXGHV0HDVXUHPHQWGHWHUPLQDQWVDQGEHKDYLRUDOFRQVHTXHQFHV
-RXUQDORIWKH(XURSHDQ(FRQRPLF$VVRFLDWLRQ±
)DXO)(UGIHOGHU(%XFKQHU$ /DQJ$*  6WDWLVWLFDOSRZHUDQDO\VHVXVLQJ
* 3RZHU7HVWVIRUFRUUHODWLRQDQGUHJUHVVLRQDQDO\VHV%HKDYLRU5HVHDUFK
0HWKRGV±
)OHWFKHU7'  SV\FKRPHWULF$SSOLHG3V\FKRPHWULF7KHRU\5HWULHYHGIURP
KWWSV&5$15SURMHFWRUJSDFNDJH SV\FKRPHWULF
)RVWHU' 0LOOHU+  $QHZIRUPDWIRUPXOWLSOHFKRLFHWHVWLQJ'LVFUHWH2SWLRQ
0XOWLSOH&KRLFH5HVXOWVIURPHDUO\VWXGLHV3V\FKRORJ\6FLHQFH4XDUWHUO\±
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*LEE%*  7HVWZLVHQHVVDVVHFRQGDU\FXHUHVSRQVH 'RFWRUDOGLVVHUWDWLRQ 1R
6WDQIRUG8QLYHUVLW\$QQ$UERU0,8QLYHUVLW\0LFURILOPV
*RULQ-6  5HFRQVLGHULQJLVVXHVLQYDOLGLW\WKHRU\(GXFDWLRQDO5HVHDUFKHU
±
*UHHQ'0 0RVHV)/  2QWKHHTXLYDOHQFHRIWZRUHFRJQLWLRQPHDVXUHVRI
VKRUWWHUPPHPRU\3V\FKRORJLFDO%XOOHWLQ±
+DODG\QD70  'HYHORSLQJDQGYDOLGDWLQJPXOWLSOHFKRLFHWHVWLWHPV UGHG 
0DKZDK1-/DZUHQFH(UOEDXP
+RVVLHS5 6FKXOWH0  %2:,7%RFKXPHU:LVVHQVWHVW*|WWLQJHQ+RJUHIH
,QJKDP-*  ,QGLYLGXDOGLIIHUHQFHVLQVLJQDOGHWHFWLRQ$FWD3V\FKRORJLFD±

-DQJ<:L[WHG-7 +XEHU'(  7HVWLQJVLJQDOGHWHFWLRQPRGHOVRI\HVQRDQG
WZRDOWHUQDWLYHIRUFHGFKRLFHUHFRJQLWLRQPHPRU\-RXUQDORI([SHULPHQWDO
3V\FKRORJ\*HQHUDO±
.DQWQHU- /LQGVD\'6  5HVSRQVHELDVLQUHFRJQLWLRQPHPRU\DVDFRJQLWLYH
WUDLW0HPRU\ &RJQLWLRQ±
.DVV5( 5DIWHU\$(  %D\HVIDFWRUV-RXUQDORIWKH$PHULFDQ6WDWLVWLFDO
$VVRFLDWLRQ±
.LQJVWRQ107LHPDQQ*&0LOOHU+ )RVWHU'  $QDQDO\VLVRIWKHGLVFUHWH
RSWLRQPXOWLSOHFKRLFHLWHPW\SH3V\FKRORJLFDO7HVWDQG$VVHVVPHQW0RGHOLQJ
±
.RHKOHU5$  2YHUFRQILGHQFHRQSUREDELOLVWLFWHVWV-RXUQDORI(GXFDWLRQDO
0HDVXUHPHQW±
.RRSHUEHUJ&  ORJVSOLQH/RJVSOLQH'HQVLW\(VWLPDWLRQ5RXWLQHV5HWULHYHGIURP
KWWSV&5$15SURMHFWRUJSDFNDJH ORJVSOLQH

6(48(17,$/5(63216(%(+$9,25






/DNHQV'  &DOFXODWLQJDQGUHSRUWLQJHIIHFWVL]HVWRIDFLOLWDWHFXPXODWLYHVFLHQFHD
SUDFWLFDOSULPHUIRUWWHVWVDQG$129$V)URQWLHUVLQ3V\FKRORJ\±
/HMXH]&:5HDG-3.DKOHU&:5LFKDUGV-%5DPVH\6(6WXDUW*/«
%URZQ5$  (YDOXDWLRQRIDEHKDYLRUDOPHDVXUHRIULVNWDNLQJWKH%DOORRQ
$QDORJXH5LVN7DVN %$57 -RXUQDORI([SHULPHQWDO3V\FKRORJ\$SSOLHG±

/LQGQHU0$6WUREHO% .|OOHU2  0XOWLSOH&KRLFH3UIXQJHQDQ
+RFKVFKXOHQ"(LQ/LWHUDWXUEHUEOLFNXQG3OlGR\HUIUPHKUSUD[LVRULHQWLHUWH
)RUVFKXQJ>$UH0XOWLSOH&KRLFH([DPV8VHIXOIRU8QLYHUVLWLHV"$/LWHUDWXUH5HYLHZ
DQG$UJXPHQWIRUD0RUH3UDFWLFH2ULHQWHG5HVHDUFK@=HLWVFKULIW)U3lGDJRJLVFKH
3V\FKRORJLH±
/LVVLW]5: 6DPXHOVHQ.  $VXJJHVWHGFKDQJHLQWHUPLQRORJ\DQGHPSKDVLV
UHJDUGLQJYDOLGLW\DQGHGXFDWLRQ(GXFDWLRQDO5HVHDUFKHU±
0DFPLOODQ1$ &UHHOPDQ&'  'HWHFWLRQWKHRU\$XVHU¶VJXLGH QGHG 
0DKZDK1HZ-HUVH\/DZUHQFH(UOEDXP$VVRFLDWHV
0F*HH5.  7KHUHODWLRQVKLSEHWZHHQUHVSRQVHVW\OHDQGSHUVRQDOLW\YDULDEOHV7KH
PHDVXUHPHQWRIUHVSRQVHDFTXLHVFHQFH7KH-RXUQDORI$EQRUPDODQG6RFLDO
3V\FKRORJ\±
0HLVWHUV-'LHGHQKRIHQ% 0XVFK-  (\HZLWQHVVLGHQWLILFDWLRQLQVLPXOWDQHRXV
DQGVHTXHQWLDOOLQHXSVDQLQYHVWLJDWLRQRISRVLWLRQHIIHFWVXVLQJUHFHLYHURSHUDWLQJ
FKDUDFWHULVWLFV0HPRU\$GYDQFHRQOLQHSXEOLFDWLRQ
0LFNHV/)ORZH+' :L[WHG-7  5HFHLYHURSHUDWLQJFKDUDFWHULVWLFDQDO\VLV
RIH\HZLWQHVVPHPRU\FRPSDULQJWKHGLDJQRVWLFDFFXUDF\RIVLPXOWDQHRXVYHUVXV
VHTXHQWLDOOLQHXSV-RXUQDORI([SHULPHQWDO3V\FKRORJ\$SSOLHG±
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0LOOPDQ-%LVKRS&+ (EHO5  $QDQDO\VLVRIWHVWZLVHQHVV(GXFDWLRQDODQG
3V\FKRORJLFDO0HDVXUHPHQW±
0RUH\5'5RXGHU-13UDWWH06 6SHFNPDQ3/  8VLQJ0&0&FKDLQ
RXWSXWVWRHIILFLHQWO\HVWLPDWH%D\HVIDFWRUV-RXUQDORI0DWKHPDWLFDO3V\FKRORJ\
±
1RUPDQ'$ :LFNHOJUHQ:$  6WUHQJWKWKHRU\RIGHFLVLRQUXOHVDQGODWHQF\LQ
UHWULHYDOIURPVKRUWWHUPPHPRU\-RXUQDORI0DWKHPDWLFDO3V\FKRORJ\±
3DSHQEHUJ0:LOOLQJ6 0XVFK-  6HTXHQWLDOO\3UHVHQWHG5HVSRQVH2SWLRQV
3UHYHQWWKH8VHRI7HVWZLVHQHVV&XHVLQ0XOWLSOH&KRLFH7HVWLQJ3V\FKRORJLFDO7HVW
DQG$VVHVVPHQW0RGHOOLQJ±
3DVWRUH5(&UDZOH\(-%HUHQV06 6NHOO\0$  ³1RQSDUDPHWULF´$¶DQG
RWKHUPRGHUQPLVFRQFHSWLRQVDERXWVLJQDOGHWHFWLRQWKHRU\3V\FKRQRPLF%XOOHWLQ 
5HYLHZ±
3DXOKXV'/ +DUPV3'  0HDVXULQJFRJQLWLYHDELOLW\ZLWKWKHRYHUFODLPLQJ
WHFKQLTXH,QWHOOLJHQFH±
3DXOKXV'/+DUPV3'%UXFH01 /\V\'&  7KHRYHUFODLPLQJ
WHFKQLTXHPHDVXULQJVHOIHQKDQFHPHQWLQGHSHQGHQWRIDELOLW\-RXUQDORI3HUVRQDOLW\
DQG6RFLDO3V\FKRORJ\±
3HWHUVRQ'-  'RWKUDNL$FRQYHUVDWLRQDOODQJXDJHFRXUVHEDVHGRQWKHKLWRULJLQDO
+%2VHULHV*DPHRI7KURQHV1HZ<RUN1</LYLQJ/DQJXDJH
3OHVNDF7-:DOOVWHQ76:DQJ3 /HMXH]&  'HYHORSPHQWRIDQDXWRPDWLF
UHVSRQVHPRGHWRLPSURYHWKHFOLQLFDOXWLOLW\RIVHTXHQWLDOULVNWDNLQJWDVNV
([SHULPHQWDODQG&OLQLFDO3V\FKRSKDUPDFRORJ\±
4XHVW%DFN  8QLSDUN()66XUYH\5HWULHYHGIURPKWWSZZZXQLSDUNGH
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5&RUH7HDP  5$/DQJXDJHDQG(QYLURQPHQWIRU6WDWLVWLFDO&RPSXWLQJ9LHQQD
$XVWULD5)RXQGDWLRQIRU6WDWLVWLFDO&RPSXWLQJ5HWULHYHGIURPKWWSVZZZ5
SURMHFWRUJ
5RUHU/*  7KHJUHDWUHVSRQVHVW\OHP\WK3V\FKRORJLFDO%XOOHWLQ±
5RVHQWKDO5  0HWDDQDO\WLFSURFHGXUHVIRUVRFLDOUHVHDUFK1HZEXU\3DUN&$
6$*(3XEOLFDWLRQV,QFRUSRUDWHG
5RXGHU-10RUH\5' :DJHQPDNHUV(-  7KHLQWHUSOD\EHWZHHQ
VXEMHFWLYLW\VWDWLVWLFDOSUDFWLFHDQGSV\FKRORJLFDOVFLHQFH&ROODEUD3V\FKRORJ\
±
6LQJPDQQ+%RONHU%:HVWIDOO- $XVW)  DIH[$QDO\VLVRI)DFWRULDO
([SHULPHQWV5HWULHYHGIURPKWWSV&5$15SURMHFWRUJSDFNDJH DIH[
6WDQLVODZ+ 7RGRURY1  &DOFXODWLRQRIVLJQDOGHWHFWLRQWKHRU\PHDVXUHV
%HKDYLRU5HVHDUFK0HWKRGV,QVWUXPHQWV &RPSXWHUV±
6WRHEHU-2WWR.3HVFKHFN(%HFNHU& 6WROO2  3HUIHFWLRQLVPDQG
FRPSHWLWLYHDQ[LHW\LQDWKOHWHV'LIIHUHQWLDWLQJVWULYLQJIRUSHUIHFWLRQDQGQHJDWLYH
UHDFWLRQVWRLPSHUIHFWLRQ3HUVRQDOLW\DQG,QGLYLGXDO'LIIHUHQFHV±
6ZLQHIRUG)  7KHPHDVXUHPHQWRIDSHUVRQDOLW\WUDLW-RXUQDORI(GXFDWLRQDO
3V\FKRORJ\±
6ZLQHIRUG)  $QDO\VLVRIDSHUVRQDOLW\WUDLW-RXUQDORI(GXFDWLRQDO3V\FKRORJ\
±
7DUUDQW0 :DUH-  ,PSDFWRILWHPZULWLQJIODZVLQPXOWLSOHFKRLFHTXHVWLRQVRQ
VWXGHQWDFKLHYHPHQWLQKLJKVWDNHVQXUVLQJDVVHVVPHQWV0HGLFDO(GXFDWLRQ±
GRLM[
7KRPD*% .|OOHU2  7HVWZLVHQHVV(LQXQWHUVFKlW]WHV.RQVWUXNW">7HVW
ZLVHQHVVDQXQGHUHVWLPDWHGFRQVWUXFW"@=HLWVFKULIWIU%LOGXQJVIRUVFKXQJ±
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7KRUQGLNH5/  &ULWLFDOQRWHRQWKH3UHVVH\,QWHUHVW$WWLWXGHV7HVW-RXUQDORI
$SSOLHG3V\FKRORJ\±
9DQSDHPHO:  3ULRUVHQVLWLYLW\LQWKHRU\WHVWLQJ$QDSRORJLDIRUWKH%D\HVIDFWRU
-RXUQDORI0DWKHPDWLFDO3V\FKRORJ\±
:HW]HO(/GWNH2=HWWOHU, %|KQNH-5  7KHVWDELOLW\RIH[WUHPHUHVSRQVH
VW\OHDQGDFTXLHVFHQFHRYHU\HDUV$VVHVVPHQW±
:LNLSHGLD  /LVWRILVODQGVRI,QGRQHVLD²:LNLSHGLD7KH)UHH(QF\FORSHGLD
5HWULHYHGIURPKWWSVHQZLNLSHGLDRUJZLNL/LVWBRIBLVODQGVBRIB,QGRQHVLD
:LOH\/1 7ULPEOH2&  7KHRUGLQDU\REMHFWLYHWHVWDVDSRVVLEOHFULWHULRQRI
FHUWDLQSHUVRQDOLW\WUDLWV6FKRRODQG6RFLHW\±
:LOOLQJ6  'LVFUHWH2SWLRQ0XOWLSOH&KRLFH(YDOXDWLQJWKH3V\FKRPHWULF
3URSHUWLHVRID1HZ0HWKRGRI.QRZOHGJH$VVHVVPHQW 'RFWRUDOGLVVHUWDWLRQ
+HLQULFK+HLQH8QLYHUVLW\'XHVVHOGRUI*HUPDQ\ 5HWULHYHGIURP
KWWSGRFVHUYXQLGXHVVHOGRUIGHVHUYOHWV'RFXPHQW6HUYOHW"LG 
:LOOLQJ62VWDSF]XN0 0XVFK-  'RVHTXHQWLDOO\SUHVHQWHGDQVZHURSWLRQV
SUHYHQWWKHXVHRIWHVWZLVHQHVVFXHVRQFRQWLQXLQJPHGLFDOHGXFDWLRQWHVWV"$GYDQFHV
LQ+HDOWK6FLHQFHV(GXFDWLRQ±
=LHJOHU0  ³)

<RX,:RQ¶W'R:KDW<RX7ROG0H´±5HVSRQVH%LDVHVDV

7KUHDWVWR3V\FKRORJLFDO$VVHVVPHQW(XURSHDQ-RXUQDORI3V\FKRORJLFDO
$VVHVVPHQW±GRLD
=LHJOHU0.HPSHU& 5DPPVWHGW%  7KHYRFDEXODU\DQGRYHUFODLPLQJWHVW
92&7 -RXUQDORI,QGLYLGXDO'LIIHUHQFHV±
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)LJXUH,OOXVWUDWLYHH[DPSOHRID'20&LWHPLQZKLFKWKHVROXWLRQ ³/RQGRQ´ LV
SUHVHQWHGDVWKHIRXUWKDQVZHURSWLRQDIWHUWKHSUHVHQWDWLRQRIWKUHHGLVWUDFWRURSWLRQV
³%LUPLQJKDP´³0DQFKHVWHU´DQG³/LYHUSRRO´ LQVHTXHQWLDORUGHU7KHDFFHSWDQFHRIRQH
RIWKHVHWKUHHGLVWUDFWRURSWLRQVZRXOGEHUHFRUGHGDVDIDOVHDODUPZKLOHQRWDFFHSWLQJWKH
FRUUHFWVROXWLRQZRXOGEHUHFRUGHGDVDPLVV2QHSRLQWLVDZDUGHGLIDOOGLVWUDFWRUVSUHVHQWHG
SULRUWRWKHVROXWLRQDUHUHMHFWHGDQGWKHVROXWLRQLVULJKWIXOO\DFFHSWHG
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)LJXUH7KHDYHUDJHUHVSRQVHFULWHULRQDQGLWVDVVRFLDWHGVWDQGDUGHUURUE\RSWLRQ
SRVLWLRQDQGDFFHSWDQFHUHOXFWDQFHDVGHWHUPLQHGE\DPHGLDQVSOLWRIWKHQXPEHURIRSWLRQV
UHTXHVWHGLQQRVROXWLRQLWHPV
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)LJXUH7HVWWDNHUVUHVSRQGHGPRUHFRQVHUYDWLYHO\ZKHQKLJKDFFHSWDQFHUHOXFWDQFH
ZDVDZDUGHGZLWKDODUJHUSD\RII7KLVHIIHFWZDVPRVWSURQRXQFHGIRUHDUO\RSWLRQV(UURU
EDUVLQGLFDWHVWDQGDUGHUURUV
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)LJXUH(IIHFWVL]HVDVSUHGLFWHGXQGHUWKHQXOOK\SRWKHVLVDQGWKH025%,67
VLPXODWLRQ7KHGRWWHGOLQHLQGLFDWHVWKHREVHUYHGHIIHFWVL]HLQ6WXG\
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7DEOH$QRYHUYLHZRIWKHFRUUHODWHVRIDFFHSWDQFHUHOXFWDQFH
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